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ABSTRACT

● This manual provides guidance to assure appropriate physical security
considerations are included in the design of Naval shore facilities. Design
philosophy and physical security threats are initially discussed.. Specific
technical sections include building physical security, exterior physical
security, hardening sxiating arma, ammunition and sxplosive facilities,
ballistic k.ardening,vaults and strong rooms, and vehicle barriers. Pro-
cedures are also presented for performance and cost requirements assessmaqt
and for data collection.
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● This military handbook has been developed from an evaluation of facilities in
the shore establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of the
Usval Facilities Engineering Command (NAVFACENGCOM),other Government
agencies, and the private sactor. It uses to the maximum extent feasible,
national professional socie%y, aaaociation, and institute standards.
Deviation from this criteria, in the planning, engineering, design, and
construction of Naval shore facilities, cannot be made without prior approval
of WAVFACENGCO14HQCode 04.

Design cannot remain static any more than can tha functions it serves or the
technologies it uses. Accordingly, recommendations for improvement are
encouraged and should be furnished to the Naval Civil Engineering Laboratory,
Code L30, Port Hueneme, CA 93043, telephone (805) 982-5743.

THIS RANDBooK SMALL NOT BS USED AS”’ARES’ETCiNCEDOCU’MTNTFOR PROCURSWNT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN TME PURCRASE OF FACILITIES
ENGINEERING STUDIES ANO DESIGN (FINAL PLANS, sPECIFICATIONS, AND COST
ESTIMATSS). DO NOT REFERSNCE IT IN MILITARY OR FED!HU.LSPECIFICATIONS OR
OTHER PROCKJWZMZNTJXJCUMENTS.
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SECTION 1: INTRODUCTION

shall be used for the end.neeriruzdesiim of Defense●
✚✌✌

1.1, a. ThiS handbook
facilities to assure that appropriate end economical physic~1 sec&ity is
included in a facility design. At present, this handbook is based.upon the
analysis of actual barrier penetration test data. The physical security data
in this handbook will be revised or expended as additional research results
become avaiIable. l’hRcentents include identificationof design philosophies,
threit considerations, delay ttie and cost relationships,construction
options, end design procedures to apply for appropriate and economical
physical security at defense facilities.

,,This ❑ilitary hsndbook shall not be used as e reference document for
procurement purposes. Further, it shall not be referenced h military or
fede~+ specificationsor othez procurement documents.

1.2“:Cancellation. This handbook supersedes NAVFAC’DM-13.1, PHYSICAL SECURITY
(March 1983), in its entirety.

.,,

1.3 Definitions.

1.3.1 Delay Time. As used in this handbook, delay time is the total time an
intruder is prevented from gaining access to a secured resource. Delay time
includes the penetration time provided by one or more structural barriers
separating an intruder from a secured resource, end the ingress time required
for travel from barrier to barrier to get to the secured resource. Delay time
can also include egress time required to load the secured resource end exit
the facility. Penetration time is the actual time it takes an intruder to

●
successfully create a ❑an-passable opening through a barrier by means of
forced entry. Ingress and egress times account for the transfer of tools and
personnel through barriers and are influencedby the complexity of the
facility interior; size of the facility; and weight, size, and shape of the
tools used or the assets to be acquired, etc. Penetration, ingress, and
egress times ere defined in more detail below. It is important to note that
high delay times are not useful. The delay time must be related to threat
detection and response time if security is to be assured. The time, or
“clock,‘tcan only be regarded as etarting upon detection and stopped at
restrsint of the intruder. As Appendix A points out, types and locations of
intrusion detection systems (IDS), structural barriers, end security personnel
bear directly upon the overall effectivenessof the physical security system.
Moreover, since a facility consists of several different components--suchas
fIoors, wells, roofs, doors, windows, end utility openings--each of these
elements can be regarded as links in a physical security chain. Delay time is
no greater than the delay time of the weakest link in this chain. Therefore,
the design process ❑ust reach consistent end cost-effectivedelay times for
each facility element. If a technology limitation applies to one facility
component [e.g., a 5-minute door penetration time), there is little benefit in
hardening walls with a penetration time above 5 minutes. For example, it
might become necessary to ❑eet a 10-minute delay requirement by using two

1
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5-minute doors in series together with a 10-minute wall. This handbook,
therefore, specifies that the delay time provided by a structure is the
minimum total delay time of any path through the sum of barriers on that path. ●
1.3.1.1 Barrier Penetration Time. Barrier penetration time is defined as the
time interval during which an intruder succeeds in creating a ❑an-passable
opening through a barrier (i.e., a wall, roof, floor, door, window, etc.) by
forced entry. ‘Ibispenetration time definition is based on the working time
rather than elapsed time. Working time only accounts for the interval that an
attack too1 is actualIy used by an intruder against a wal1, roof, floor, or
other building component. This measurement excludes the time required to
change tools, change operators, rest operators, tram fer too1s, and enable
personnel to pass through the barrier. In not accounting for these interrup-
tions, this penetration time definition is inherently conservative. The
penetration times presented in this handbook epply to single barriers only.
In the case of multiple barriers, the total penetration time is the 9um of the
individualpenetration tties provided by al1 barriers. Al1 data adhere to
standardized testing methods.

1.3.1.2 Ingress Time. Ingress time is defined as the sum of all time interv-
als required for an intruder to traverse from barrier to barrier in a
facility. This includes the time required to climb (up or down) through
horizontal barriers (e.g., roofs or floors) and the time to trsverse through
vertical barriers (e.g., walls or fences). Also, if a thermal attack is made,
this time also includes the time required for the barrier to cool. In
generel, ingress time increases with increasing facility size, number of
barriers separating the secured area from the exterior, and size and types of
tools and equipment that ❑ust be transported between barriers. The facilities
engineer can increase ingress time by properly laying out tbe axterior and
interior of the facility.

1.3.1.3 Egress Time. Egress time is defined as the interval required for an
intruder to load and carry stolen assets from a secure area when theft is the
purpose of the penetration. The egress ttie may be short or long depending
upon the interior layout of the facility; the availability of doors, windows,
and utility ports that can be opened; and the weight and volume of the assets
that are being stolen. In general, egress time increaseswith layout complexi-
ty and limitationof the number of doors, windows, and utility openings avail-
able as exits. Egress time should not, however, be relied upon as one of the
key time intervals in determining delay time unless: (1) the security level
of the facility is limited to preventing threats from acquiring multiple-unit,
high-volume assets (e.g., a warehouse storing television sets) that are not
essential to military readiness; and (2) the interior layout of the facility
encloses large areas that require significant time for an intruder to
traverse. The facilities engineer can affect egress time to the extent that
he can ❑ake access to secured facility spaces difficult by ❑eans of interior
layout and 1imitations of the number of doors, windows, and utility openings
that facilitate rapid exit. For facilitieshousing key resources that ❑ay

●

2

●
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ihvolve sabotage, POlitical, or national security related considerations, the

●
threat should be stopped before gaining access to the resource. In such
cases, accounting for egress ttie is not appropriatee.

1.3.2 Man-Passable Opening. A man-passable opening is defined as the minimum
area required for an intruder to physically pass through a barriar and enter a
secured area. Department of Defense Manual 5100.76-M2defines❑an-passable as
an opening of 96 square inches [O.06 square ❑eters (m )], which haa its least
dimension equal to or larger than 6 inches [150 millimeters (mm)]. This
follows the DOD definition of ❑an- assable. As the above restriction

9suggasts, a 96-square inch (O.06-m ) opening is a relatively small aperture
for an adult person of average height and weight. In21imiting the definition
of a man-passable opening to 96 square inches (O.06-m ), the definition is
inherent1y conservative,particularly where the avenua of physical entry
involves passage through a thick barrier, such as an 18-inch (450-MSI)
reinforced concrete wall, or a long passageway, such as a 20-foot (6-m)
venti1stion duct. To avoid confusion between what is considered man-passable
and not ❑an-passable, the fo1lowing examplas are provided:

a. Man-Passable Openings:
Square Opening 10 by 10 inches (250 by 250 qm)

Rattan.gularOpening 6 by 16

Circular Opening 12-inch

(100 sq in (0.06 ❑~))
inches (150 by 400 ~)
(96 sq in (0.06 m ))

(3oO mm) diameter
[113 sq in (0.077 mz))

b. Not Man-Paesable Openings:
Square Opening 9 by 9 inches (225 by 225 ~)

(81 sq in (0.05 ❑ ))
Rectangular Opening 5 by 60 inches (125 by l,5252csrs)

(300 sq in (0.19 ❑ ))
Circular Opening Ii-inch (275-mm) diameter

(95 sq in (0.06 ❑z))

Many as.cjatsto be protected may be smaller or larger than 96 square inches
(O.06 m ) or ❑ay not be critical for readiness. l%eref~re, the facilities
engineer should decide whether a 96-square-$nch (O:06-m ) opening is suffi-
cient to prevent assets from being stolen.

1.3.3 Ralative Cost Index. A relative cost index (RCI) value is indicated
for each construction option presented in this handbook. The RCI value is
defined as the ratio of cost of a particular construction option relative to
the cost of a predetermined base for each building component type (i.e.,
WS1lS, roofs, floors, doors, windows, and utility openings). For example, in
the case of walls, the predetermined base is tha cost [$4.10 per square foot

3
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($44.09 per square meter)] of 12-f.nch(300-uIM)hollow concrete masonry unit
construction and in the case of roofs and floors, ths base is ths cost
[$3.oO per square foot ($32.26 per square meter)] of l/2-inch (13-MM)
panelized plywood on 2-by-4-inchwood joist systems 12 inches (300 mm) on ●
center (see Fignre 1). The RCI has been introduced in this handbook as a
pre1iminary cost parameter for identifyingsignificant cost tradeoffs among
constmction options. However, it should not be relied upon as the only cost
guide1ine for performing preliminary cost-effectivenesstradeoffs among con-
struction options. The RCI valuea that are presanted in this handbook relate
to individual construction components and costs, such as wal1s, floors, and
roofs. These components,while representing significant cost elements of a
total facility cost, do not necessarily constitute the ❑ajor costs in new
construction. Other costs, such as site preparation, plumbing, electrical and”
mechanical systems, finished intsrior work, etc., can also be major coat
elements in new construction. For this reason, the RCI values are not
intended to serve as a substitute for determination of actual comparative
construction costs for a specified facility in a given locality. A more
detailed cost aualysis is necessary to verify and supplement the preliminary .
tradeoffs that can serve to “flag” importaut security-relatedstructural
costs.

1.3.4 Intmsion Detection System. This is a system designed to detact and
alarm the approach, intrusion, or presence of an intruder by reaction of a
mechanical or electronic detector.

1.3.5 Restricted Area. This is any area in which special security ❑easures
are used to prevsnt unauthorized accessibilityto classified information or
matter. Types of restricted areas may vary, depending upon sensitivity and
vulnerabilityof the ❑aterials being protected, their location, and the sur- ●
rounding physical facilities.

1.3.5.1 Controlled Area. This is a restricted area, sdjacant to Or
encompassing limited or exclusion areas, where uncontro1led movement”does not
permit detection of a security interest. It is designed for the principal ‘.
purpose of providing administrativecontrol and safety and a buffer zone of
security restrictions for limited and sxclusion areas.

1.3.5.2 Limited Area. This is a restricted area, surrounding one or more
excIusion areas, where uncontrolled ❑ovement does permit detection of a
security interest but within which detection can be prevented by escorts or ‘
other physical safeguards. ..

1.3.5.3 Exclusion Area. This is a restricted area where accass to the area ;
constitutes access to the security intcrest.
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&i
(300 m)
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BASELINS FOR CALCULATION OF
RCI FOR ROOFS AND FLOORS
COST = $3.oo/ft2

($32.76Jm2)

MASONRY UNIT
(CMU)

q:::’-’L”OODO
‘~

BASELIME FOR CALCULATION OF

PLYwOOD OR WOOD ON JOISTS RCI FOR WALLS
COST = $4.10/ft2

($44.09/m2

FIGURE 1. Construction options used for calculation of RCI values
for walls, roofs, and floors.
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1.3.6 Securitv Svstem. This system is a composition of electronic, electri-
cal, mechanical, and architecturalequipment together with guard forces,
POlicies procedures, obstacles, end intelligence activities that as a whole ●
effectively deters sabotage, espionage, armed assault, burglary, disruption of
operations, harassment, and vandalism.

1.3.7 Definition of Acronvms. ‘he following acronyms listed in this Military
Handbook are defined as fo1lows:

AA&E - Arms, Ammunition, and Explosives.
AISI - American Iron and Steel Institute.
ANSI/UL - American National Standards Institute/Underwriters

Laboratories.
AP - Armnr Piercing.
ASTM - American Society for Testing and Materials.
CCTV - Closed Circuit Television.
CNU - Concrete Masonry Unit.
DM - Design Manual.
DNA - Defense Nuclear Agency.
DoD - Department of Defense.
GPBTO - General Purpose Barbed Tape Obstacle.
HPR - High Pcwer Rifle.
HPSA - High Puwer Smal1 Amos.
IDS - Intms ion Detection System.
LLLTV - Low Light Level Television.
MPSA - Medium Power Smal1 Arms.
NAPEC - Naval Production Engineering Center.
NATO - North Atlsntic Treaty Orgsnization.
NAVFAC - Naval Facilities Engineering Command.
NAVFACINST - Naval Facilities Engineering Command Instruction.
NBS - National Bureau of Standards.
NCEL - Naval Civil Engineering Lab.
NILECJ - National Institute of Law Enforcement and Criminal

Justice.
O&M - Operations and Maintensnce.
OPNAVINST - Office of the Chief of Naval Operations Instruction.
Pvc - Polyvinyl Chloride.
RCI - Relative Cost Index.
RDT&E - Research, Development, Test, and Evaluation.
m - Radio Frequency.
SAMIT - Small Arms Multiple Impact Threat.
SFR - Steel-Fiber-Reinforced.
SPSA - Super Power Smal1 Arms.

1.4 Related Technical Documents. Generally field personnel will use this
handbook to address design problems relative to specific subject areas (i.e.,
doors, vehicle barrier, etc.). Because of this usage, related technicsl docu-
ments are provided within the text for each unique subject area.
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2: GENSRAL RSQUIRSMliNTS

● 2.1 Design Philosophy. Physical security includes both active end passive
❑easures to protect assets sgainst acts of burglary,’theft, sabotage, espion-
age, and attack. ‘l%epurpose of physical security is to ❑ake unauthorized
access to assets so difficult that an intruder will heaftate to attempt a
facility penetration or will, in the course of his penetration efforts, be
forced to take actions which wil1 assist in his detection and apprehension.
From a practical standpoint, it ❑ust be recognized that absolute security can
never be obtafned. With sufficient resourcee and time, a determined adversary
can gain entry to a protected area regardless of the ❑easures used to protect
it. The objective of physical securit,yis to ❑ake access so difficult that en
intruder wil1 be unwi1ling to devote the necas.sarytime and resources at the
level of risk attendant to penetration of a protected area. The types of
facilities that may require-security system protection are as

MunitionsfArmament
Magazines
Arms storage
Missile sites
Weapons assembly

Data Center
Classified storaze
Cumputer rooms -
Classified conference
and work rooms

Map rooms

Stores
Exchange
Commissary
Liquor sales
Jewelry stores
Camera shop
Sporting goods

Service
Senior enlisted
officers
Colf
Rod and gun

Operational Areas
Communicantion center
Operations center
Cryptographic rooms
Critical utilities

Finance end Records
Finance offices
Bank
Credit Union
Lnprest fund offices
Commander’s office

follows:

Warehouse and Storage
Consumer-goodswarehouse
Food stuffs warehouse
Household goods storage
Hospital drug storage
Shipping/receivingareas
Medical instrument storage

Misce1Ianeous
Museums/libraries
Laboratories
Maintenance shops
Confinement facilities
General offices

Security, from en engineeringpoint of view, is achieved by delay of en
intmder as messured by delay time. The informationpresented in this
handbook focuses principal1y on those factors that affect the delay time of a
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facility, namely, the penetration resistance or hardness of its floors, walls,
roofs, doors, windows, and utility openings. Exterior layout, security light-
ing, and perimeter fencing are additional factors that affect a facility’s ●
apparent hardness. Section 3 presents data aud techniques for designing and
selecting cost-effectivefacility components that ❑eet specified delay time
and budget goals. However, the specificationof a facility delay time
requirement is a complex task. Physical security depends upon the
titers.sctionof many physical security and cost factors (e.g. threat,
deterrence, detection, assessment, delay, apprehension,and the value and
operational criticality of stored assets), only two of which, delay and
building costs, are controllable by a security angineer. This handbook,
therefore, recognizes that the security engineer should analyze these other
physical security and cost factors as part of the’process of advising local
commands with respect to specificationof an optimal facility delay time and
determinantion of an acceptable physical security budget. For security design
aPPlicatiOns requiring protection against ballistic threats, a final paragraph
presents information related to ballistic attack hardening. The security
engineer’s job is to advise a local command on how best to specify its
security requirements to a facilities engineer. The key security parameters
relate to both performance (especially facility delay time) and cost. The
facilities engineer’s job is to design a facility that meets a delay time goal
in a cost-effective❑anner. The material in this handhook has been prepared
on the assumption that the security engineer already has done his job
thoroughly and has determined the facility delay time and budget constraints
that must be met. However, if that planning job has not been completed,
Appendix A presents a procedure describing how to determine delay time and
acceptable~ost criteria. It also discusses the key physical security factors
related to delay time and costs. ●
2.2 Need For a Securitv Svstem. The need to install a security system, or to
expand or upgrade an existing system, on a ❑ilitary installation stems from a
variety of circumstances including the following:

o Regulations requiring the protection of specific types of military
❑aterial or operations.

o National, regional, or local intelligencedata indicating a need to
enhance protective measures.

o Increase in the sacurity-sensitivity, importance, or value of opera-
tions or ❑aterial on the installation.

o Increase or decreage in size of an installationor facility (in terms
of personnel or real estate).

o Reduction in security guard forces.
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personuel, or operations that could,increase
attack. !<

, 0 Indicatioga of attempted intrusion into a facility.

o Increase in the crime rate, especially burglary and robbery, on the
installationor in the area.

o Changes in intrusion tactics/tecbnology that could increasa the
vulnerability of facilities.

0 An analysis of local crime records ❑aintained by ❑ilitary and civil
police.

o The ideritificationof places that have a prior history of burglary or
‘“robbery.

2.3 Security Svstem Components. ‘Asecurity system is a composite of ‘people,
equipment,and procedures. Functionally, these resources break d,yn into six
categories of security components that involve inte1ligence, personne1

.“securityclearance, antry control, physical structures and barriers, guard
forces’,and intrusion detection systems.

2.3.1 Component Role. Esch of these components plays its own supporting role
in the achievement of physical security. Intelligence activities.provide a
variety of data that are essential to the planning and design of a security

●
system. These “datainclude intelligence estimates of tha relative skills of
potential adversaries, the capabilities and availability of new penetration
❑easures, and the anticipated attack patterns and tactics that ❑ay be used.
Personnel security clearances provide screening of both military and civilian
personnel. Entry controls provide a means of establishing and maintaining
centro1 over the movement of personne1 to achieve security compartmantaliza-
tion. Physicsl structures form barriars that the intruder must penetrate to
perform his mission. Guard forcas perform many of the functions that keep the
overall physical sacurity plan in operation. Intrusion detection systams per-
❑it efficient use of guard forces by allowing available manpower to ba shared
in the protection of s number of araas.

2.3.2 Component Interrelationship. It is evident that there are,symbiotic
interrelationshipsamong the elements that physical security comprises. The
interrelationshipbetween an intrusion detection system and a guard force is
fundamental. An intrusion detection system not only requires mandatory
response by tha guard force to all alarms, but also requires guard force
protection of an area if the intrusion detaction system becomes inoperative.
An interrelationshipexists among an intrusion detection system, guard forces,
and structures. Where uhvsical securitv rmotection is to be movided bv an
intru+ion detection sys~ernand guards, ~t”is essential that & attempte~
intrusion be impeded by physical structures to allow time for guard forcas to
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respond to alarms. It should be noted that intrusion detectors generally
provide no protection against a rapid, violent attack aimed at the destruction
of facilities or material. Entry controls also support the role of intrusion ●
detection systems. Often, i.ntrusion detectors must be deactivated and placed
in a nondetecting mode during normal working hourg. During these periods,
entry controls provide a means to prevent unauthorized persons from entering a
protected facility. An intrusion detection system using interior detectors
designed to detect au intruder’s presence wi11 generally stop ahy unauthorized
person who stays behind after working hours. Entry controls also restrict
free access by persong whose intent may be to tamper with titrusion detection
system components or circuits. The effectiveness of en intrusion detection
syetem depends on the interactionof personnel security clearances end intel-
ligence activities. Security clearances provide a measure of assurance that
those who work on a security system are not unreliable persons who could
compromise the cystem. It must be recognized that clearances provide no
absolute guarantee of a person’s reliability and that physical security
measures are largely ineffective as a defense against CO1lusion of personnel.

2.4 Phvsical Security Delav Time and Cost Specification Procedure. The
procedure set forth in Appendix A offers the security engineer guidance with
respect to the key factors of a physical security system, not all of which can
be quantitative1y ❑easured at this time. Appendix A discusses the range of
physical security threats, the role of deterrence, the role of the administra-
tion of criminal justice, the function of intrusion detection systems (IDS),
the impact of security personnel performance, and the need for balancing the
level of investment in security against expected losses. It outlines the
steps required for the specifi~at~onof a ~ost-effective delay time. For the
user who already knows the delay time and budget requirements that must be
❑et, Appendix A can be bypassed. ●
2.5 Phvsical Securitv Threat.

used in this handbook
may seek to penetrate a

2.5.1 Overview. The term physical security threat is
to define the full range of unauthorized intruderswho
facility with the use of portable attack tools or explosive laden vehicles.
The terms “threat” and “intruder” are used interchengeab1y in this handbook.
The renge of possible threat objectives, motives, tools, personnel, tactics,
and timing is very diverse end is discussed in more detail in Appendix A. Use
of the information in this handbook depends strongly on an understanding of
the threat because constructionoptions are based upon resistance to a
specific attack tool or combination of attack tools, used by a skilled,
experienced operator or teem of operators.

2.5.2 Obiectives and Motivations. There are several objectives that ❑ay
motivate a threat to penetrate a fscility. For example, an intruder may went
to steal the assets stored in a facility for the economic value they
represent, to equip a paramilitary unit, to prevent the availability of an
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item important to warfighting capability, or to embarrass the U.S. Government.

● In general, an intruder’s objectives and ❑otivations may include one o’rmore
of the following:

o Burglary. Unlawful entry into the building, including breaking and
entering, with intent to commit a criminal offense therein.

o Vandalism. Wrongful, willful, or reckless destruction, loss, or
damage of ❑ilitary or nonmilitary property.

.0 Theft. Felonious taking and removal (i.e. stealing) of ❑ilitary or
nonmilitary property with intent to deprive the rightful owner of it.

o Sabotage. Destruction of military property or obstructive sction
designed to hinder warfighting capability.

0 Espionage. Action to obtain classified information about the
Government’s capabilities snd/or intentions.

o Embarrassment. Effects resulting from any of the above, causihg doubt
about the Government’s ability to secure ita assets.

;., ,

2.5.3 Threat Description. The principal threats that are of concern to a
designer of an installationor facility security system are those that require
actual intrusion of personnel. These threats can be external or internal.

●
2.5.3.1 External Threat.

(1) Skilled and well-equipped intruder. The intruder could be expected
to have the knowledge, skill, and equipment to attempt penetration of substm-
tial physical barriers and to attempt defeat or circumventionof a.security
system. Only the most technologicallyand operationally advanced systems can
be expected to ‘foilthis type of highly skilled and determined adversary.

(2) Semi-skilled intruder. The level of competence of the semi-skilled
intruder corresponds to that of a professional burglar. There is every reason
to expect that this kind of intruder would be able to defeat or circumvent
some types of commercially available alarm systems if afforded an opportunity
to learn about the operation of a system and inspect the place where it is
installed.

(3) Unskilled intruder. The individuals in this cstegory make up the
bulk of common burglars who attack small business establishments. Generally,
these persons are deterred if they mow that a building has an intrusion
detection system. However, unless the fact that au intrusion detection system
is well-advertised (by signs or breakfoil on windows), there are those who
perennially attempt to burglarize places of business without regard for
whether or not a system is present. In only a small percentage of instances
will the unskilled intruder attempt to defeat an intrusion detection system.
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(4) Armed robbe~. The armed intruder intent on robb,eryposes a threat
mainly against installation finance offices, post banks, credit unipns,,Snd..
other similar establishmentson the installation. This threet differs’from’~ ●
those’outlined above in two ways: (1) there is an ever-present threat of ‘,
violence against the robbery victim, and (2) the time taken to accomplish d,
armed robbery is short.

,.

(5) Armed assault. This threat differs from armed robbery ‘h that it,is
not “necessarilyperpetrated for gain; hence, the time factors @VO lved~in the
attack vary depending on th6 ❑otivation of the attqcker ~d the PUrPOSe.Of the
attack. This threat arises in any situation where it may be possible for ti
adversary to gain entry or access by threat or force. Variations of this
threat are kidnapping and the taking of hostages.

2.5.3.2 Internal Threat. This threat to security is posed,by.persons,on ~.
installationwho work in, or have knowledge of, the facility where a security
system is installed. The problem is generally considered to be one”of huqaii:
reliability. The threat can be reduced by the use of personnel security
checks and clearances. However, the problem cannot be completely e1iminated
and, for that reason, the design of a security system has to ticorporate
measuresto “preventits compromise.

.,

2.5.3.3 InteractionBetween External and Internal Threats. me securitY .“
problems produced by the internal and the external threats are not separate
and distinct. An attack on a facility can be made easier if those planning
the attack can gain informationon the protective ❑easures in force. This
knowledge can be obtained by c10Se observation or by obtaining inforrnation,,
accidentallyor intentionally from knowledgeable individuals. In addition,,
unless precautions are taken, there can be actual collusion in which ~ attack ●
❑ight be made possible by preparatory internal t~ering, with,the’secVr+~Y. ~
system during normal working hours. ,,,:

2.5.3.4 Threat Tactics. The tactics that are employed by an intruder vary
with the category type of intruder and the specific nature.ad desib. of a .’..
particular facility. Presented here are brief descriptions of tactics that
are very common and are applicable to a majority of situations.

.,
.; ...,

(1) Intrusion - points of entry. The points most frequentlY used for
entry by intruders are: doors, windows, skylights, roof hatches,,vents, ‘,.:
transoms, trap doors,,raised floors, and suspended ceilings. However, it”
would be unwise to assume that entry could on1y occur through thase aperture<.
Intruders have been known to gain entry through openings as small as 8“by 12’
inches (200 by 300 mm), and even smaller openings have been used to extract
items from a protected area. Moreover, openings can easily b? ❑ade in moat
common building ❑aterials for this purpose.

,,>
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(2) Fishing. Fishing is a commonly used term that describes,a p,rocess

●
by,which an intruder extracts items frornan area without actually entering it.
The tactic requires a small opening and a fishing implement, such as a.,line,or
long,gtick with a hook, magnet, or adhesive tip. Valuables can be fished
through meil slots, gaps in intrusion-alarmscreens, and numerous other smal1
openings:

(3) Scalinx to “iriaccessible”entry Points. Potential entry points are
frequently overlooked because they are considered to be inaccessible. These
are.ofteu places high on a building or on the roof itself. Determined
@t rndera find these places and devise ways to reach them.

(4) Stav-behinds. Using t~is tactic an intruder gains entry,during a
time when a facility is open for normal businees, and when the intrusion
detection equipment is in the ACCESS mode. The,intruder then stays behind
(usually by hiding) after the facility is closed. Dnce an intruder has
obtained the information or material, he can probably escape before the guard
forcse arrive, even if the detectors are activated in the procees.

(5) Deception against intrusion detection svstem. Numerous tactics can
be used against an intrusion detection systerato deceive operators and guard
forces into be1ieving that a system is malfunctioning and that alarms do not
require a response. These tactics often involve inducing !’false”alarma until
guard forces and operators become ❑ental1y conditioned and reach the fncorr?ct
conClu~ion that the system is unreliable and response ia unnecessary.

●
(6) Attack on alarm signal lines. It is frequently assumad,thatan area

has the,protection of en ihtrusion detection system simply because
sophisticated intruaion detection equipment.is installed end connected to an
alarm,indicator ❑annealby guard forces. What is forgotten is that ,theentire
system can be defeated if the connecting lines are compromised. Although most
security systems use come meane of detection if these lines are tampered with,
there is increasing evidence that clever intruders know how to circumvent
these measures and prevent alarms from going through a protacted area to a
monitoring.post.. Measures that should be taken to counter this tactic include
•ak~g alarm si~al lines physically inaccessible and using mOre s,ecure~fie
supervisory equipment.

2.5.4 Attack Tools. ‘l%ishandbook is limited to ~ enslysis of attack tools,
which are man-portable, .@ four categories: hand tools, power tools, thermal
tools, and explosive-ladenvehicles. l%e penetration time data presented in
this handbook ire based upon attacks using one or more of the f01lowing attack
tools:

0 Hfid Tools. Hammer, sledgehammer,cutting maul, pry axe, pick head
axe, claw tool, carpenter’s saw, halligsn, hacksaw, Kelly tool, boltcutters
(including both ratchet and hydraulic), pliers, spanner wrench, tin snipa,
wrecking and pry bar, wire cutters, shovel, and pick.
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o Power Tools. Electric or gasoliue-poweredcircular or reciprocating
saw with steel, diamond, carbide-tipped blade, or abrasive whee1; hydraulic
boltcutters; chain saw; sabresaw; drill or chisel rotohsmmer; rescue tools; ●
.sndelectric drill.

o Thermal Tools. Oxyacetylene, electric arc, or oxygen fed cutting
torch; oxygen lance; power lance; burning bar; and rocket torch.

o Explosive-Ladan Vehicle. A vehicle with a ❑aximum gross weight of
10,000 pounds loaded with 1,000 pounds of explosives ~d traveling at 50 ❑iles
per hour for a high-speed attack, or the same vehicle traveling at 15 milas
per hour for a sIow-epeed attack.

Figure 2 illuatrates some typical attack tools ❑entioned abova. In accordance
with the conservativephysical security design philosophy of this handbook,
the penetration ttie data are baaed upon optimal application of an attack
tool, or ,combination of attack tooIs, by experienced operators.
Identificationof specific tools, or combinations of tools, is intentionally
omitted from the penetration time snalysea. In all caaesm the penetration
time information, including both measured and estimated data, is based upon
the most effective attack tactics and tool combinations that were identified
during.penetration testing.

2.6 Physical Security Construction Options. Table 1 presents the penetration
times and RCI valueg for the principal types of conventional and hardened con-
st~ctiOn for Wal1S, roofs, floors, doors, and windOws.

2.6.1 Conventional Construction. The information in this handbook relating
tYPes Of cOnstmctiOn to penetration ti.mesand RCI values indicates that the ●
choices among convantional building materials and,design approaches are
limited to reinforced concrete if penetration times greater than 10 minutes
are required. In short, if a security engineer specifies to a facilities
engineer that a facility must withstand a forced entry attack of more then
10 ❑inutes, reinforced concrete is the only svailable conventional approach
known at this time for walls, roofs, &d floafs. Most of the other conven-
tional options offer either less then 2 minutes or equal to or less then
5 minutes, penetration time, and only one of the nonconcrete altbrnatives
approaches 10 ❑inutas. There are no conventional doors constructed of either
wood or ❑etal that are attack-resistantagainst hsud, power, or thermal tools
for intervals longer than 5 ❑inutes. Doors, therefore, present special pro-
blems to the designer restricted to conventional building ❑aterials end
desigms.

2.6.2 Attack-HardenedConstruction. For attack-hardenedconstruction of
walls, roofs, floors, and doore, steel-fiber-reinforced(SFR) concrete is the
only type of attack-hardenedconstruction for walls, roofs, and floors that
yields penetration times equal to or greater than 1 hour. There are no other
equivalent types of construction in the 1 hour range. However,
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attack-hardenedmasonry and wood/steel combinations can yield panetration

●
times in the 30-minute range. Polycsrbonate/steelcombinations can yield door
penetration times in the 20- to 25-minute range. These designs are the only
attack-resistantdoors that deliver penetration times that approach the
hardening of reinforced concrete or steel-fiber-reinforcedconcrate designs.
All of the foregoing choices apply to single barrier designa. To achieve
penetration times greater than those shown in Table 1 requires development of
a design approach that involves use of multiple barriers end, therefore,
careful consideration of interior layouts. These approaches are discussed in
greater detail in the sections that follow. CIearly, the key limiting factors
are doors, locking devices, windows, and utility openings. The inclusion of
these openings in a hardened structure should be ❑inimized. The paragraph on :
doors, windows, and utility openings (Paragraph 3.2) discusses how these
openings can be hardened.

2.7 Designing for Physical Securitv.

2.7.1 Basic Concepts and Assumptions. The facilities engineer can consider
the secured structure he is designing as a six-sided box, and all sides
require at least equivalent penetration times to assure the security of what
is inside. The value assigned to what is inside determines how secure the box
must be in terms of penetration time and whet cost for hardening is
reasonable. If more delay time is required than can be provided by a single
box, then the facilities engineer should consider a “box-within-a-box”
concept, where the total delay time is the sum of the penetration times of
each box layer, plus the time required to ❑ove from layer to layer (i.e.

●
ingress time). In viewing the structure in these terms, it should be kept in
mind that the attack direction (upward, downward, or horizontal) may affect
the penetration times for some attack tools. The effect of these
considerations upon penetration times is summarized below.

2.7.1.1 Wall Construction. Paragraph 3.1 provides penetration time data that
assumes a horizontal attack using optimal combinations of hand-held tools.

2.7.1.2 Roof and Ceiling Construction. Paragraph 3.1 provides roof and ceil-
ing penetration time data based upon intruders attempting to penetrate
downward through a roof and, where appropriate, a ceiling. In the case of
multistory buildings, the same penetration time data can also be used for
downward penetration through intermediate floor/ceilingsover a secured
interior area of a building. In genera1, conventional finishes used on roofs,
floors, or ceilings add very little penetration time and are not included in
the data presentations. In general, there are three prevalent types of roof
construction geometries: flat, pitched, and arched styles. Flat roofs ere
among the most common found in warehouses, administrativeoffices, and
industrial/productionbuildings. Flat roofs‘are frequently pierced by
chimneys, vent openings, shafts, skylights, and other types of fixtures. They
may also support air conditioning equipment, antennas, and other structures,
which may offer vulnerable points of access. These problems are addressed in
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Paragraph 3.2. Pitched roofs are not likely to inhibit a threat’s ability to
attack efficiantly except for very steep angles of slope (greater than
75 degrees). Arched rnnfs, particularly reinforced concrete arch designs used
in the construction of arms, —ition.v sud SXP1OSives storage magazines, can
be covered with earth overburden to anhsnce attack resistsnce.

2.7.1.3 Floor Construction. Paragraph 3.1 also includes the floor
penetration time data based upun intruders attempting to panetrate upward
through a flnnr in the caae of a ground leve1 or baaament level fIoor or
u~ard through a ceiling/floor in the csae of an intermediate floor in a
multistory building. By definition, the upward attack on a ground or basament
level floor also includes digging or tunneling to a position underneath the
floor or, perhaps, making use of a tunnel or underground facility already
constructed (e.g. an underground parking area, pedestrian tunnel, or utility
conduit) that passes beneath the secured area. (Digging times should be
included only for overt threats.) In evaluating floor design options, the
facilities engineer should be aware that upward attacka through a fluur
presant unique constraints for the use of certaiu hand, pcwer, and thermal
tunls becauae some toolg do not work well against gravity. In general upwerd
attacks result in higher penetration times than dnwnward attacka through the
same cross section.

2.7.1.4 Dnors, Windows, and Utilitv Openings Construction. Paragraph 3.2
provides penetration time dsta for facility openings. Facility openings are
divided into three major categories:

o Doors

o Windows

o Utility Openings (e.g., pipe chases, vents, ducts, etc.)

Depending upon the orientation of the opening, the attack ❑ay be horizontal,
up+rard,or dnwnward. For example, most doors and windnws are vertical and
should resist horizontal attacks; on the other hand, trapdoors or skylights in
a roof should resist downward attacks.

2.7.2 Desiga Procedure. This subparagraph outlines seven steps to follcw in
using this handbook to assure a cost-effectivedesign for physical security.
A corresponding Delsy Time/Cost Worksheet to facilitate the analysis of design
alternatives is presented in Paragraph 2.8

2.7.2.1 Steu l--EstablishSecurity Requirements. This step includes estab-
lishing:

o The dimensions of the required area to be secured.:

0 The minimum required delay time.
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●
o Tlie❑aximum allowed security related building cost based upon an

analysis of site requiramsnts by the local security engineer (see Appendties A
and B for more details).

2.7.2.2 Step 2--Establish Exterior and Interior Lavout. This step includes
designing the layouts of the exterior and the interior aresa of the facility
to maximize:

o The protection of the secured resources.

o The likelihood of detecting, sar.essing,and trackiug a potential
threat.

o The likelihood of apprehending the threat before he can either gain
access to the secured area or escape with the resource.

This layout should SISO consider the normal day-to-day operating end
functional requirements of the facility. See Section 4 guidelines on the
sxterior layout (including fencing and lighting). Among others, the following
two guidelines apply to the interior layout:

(1). ne Volme of the secured area. The volume of the secured area
should be minimized as much as passihle Eonsistent with facility operational
and functional requirements.

(2) The location of the secured area. If poseible, the secured area

●
should be located in the center of the facility away from exterior wal1s,
etc., consistent with opersting requirements. For example, if there is a
basement in the facility, the secured area should be located there. If the
facility is multistoried, the secured area should be located in the
approximate center equally spaced from all exterior walls, roofs, and fIoors.

2.7.2.3 Step 3--Establish and Evaluate a Preliminary Facility Desi~. The
facilities engineer should complete a preliminary facility design based ,on
components (i.e. wal1s, fIoors, roofs, and facility openings) selacted
according to conventional military design guidelines and the facility func-
tional and structural requirements. An analysis of the delsy times and costs
associated with this conventional design should then be evaluated with the aid
of the Delay Time/Cost Worksheet (hereinafterWorksheet) described in Para-
graph 2.8 and the informationcontained in later paragraphs. If all security
delay and cost requirements are.met, the facilities engineer need not,procaed
further with this analysis. If requirements are not ❑et, analyze and compare
as appropriate the options presented in steps 4 through 7 below to find the
❑ost cost-effective approach. More than one Worksheet may be required.

2.7.2.4 Steu 4--Dwtion 1. Desire the Secured Areas for Enhanced Hardness.
Begiming with the secured area only, redesigm the cross sections of the
walIs, rouf, floor, and facility openinga using the Worksheet (Paragraph 2.8)
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and the information in Paragraph 3.1 for walls, roofs, and floors; in
Paragraph 3.2 for doors, windows, and utility openings; and Appendix C for
guidelines for design of secure conference rooms. This secured area may be,
for example, a vault in a finance office or one or more large secure areas in
a warehouse. Even if this single barrier approach does meet delay
requirements,prOcaed tO the next step.

2.7.2.5 Step 5--Option 2. Harden the Facilitv Exterior and Compare With
Secured Area Hardening. Compare the hardened cross sections required for the
secured area developed as a result of Step 4 aga@t the cross sections
required for securing the entire exterior of the facility. This comparative
analysis is particularly important for facilities containing multiple interior
secured areas. For this case the cost of hardening multiple secured areas may
be equal to or greater than the cost of hardening the whole nexterior she11“
of the facility. It is, therefore, important to compare the engineering
feasibility and cost-effectivenessof both approaches.

2.7.2.6 Step 6--Option 3. Desire Hardened Multiple Barriers Beyond the
Secured Area. Redesign the cross sections of the next,set of walls, floors,
and facility openings between the secured area and exterior for enhanced hard-
ness. Depending upon the building layout established in Step 2, these
barriers may.or may not be the exterior walls or roof of the facility.
Consider changing this layout as necessary. For example, if a single floor
separatee the secured area from the ground floor of a multistory building and
delay time requirements cannot be made, consider relocating the secured area
higher in the building, forcing the intruder to penetrate two or more
intermediate floors. It may be that to protect the sacure area, one may be
able to achieve delay requirements for some components 1ike wal1s without the
use of multiple barriers, while others such as doors may require a multiple
barrier approach. A design approach where multiple barriers are placed
between the exterior shell of the building and an interior space containing
the secured resources is illustrated in Figura 3. If this second layer of
hardened barriers is still not adequate to achieve delay time requirements,
incorporate additional multiple barriers, as required, consistent with cost
constraints. Compare the engineering feasibility and cost of this option with
options 1 and 2 above.

2.7.2.7 Step 7--Opti0n 4. If Requirements Cannot Be Met. If, after working
through the subsequent paragraphs and various parts of the Worksheet, the
required minimum delay time or maximum allowed cost for building security
cannot be achieved, the facilities engineer should discuss this problem with
the site security officer. Adjustments may be required to other aspects of
the security system (e.g., guard response time lines) to ease the
building-relateddelay and cost requirements.

2.8 Delay Time/Cost Worksheet.
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2.8.1 Overview. Figure 4 is the Delay Time/Cost Worksheet, referenced
earlier, to aid the facilities angineer in the selection of cost-effective
building components for physical security. In general, this Worksheet pro-
vides the user a convenient format for entering and evaluating information ●
obtained from all the other paragraphs of this-handbook. By ~ompltitingthis
Worksheet and exercising good judgmnnt, all of the facility components should
come together coherently, and the mnst cost-affectivedesign for physical
security can be established.

2.8.2 Worksheet Elsments. Instructionson
of the Worksheet follow.

how to complete each line or part

2.8.2.1 Worksheet Number or Identification. The user should identify the
Worksheet by number or other identificationon Line 1. More than one Work-
sheet ❑ay be required to compare alternative facility desigus and layouts and
to establish, by iteration, a design or layout that meets overall
requirements.

2.8.2.2 Buildinz Identification. Idsntify the building on Line 2 of the
Worksheet. This is particularly important if there is more than one building
involved in the design of the facility.

2.8.2.3 Required Volume To Be Secured. Based on the laynut plan
developed in Step 2 (Subparagraph2.7.2.2), identify the dti~siOns Of
the volume to be secured. This msy be the whole building or only a
small portion of it. Enter the height on Line 3a, the width on Line 3b,
cud the leugth of the secured volume on Line 3C of the Worksheet.
Similarly, enter the types, numbers, and dimensions of any facility
openings including doors, windows, and utility openings on Lines 3d (l),
(2), and (3) of the Worksheet.

2.S.2.4 Reauired Minimum Delav Time. This requirement is the delay
time the building must provide based on an sualysis of site requirements
by the security engineer. The various factors involved in determining
this requirement are discussed in Appsndix A. Enter the delsy time
requirementon Line 4 of the Worksheet.

2.8.2.5 Maximum Allowed Cost of Facilitv Security. This limitation is
the ❑aximum sllawed security-relatedor marginal facility cost based
upon an analysis of budget constraintsby the facilities engineer. ‘
Marginal means penetration hardaning related building and site
investment,maintenance, sud operating costs only. The ❑arginal cost
does not include conventional conatmction costs relsted to building
aesthetic, structural, or functional considerationsthat would normally
be incurred if security were not being considered. The various factors
involved in determining this cost are discussed in Appendix h. Enter
the maximum sllnwed cost on Line 5 of the Worksheet.
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2.8.2.6 Wall Construction. In Part 6 of the Worksheet, construction, delay
time, and cost information are sntered into Columns B through D, respectively.
The objective ia to select wall configurationsand components that are at ‘o
leaat equal to or preferably axceed the minimum delay time on Line 4 for the
❑inimum cost. If the building layout established in Step 2 (Subparagraph
2.7.2.2) identifies multiple walls betwesn the sxterior of the building and
the secured area, spaces for separate sntries (Rows 6a through 6c) are
provided in this part of the Worksheet for evaluation of each of these
barriers. Based on the informationprovided in Paragraph 3.1, select the wall
con.vtructinntype, ❑aterials, and dimensions for each barrier and anter them
into the appropriate subcolumn under Column B. Enter the penetration time for
the selected walls frnm Paragraph 3.1 into the appropriate subcolumn under
column c. Next, estimate and enter the ingress times between barriers using
the informationpressnted in Figure 5. Finally, dapsndimg upon the facility
type, it may be appropriate to enter an allwsnce for loading of resources
onto vehiclee, etc., and egrass time. (See discussion of agress time in
Section 1.) Add the penetration, ingress and, as appropriate, egress times;
enter the total for each barrier and the total for all barriers in their
respective subcolumna under Column C. If the sum of the times for all barriers
dues not ❑eet the required minimum delay time shcwn in Line 4 of the
Worksheet, alternativewall construction types or the construction of
additional barriers should be evaluated. Once a combination is found that
meets delay requirements, its cost should be evaluated using COIWIU D of
Part 6. Aa a preliminary ❑easure of relative cost, the RCI value from
Paragraph 3.1 can be tiserted into tbe first subcolumn of Column D to
aid in the aelectiun of wall alternatives. once this initial selection is
cnmpleted, actual cost data based on the time and location of the specific
project should be obtained and used for a more detailed evaluation. Space is
provided in Column D for cnmputing total unit wall costs (i.e., dollars per
square foot for labor, materials, plant, equipment, etc.) by multiplying the
total cost of each barrier by the total units (square feet). It should be
noted that the RCI values are intsnded only for preliminary guidance and are
not to be included in any actual cost calculation.

2.8.2.7 Roof/Flnor Construction (Downward Attack). Part 7 of the Worksheet
is identical in format to Part 6. If the building layout established in
Step 2 (Subparagraph2.7.2.2) locates the secured area in the interior of the
building so that a downward attack through the rnuf or through one or inure
flmrs ❑ay be possible, space for separate entries (Ruws 7a through 7c) is
provided in Part 7 for evaluating each barrier based on the information
presented in Paragraph 3.1.

30

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-1013/1

70

60

50

40

30

20

10

0

[

I I 1 I I I I I I I

100 200 300 400
(30)

500
(60) (90) (120) (150)

OISTANCE [Feet (m)]

FIGURE 5. Ingress time between barriers. (From Barrier
Technology Handbook, Sandia National
Laboratories SPJ?O77-077.)

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-SDBK-lo13/l

2.8.2.8 Floor Constmction (Uoward Attack~. Part 8 of the Worksheet is alSO
identical in format to Parts 6 and 7. If the building layout established in
Step 2 (Subparagraph2.7.2.2) locates the secured area in tha building so that ●
an upward attack on a bassment, ground level, or one or more higher interme-
diate floors is possible, space for separate entries (Rows Sa through 8c) is
provided in Part 8 for evaluating each option, based on the information pre-
sented in Paragraph 3.1. For tbe reasons described in the previous paragraph
for the roofffloor design, identified in Part 7, a downward attack ❑ay raquire
higher attack reaistsnce than a floor design, selected in Part 8 for an upward
attack. Such anhsnced hardness is necessary for certain combinations of
❑aterials and attack tools because downward attacks work with gravity end are,
therefore, easier.

2.8.2.9 Facilitv Openinx Construction. Exterior windows, doors, and utility
ports into the building should be identified (using the layout plan) and
evaluated using Part 9 of the Worksheat and the information presented in
Paragraph 3.2. Most building layout designs include multiple doors, windows,
end utility openings. If the building exterior and interior layouts include
multiple facility openings, list each door, window, and utility opening
between the exterior of the facility and the secured area (Rows 9a through
9C). Use multiple sheets if necassary and prepare separate listings for
doors, windows, and utility openings. Each facility opening should be
considered with respect to the penetration time it provides. Where a
penetration time, combined with theingress and egress times, does not ❑eet
the delay time shown in Line & on page 1 of the Worksheet, altamative designs
of doors, windows, and utility openings, as appropriate, should ba evaluated
using the data presented in Paragraph 3.2. The security engineer should
recognize that under the current state-of-the-artthe most vulnerable point on
most doors is its locking device. It.should be noted that the penetration ●
time of a locking device is measured by defeat of the locking device itself
and not the creation of a ❑an-passable opening through the door surface.
Interior doors, windows, and utility openings into tbe secured area, or
between floors, should be treated in the same ❑anner as exterior fscility
openings. In general, the security engineer should take into account the fact
that some doors may have to remain unlocked, e.g. fire doors between floors.
Moreover, he should be aware that it is normally wastaful to design an entry
or barrier for an opening in a wall that provides greater penetration
resistance than the wall.

2.8.2.10 Is Minimum Delav Achieved For All Potential Paths to the Secured
~? At this point in the procedure, designs for all the major building
components should have been selected. Part 10 of tha Worksheet is provided to
check whether all potantial paths into (and, if appropriate, away from) the
secured area do, in fact, meet the minimnm delay requirement. ‘11-ieuser should
identify on the layout plan (Step 2, Subparagraph 2.7.2.2) a variety of
reasonable minimum delay paths that an intruder may take to and from the
secured area and estimate the delay times for each, using the delay time
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information in Parts 6 through 9 of thb Worksheet. Note that some paths ❑ay

●
involve a combination of walls, roofs, floors, and facility openings. If Shy
path fails to achieve the ❑inimum delay time requirement, adjustment to the
building layout or cross section design selected in Parta 6 through 9 of the
Workshaet should be made appropriately.

2.8.2.11 Is Maximum Allowed Cost Exceeded? l%e cogt of all building compon-
ents from Parts 6 through 9 of the Worksheet should ba entered into Part 11 of
the Worksheet, summed, and the results compared with the maximum allowed cost
in Line S. If the budget is exceeded, adjustments to the building layout or
barrier cross-sectionaldesign should be made appropriately.

2.8.2.12 If Requirements Cannot Be Met. See Subparagraph 2.7.2.7

‘k---
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SECTION 3: BUILOING PHYSICAL SECORITY

3.1 Wall. Roof. and Floor Construction.

3.1.1 summary.

3.1.1.1 Overview. This paragraph pressnts penetration times for the
principle types of conventionalwal1, roof, and fIoor construction used in
defense facilities. Penetration times for attack-hardensdconstruction are
also includedwhere test data are available. Where appropriate, the
penetration times are organized into sets of lookup tables, corresponding to
spacific details for the most common types of construction. The information
in the figures will enable the facilities engineer to determine which types of
construction yield equivalent penetration times. Penetration time equivalency
can be related to cost equivalency by reference to the RCI value indicated for
each type of construction. The penetration times ara conservative estimates
based on the available measured test data. For those dasigns that are
concerned with vaults (i.e., construction of walls, floors, and roofs)
Section 7 discusses the different classes of vaults.

3.1.1.2 Evaluation of Construction Design Options. Table 2 summarizes the
range of penetration times that can be expected from conventional1y construt-
ted, as well as attack-hardened,reinforced concrete walls, roofs/ceilings,
and floors. This tabla also cross-referencesthe tables set forth in Subpara-
graphs 3.1.2 and 3.1.3 that present design details and penetration times for
each specific cross section that has been analyzed. Table 2 also presents the
correspondingrange of RCI values to facilitate relative cost comparisons
among the design options. The following general conclusions can be drawn from ●
a review of Table 2.

First, a reinforced concrete wall is the only design option for those
cases where a barrier penetration time requirement exceeds 30 ❑inutes. A
conventionallyconstructed reinforced concrete wall is probably the most cost-
effective option to meet these longer penetration times with a single barrier
approach. Reinforced concrete, of course, can also be used for single barrier
penatration time requirementsunder 30 ❑inutes. However, in these lower pena-
tration time regimes, equivalent options are limited to attack-hardened“cross
sections. Conventionally constructed ❑aaonry and stud/girt wal1s are only
effective for penetration time requirementsbelow 8 minutes for the former and
typically less than 2 ❑inutes, at the most 2 to 5 minutes, for the lattar.“
When equivalent reinforced concrete, ❑asonry, or stud/girt design options are
available, the designer should select the option that best satisfies cost,
functional,dimensional, and aesthetic objectives.

aPPrOach is ineffective,

If a single barrier
the tables out1ined in Subparagraph 3.1.2 can be used

to evaluate the cost-effectivenessof ❑ultiple wall barriers.
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TABLE 2.

Penetration time susmery and lookup table
for WS1lS snd roof/floors.

Conventional

Penetration
Time

(minutes)

2->60

<2-8

52

2-55

52

<2-5

RCI
rsnge

L.4-
4.2

1.6-
3.8

).9-
2.2

).5-
4.2

..o-
1.4

1.3-
5.4

Figure/Tabl
Cross Refer
ence Number

Figure 7;
Tables III
IV

Table II

rable II

Figures 7 6
10; Tables
[V & IX

L’ableII

rable II

Attack Hardened

penetration
Time

(minutes)

5->60

5-30

5-20

5->60

5-2o

5-20

x
rang,

1.8-
5.3

1.5-
2.0

1.5-
11.7

9.6-
5.3

L.5-
11.7

2.0-
L1.7

Figuce/Tabl,
Cross Refer
ence Ntiben

Figure 8;
rabies III i
Iv

Figure 9;
Pables V &
?1

rabies VII
i vIII

?igure 10;
rable IX

:ableVIII

----

NOTE: The upper RCI value for conventional masonry construction of 3.8
compares unfavorably with the 2.0 value for attack hardened masonry
construction. This apparent anomaly is explained by the fact that
testing of attack-hardened options haa been limited to thicknesses that
are narrower than some of the conventional mssonry options such as
thick stone walls. These thicker mssonry wall sections are expensive
to build and they deliver lower penetration times.
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Second, reinforced concrete is the only design option for those cases
where.a single barrier penetration time requirement exceeds 20 minutes. A
conventionally conetructed reinforced concrete roof/floor is probably the most ●
cost-effective option to ❑eet these longer penetration times with a single
barrier approach. Reinforced concrete, of course, can also be used for single
barrier penetration time requirementsbelow 20 minutes. Hnwever, in these
lnwer penetration time regimes, there are wood/metal options that yield
equivalent penetration times. Between 2 and 20 ❑inutes these equivalent
options are limited to attack-hardenedcross sections. Conventionally
constructedwood, ❑etal, asbestos cement, and fiberglass roofs and ceili.ngs
have only very limited penetration capabilities (typically less than 2
❑inutes, at most 2 to 5 minutas). Aa in the case of walls, whera equivalent
reinforced concrete, wood, or metal options are available, the facilities
engineer should select the best option that is compatible with the wal1
construction selected and also satisfias cost, functional, dimensional, and
aesthetic objectivea. If there are multiple floors or stories batween the
roof and the interior spaca containing the secured reaourca, the tables out-
lined in Subparagraph 3.1.3 can be usad to evaluata the cost-effectivenessof
❑ultiple attack-hardened floors. If the deaigner is seeking penetration time
enhancement against overt threats using earth cover (e.g., en arms, smmunition
and exp10Sives (AA&E) storage magazine), the application of earth overburden
on a reinforced concreta or corrugated ❑etal roof can enhance penetration
times up to intervala approaching 1 hour. Figure 6 indicates incremental
penetration times that can be expected from digging to various depths of earth
baaed upon four ❑en using a pick and shovel attack. Figure 6 can also be used
to estimate added dalay times from digging for an upward attack on baaement or
ground level floora. For this situation, added intervals 6f well over 1 hour
ara possible. ●
3.1.1.3 Selection of Prouer Construction. To use tbe penetration time and
RCI information,the security engineer should follow one or more of the steps
outlined in Paragraph 2.7. Table 2 can be used to identify one or more
general construction types that fall within the range of delay time require-
ments. Table 2 can also ba used to identify the subsequent tablea containing
specific details, penetration times, and RCI values for a given construction
type.

3.1.2 ~.

3.1.2.1 Reinforced Concrete. Rapresentative constmcti.on options include:

0 Cast-in-place walls. The forms are constructed vertically and the
concrete poured onsite.

o Tilt-up walls. These are similar to cast-in-placawalla axcept that
tha walls are constructed in a horizontal direction and then lifted up.
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FIGURE 6. Digging rates for various depths of earth, using
pick, shovel, four men. (From Barrier Technology
Handbook, Sandia National Laboratories SAND 77-077.)
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0 Precast walls. These are constructed elsewhere end shipped to the
site.

The above options ❑ay include both the conventionallyconstructed walls or the
steel-fiber-reinforced(hardened) concrete walls illustrated in Table 3.

(1) Conventional construction. As illustrated in Table 3, the thickness
of typical precsat or tilt-up walls may be as low as 3-1/2 inches (90 nun)to
as high ae 12 inches (300 mm). A cast-in-placewall typically begins at 4
inches (100 mm) and may reach as high as 30 inches (760 mm). The
correspondingreinforcement❑ay be as low as a single layer of No. 3 steel
bars at 12-inch (300-mm) spacing eech way, for the 3-1/2-inch (90-IIIUI)or
4-inch (100-mm) wall, to as high as No. 8 bars at 3 inches (75 mm) each way at
each face for:the 12-inch (300-nmI)wall. Concrete with compressive strengths
between 3,000 and 6,000 pounds per square inch (Psi) (21 Snd 4Z megspasc.al
(MPa)) and a steel reinforcingbar (hereinafter,rebar) with a tensile
strength between 40,000 and 60,000 psi (275 and 415 MPa) are typically used.

(2) Penetration times for conventional construction. Table 3 gives
estimated penetration times for a 3-1/2-, 4-, 12-, and 30-inch (90-, 1OO-,
300-, and 760-mm) wall against optimal combinations of hand, power, and
thermal toolg. It should be noted that, for conventional concrete ❑aterials,
the penetration times range from about 2 minutes to greater tbau 60 ❑inutes.
At the time this handbook was written (1986), no data for hand, power, and
thermal tool attacks on concrete walls exceedimg 12 inches (300 mm) in thick-
ness were available. However, based on Table 3, one can expect these thicker
walls to exceed a 40-to-45-minutepenetration time level, with a 30-inch
(760-nun)wall well above 1 hour. For walls up to 12 inches (300 mm) thick,
Figure 7 and Table 4 can be used to estimate penetration times for thickness ●
and rebsr combinations intermediatee to those shown in Table 3. In general,
reinforced concrete walls provide higher penetration times relative to stud/
girt or masonry WSI1 options of comparable thickness. In terms of cost, they
are generally comparable to masonry wall construction (RCI between 1.4 aud
4.2), but may be up to twice as expensive as stud/girt. Although no specific
discussion of 8-inch (200-mm) reinforced concrete walls has been presented in
tbe foregoing information about conventional concrete construction, it should
be noted that the dsta point on Curve C, representing the penetration time
(shout 15 minutes) for 8-inch (200-InnI)reinforced concrete walls (see Figure 7
and Table 4), is equivalent to the expected penetration time of the 8-inch
(200-nuri)reinforced concrete wall construction mandated for Category II AA&E
storage facilities by DOD 5100.76-M and Office of the Chief of Naval
Operations Instruction 5530.13.
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FIGURE 7. Penetration times for reinforced conventional
concrete wallslroofs.
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TABLE 4.

Penetration time chart index for Figures 7 snd 8.

Single layer

Spacing
each way
(inches)
(m)

3 (75)

3-1/2 (90)

4 (loo)

4-1/2 (1151

5t09
125 to 2251

>10 (250)

Spacing
each WSY
(inches)
(m)

3 (75)

3-1/2 (90)

4 (loo)

4-1/2 (115)

5t09
(125 to 225)

>10 (250)

Bar Number

None

A

A

A

A

A

A

-r

B

B

B

B

B

A

-

4

B

B

B

B

B

A

—

Double layer

-r

c

c

B

B

B

A

6

c

c

c

c

B

A

—

7

D

D

c

c

B

A

-r

E

E

D

D

c

A

—

Bar Number

None

A

A

A

A

A

A

-r-

C

c

B

B

B

A

4

—

c

c

c

c

B

A

-5-
——

D

D

c

c

B

A

Y-
—

E

E

D

D

c

A
—

7

G

F’

E

E

c

A
—.

%-

—

1
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F

D

A
—
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(3) Hardening outions. If additional penetration tims is rsquired,
consider ons or ❑ore of the fo1lowing options:

(a) Reinforced concrete.
●

Increase the thickness of the wall or
‘rebarsize, number of layers, or decrease the rebar spacing (see Figure 7 and
Table 4).

(b) Steel-fiber-reinforced(SFR) concrete. Use steel-fiber-
reinforced concrete. For the same wall thickness, SFR concrete generally
provides higher penetration times. Table 3 gives penetration ti.meestimates
for 3-1/2-, 4-, 12-, and 30-inch (90-, 100-, 300-, and 760-mm) walls using SFR
concrete. The amount of stee1 fiber is about 5 percent by volume weight of
the concrete ❑ix design. (For intermediatevalues, for walls less then 12
inches (300 nun)thick, aee Figure 8 end Table 4.) The added penetration time
for a given wal1 thickness gained by this option should be weighed against the
added cost of SFK concrete, which has an RCI value at least 25 percent greater
than conventional concrete.

3.1.2.2 Masonrv Wall Construction. Masonry wal1s are typically constructed
of one or ❑ore of the following materials: concrete masonry unit (CNU),
brick, structural tile, or stone. These walls may also be reinforced with
steel bars. Construction options, penetration times, end RCI values for
attack-hardenedwalls are shown in Table 5.

(1) Conventional construction. Unreinforced ❑asonry wal1 construction
may typically consist of concrete ❑asonry units (CNU), brick, structural tile,
stone, or a combination of these materials. CMU may range from 4 to 12 inches
(100 to 300 UIIII)thick and may be left hollow or grouted solid. Single wye
brick generally comes in widths of 4 to 12 inches (100 to 300 mm). Structural ●
clay tile will typically range from 4 to 8 inches (100 to 200 mm) wide, and
stone will usually vary between 6 and 24 inches (150 and 600 mm). As for com-
binations of these ❑atarials, brick or CIllJmay range from 8 to 16 inches (200
to 400 mm) with masonry ties every sacond CMU tourse. Structural clay tile on
CMU ❑ay be found in widths from 6 to 16 inches (150 to 400 mm), again with
masonry ties every second coursa. Brick on structural clay tile ❑ay vary from
8 to 12 inches (200 to 300 mm) with ties every sixth brick course. Finally,
stone on CNU ❑ay range from 6 to 16 inches (150 to 400 mm) with ties evary
second CNU tourse. Reinforced concrete masonry units (CMU) may vary from 6 to
12 inches (150 to 300 mm) wida, grouted solid with reinforcing ranging from
No. 4 rebar at 32 inches (800 mm) on center horizontally and 16 inches (400
mm) on center vertically to No. 5 at 16 inches (400 mm) on center horizontally
and No. 8 at 8 inches (200 mm) on center vertically. Brick on stona, doubla
wye ranges from 10 to 16 inches (250 to 400 mm) thick, grouted solid with No.
6 rebar at 12 inches (300 mm) on center horizontally and No. 9 at 12 inchee
(300 mm) on centsr vertically. Reinforced CMU with 4-inch (1OO-UIM)stone or
brick venaer vary from 10 to 16 inches (250 to 400 mm) wide, grouted solid,
with reinforcing ranging from No. 4 rebar at 32 inches (800 mm) on center
horizontally and at 16 inchas (400 mm) on center vertically to No. 5 rebar at
8 inches (200 mm) on canter horizontally and No. 8 at 6 inches (150 mm) on
center vertically.
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FIGURE 8. Penetration times for reinforced fibrous concrete
walls/rOOfs.
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(2) Penetration times for conventional construction. Conventional
masonry walls provide only limited hsrdness’igaihst forced aiitryattacks using
optimal combinations of hand, pcwer, and thermal tools. They typically offer
penetration times ranging from less than 2 minutes to 2 to 5 ❑inutes. Even ●
with thicker wall sections, only 8 minutes is achieved. Relative to other
forms of constmction, masonry walls provide penetration times only slightly
greater than 9tud/girt construction. ‘Specifically,’’forthe same wall thick-
ness, masonry walls provide penetration times that’are ❑uch less than rein-
forced concrete. In terms of cost, they are almost twice as expensive as
studfgirt.

(3) Hardening options. If additional penetration time is required,
consider one or more of the following options:

(a) ~. Increase the thickness of
the wall or the size and nomber of rebar layers or decrease the spacing of.the
rebar provided. Figure 9 end Table 6 can be used. These charts assume that
all wall cavities are filled with mortar.

(b) Hardening with composites. Use one or more of the nonconven-
tional options summarized in Table 5. These options were specifically
designed and tested to provide enhanced attack resistance. With the.exceptioti
of the option show’ in Table 6 which uses a 4-inch (1OO-UIM)layer of:brick on
a 4-inch (1OO-UIUI)layer of concrete block, all the other sections use S-inch
(200-IMII)mortar filled CMU blocks as the basic component. The CMU”sections
vary mostly in the type of reinforcing❑aterials provided. The data”in Table
5 show that the only significant improvements in penetration times relative to
conventional construction involve using a 3- to 4-inch (75- to 100-mm) layer
of steel fiber-reinforcedconcrete, which is either unreinforced (Table 5) oro
reinforced with expanded steel grating (Table 5-B), or steel rebar in the CMTJ
cores (Table 5). These coristructionoptions provide penetration times between
25 and 30 minutes. These ‘attack-hardened,optionsmay be up to twice as
expen9ive as conventionalmasonry construct’io’nofequivalent thickness.

~.,
3.1.2.3 Stud/Girt Wall Construction. ‘Studwalls .ar&used in the construction
of wood or light ❑etal frame buildings. ‘Tbe*basic.frame consists of.wood or
❑etal vertical supports, usually 2 by 4.inches.,(50,.by100”MILI)or 2 by 6 inches
(50 by 150 mm), placed 12, 16, or 24.inchSs.(300,400,’or 600 mm) oncenter.

.

Metal girts.are horizontal.framing members used iririgid frame systems. They
range in depth from 6-1/2 to 9-1/2 inches (165 to 240 mm) and are spaced 2 to
7-1/2 feet (600 to 2,250 mm) on center. tinarchitectural finish is attached
to the exterior side of the stud or girt, and an interior wail finish may be
attached to the interior side. It should be noted that wood wall construction
for permanent bu+ldings shall be confin’edprimarily to housing and minor ,
structures. Construction options, penetration times, and RCI values for
attack-resistantwall systems using stud, wood siding, and steel Iayering are’
shown in ‘Tables7 and 8. Regardless of the degree of security, the choice of
wood constructionmust be in accordance with the fire protectionrequirements
set forth in Department of Defense Military Handbook 1008, Fire Protection for
Facilities Engineering, Design and Construction.
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FIGURE 9. Penetration times for reinforced masonry walls.
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TABLE 6.

time chart index
. . .

for Figure 9,
conventional reinforced masonry walls.

Single layer of rebar in block cavities

Spating
each way
(inches)
(m)

3 (75)

3-1/2 (90)

4 (loo)
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5t09
125 to 225)

>10 (250)
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●
(1) Conventional construction. Ths sevsn basic types of stud/girt wall

construction include: stud and stucco; stud and wood siding, stud and plywood
siding, stud end shingle siding, stud and composition siding, stud/girt indus-
trial siding, and conventional masonry veneer construction.

(2) Penetration Times”for‘C6riveriticinalConstruction. Estimated
penetration times for.the seven basic types of stud/girt wells are less than
2 ❑inutes againat optimal combinations of hand and power tools. Use of 2- by
6-inch (50- by 150-IrOn)studs increases the penetration time insignificantly.
Conventional ❑asonry““veneer’wal1s“offer’p’enetration times of 5 minutas or less
against optimal combinetions of hand and power too1s. In terms of cost, studf
girt walls ‘are comparable to hollcw CMU unreinforced masonry construction,
depending upon the architectural finishes that ara selected. In terms of
cost, ❑asonry veneer wills have axiRCI of 1.4 to 2.2.

(3) Hardeninx options. Penetration time for stud/girt construction can
be signific+tly increased by using one or ❑ore of the follnwing options.
Layered sheet steel,and wood combinations can double or triple penetration
times (see Table 8),.~ The very limited test data indicate that a laYer Of,
3/f+-inch (19-UIIII)plywood sandwiched betwaen.two layers of 10-gauge (3.4-mm)
hot-rolled stael provides;about 5 to 10 m~utes of penetration time (see
Table 8-A). The penetration time can be J.ncreisedby about 5 minutes with the
addition of snothe’r’wood/steel layer (Table 8). Presumably, this rule-of-thumb
would apply to the<’’additionof more layers u&il the overall thickness of the
wall renderad use of hand and power tools impractical. Better gains in
panetration time can be achieved by changing the staa1 layers to 9-gauge

●
(3.8-UUII)Am.ricsn Society for Testing.and.Materials (ASTM) 607 HS low alloy
steel. One layer of 3/4-inch (19-UIIU)plywood sandwiched between two layers of
that steel provides 10 to 15 minutes of penetration time. Adding layers of
90-pound (41-kilogrsm)gravel finish roofing paper between the plywood and
steel further increases the penetration‘timeto “about20 minutes (Table 8).
Each layer must be bolted or fastened to tha previous layer. Structural
adhesives ❑ay also be,used. It is possible to prefabricate tongue-and-groove
panel sections so that individual‘sheetsare off-set (as in Table 8). Adding
more wood and steel layers to the ssndwich’reducesthe effectiveness of the
optimal mix of attack tools. Increasing tha plgwood thickness by using a
“fire door” design approach would further decraase the effectivenessof an
optimal attack. Alternate layers of 3/f+-irich(19-rmu)plywood and 9-gauga
(3.8-mm) ASTM 607 HS low alloy s-teel,as noted above, also provide significant
penetration resistance agakst optimal attacks.“,The test program with respect
to the above “steel/ply” composites is en ongoing one; The penetration data
reported here ❑ay be subject to revision as ❑ore‘test results are obtained.
Tberefore, to take advantage of the most current information about the
penetration resisthce and cost-effestiveness,of these “steel/ply” composites,
and to learn what ara considered the optimal composites of various materials,
layers, and spacings that have been tested, the security engineer should
contact:
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Naval Civi1 Engineering Laboratory
Security Engineertig Division (Code L56)
Port Huaname, CA 93043-5003
(AV) 360-4284

3.1.3 Roof/Floor.

3.1.3.1 Reinforced Concrete Roofs and Floors. There are various categories
within each option, which are summarized below.

(1) Convantional construction. The fiva conventional construction
categories listed above are discussed balow.

(a) Conventional svstams that are cast-in-r.laceon structural
❑ambers.

Slab over open-web steel joists systems range from 2-1/2 inches
(63 mm) thick with No. 3 rebar at 7-1/2 inches (190 mm) on center each way up
to 6 inches (150 mm) thick with No. 4 rebar at 12 inches (300 mm) on centsr.

Composite slab/beam systems range from 6 inches (150 mm) thick
with No. 5 rebar at 12 inches (300 mm) on center each way up to 12 inches
(300 mm) thick with No. 5 rebar at 6 inches (150 nun)on canter,

Composite metal deck and slab systems range from 1-l/2-inch
(38-mm), 22-gauge (O.8-mm) steel clackwith 2-l/2-inch (63-mm) concrete topping
[total 4 inchas (100 mm)] with 6 x 6 - W 1.4 x Ii1.4 wire mesh up to
3-1/2-inch (90-mm), 22-gauge (0.8-mm) steel deck with 4-1/2-inch (115-IIIIu)
concrete topping [total 8 inches (200 mm)] with 6 x 6 - W 1.4 x W 1.4 wire
mesh.

(b) Conventional svstema which are cast-in-place as structural
❑embers.

One-way and two-way slab systems range from 6 inches (150 mm)
thick with (minimum) No. 4 rebar at 12 inches (300 mm) on center up to
18 inches (450 mm) thick with (maximum) No. 5 rebar at 3 inches (75 mm) on
center.

Waffle slab systams penetration resistance should be evaluated
on the besis of slab thickness between the reinforcing ribs. The range of
normal top slab thickness is betwean 3 inches (75 mm) and 4-1/2 inches
(113 mm) with integral reinforcing ribs 5 to 6 inches (125 to 150 mm) wide
spaced 24 or 36 inches (600 or 900 mm) each way. The void spaces between ribs
can range between 19 and 30 inches (475 and 750 mm). Total depth of slab plus
rib ranges from 11 to 16-1/2 inches (280 to 420 mm) thick. The top slab ia
reinforced with (minimum) No. 4 rabar et 12 inches (300 mm) on center up to a
❑aximum of No. 7 rebar et 6 inches (150 mm) on center.
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(c) Conventional precast urestressed concrete units.

Single tee units range from 3 feet (900 mm) wide by 1-1/2 feet
(450 mm) deep up to 10 feet (3,000 mm) wide by 4-1/2 feet (1,400 mm) deep with
6X6 - W 1.4 x W 1.4 wire mesh in 2-inch (50-mm) flanges.

Double tee units range from 4 feet (1,200 mm) wide by 1-1/8
feet (350 mm) deep up to 8 feet (2,500 mm) wide by 2-2/3 feet (810 mm) deep
with 6 X 6 - W 1.4 W 1.4 wire mesh.

Prestressed deck units range from 8 to 10 inches (100 to
250 mm) thick with tsndons at 16 inches (400 mm) on canter with 6 x 6 -
W 1.4 x W 1.4 wire mesh.

(d) Conventional past-tensioned cast-in-place flat slabs,

One-way slabs range from 4-1/2 inches (113 mm) thick with No. 4
rehar at 36 inches (900 mm) on center and No. 5 at 12 inches (300 mm) on
center up to 9 inches (225 mm) thick with No. 4 rebar at 24 inches (600 mm) on
center, sad No. 6 at 12 inches (300 mm) on center.

Two-way slabs range from 7 inches (175 mm) thick with No. 4
rebar at 36 inches (900 mm) on center up to 10-1/2 inches (265 mm) thick with
No. 4 rebar at 24 inches (600 mm) on center and No. 5 rebar at.12 inches
(300 mm) on center.

(e) Slabs-on-grade. Slebs-on-grade are used for floors only. The
thickness ❑ay be as low as 4 inches (100 mm) to as high as 12 inches (300 mm).
The corresponding reinforcementmay be as low as a single layer of No. 3 rebar

●
at12 inches (300 mm) on center each way to as high as No. 7 rebar at 6 inches
(150 mm) on center each way and on each face, or perhaps wire mesh. Concrete
with compressive strengths between 3,000 and 6,000 psi (21 and 42 NPa) are
typically used.

(2) Penetration times for conventional construction. Estimated penetra-
tion times for both upward and downward attacks on representativemajor
conventional construction types can be estimated using Figure 7 and Table.4 in
Subparagraph 3.1.2, end Figure 10 and Table 9. A review of the data b, k
Figures 7 and 10 shows that a wide range of penetration times are possibIe
depending primarily upon the thickness and type of slab, size, and spacing of
the reinforcement and the direction of the attack (typical ceiling, roof,-.and
floor covering materials contribute very little to penetration times). The
lower bound is less than 2 ❑inutes for very thin, nominally reinforced slabs
to greater than 60 minutes for very thick slabs [12 inches (300 mm)] with
heavy reinforcements. For a downward attack on roof or floor slabs up to
12 inches (300 mm) thick reinforced with rebar, Figure 7 and Table 4 (see
Subparagraph 3.1.2) can be used to estimate penetration times for various
thicknese and rebar combinations. For en upward attack on floors of various
thicknesg, the conventional concrete family of curves, shown on Figure 10 and
cross referenced to Table 9, can be used. For floors, an upward attack is
more difficult and requires a different combination of tools than a downward
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attack on the same cross section. The result is increased penetration times
for the same crose section. The difference is not large--typicallyonly 5 to
10 ❑inutes. For upward attacks on slabs less than 11 inches (275 mm) thick, ●
the primary factor influencingpenetration time is the thickness of the slab.
Beyond 11 inches (275 mm) the type, size, and gpacing of reinforcing also
becomes important. This is shown in Figure 7 for slabs up to 12 inches
(300 mm) thick reinforced with rebar. For floors, reinforced with mesh rather
than rebar (use Curve B in Figures 7 or B), decreasing the mesh spacing or
i.ncreasfug the qusntity or size of wire ❑esh for 9labs reinforced with wire
mesh has a small effect on penetration times. In general, reinforced concrete
roofs sud floors provide higher penetration times than those construtted of
wood or ❑etal, at roughly comparable costs.

(3) Hardening options. If additional penetration time is required,
consider one or more of the folIcwing options:

(a) Reinforced concrete. For roofs, increase the thickness of the
slab or rebar size, or number of layers, or decrease rebar spacing using
Figure 7 and Table 4 (sac Subparagraph 3.1.2). For floors, increase tha
thickness of the slab or, if grester than 11 inches (275 mm), the rebar siza,
and decrease spacing (see Figure 10 and Table 9).

(b) Steel-fibar-reinforcedconcrete. For the same roof or floor
thickness, SFR concrete generally provides increased penetration times. For
intermediatevalues for a downward attack on roofs or floors less than
12 inchee (300 mm) thick, see Figure S and Table 9 in Subparagraph 3.1.2. For
an upward attack on floorg, see Figure 10 and Table 9. In general, however,
the added penetration time for a given slab thicknesg, when compared to rebar-
reinfarced concrete, is only 5 to 10 minutes. This should be weighad against ●
the added cost of SFR concrete roofs and floors, which have an RCI of about
25 percent greater than conventional concrete. The amount of steel fiber is
about 5 percent by volume weight of the concrete mix design.

(c) Floor slab penetration. For buildings without basaments, but
with shallow footings and a slab-on-grade floor, tha possibility of digging
underneath the footing and penetrating upward through the floor should be
considerad if the threet is overt. Figure 6 provides estimates of digging
times. If these times, Plus the time for penetrating the slab, are not suf-
ficient to meet requirements, one might consider pouring a reinforced concrete
apron around tha structure. The intruder will then be forcad to ettack tha
apron from above, or tuunel under it. For covert threats, digging times should
not be considered, since intruders will use stealth to dig their way to the
floor. Therefore, the penetration time through a floor by a covert threat
should only be based on the time it takes to penetrata the floor.
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TABLE 9.

Penetration time chart index for Figure 10.
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3.1.3.2 Wood Ceilings/Roofs and Floors.

●
Typical construction for wood roofs

and floors includes:

0 k’oodor plywood on joists

o Stressed skin plywood on joists

o Wood deck on beams

Wood is not normally used for roofs in construction except in housing and
❑inor structures.

(1) Conventional constmction. Plywood on joists may include
thicknesses from 1/4 to 1-1/8 inches (6 to 28 mm). The plywood iS suppOrted
on joists ranging from 2 by 4 inches (50 by 100 mm) up to 2 by 14 inches (50
by 350 mm) on 12-, 16-, or 24-inch (300-, 400-, or 600-mm) centers. The
stressed skin plywood panels are typically 1/2- to l-inch (13- to 25-mm)
plywood supported on joists of 2 x 4 to 2 x 14 inches on 12-, 16-, or 24-inch
(300-, 400-, or 600-uuD)centers. The ceiling joists are then covered by ,
3/8-inch (9-mm) plywood. The wood deck-on-beams option consists of 1-,
1-1/8-, or l-1/4-inch (25-, 28-, or 32-mm) plywood or 2- by 6-inch (50- by
150-mm) wood decking supported on sawn or glue laminated wood beams on 4- or
8-foot (1,200- or 2,400-mm) centers. Regardless of the degree of security,
the choice of wood construction must be in accordance with the fire protection
requirements eet forth in DOD Military Handbook 1008.

●
(2) Penetration times for conventional construction. Penetration times

for conventional wood floor construction options against optimal combinations
of hand and power tools are at less than 2 ❑inutes.

(3) Hardening outions. If,additional penetration time is required, wood
and steel combinations can be useful. As ,+nstud/girt walls in Subparagraph
3.1.2.3, layered wood and sheet steel (see Table 8 in Subparagraph 3.1.2) can
significantly increase penetration time against hand and power tools. Limited
test data indicate that a layer of 3/4-inch (19-mm) plywood between two layers
of 10-gauge (3.4-IIIUI)hot-rolled steel provides about 7 ❑inutes of penetration
time (see Table 8). This can be increased by about 5 minutes by adding
another wood/steel “layer. Additional testing shows that one layer’of 3/4-inch
(19-Inm)pl”jwoodsandwiched between two layers of 9-gauge (3.8-mm) ASTM 607 HS
low S11OY steel, instead of 10-gauge (3.4-Em) hot rolled steel, provides an
uPPer limit Of 15 ❑inutes of penetration time (see Table 8). Adding lsyers of
90-pouqd gravel finish roofing paper between the plywood +d steel further
increases the penetration time to about 20 ❑inutes (see Tsble 8). Adding more
wood and steel layers to the sandwich reduces the effectiveness of optimal
tool ❑ixes. Increasing the plywood thickness by using a “fire door” design

apprOach wOuld further decrease the effectiveness of a optimal attsck. As
explsined in Subparagraph 3.1.2.3 on wood and steel combinations for wall
construction, alternate layers of 3/4-inch (19-111111)plywood and’9-gauge
(3.8-tmn)ASTM 607 HS low alloy stsel provide significant penetration
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resistance against optimal attacks. The test.program with respect to
the above “steel/ply“ composites is an ongoing one. The penetration data
reported here may be subject to revision as ❑ore test results are obtained.
Therefore, to take advantage of the most current information about the
penetration resistance and cost-effectiveness of these “steel/ply” composites,
and to learn what are considered the optimal composites of various materials,
layers, end spacings that have been tested, the security engineer should
contact:

Naval Civil Engineering Laboratov
Security Engineering Diviaion (Code L56)
Port Hueneme, CA 93043-5003
(AV) 360-4284

3.1.3.3 Metal Roofs tid Floors. Typical ❑etal roof construction consists of
three types:

o Steel plate decking

o Ribbed-steel decking

o Corrugated ❑etal decking

Typical metal floor construction consists of four types:

o Steel plate decking

o Riveted steel grate

o Welded steel grate

o Expanded steel grate

These types of construction,penetration times, and RCI valuss are discussed
below.

(1) Conventional construction.

(a) Steel plate decking. Stee1 plate decking typically ranges from
a minimum thickness of 1/4 inch (6 mm) to a maximum OS 1 inch (25 MM).

(b) Ribbed-steel decking. This decking consists of long, narrow
sections with longitudinal ribs from 1-1/2 to 2 inches (38 to 50 mm) deep,
spaced 6 inches (150 mm) canter-to-center. Special long-span roof-deck
sections may also be used. Common gauges used are No. 22, 20, and 18 (0.8,
0.9, and 1.2 mm), while the deep long-span sections are of heavier gauges,
ranging from No. 18 to 12 (1.2 to 2.7 mm).
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(c) Corrugated’metal decking.

●
This decking is typically made of

alnminiun,galvanized iron, or protected (rust-inhibited)metal.

Corrugated aluminum ❑ay be either corrugated sheets, curved
corrugated sheete, V-beam sheets, or.concealed clip panels. The corrugated
sheets and curved corrugated sheets are typically 0.024 or 0.032 inch (O.6 or
0:8 m) thick with 2.67-inch (68-mm) corrugations 7/8 inch (22 mm) deep. me
V-beam sheet has a 4-7/8-inch (120-mm) pitch with 1-3/&-inch (45-mm) deep cor-
rugations with top and bottom flats of 3/4 inch (19 mm). Thicknesses are
0.032, 0.040, or 0.050 inch (0.8, 1.0, 6r 1.3 mm). Concealed clip panels are
13.35 inches (~40 mm) wide by 3 feet (900 mm) up to,39 feet (12,000 mm) long
with thicknesses of 0.032, 0.040, or 0.050 inch (0.8, 1.0, or 1.3 mm).

Protected metal ia available in corrugated sheets, mansard
sheete, or V-beam sheets. The corrugated sheets heve 2.7-inch (69-mm)
corrugations 9/16 inch (14 mm) deep. Mansard sheets have 6 beads per sheet.
The V-beam sheet has a 5.4-inch (135-MM) pitch tiithl-5/8-inch (40-mm) deep
corrugations and contains 5 vees per sheet. The thickness of all protected
metal sheeting ranges from 18 to 24 gauge (1.2 to O.6 mm).

(d) Riveted eteel grate. Riveted steel grate has a minimum beering
bar size of 3/4 by 1/8 inch (19 by 3 mm) spaced 2-5/16 inches (60 mm) on
center and a maximom bearing bar size of 2-1/2 by 3/16 inch (63 by 5 mm)
spaced 3/4 inch (19 mm) on center. The spacer bars are riveted about 7 inches
(175 mm) on center for average installationsor 3-1/2 to 4 inches (90 to
100 mm) for heavy traffic or where wheeled equipment is used.

●
(e) Welded steel xrate. Welded steel grate has minimum and ❑aximum

bearing bar sizes of 3/4 by 1/8 inch (19 by 3 mm) and 2-1/2 by 3/16 inch (63
by 5 mm), respectively. The minimum spacing is 15/16 inch (24 mm) on center,
and the maximum spacing is 1-3/16 inches (30 mm) on center. Spacer bars are
typically welded either 2 or 4 inches (5o or 100 mm) on center.

(f) Expanded steel grate. The expanded steel grate has a ❑inimum
diamond size of 1.33 by 5.03 inches (35 by 125 mm) end a ❑sximum diamond size
of 1.41 by 5.33 inches (36 by 135 mm).

(2) Penetration times for conventional construction. Penetration times
for ❑ost conventional metal roof end floor construction are less than 2
minutes when attacked with the optimal combination of hand, power, and thermal
tools. In the case of 3/4- to l-inch (19- to 25-mm) thick steel platas, the
penetration time fslls into the 2- to 5-miriuterange.

(3) Hardenim options. Layered wood and stae1 plate combinations can
significantly increase penetration times against hand, power, and thermal tool
attacks if additional penetration time is “required(see Subparagraph 3.1.3.2).
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3.1.3.4 Miscellaneous Ceiling snd Roof Construction. Miscellaneous construc-
tion options for ceilings and roofs include corrugated asbestos cement and
corrugated fiberglass. Corrugated asbestos cement sheets have 4.2-inch ●(106-trmI)corrugationswith depths of 1/4, 1/2, and 1-1/16 inches (6, 13, cud
27 mm), respectively. Thicknesses rsnge from 1/8 to 3/8 inch (3 to 9 mm). NO
actual test data are available for corrugated asbestos cement or corrugated
fiberglasspenetration times, but it should be assumed that these materials
give 1ess thsn 2 minutes of penetration time.

-..

3.2 Doors, Windnws, Ad Utility Openings.

3.2.1 Introduction.

3.2.1.1 Overview. Most facilities require doors, windows, and utility
openings to provide the internal environmental controls and ready access
necessary for their intended use end maintenance. Unless special attention is
given to the design of such openings, they can also provide relatively easy
access for intmders snd, thus, become the weak 1ink in the delay ttie
provided by a facility. Openings are divided into three major categories:

o Doors

o Windows

o Utility openings (e.g. pipe chases, vents, ducts, etc.).

For each category, this hsndbook:

o Briefly describes the issuee and factors
consideration.

o Summarizes available data on penetration
conventional designs and materials.

that require special

tties provided by

o Describes (snd, to the extent possible, qusntifies) penetration
time enhancements that should be considered by the designer.

As noted earlier, this hsndbook stresses means of increasingpenetration time
against wel1-equipped snd determined intruders. However, the user should not
Iose sight of the fact that ❑sny enhancements,which may not significantly
increase the penetration time against a determined intruder, can force the use
of more sophisticatedsnd heavier tools snd equipment and may deter an
intruderwith less motivation snd sophistication.

3.2.1.2 Evaluation of Door, Window, snd Utility Opening Desi~ Options.
Table 10 summarizes the rsmre of Penetration times that csn be exuected from
conventionally constructed
utility openings for which

-.
as wel1 as attack-hardeneddoors, windows, sud
data are available. The table cross-referencesthe
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● TABLE 10.

Penetration time summary and lookup table
for doors, windows, and utility openings.’

Conventional Attack Hardened
:onstzuction

Type Penetration FigurelTabla Penetration FiSurelTable
Time Cross-Reference Time Cross-Reference

(minutes) Numbers (minutes) Wmbers

,,

DOORS 52 to Figure 11, 12; 5 to L60 Figure 11-12
8.70 Tables XI, XII Tables XIII,

XIV

LOCKING 54 Figure 16; <7* Figures 13-17:
DEVICES Table XV Table XV

WINDOWS 52 Tables XVI and ~2 to 16 Figures 18-20
XVII Tablss XVIII-

XXII

OTILITY 52 Table XXIII 2 to 40 Figures 21-23
OPENINGS Table XXIV

* This penetration time refers to the time interval required for the lock
to fail, thus enabling opening of the door and passase of the intruder
past the barrier.

,! ,.
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figures and tables set forth in Subparagraph 3.1.2, which present design
details and penetration times for each specific option that has bean analyzed.
In general, TabIe 10 indicates that conventional1y construtted doors, windows, ●
and utility openings offer very little attack resistance (typically less than
2 minutes). Attack-hardenedaingle barrier door options for which data are
available offer penetration timas up to nearly 30 minutes. These door
surfacea ara constructed of a ❑ultilayered wood/steel combination. The
facilities engineer should note, however, that these penetration times only
applY to door surfacas. They do not apply to locking devicas which are
integral to any sacure door systam. There are no locking devices within the
current state-of-the-art that provide penetration resistanca in axcass of 7
minutes. A user, seeking to design a 30-minute door, for example, might
consider utilization of ❑ultiple locking davices. This approach is discussad
in more detail in Subparagraph 3.2.2. Although definitive test data are not
available, the usa of thick, ❑assive, blast-hardened doors ❑ade of reinforced
concrate or the use of thick, metallic bank vault-like doors ❑ay lead to
increased single barrier penetration times estimated to be in exceaa of
1 hour. Table 10 shows that attack-bardaned single barrier w“indowoptions are
available that offer up to approximately 16 ❑inutes of penetration time.
These options use steal bar grills. If these grills are used in multiple
layer combinations, increased penetration times are possible. Finally,
Table 10 shows attack-hardenedutility openings with penetration times up to
40 minntes.

3.2.1.3 Selection of Door, Window, and Utilitv Ouening Construction. Tha
remaining subparagraphspresent penetration times for the principal typas of
conventional and attack-reaistant doors, windows, and utility openings where
test data are available. The penetration times are organized into sats of
lookup tables end, where appropriate, figures illustrating the typas of con- ●
struction. Tha information in the tables and figures will enable the facili-
ties engineer to determine which types of construction yield equivalent pene-
tration timas. The panatration times are conservative estimates based on the
available ❑easured test data documented in the reports listed in Appendix D.
To use the information in this paragraph, the security angineer should follow
the two steps out1inad below together with Part 9 of the Worksheet described
in Subparagraph 2.8.2. In genaral, doors, windows, and utility openings
(e.g., vents, cable trunks, manhole covars, and sewers) should be considared
both individually and collectively. The facilities engineer should assess
each opening as a separate unit and also as a system of openings, which may ,be
interconnected,for example, by conduits. The facilities engineer should also
assume that any skillad, motivated, potential attacker wanting to gain entry
may hava access to drawings showing the easiast route.

Step l--Identifydoors, windows, and utilitv OPeninm. DOOrs,
windows, and utility openings (including conduits) into the secured area
should be identified and locatad on a layout plan.
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●
Step 2--Evaluste single barrier door, window. end utility openings

options. Review Table 10 to determine which (if any) single barrier construc-
tion option ❑eets the delay time requirement. Evaluate the relative cost-
effactiveness of each option using Part 9 of the Worksheet. Consideration
should also be given to the following:

o It is normally wasteful to design a door, ‘window,or opening for a
penetration time greater than that of the wall, roof, or floor.

o Regardless of the degree of security, the securing of doors used as
emergency exits must be approved by the firs protection engineer in accordance
with NAVFACINST 11012.142, MIL-HDBK-1008, end U.S. Marine Corps MCO
PI1OOO.11A.

Steu 3--Consider multiple door. window, and utilitv opening barriers.
If Step 2 is unworkable for any opening, consider a design approsch where
multiple door, window, and utility opening barriers are plsced between tbe
exterior shell of the building and an interior space containing the secured
resources (see Figure 3 in Paragraph 2.7). The barriers are selected such
that the sum of the penetration end ingress times for all barriers meets the
required delay time. Examine the cost-effectivenessof these multiple
barriers.

o
3.2.2 a

3.2.2.1 General. Ilnors,because of their functional requirements, construc-
tion, end ❑ethods of attachment, are normal1y less attsck-resistant than
adjacent walls, end frequently provide a “soft spot” in en otherwise attsck-
resistent structure. Recent studies have confirmed that Government-msndated
requirements for secure structures are not unifo~ from one stsndard to
another and that the ❑andated door systems do not provide equal penetration
resistante compared to the resistence of the wal1 surrounding the door. In
addition, a variety of nsw and sophisticated attack methods end equipment have
rendered present security structures highly vulnerable to forced entry and
❑ake existing standards end requirements obsolete. For this reason, the number
of doors to a facility should be reducsd to an ,absolute❑inimum and, in cases
where ❑ore than one door exists, only one of these should be provided with,”
outside-mounted locks end entry hardware. All others should, as far as
practicable, present blank, flush surfaces to the ,outsideto reduce their
vulnerability to attack. Exposed locking devices on the exterior (attack
side) of the door should be used only on low- (1+.nute resistance) or medium-
(&-minute resistance) security applications. No matter how secure a door is
❑ade, placing the locking device on the exterior of the door cannot provide
the level of security required for high-security (16-minute resistance)
applicstions. Doors, as used in this h+dbook, are divided into four
categories: personnel, vehicle, magazine, and vault doors. Although the
penetration time through the door surface can usually be increased by use of
heavier or composite ❑aterials, such hardening may not provide a complete

,,
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security solution because of weight constraints, conflicts with functional
requirements,❑ountfng hardware limitations,or lock vulnerability. There is
no point in hardening s door surface beyond the attack resistsnce of the ●
mo=t ing hardware sn~ locking device te~hnology available. According to
available data, with the exception of certain vault doors, no currently used
standard or commercial door or door hardware will provide significant
penetration time agaimst a determined“intruder. The follnwing paragraphs
discuss the estimated penetration times for,conventional doors summarized in
Table 11. Recent tests have also confirmed that certain personnel door
designs are suitable for ❑edium- snd low-security applications. The
penetration times of these doors are listed in Table 12.

3.2.2.2 Conventional Door PenetrationTimes. Potential attack areaa on doors
include the door face (surface), hinge, and locking device.

(1) Personnel door:. Exterior personnel doors are commonly 1-3/4 inches
(45 mm) thick and typically faced with 16- or 18-gauge (1.5- or 1.2-DIM)steel.
Although some doors remain hollow, others are commonly filled with a
noncombustible foam or slab of polyurethane.,Locking devices for personnel
doors vary; however, they are typically a five- or six-pin tumbler type.
Hinges are of mortised design with nonremovable pins. It should be noted that
such features are only furnished when specified,(as sn extra cost option).
Estimated penetration times for standard personnel doors are uniformly low as
shown in Table 11. It should be noted that the use of a standard flush
hollow-metal (steel) personnel door, vehicle door, or steel plate magazine or
vault door is a wesk link that ,csnseriouslY degrade the penetration time of
en otherwise substantiallyhardened facility. Penetration times in most cases
will not exceed one minute against a reasonably competent snd well-equipped
intmder attacking a door with hsnd-held, power, or thermal tools. Tha ●
iqaulated steel plate ❑agazine door offers a slightly higher penetration of up
to 2 minutes, as shown in Table 11. All the doors described in Table 12 snd
shown in Figure 11 sre of conventionaldesign but some differ from the
hollow-steel doors in general defense facility use thst are dascribed in
Table 11. These doors are made of heavier gauge metal snd have additional
reinforcement. Probable applicationof these doors would be pedestrian access
to or egress from eny type of securefsensitive space. In evaluating the
penetration times of door surfaces, the facilities engineer should consider
doors required to heve panic bar hardware as special cases. These doors do
not require a men-passable opening to be defeated. The drilling of a small
aperture to pass a wire hook through is al1 that is required to open them. As
noted above, the tradeoffs between life safety and security may impact
directly upon interior layouts to avoid a design that ❑ust be compromised to
meet fire protection requirements.

Low-security parsonnel door panels that provida a penetration resis-
tsnca of greater then or equal to 1 ❑inute are listed in Table 12. However,
cost-effectivecommercial lock/latch systems that ❑atch the low-security
rating of the door may not presently be available. The currently specified
lockflatch systems do not meet low-securityrequirements.
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TABLE 11.

Doors, conventional construction.

Door Construction

Stand’irdFlush Hollow-Metal (Steel) Swing Door

16-gauge (1.5-nmt)metal face penels, rim
applied panic hardware, outside cylinder
operstion, rim set, butt hinges with rem0V8ble
pins

16-gauge (1.5mm) face panels,.narrow glass one
side, louvers near bottom

18-gauge (1.2-mm) face panels, hall glass
em anded metal O.n-in. (3-IMu)Kc-ill

Sheet Metal Vehicle Door

Hollow steel panel, 16-gauge (1.5-mm)

Roll-up steel, corrugated 16-gsuge (1.5-mm)

Sheet Plate Magazine Door

114-in. (6-nnn)steel ulate, one padlock

Steel Plate-Void-SteelPlate Magazine Door

TWO large hinged hasps for padlocking, 3/4-in.
(19-nmO steel, 4-in. (100-unn)air space,
l/2-in. (13-mm) steel

3/8-in. (9-mm)-steel, 3-in. (75-mm) air space,
O.036-in. (O.9-Iron)steel, two padlocks on door

318-in. (9-mm) steel, 3~in. (75+nm) void,
114-in. (6-mm) steel ulate, two locks

Steel Plate-Insulation-SteelPlate Magazine Door

3}4-in. (19-nnn)steel p~ate, 3-in. (75-mm)
fiberglass, l/8-in. (3-nmI)steel plate

Security Vault Door, GSA Approved,’Class 5

Class 5 Vault
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TtiBLE12.
Doors, low- and niedium-security

construction.

Penetration
Security Time

Door Construction Level (minutes)

Sound grsde, plain sliced birch, 5/12 inch Low
(12 mm) thick.

3.50
Outside, 12-gauge (2.1 nun)

stsel protection plate, ASTM Grade A36
steel through-bolted to door,

Tampered, S25, l/8-inch-thick (3 nun) Low 4.50
hardboard. Inside, 12-gauge (2.7 nvn)
steel protection plate, AsTM Grade
A36 steel.*

Tempered, s25, 118-inch-thick (3 IMU) Low 3.50
hardboard. Ouside, 12-gauge (2.7 mm)
steel protection plate, ASTM Grade
A36 steel.

16-gauge (1.5 me) steel with a rigid Low 2.70
core of polystyrene foam slab bonded
to face panels by a thermosetting
adhesive.

16-gauge (1.5 mm) steel with added Medium 4.00
14-gauge (1.9 mm) steel exterior cover
plate with a rigid core of polystyrene
foam slab bonded to face panels by a
thermosetting adhesive.*

12-gauge (2.? mm) steel with face panels Medium S.70
supported by 14-gauge (1.9 mm) steel
vertical formed sections, spanning the
full thickness of the interior space
between door face panels.*

Wionmandatad door
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FIGURE 11. Typical hollow metal personnel door.
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Medium-securitypersonnel door panels that provide a penetration.
resistance of greater than or equal to 4 ❑inutes are listed @ Table.12.
However, cost-effactive commercial Iock/latch systems that match the mediura-
security rating of the door may not presently be available. The current1y ●
specified lock/latch systems do not ❑eet medium-secnrity reqUireGtentS. In
addition, low- or moderate-costmaterials suitable for core materials,in heavy
gauge commercial, flush, or hollcw-steel persounel doors for use in ❑edium:
security facilities are current1y being investigated. Examples of candidate
❑aterials are various types of wood, high-strengthplastic and coqposite
❑aterials, and ceramic refactory materials. These ❑aterials should sxhibit
good “iesi=tmce to both thermal/heat cutting tools and power-operated, ,.
abrasive saw-type tools.

For high-security facilities having mandated wall systems thqt
provide penetration resistance equal to or greater than 16 ❑inutes, only a
specially designed composite dnor system can match the WS1l requiramsnts.

(2) Vehicle doors. Corrugated roll-up and hollnw-steel panel doors are
commonly used in military buildings. The heights, widths, and thicknesses of
these“doors vary according to application and specific need. As with.person-
nel doors, these standard doors are likely to provide less penetration time
than,‘thesurroundingwal1 construction. Estimated penetration times will not
exceed 2 ❑inutes.

(3) Magazine doors. Magazine door designs for AA&E faci~ities vary in
size, shape, and function. Door thickness may range from 1/4-inch-thick
(6-mm-thick)sheet steel to an n-l/2-inch (288-mm) double wall design,
depending on the nature of the storage and the site. Magazine desi.gnshave
evolved from World War II munitions storage depot structures,where explosive
safety rather than physical security was the major design objective. In,the ●
years since WWII, upgrading has consisted mainly of improved locks and welded
hinge pins and, occasionally, some door reinforcements. Estimated penetration
times for a successful sttack against a typical ❑agazine door lock and
motinting hardware may be as short as 1/2 minute. To ensure balanced hardness
in door upgrade, attention must be given not only to door cross-sectional
constructionbut also to the hinges, locks, and locking systems.

(4) Vault doors. Vaults are defined as secure spaces used for the
storage of classified informationor other valuable resources. Currently,
there are criteria and standards that form a basis for uniform construction of
security vaults within the Department of Defense. Class A and B vaults
rsquire a Class 5 vault door. Class C vaults require a Class 6-vaultdoor.
Howsver, Class 6 vault doors are no longer available and Class 5 vault doors
should be utilized on Class C vaults. Class 5 vault doors are available on
the Federal SupplY Schedule. The door requirements are specified in Federal
SpecificationAA-D-600, and copies may be obtained from any regional office.of
the General Services Administration (GSA), or the Naval Publications and Forms
Center. In addition to Class A and B vaults, the Class 5 vault door is
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authorized for installation in A&S storage facilit.ies. k typical GSA Class S

● vault door is illustrated in Figure 12. The estimated penetration time for a
Clasa 5 vault door is less than 1 minute against optimal‘attacktools, as
shown in Table 11. Therefore, a facilities engineer, Seeking to install a

(dunr on a Class A, B, or C vault with a‘doorsurface penetration resistance
greater than 1 minute, should consider the hardening options indicated in
Table 13. If this “customized” approach to door design is followed, the
facilities engineer should be careful to ensure,a balanced design ensur+ng
commensurablepenetration resistance among all the principal elements of a
door, including not only the door surface but also the locking device and
mounting hsrdware.

3.2.2.3 Hardening Clptions. The preceding paragraphs clearly illustrate the
need for ficreased penetration resistsnce of doors. This subsection pressnts
ideas for improving penetration times for both new construction and’retrofit
programs. General hardening suggestions are identified that may deter a
casual intruder.but are not based on specific barrier tests. Penetration
times for hardening options are identified and esthated that have either been
tested or derived from test results.

General hardening concepts described in Table 14 are the ❑inimal
designs that should be considered in constructf.nga door with enhanced attack
resistance. They apply to both new designs and to later upgraded or
retrofits. Specific hardening options includa the hardening of door face
panels and internal construction,door frimes, anchoring devices, locking
devices, and operating hardware.

● ✎
(1) Door design/construction. Tests have confirmed’that the two types

of threats ❑ost effective against conventional design hollow-metal (steel)
doors are : the pnwer-operated portable circular saw (“Target Quickie”) using
abrasive blades, and thermal tools such as-“theoxy-acetylane torch and thermal
lance (burn bar) that cut or bum through the door. Either of these methods
Creates a ❑sri-passableopening or allows separation of vital components to
allow the door to be opened. None of the conventional doors tested could
resist attacks using these two types of attack tools for any appreciable
length of time. A prototype personnel door is current1y being designed‘using
selected materials shown to have high resistance to both abrasive-cuttingand
thermal-burning tooIs. Steel, by itself, does not provide any meaningful
delay times or penetration resistance in a door system or assembly. Tfiical
times to make a man-passable opening with an oxy-fuel torch are 2 minutes
1 second for l/2-inch-thick(13-MM) steel, 3 minutes‘5 seconds for l-inch-
thick (25-mm) steel, and 3 minutes 47 seconds for l-1/2-inch-thick(32-mm)
steel.

Factors that increase the penetration resistance of door systems and
assemblies include the use of:

●
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●

●
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●

TASLE 13.

Gkneral hatieriirig’ctirigideratioris”’”fordob$s.

OOOR TYPE

Large
horizontal
sliding

Roll-up

Hinged
door

Solid wood
laminated
wood,
substsntia
hollow
metal

General

VULUSRABLE
ARsA

operating
system

Isnger/iolle
rsaembly“

)oorbottom
Sntirety

Hinge

Cane Bolt

Hinge side
of door
Surface

Framea

Frame jamb
and head

tiingepin

Lock

.

Padlock

~ TECHUIQUS,

Protection of electrical system and
manual override

Protect’f;om reversai of
‘itiatall.ition- “.

Secure firmly to urevent Pryinx
Add other barriers (i.e., grill wire
Or horizontal sliding doors
Should not.be r~ovable from door 01
frsme

should be at..l?ast.lin. (25-MM) :
in diameter

Equip with interlockingmechanism
to Urevent ODeninK if iin~es removed
Chad attack aide of door with heavy
‘“gaugemetal or steel plate 12-gauge
(2.1-mm) or greater (prefer 0.15 in.
(4-lmn))

Wrap metal around sides to prevent
ueelinK
Steel armor strips or grouting to
prevent bullet penetration

Fabricate from steel one gauge
heavier than the door

Grouting or other reinforcement to
prevent jamb from,being sp,r.sd
,.

Weld in place

‘.Use high-security locks currently
available ion the open market
Table XIV -

Use multipoint locking (i.e., more
than one lock

Avoid ‘exposinglock hardware

Flush mount lock to avoid access to
external hardware~, .

Replaie.padlocks with recessed high-
securitY cylinder locks
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TABLE “14.

Door surface, hardening options.

Door Construction

Steel Plywood

2 layers 10-gauge (3.4-ssII)hot-rolled steel/1
laYer 3i4-in. (19-nnfI)exterior plywood

3 layers 10-gauge (3.4-mm) hot-rolled steel/2
layers 3/4-in. (19-mm) exterior plywood

2 layers 9-gauge (3.8-Iron)ASTM 607 HS low alloy
steelil layer 3/4-in. (19-mm) exterior plywood

2 layers 9-gauge (3.8-mIs)ASTM 60/ HS low alloy
steelll layer 3/4 in. (19-nsrdexterior plywood/
2.layers of 90-lb (41-kg) gravel finish roof
paper

9 layers 3/4-in. (19-Ims)plyyoOd/8 layers 10-
zauge (3.4-mm) steel plate

Steel Redwood

3 layers: 3/8-in. (9-mm) steel, 3-in. (75-mm)
redwood. 0.036-in. (0.9-mm) steel

Steel Polycarbonate

3 layers (0.88-in. (22-mm) thick): l/4-in
(6-w) type 304 stainless steel “plate,l/2-in.
(13;mm) polycarbonate, 10-8auge (3.4-uuu)AS~
607 steel eheet

5 layers (1.4-in. (35-mm) thick): 3 sheets of
10-gauge (3.4-mm) ASTM 607 steel, 2 sheeta of
l/2-in. (13-mm) plexiglaaa

5 layers: 3 sheets of 10-gauge (3.4-amO AsTM
607 steel, 2 sheets of 112-in. (13-mm) lexan

Reinforced Concrete

Blast hardened tvpe doors
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o Hard materials that resist boring, drilling, sawing, cutting,

●
shearing, and perforating types of attacka.

o High-tensile strength materials that resist bending, breaking,
buckling, deforming, separating, or spreading types of attacks.

,.
0 High-density mat~rials to provide ❑ass that resists or absorbs large

amounts-of.force,-energy,or pressure’like that generated by heavy impacts or
eti10siye9:..J.,.,... ‘

i
,,,,

...,.;.. ...... , \ !
~.”’o-..Higm61ttig”potitit materials to resist”attacks by thermal‘t&5K~

o Matarials that interfare with the affective operation”of attaik.,tools
(such as a soft, sticky material to.,’,’,- up” abrasive wheels or saws?.

,.
~o Materials thet generate’e”xcessivesm6titS of flames, heat; or

obnoxious smoke or fumes,when attacked by,thermal tools.
... ..-

0 Door designed with a m~imum overall thic~esa to require the opening
on:the attack side of the:door to.be.larger th~ the final.man-p8??able
opening made througlithe”prote,cted.si~ of the dOO~. :, ., ~

A door panel using a combination.,ofmaterials with vario,usthickn.=:sea,each
having some”’spacifiqproperties, IS needed. Such a’composite or “laminated
door that combines +1 ormoat of ,the’propertiesr.squiredwill be tire
perpetrationresistant and colst-effective’thsn“wiIla door system built using

●
large amounts of only one ❑aterial. A variety of materials would result in a
cOmposite door that would grq,~tly,increasepenetration,resistance,byrequiring
the attack force to”have’a variety of attack to”olaavailable, to face
increased-logisticproblems; to contend with increased environmental ‘“
disturbance, to cause delays in the attack by frequent tool changes, and to
coritendwith obnoxious smoka or fumes that interfare with the operators of
thermal/heat tools.

‘lTiecomposita door is made .of,16-gauge (1.5-mm).steel with an
internal-constructio’nofpropitiatory iare’earth-metals,’’al’loysteel]”plastic
po{ycarbonate, and red oak. Such a composite or laminated door will be ❑ore
penetration resistant and cost-effectivethan building tliedoor syitim”using
large smo~ts of only one material. This door,design will .berepresentative
of laclass of construction that may be increased,or decreased in !hic.tie.ss
(sniountof core ❑aterial).to pq?vide”~ varied rsrige”lnl.s%eL.of security and
❑a~ be utilized in the const”tuctionof most all dperating’types of personnel
doors such as swing,’sliding, tilt-up, sectional-overhead,bifolding, etc.

..
\ (2) Door surfaces.- T+bl&’:13provides”desi~’snd”single barrier penetra-

tion time information for’attack-hardened‘doorsusing s~dwich combinations of
materials that coneist of steel and plywood, steel and redwood, and steel.and
polycarbon:t,e. (The steel~polycarbonate:ompoaitea.cw also be used to retro-

. ... .. .. .....’... . .,

●
).....jy..jy:......,,,:,’.,:,..,..
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fit existing doors.) Dependiug upon the combination of materials, penetration
times of approximately 27 ❑inutes are possible, as shown in Table 13. Other
combinationsof door ❑aterials, including standard steel outer layers with an o
inner layer composed of cyclone fencing fabric, welded link chain, lightweight
conventional concrete or fibrous concrete, barbed tape inserts, ❑etal grating
inserts, rubber, etc., are possible. Complete penetration time informationon
these possibilities is unavailable, aud is not included in the handbook at
present. Moreover, if it is consistent with the functional requirements of
the facility, other options that ❑ight be considered (for a smaller, limited
volume secured area) are the use of turnstiles,where practicable, e.g., a
post with steel arms pivoted on the top, set in a passageway so that persons
can pass through on foot one by one; thick, massive, blast-hardeneddoors ❑ade
out of reinforced concrete; or the use of thick, metallic, bank vault-like
doors. The turnstile approach necessitates cutting enough of the steel arms
in the secure mode to offer some delay to intruders. These doors also have
yet to be evaluated as barriers and their penetration times have yet to be
established. In the case of reinforced concrete doors, the informationon
reinforced concrete walls in Subparagraph 3.1.2.1 may be of use.

(3) Locking svstems. Locking systems can be broadly divided into either
externally surface-monntedor internally surface-mountedsystems. External
systems typically involve some type of lock with an extarnal hasp that is
exposed to a potential attack from the outside. Internsl locking systems are
preferred, particularly for high-security applications. JJnfortunately,
applicable designs for internal locking systems are under development and
recently completed penetration data are not yet availeble. The best presently
available systems recommended in subsequent paragraphs, therefore, emphasiza
externsl systems. The types of approved locks and hasps are listed in
Table 15. In general, the types of approved locking systems used by the U.S. o
Government can be divided into low-, medium-, and high-security categories.
For attacks involving optimal combinations of tools, one can expect
penetration times by forced entry attacks ranging from less than 7 minutes for
high-security systems &o practically no time for the low-securitysystems.
For less than optimal attacks, penetration times as high as 15 minutes msy be
possible for the high-security systems. In general, it should be noted that a
lock:sud hasp system offers its maximal potential penetration resistance only
whenjit is properly installed on a strong door with appropriate hardware. The
weakest part of the door system is the locking cylinder component of the lock
or locking device. Typical delay times or penetration resistance is less than
10 seconds for standard architecturalhardware grsde locks. The next weekest
part of the door system is the lock or locking device, and, on outswing doors,
the exposed hinges. Typical delay times or penetration resistance ranges from
9 seconds to 3 minutes. Because it is easier and faster to compromise or
defeat the locking cylinder, priority in designing secure door systems ❑ust be
given to the protection of the lockiug cylinder. Locking gystems nnder each
of the shove three security categories are described separately. The
installationof multiple locking devices at several points on a door is one
method of increasing the penetration resistance of locking devices so that
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their combined times are equivalent to the penetration resistance of the door

● surface. Some commercially available locking systems have multiple deed
bolts, locking et a number of points between the periphery of the door panel
and the dwr frame (hinge, top, and lock jambs) or a sliding bar that extends
in the locked position to interlock the door panel and the jambs together. A
hollow-metal persomel door made of heevy steel, 10 (3.4 mm) to 12 (2.7 mm)
gauge, with one of these locking systems provides a penetration resistance
equal to or greater than the resistance of the mandated wall systems (greater
than 4 minutes) for medium-security facilitieswhen coupled with outswing
hinge protection. However, a well-anchored and fully grouted hollow-metal
door freme of gauge steel equal to or heavier than the door panels is also
required. In general, state-of-tha-art developments in locking systems are
changing so rapidly that.the security engineer should contact qualified KDT&E
personnel at the Naval Civil Engineering Laboratory that conducts ongoing
ROT&E on high-security locking systems. For information relating to hardening
of locking systems, including external locking devices, interior locking
devices integral to door systams, and hasps, the security engineer should
contact:

Naval Civil Engineering Laboratory
Security Engineering Division (Code L56)
Port Hueneme, CA 93043-5003
(AV) 360-4284

High-9ecurity locks and hasps meeting the high-security level
raquiremants are used where the greatest degree of protection is required

●
against forced end surreptitious entry. A high-security level is required,
for example, for missiles, conventional arms, ammunition, explosives, and
other related spaces. The following describes the various types of
high-security locks and hasps.

(s) Shrouded shackle uadlock, key operated, high security. Current-
ly, there is only one padlock authorized to be procured under MIL-P-43607
(Figure 13). This padlock is called the shrouded shackle padlock because of
its design. The body of the padlock is extended high enough to provide a
complete protective cover (shroud) around the shsckle, which prevents easy
access for attacks directly sgainst the shackle. This padlock is equipped
with a l/2-inch (13-Inm)shackle and is keyed individually. When used w,itha
high-security hasp, the high-security padlock provides a high degree of
resistance to surreptitious entry and offers the ❑ost resistance to forced
entry currently available. It should be noted that a high-security padlock
provides the specified degree of security when it is used with a high-security
hasp Investment in an expensive high-security padlock is overcome if it is
attached to an inexpensive low-securityhasp.
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. . ....

TABLE 15.

summary of locks and hasps.

..

YPE OF UNIT/ MILITARYI LOCIW-IASP FORCED :ENTRYSU~,EPTITOiJS
ECURITY FEDERAL OESCRIPTIOM PENETRATION ENTRY- ‘
SVEL SP!$CIFICATION

i.
TIME PICKING TIMS
(MINUTES)

..
(MINUTES)

. ...

IGH SECURITY
. . . !
.,.. ‘,a

Key Padlock MIL-P-43607 Shrouded Shackle 15
Padlock, Key @.arated
High Security

Key Locking MIL-L-29151 Locks and Lock Sats, 15 ;
Device Exterior, High Security

..<”7:

Mounted tfIL-L-15596 Locks, Combination 15 ~
Combination ‘“ (Safe and Safe Locker)”“:’
Lock .,

..

Haap . MIL-.H-29181 Hasp, High Security,
Shrouded’for High MA ;
and Medium Security
Padlocks

(EDIUM .,...
SECURITY .,

Key Padlock MIL-P-43951 Padlock and Padlock <4 ,. 15
Sets, Key Operated,

.,,,’., ~-,.
..

Madium Security,
Regular Shackle .,

,..

.OWSECURITY
... ,.. . . . . . . . .

Key Padlock
.. .... .

141L-P-17802 Padlocks and Padlock <1 0.67-1
Sets, Low Security,
Key Operated Regular
(Open) Shackle
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BACK VIEW WITH WITH HASP
SHACKLE OPEN

. BOITOM VIEW BACK VIEW WITH
SHACKLE CLOSED

FIGURE 13. Shrouded shackle padlock, key operated, high
security.MIL-P-43607 (typical).
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(b) Leek and lock sets. exterior, high security. The high-security
locking device, meeting MIL-L-29151, a precision cast, stainless steel lock,
is a unique, self-contained, low-profile locking device that provides a high ●
level of security (Figure 14). Its design allows it to be used for outward,
double-swinging,sliding, and roll-up doors. his locking device incorporates
a durable id erlocking cast constructionwith an integral hasp and a central
bolt assembly. The two interlockingwings are mouuted directlY to the
closure, either welded or bolted, and are free of aunoying hasps, chains, or
other loose parts. Thi9 design ensures that the lock cannot be removed for
unauthorized use. This unit is keyed individually,and the key retaining
function results in a locked open or closed position whan the key is removed.
The concept allnws versatile mounting and is suitable for ❑ost security
applications.

(c) High-securitv, shrouded hasu for high end medium
padlocks. Tim hasp spproved for high-security applications meetfng
MIL-H-29181 is the high-security shrouded hasp system. When secured with
an approved high-security padlock, this hasp protects the padlock
shackle from attack. This system is illustrated in Figure 15.

(d) Iocks, combination (safe and safe locker). The mounted
combination locking unit, which includes the Group lR combination lock
that meets MIL-L-15596, is specially designed for use on wood and ❑etal
doors on secure spaces such as communicantions and intel1igence spaces
(Figure 16). It is a reversible, interior surface-mounted lock
recommended for use on doors in high-security areas. In essence, it is two
locks in one, a deadbolt and a combination lock. The deadbOlt sectiOn
features hardened stee1 pins sud an interlockingstrike and frame to prevent
jimmying or spreading of the door frsma. It has an inside release knob for ●
convenient exiting,and an automatic deadlocking trigger. This trigger enables
it to be locked while the door is open, but activates the bolt when the door
is closed.

Padlocks meeting medium-security requirements❑ust provide
protection against forced and surreptitious attacks. Medium-securitypadlocks
may be used in some instantes on conventional AA&E spaces when used with
high-security hasps, as discussed below. In general, these locks provide a
high degree of resistance to surreptitious entry (15 minutes) but only ❑inimal
resistance (4 ❑inutes) to forced entry. They are espensive and, therefore,
should be used only when prevention of surreptitious entry is essential. There
are only two medium-securitypadlocks currently qualifying under MIL-P-43951
that are in use. They differ in the diameters of their shackles and in the
way each mode1 is keyed.

78

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HrlBK-lo13/l

●

●

LOCKfD

OPEN

UNLOCKED

KEY

FIGURE 14. Lock and lock sets, exterior, high security
HIL-L-29151 (typical).
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FIGURE 15. Hasp, high security, shrouded, for high- and
medium-security padlocks t41L-H-29181.
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● ✎✎✎✎✎✎✎ ✎✎✎✎

FIGURE 16. -Locks, combination‘(safe”and safe locker) “’
MIL-L-15596.
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Lw-security locks and haaps satisfy most access control requirements
for offices and other noncritical spaces where hasps and padlocks can be used.
Contro1 of access offers protection for records, office equipment, aupplies, ●
and personal items and limits accountability to personnel designated for
staffing and ❑aintaining these spaces. These locking systems should only be
used when their intended purpose is to deter unauthorized entry. They provide
no resistence to forcad entry and on]y ❑inimal resiatence to surreptitious
entry.

(4) Hixwresand door/frsme interface hardening options. A number of
concepts for use on personne1-type doors involving positiva interlocking
hardware for COUPIing the hinge sides of the doors to the door fremes are
illustrated in Figure 17. Hinge side protection options specifically related
to AA&E ❑agazine facilitiea are discussed in Section 5. In the case of
fnstalIation of hardened doors, the facilities engineer should consider the
strength of the door jamb as a part of a secure door system. Hardening the
upright surfaces into which the door is fitted (e.g., installing steel
uprights) will prevent jsmb attacks.

3.2.3 Windows.

3.2.3.1 General. As .a general principle, windows present a significant weak
point in any balanced physical security design because they provide low pene-
tretion times. Conventionalwindow assemblies offer only nominal rasistsnce
against even the unskilled intruder. As the teet data show, the solutions are
limited even among hardening options that offer significent penetration times
equivalent to penetration times provided by other building components such as
walls, floors, and roofs. The available hardening options impose penalties on
functionalperformsnce of windows, including reduced 1ight trensmission and ●
air flow for ventilation. Hence, in any facility design where there is a
penetration time requirement beyond what conventional window assemblies or
herdening options can provide, the simplest and most obvious solution is to
omit windows, except where there is an overriding operational requirement for
them. Such a requirement could be, for example, the necessity for an observa-
tion port for security or safety purposes, or for essential business trsms-
actions. Even when observation is required, the POSSibility of substituting s’
closed circuit television system for windows should receive consideration.
When observation ports are essential, they should be kept as small as
possible, preferably less than the area [96 square inches (O.06 ❑ )] required
for man-passable openings.

3.2.3.2 ConventionalWindow Penetration Times. In general, conventions1
window assemblies provide penetration times equal to or less than 2 minutes,
end usually provide penetration times of 1/2 ❑inute or less. Even bar and
grill security enhancements,of the type shown in Table 16 offered as conven-
tional security solutions in general use, add only 1/2 to 1-1/2 additional
minutes of penetration time against a skilled, ❑otivated intruder. It iS
significant that, with the proper choice of tools, only the riveted steel
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●
grating (Options No. 9 and 10 in Table 16) provide penetration times of over 1
❑inute. However, it must also be noted that the actual penetration time is
dependent on the ❑ethod by which such gratings are secured over the window.
Most mountings used today allcw the gratings to be torn off in less than
1 ❑inute, without an intruder having to resort to cutting. The specimens
selected for tests tabulated in Table 16 were designed specifically to match
material requirements sat forth in the indicated government and industrial
security standards. The test data clearly indicate the relatively low pene-
tration times associated with these standards in delaying wel1 equipped
intruders. However, possibilities exist for substantial penetration time
enhancementwith certain bar and grill designs. Table 17 summarizes the
available informationon estimated penetration times provided by various
glazing ❑aterials. Again, it should be noted that glazing penetration times
are all less than 1 ❑inute against a skilled, ❑otivated intruder. Therefore,
any glazing surface covering an area equal to or larger than a man-passable
opening is vulnerable.

3.2.3.3 Hardening ODtions. Many hardening options can be used to increase
penetration time. As noted above, in situations where high security is
required, windows should not be used. If windows are neces ary, they should

z
be smaller than man-passable size [96 square inches (O.06 ❑ )], and openings
(frames) should be heavily reinforced with steel plate since they provide an
avenue for enlargement and wal1 penetration. Other important factors to be
considered in seIection among window designs include:

●
(1) Windows. These comprise a system with at least four components:

frame, sash, glazing, lock, and in some cases hinges. Esch component should
provide the same degree of penetration resistance.

(2) -. These should be securely fastaned or cemented to the
surrounding structure to prevent easy separation and penetration at the
interface.

(3) a. Tbese should not be removable from the frame (as is!the
caae with horizontal sliding types). {,

(4) Stael frames, sashes, and muntin/mullions. These can provide some
enhancement in penetration resistance.

(5) ~. Glazing should not be easily removable frum the exterior.

(6) Fixed windows. These generalIy provide better penetration
resistsnce because the locking component and hinging arrangement are
eliminated.
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Use of a sDecial “stud-er
wood screw’ that’engages in
a matching hole when door
Is closed.

Installation of a metal
dowel -pin in the door and
reinforcing metal cup in
the door frame.

B)

..

Addition of .a metal dowel -pi
and socket to the existing,.
nlnge.

., .,:. .:

, 63

D) Hinae with lua ‘and matchin
soc~et formed-into hinge a
factory.

FIGURE 17-a. Hinge and door interface hardening options
for personnel doors. ....
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matching groove. ,
in door frame.
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FIGURE 17-b. Hinge and door interface hardening options
for personnel doors (continued).
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1)’ Metal lug:and
receptacle system.

FIGURE 17-c. Hinge and dooc interfacehardening OPSions
for personneI doors (continued).
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TABLE 16.
Attack resistance of conventional bar-grill

,.security reinforcement.
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TABLE 17.

Windows, conventional glazing.

Window Glazing

0.09 in. (2.5 nuo)annealed glass, single Strength
(Federal Specification DD-G-451, Latest Editiori)

0.12”in. (3 mm) annealed glass, double strength
(Federal SpecificationDO-G-451, Latest Edition)

1/4 in. (6 nua)tempered glass, double strength
(Federal Specification DD-G-1403, Latest Edition)’

1/4 in. (6 mm) laminated ‘“securityglass’”

1/4 in. (6 mm) wire glass

1/4 in. (6 mm) polycarbonate*

1/2 in. (13 mm) polycarbonata*

1 in. (25 mm) polycarbonata*

1/4 in. (6 mm) acrylic

1/2 in. (13 mm) acrylic

Penetration
Time

(minutes)
<1..

<1

<1’.

,.. .
‘<l

41. .

<1
,’ ,
‘<l ‘“

<1’.

‘<l

<1 ,,

.:

... ..’

●

Note: It should be noted that the thickness of polycarbonate and/or
acrylic glazing does not significantly alter its penetration time;

“.:at least in 1/4 to l-inch (6-25 mm) rangea.
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(7) Glazing ❑aterial for fixed windows. This ❑aterial ❑ay be installed

●
directly titO the window frame or a sash; however, it iS preferable that P~es
of glazing material be less than 96 square inches (O.06 ❑ ) in area.

(8) Ventilating system. A separate ventilating system is generally
preferable to windows that open.

(9) @cks (latches~. These should be loaated so that they ar~ nit
easfly “accessibleby breaking out adjscent glazing or,USing a Iengtb of heavy
wire. ANSI/ASTllF 588-85 (Standard Test Methods for Resistance of Window
Assemblies to Forced Entry, Excludinz Glazing) ❑ight be consulted; it.co.ntaims
guideltiek fok..,estfrnati?g wihdoir,vulnerabilityy ‘tosurreptitiotis.forced entry
for residential and apartment..buildings. Itdoes not, however,directIy:eati-
❑ate penetration times and, for the ❑ost part, the recommendationsprovi~
only nominal security improvements.

,,.
Specific hardening options include tbe use of security glazing,

security frames, sashes and,muntin/mullions,hardening of bars, screens,;and
grills, and tbe installationof shutters or window barriers.‘ “:,. ;

(1) Glazing. Glazing is ,generallythe weak link inproviding window
penetration time. The best possibilities for penetration-resistantglazing
appear to lie with so-called security glass or transparent armor. Extensive
tests have been run on such materials to determine their resistance to b@llis-
tic penetration; however, very littIe data.are available to baae.an estimate
of peqetration time against man-sized openings. In general, glazing material

●
is not necessarily attack-resistant. “ :

(2) Frames, sashes, and muntin/mul1ions. ,Use.of steel in frames.,1
sashes, and muntin/mullions forces an intruder to use ❑ore sophisticatedtools
but does not otherwise increase penetration time against a well-equipped‘
intruder by ❑ore than 1 or 2 minutes--and only if panes are kept well below
the roughly 10- by 10-inch (250- by 250-mm) opening.required forman .ent:y,so
that ❑ultiple cuts are necessery. As discussed previouslY, if possible,.
windows”(obstir+jtion “Ports)sh~uld be kept at less than ❑an-passable tota1
size [96 square inches (0.06 m )]. However, they can provide a convenient
opening for,the s,t,a,rtof .wal1,penetration ‘cuts. Therefore, frames,and the
surrounding wall iqterfac? should be heavily reinforced.. i ...,

(3) Bars and xrills. Data in Table IS indicate that currently used bars
and grills increase penetration times only by 1 to 2 ❑inutes. TabIe 22 shows,
however, that penetration time is directly related to the diameter and spacing
of bars, and if, for example, No. 8 [l-inch (25-mm)] bars, spaced 3 inches
(75 mm) apart (both vertically and horizontally), are used to form a grill, a
penetration time of shout 8 ❑inutes can be achieved. Use of a double grill of
that type should increase penetration time to over 15 minutes. [It should be
noted that a single grillwork as dense ss No. 8 bars at 3-inch (75-mm) spacing
will block ❑ore than 50 percent of the window area. A double grillwork of
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TABLE 18.

Penetration times of -dated. walls compared to
conventional window barr,iers.

Penetration Time
Security Wall Penetration of Best Prescribe
Level Cross-Section Time (rein) Grating (rein)*

Hi&h 8-inch (200 mm) 16 1.67
reinforced concrete
or comparable con-
struction.

Medium 8-inch (200 nun) 4 1.67
reinforced filled
concrete block or
comparable construc-
tion.

Low Wood frame or com- 1 1.67
parable construction.

*Riveted steel grating
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this density wil1 reduce light and ventilation even ❑ore. These functional

●
considerations ❑ay also deserve consideration in the selection of an appropri-
ate design.] More grill layera would ipcreaae the penetration time
proportional1y. When bars, screens,‘orgrills are used as penetration delay
devices, the ❑ethod of anchoring them to ,thewall is critical, since it may be
easier to tear or pry them,loose than to cut them! An appropriate anchoring
design should be provided, although‘thereare no test data with respect to
what may be optimal at this time.

...- . . . .

(4) Shutters. For facilities requiring only intermediate (e.g;,
nightly) “buttoning up,” the dksigner ❑ight consid+ using one or more shutter
assemblies. These can be constructed to either slide into the wall, be
attached on the interior surface of the wal1, or both, and should include
appropriate interior locking devices. If the shutters slide into the wall,
the wal1 cross-section and penetration resistante wil1 be reduced when the
barriers are closed. The shutters ❑ay be composed of steel polycarbonate
composites.

.. .

(5) Secure windw barriers. Openings of various sizes and configura-
tions are required in “thewalls of some secure structures,,for the passage of
light, for ❑aterials issuance,and for ventilation and observation. It is
essential that the barriers protecting these windno’”openings provide forced
entry resistance consistent with the resistance of the structure walls. In
the past, barriers for windcws have usually consisted of bars, grills, or
similar elements installed on the outside of the window opening. In this
exterior position, these barriers were easily ackeasible to attack and can be

●
defeated before breaking the glass; thus negating any constructive use of
break glass sensors. They also provided very little delay time against attack
with common hand tools. Also, these barriers were solidly mounted to the
exterior wall, restricting light, observation, and materials issuance. Table
1S shows how the best of these conventionalwindow”barriers compares with the
three different security levels of wall cross-sectionsthey would be mounted
on.

New secure window barrier designs provide specified levels of
penetration resistance against specific threat levels as shown in Table 19.
Three types of secure window barriers (low, medium, and high security) can be
attached to existing walls to protect windows. These barriers vary in the
degree of protection provided and cost. The ❑edium- end high-security window
barriers provide a solid panel harrier, for installationon the inside of
window openings, and can be swung or rolled completely open during times when
ventilation, an unobstructed view, or ❑aterials issuance through the window
are required; yet they provide a barrier to securely seal the window whenever
maximum security is needed or the building is unattended.
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Panel
Type

!.
Low Security

Medium
Security

High Security

(1)
(2)
(3)
(4)

MIL-HDBK-10i3~1

TABLE 19.

Secure window barrier panel
performancezpenetrationresistance.

.’...

Low Threat
(limited
handtoola).

5.00 (1)

10.03 (2)

MIA

N//l

.,

Medium Threat
(unlimited
handtools)

8.% (3)

Mot fsasible (4)

High Threat (un-
limited hand,
power and
thermal tc@a)

NIA

,.

4.50 (1) “’

4.30 (2)

10.77 (1)

16 min. (2)

Time to make two handholes.
Time to make a man-passable opening.
Test data for similar panel without fill matsrial.
Forced entry of this panel at this threat level is not
considered feasible.
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TABLE 20.

Window size ranges
for window barriers.

.,,

Security Level.: Window Size
“of Opening Dtiensiotz (inches)

14in Max”’

Medium and High Vertical 24 (600 mm) 48 (1,200mn)
Horizontal 36 (900 mm) 96 (2,400 mm)

Low Vertical TED TBD
Horizontal TBD,, TBD

,.
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(a) Composite panels, ‘he medium- and high-security designs are
besed on the atteck resistance of specially laminated con@osite panels similar
to the construction used in some vaults or other high-security doors. Elabo- ●
rate locking ❑echanisms ordinarily used for high-securitydoors are not needed
for these window barriers because they are never opened from the outside. The
barriers are secured with simple latch, bolt, or clamp ❑echanisms. The low-
security window barrier is designed for use on windows that do not require the
ful1 protection of the medium- or high-security barriers but still require
some ❑easure of protection. These barriers are made of panels of welded steel
gratfig that are ❑ounted on the i.neide of’the window opening.

(b) Other panels. Securewindow barriars can be constructedwith
three types of panels in five different,configurations. A horizontal rol1ing
barrier, as shwn in Figure 18, can be configured with either a ❑edium- or
high-securitypane1. A double panel hfnged-tjpe,barrier, as shown in
Figure 19, can also be configuredwith either a medium- or high-security
panel. A single-panel hinged-type barrier, $s shown in Figure 20, is
configuredwith a low-securitypanel. Proper selection of the correct window
barriers depends on such considerationsas the design of the overall security
system, the size of the windcw to be hardened, and the penetration time and
spstial conditions of the wal1 where the windw is located. Other specific
factors to consider include estabIfshing the minimum delay requirement and the
❑aximum budget; choosing a barrier thet provides forced entry resistence equal
to or greater thnn the resistance provided by the structure’swalls; and
determining the size of the windw to be hardened end the spatis] conditions
of the wall where the windcw is located. These wlndw, barriers provide
improved fire safety since all types .qramowted inside +d all cw be opened.
This is an improvementover the eiisting outside rigidly tiimnted ‘wind6w
barriers. ... ●

Tables 20 and 21 list the window,size,~~ges ~d spatial
requirementsneeded for the diffeienf types of Secure window barriers. ‘i’he
security harriers consist of three types.

First, the low-securitybarrier is.a removable hinged grating. The
panel, as shown in Figwre 20, is composed of l-~ch x 3/16-inch horizontal
bearing bars welded together with l/4-inch hexagonal bars on 2-inch centers.
This grating is a commercial product that is fabricated t? Federa1 Stsndard
RR-G-661. Refer to NCEL drawings 6227000’through‘6227003”for ❑ore details.

Second, medium-securitywindw shutters,can be configured with ei-
ther a double-panel hinged-type barrier,,as shok in Figure 19, or a rolling
barrier as sho~ in Fifire 16-. The medium-securitypanel
thick hollow sheet metal panel filled‘with fire-resistant
NCEL drawings 6227005 through 6227019 for ❑ore details.
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FIGURE 18. Typical horizontal rolling type secure window barrier.
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FIGURE 19. Typical double panel hinged type secure
window barrier.
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FIGURE 20, Low-security secure window barrier.
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TARLE 21.

Wall spatial requirements
for secure window barriers.

Barrier Level of Design Requirement
ryps Security for Walls

Rolling Medium and High Horizontal width of the barrier
plus Z2 inches (300 mm) of clear
flat wall space for barrier open-
ing side. 6 inches (150 mm)
required at the top, bottom, and
side opposite the barrier opening.
2 inches (50 mm) of flat horizontal
siIl space on top and bottom of
window.

Hinged Medium and High 6 inches (150 nun)clear flat wall
space on all four sides of window.
2 inches (50 nun)of flat horizontal
sill space on top and bottom,’
of window.

Hinged Low 2 inches (50 mm) flat clear wall
space at top snd bottom of window.
4 inches (100 nun)at the hinge side
of window and 4-1/4 inches (11O mm)

: at the latch side of window.
,.

,,
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TABLE 22.

Time and number of cuts rsquired to openman-passable
entry in grills composed of.various size bars and bar spacings.

Bar No.

Spacing
in (nmt)

3 (75)

3.5 (90)

4 (loo)

4.5 (115)

5-9 (125-225)

, >10 (250)

tJotas:

1.

2.

3.

4.

5.

No. 3

T

!imsCuts

1.2 12

0.8 8

0.8 8

0.8 8

0.4 4

0.0 0

No. 4

—

‘he

1.)

1.2

1.2

1.2

0.6

0.0

—

cut:

12

a

8

~

4

0

No. 5

T

‘be Cuts

2.5 12

1.6 8

1.6 8

1.6 8

0.8 4

0.0 0

Mo. 6

f

rimeCuts

3.5 12

2.3 8

2.3 8

1

2.3 8

1.2 4

0.0 0

No. 7

T

:imecut:

5.1 12

3.4 8

3.4 8

3.4 8

1.1 4

0.0 0

ho. 8

T

:imaCut

7.9 12

5.2 8

5.2 8

5.2 8

2.6 4

0.0 0

Estimates are for a single layer grill composed of steal bars
of the diameter shown equally spaced, both horizontally and
vertically.

Timss shown are total time measured in minutes required to
provide a man-passable entry of at least 96 square inches
(0.06m2).

Cuts shown are the minimum total number of bars that must be
cut to provide the man-passable entry.

All bars, grills, securityscreens, etc. should be located on
the “’inside”of windows, behind glazing material.

Glazing material should be protected by intrusion detection
sensors that provide an alarm before the intruder bagins
penetrating the bars.
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Third, high-security windcw shutters can be configured with either a
double psiel hin”gedtype barrier as shown in Figure 19 or,a rolling type ,,
baxrier as shown in Fi~re 18. me high-security panel $s Wide .Of ?, :..
2:3/4,-inch-thickpanel inadeof laminatewood, polycarbonate, and , .....

●
btill.et-resistantsteel sandwiched between front and back,sheets of.steel.
“Referto NCEL drawings 6227020through 6227033 fOr more d?tails.. ~~~,

3.2.4 Utilitv OIJsniruzs
..:.,

3,~2.’4.1 Ovekiew. In conventionalbuilding designs, utility openings, man;.
holqg,’,tunnels,,air conditioning ducts, filters, or eq,uiprnentac.ces.spanels
‘Sanprovide int~ders with ti attractive entrance or exit route with no
significant delay. Such openings must be eliminated,.or delay times signifi-
cantly increased, if consistent physical security integrity,of the overall-.,.
structure’is to be provided. fie follnwing subparagraphsbriefly describe
‘t’fiicalutility.openings “andthe factors and issues.that require special .
kensideration in determining and .enhsncingdelay times.

3.2.4.2 Conventional Construction. In this subsection, conventional
construction methods for electrical system conduits, ❑echanical systam
coriduit?for air coqditioning,,heating, and venting.systems, roof-mounted .
equipment, filter banks, manholes, and other openings.are discussed. , ~~‘

(1)’ EI&ctrical and mechanical conduits. These conduits co~s.ist.of ~‘ ..
tunnels, pipe chases, and sleeves and trsys as well as ducts, gravity vents,
and exhaust ducts for air conditioni.ng,heating, @d. ventilating systerns.. ., ,,,.k

(a) Tunnels. Tunnels for electrical end mechanical utilities .. .,
between buildings are seldom well protected: They are typically installed in ●
vj,~Y,large facilities,may be 8 feet (2.h m) or larger in.diameter, and are
made of reinforced concrete. They may have.lift-o”ffcovers,or.access ❑wholes
&itIi’riolocking devices or interior barriers. The utilities often enter the
buildings from such tunnels through a frangible (knockout)panel or through
walls or ports that ❑ay be easily penetrated because of their construction.
Maintenshce accessibility,rather than security, has been the primary - :
‘consi“d,e$ationin some tunnels. When such tunnels exist, they.riayprovide.a:~
potential,concealed path for an adversary and, thqs, may b+ one o.f:he.,weak
link? ,,i?the delay system.,., .. ,.-

,.. !
(b) Pipe chases. Pipe chases are horizontal or vert~cal frsme-in

passageways. These may vary in size from 1 foot square (O.09 ❑ .),to any
,.desir,ed’size’.and may be constructed of studs.and gypsum’board. Although they
ark often quite congested, they”still allow spats for maintenance,.work.In..,.:
Sorn&’facilities,vertical chases connect adjacent floors, thus prOviding ....
unlimited.access once an intruder is inside the chase system. Similarly, .,,
horizontal chases (walk-throughs)are confined spaces; however, there is,,t.
usuallY no impedance to movement except that afforded by the internal
equipment, piping, cables, and the entrance door(s), which usually use only
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●
st~dard lock’setsi Some facilities.may have i.nterconnecthg vertical~and
horizontal chasa systems, which provide additional paths to an intruder.
Maintenance personnel usually require routine or daily access, which further
increases the.difficulty of control. Entrances to, or exits frem, overhead
crawl spacea may also be made from some chases. These chases must be provided
with b8rriers, since the path may otherwise be unlimited.

(c) Sleeves and travs. Sleevas are pipe penetrations 1 inch
(25 ~) to 8 inches (200 mm) in diameter through walls, floors, or roofs, and
are sized one pipe size larger than the penetrating pipe. These require pack-
ing for weatherproofing and fire rating. Trays a~e composed of a sheet,‘metal
removable cover’cgnduit, 3“inches square (O;002 m ) or larger. Pipes; which
carry ~ liquid or gas, present a natural deterrent if they must be cut for
entry. EIectrical cable trays may alao present a natural deterrant; moreover,
the free area ia usually smal1, thereby presanting minimal risk. Wh&n needed,
a closure plate or grid may be installed to close or reduce the opening: we
physical size of the cable tray will determine the degree of security,enliance-
❑etitsrequired.

(d) =. Ducts associatedwith air conditioning, heating, and
ventilating systems can be used for surreptitious entrance or exit paths.
Ducts.are sheet metal or fiberglass, round or square conduits, which ❑ay vary
from 3 inches (75 mm) on a side, or in di~eter up to any required size [e.g.,
6 or 8 feet (1,800 or 2,400 mm) on a side]..Ducts constructed of sheet.metal,
28 gauge (O.4 mm) through 14 gauge (1.9 mm),’can readily be cut with hand
tools and light power tools. These ducts do not present a significant barrier

●
to’penetration. Panetration resistance ia, however, sometimes incidentally
enhanced by the use of ducts of less than‘man-sizedcross section and the
inclusion of required appurtenances,turning vanes, dampers, pressure platea,
or the final air distribution fixture. The standard specification for steel,
air ventilating grill units for detention units (ANSI/ASTM A 750-84) shows at
least‘onesecure design.

(e) Gravitv vents. Gr~Vity Vehts vary in sizs from 6 inches
(150 mm) to 4“by 8 fact (1,200 by 2,400 mm). Since they terminate inside‘the
building, gravity ventilation ducts, such as those used in storage igloos,
provide direct entrance when attacked with cutting tools. A typical barrier
now used in these ducts is a 3/8-inch (9-mm) thick perforated ste~l plate
welded to an 18-fnch-diameter(450-mm-diameter)pipe.

(f) !lxhaustducts. Exhaust ducts through roofs ~d walla are
generally.considered to be protected by the equipment used in conjunction with
them. .,Hcwever,;if,the equipment is removed, the entrance is open. Because
the duct work, dampera, etc. are usually constructed of light sheet metal,

penetration c@ be accomplished through the use of hand too1s. Typical
exhaustducts range in size from 6 inchss (150 mm) to 4 by 8 feet (1,200 ‘by
2,400 mm). ,,
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(2) Roof-mounted equipment. Roof-mounted equipment,
fans, exhaust fans, gravity ventilators, and filter banks,
or bolted to an equiDment curb, duct system, or foundation

such as air supply
is usually welded
and can be removed ●

with hand tools. ‘Op~ningsuncovered when equipment is removed can provide an —
adversary path to the interior of the facility. In many installations, the
removal of only eight bolts, plus the withdrawal of tha equipment, can provida
accass.

(a) Air SUDDIY and exhaust fans. Air supply end axbaust fans are
usually constru~ted of steel sheet ❑etal and ary in size from 12 inches

Y
square (0.007 m ) up to 6 feet square (0.60 m ).

(b) Filter bsuks. Filter banks, which are associatedwith heating,
air conditfoning, ventilation, end other systems, can be a potential adversary
path or point of sabotage. They are usually of sheet ❑etal and wire construc-
tion with paper, plastic, or wire mesh elements 12 by 24 inches (300 by
600 mm) in size, several elements wide. Some installationsmay require
hardening to provide suitable penetration time. Filters may be imtalled in
an exterior wal1 with tha holding device exposed. There are some filters that
require special attention because of tha radiological or toxic materials that
could be released or dispersed by a penetration attack involving thermal
action, mechanical tampering, or other actions. Such safety issues must not
be overlooked in providing increased intrusion delay time. Filters of this
type may require installation iu locked plenums without extarior access or may
be constructed of matarials that have a higher resistance to penetration.

(3) Manholes. Manholee may be made of cast iron, concrete, fiberglass,
etc. and of course, ara large anoUgh for a man access, being 18 inches
(45o mm) or larger in diameter. Unless properly protacted, manholes for ●
electrical power, communications,and sawers (storm and sanitary) offer an
intruder a potantial point of entry into a facility. The normal barrier is a
cast iron or steel cover, which is occasionally bolted or held in place only
by its waigbt. The estimated tima of removal with hand tools is 20 seconds.

,. (4) Miscellaneous openings. Typical facility openings, such as
skylights, roof-hatches, scuttles, elevator shafts, ash dumps, rubbish chutes,
equipmant pentbouses, fire escapes, sidewalk grates, end roof access laddars,
offer intruders access to a building’s interior. Hardening of these potential
penetration avenuea should be a consideration‘when increasingdalay times.
The approach to upgrading these avenues wil1 be dictated by tha building ele-
ments involved (i.e. by appropriate design of walla, roofs, floors, doors, and
locking ❑echanisms)
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3.2.4.3 Conventional UtilitV @ eni.nxPenetration Times. Table 23 summarizes
the very limited penetration time’data available on specific types of utility
openings. In addition, Table 16 provideg penetration data on conventiohal bar
and grill security rei.nforcementaspecified in,varioua ❑ilitary directives and
standards. In genaral thea? penetration times are less than 2 minutes.

3.2.4.4 Hardeninx Omtions. In ❑ost instances, utility.openfngs must receive
different consideretions than windows and doors since they offer a variety of
routes for the attacker. Table 24 summarizes estimated penetration timea for
specific hardening options discussed below. However, a note of caution must
precede its use: access via utility penetration oftan can be obtained by
multiple routes. Therefore, a barrier ❑ay prove less effective then its
estimated penetration time if it can be bypassed via a less time consum@g
assault path. For that reason, the’qualitative guidelines provided in the
following subparagraphswill generally prove more useful than approximate
qusntitative values in estimati.ngactual penetration times. This is true for
both existing and upgraded utility openings designs.

(1) Electrical and ❑ecbsnical conduits. Theae conduits are composed of
tunnels, sawers, ❑anholes, pipe chases,’and sleeves and trays. ,,

.,,
(a) Tunnels/sewers/manholes. Utility.and cowmunication tunnels and

sewers (including etorm sewers) originating outside a secure structure,/but
either connecting with it or passi.ngclose by, can provide a very convenient
penetration route for an intruder. They are particularly vulnerable because
it ❑ay be possible for intruders to work in them undetected for extanded
periods of time to cut through barriers. Conventional gril1s, gratings,
locked manhole covers, etc. are probably worthwhile to discourage the less
dedicated intruder, but they generally offer insignificsnt increases in pene-
tration ttie against a determined attack. The lock-on fastening device is
usually the weak 1ink. Multiple fixed grills with small interstices can pro-
vide significant penetration times (sac Tabla 22 and related discussion in
Subparagraph 3.2.3,,3); however, they may not be practical in sewers where they
❑ay restrict fluid flow or increase the possibility of blockage by debris. It
is extremely important to insure that ktiuctura walls, floors, or foundations,
which are accessible from such underground routas, provide the required
penetration time against penetration attempts. Furthermore, actual entry
ports from the tunnels/sewersto the structure should, if possible, be
constricted to maks their expanaion into a man-passable opening very difficult
and time consuming. Obviously, an effective intrusion datection system
capabla of detecting preintrusion activities (e.g., a seismic system to detact
digging) is very important for high risk situations. Where fluid flow
capacity is a limiting factor in constricting tunnel/sewer openings, multiple
small openings, or a larger opening filled with 4- to 6-foot (1,200- to
1,800-mm) or longer lengths of steel pipe, welded together and anchored
securely in placa by a welded structure on the inside (sacure side) of the
structure may be used (see Figure 21). If possible, such a barrier should be
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located with a sharp adjscent turn in the tunnel to further reetrict the use
of cutting too1s. This arrangement can SISO be used for slsctricsl lines,
since ❑aintenance personnel can have access to both sides of the impediment
(c0n9tricti0n).

●
That is, access is provided from both insids and outside the

sscure structure, ~d csbles can be thrsaded through the relatively short
constriction. AIthougb there sre no avaiIsbIe test data giying penetration
times for this concept, one can expect 30 ❑inutes or more from barrier depths
of 4 to 6 feet (1,200 to 1,800 mm). Construction of this impediment can be
undertaken in two ways. One spproach is to weld the steel pipes front and
back at least 3 inches (75 mm) on each end end at each intersectionwhere the
steel pipes’ihtersect. NO steel pipe diameter inside the sewer pipe should be
grester than 10 inches (250 mm) to insure s smaller thsu man-passable opening.
A second spproach is to eliminate the center steel pipe and to connect the
remaining six.pipes inside the sewer pipe with centinuous welds. However, if
this approach is taken, the fscilities engineer should ,becareful to,~qure
that-the aria “inthe centerj which would have been filled by the seventh
center pipe, as shown in Figure 21,is not a ❑en-passable opening......

(b) Pipe chases. Pipe chsses can be handled in a ❑anner similar to
tunnels, sewers, tid manholes. ‘he use of conventional grills end Iockad
access doors are a hindrance to maintenance activities end offer very limited
penetration timee. One potentially cost-effectivearrangement is.a constric-
tion of the type shown in Figure 22, The constriction should be composed of a
series of hardened barriers (or fixed grills, as discussed below), each firmly
embedded in or extended beyond the chase wal1, to prevent bypassing at the
inteiface. me facilities engineer should recognize that the Pl.?c?mevt“Of~
obstacle in a pipe chaee ❑ay not be a.final solutionbecause .,a!esoyrceful
intruder may try t+ cut his way out of the chase. IdeallY, constrictions
should be located at attack-hardenedsecure walls. The length of the ●
constriction forces the intruder to attack and remove each barrier separately.
Confined working space and the necessity for debris removal.further add to
penetrstion time. Penetration times well in excess of 30 minutes ,sh.ouldbe
achievable by use of this method. In lieu of solid barriers, a series of
fixed grills (see Table 22) ❑ay also serve the purpose and can provide
penetratinn,time of up to 1 hour--dependingon spacing.. Again,,.the long
penetration”time is derived from the length,of the constriction,whic,hgreat1y
increases the problem if they carry liquids, gas, or .ateam,.,of cutting end
debris removal. It should be noted that the pipes themselves will provide an
inherent deterrent to en attempt to enlerge the opening by removing them.

(c)”‘Sleevesend travs. Sleeves and trays should penetrate”security
walls at a steep angle, so that the length of the open-g will be great enough
to forestall its use as a convenient entry for a saber saw or other cutting
device. Holes should be angled upward end, to the axtent practical, contain
sharp turns to prevent the easy introduction of hooks, cables, or explosive
devices. They should be kept to the ❑inimum possible dimensions.
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TABLE 23.

Utility openings, conventional construction.

Construction Type

.,.

,.

Sheet metal magazine vent with grill of Febar at
bOttom, 112-in. (13-mm) diameter, 6-in. (150-mm)
O.c.:

.

“36-in. (900-Imn)diameter roof exhaust with l/2-
in:.(13-nmI)diametar security bars

$.

Air conditioning filter frame bank,
20-X-20-X-2-in.(500-X-500-X-50-tmrI)filter size
“with”louvers ‘.

,.
36-in. (900-ti)’diameter duct,
(1.2- tO O.6-IMU)sheet metal

18- to 24-gauge

Air conditioning intake louvers, 22-gauge (O.8-mm)
sheet matal, hole size ranging from 10_X_20_in.
to 36,-X-48-in.(250-X-500-UMIto 900-X-1200-IMII)
with ,0~25-iriJ(6-nmI)ecreen mesh ,

.. ,
.,..,..

PenetratiOl
Time

(minutas

1.6

‘1.1

0.25

0.65

0.35 .’

..,.

,:. ,
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TABLE 24.

Utility opening hardening.

Destruction Penetration Time Comments
Type (minutes)

See Figure 21. Estimated penetration
time for these constrictions will be a

onstriction 30-40 function of vent or tunnel diameter and
(Type 1) the diameter, length, wall thickness,

and hardness of the intarnal pipe
““honeycomb”used. They must be estimated
(and preferably tested) in each case.
The times shown on this chart indicate
ranges that appear feasible for typical
cases.

See Figure 18. Estimated penetration
times for these constrictionsmust be

onstriction 30-40 computed in each case, based on choice o]
(Type 2) materials used in the constriction and

the size of the duct or chase. The
times shown are the ranges that sppear
feasible for typical cases.

See Tables XV and XvII. Penetration tire,
will be a function of duct size

ars/Grills 15-25 (i.e.,work space); number and spacing of
grills; and number, spacing diameter,
and hardness of bar stock used.
Estimates can be made for specific cases
based on information contained in Tables
XV and XVII. The time shown is the rang
of penetration times that appear
feasible.

See Figure 19. Each case must be
analyzed (and preferably tested)

Vent Frame separately to determine minimum
Hardening 5-1o penetration time enhancement. Increases

in penetration time will vary depending
on rooflwall construction and the
thickness, hardness, and extent of the
vent fram hardening material used. The
time on the chart indicates a range of
penetration time enhancements that appea
feasible.
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4 to 6’ (1,200 to 1,800 MM)
+ b

STEEL PIPE DIAMETER SHOULD NOT
BE GREATER THAN 10” (250 nun).

-.. —

FIGURE 21. Section of large sewer pipe rendered nonman-passable by

4- to 6ft. (1200- to 1800-mrJ long sections of honeycomb
of welded sections of pipe of nonman-passable diameter.
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ION.
ACK

.

4ETHOD OF ATTACHMENT: USE
1-1/2” (38 mm) CONCRETE

-+

1-1/2’ (450rlml)
\NCHOR BOLTS WITH FIXED
10INTS OF CONNECTION BE-
llJEENSTEEL PACXAGE AND
:ONCRETE RANDOMLY SPACED

FIGURE 22. Representative constricted pipe chase, cross-sectional
elevation view. .
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(2) Air conditioning.

●
heatin.w.md ventilation svstems. These systems

are composed of ducts, gravity vents, and exhaust vents.

(a) w. Oucts for air conditioning,heating, and ventilating
systems ❑ay provide a path for intmders. Ideally, to eliminate that possi-
bility, duct dimensions should be kept at less than a man-passable cross
section. However, airflcw capacity requirements and cost may make such duct
sizes impractical. In these instances, the discussion in this handbook on
window grills and gratings should be consulted (see Table 22). The techniques
discussed there can also be applied to ducts in, perhaps, an even ❑ore
effective manner due to confined wo’rkingspaces and the possibility of,using
& in-depth barrier of multiple and widely spaced gril1s. A+othe: possibility
is to insert strategical1y placed honeycomb sections (similar to those shown
in Figure 21) to restrict ❑an-passages. Although such sections wil1 require
care in design to avoid airflow and noise problems, they are feasible. The
honeycomb material should be of a grade of steel reasonably resistant to cut-
ting with hand and thermal teal.s(at least 1/16 inch t~ick (1.6 mm)); however,
the penetration time wil1 accrue ❑airilyfrom the length of the honeycomb and
the resultant nscessity for multiple long cuts and debris removal in the rela-
tively restricted space of the duct. Since duct walls are generally easy to
cut through US 18- to 24-gatige(1.2- to O.6-mm) sheet steel, the honeycomb
❑ust be strategically located so that the intruder cannot bypass it by gaining
entrance to the crawl space of “soft” ceilings. It may be necessary to rein-
force the duct walls at some locationswith high resistance ❑aterials such as
S-ply steel/plexiglass/steel/plexiglass/steellaminate. The honeycomb sections
should be located, if practical, at sharp bends in the ducting. Depending on

●
duct size, cost, and aerodynamics, en alternative approach could be to replace
the single duct with a double or triple duct system at selected, strategic
points. As previousIy noted, the inclusion of required appurtensnces, turning
vanes, dampers, pressure plstes, or the fi.nalair distribution fixture may
also add a few ❑inutes to penetration time. This can be further euhancad by
anchoring such fixtures securely and by using grills end bar gratings of a
dimension and shape that force the use of large and unwieldy tools and thermal
cutting equipment.

(b) Gravitv vents. A key in hardening a vent is the depth (i.e.
volume of space) available for installationof barriers. If the vent ia simply
an aperture in a wal1 or roof, the problam is analogous to hardening a windnw
with grills or bars. Table 22 indicates penetration times that can be
achieved in that way. If possible, tha vent should be kapt to a lass than
msn-paa able size. Penetrations through vents smaller than 96 square inches
[O.06 ❑q (standard siza of man-passable opening)] require attacking the
surroundingwal1 or roof to enlerge the vent. The vent itself ❑ay provide an
advantage in such an attack since, for example, it eliminates the necessity of
drilling a hole for the introductionof tools. That advantage can ba raduced
by hardening tha vent frame. (See Figure 23 for a suggested technique.) If
the vent
tha best

must be kept at a man-passabie size, and if space exists b~hind it,
apprOach tO incraase penetration time is to fill the opening with
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—
nTAMFTFR IIAIIMIKT NFvFR 13ELARGER THAN 10 in (25cInun). NO OPENING SHALL
“.. ,, !-,-,. . . ,. -”.. . .... -— -....——. ,—--

BE LARGER THAN 90 SQUARE INCHES (O.6 m’) IN AREA. PLATE PLACEMENT AND
CONFTGIIRATION MAY BE VARIED TO MEET NEED OF EACH INSTALLATION. UNIT

Iiii” ii-;ABRiCATED,-~cILTEcIANDWELDEDIN PLACEORBUILT INTOEXISTING
OPENING. ROUNO OPENING WITH STEEL PLACE BARRIERS. ALSO APPLICABLE
TO OTHER OPENING CONFIGURATIONS.

FIGURE 23. Vent frame hardening.
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lengths of stee1 pipe welded into a “honeycomb” (see Figure 21). Again, this
causes the intruder to have to ❑ake cuts in depth, which increases cutting
time but also seriously interfereswith his use of tools. It also creates
problems in removal of debris and working in a confined space. Although not
tested, barrier depths of 4 to 6 feet (1,200 to 1,800 mm) are estimated to
generate penetration times of 30 minutes or more. An alternative approach is
multipIe and widely spaced grilled barriers in the shaft or duct leading from
the vent. (See Table 22 and related discussion.) These approaches are only
effective, however, if the facility mechanical layout is such that the
intruder cannot cut his way out of the duct or shaft and gain access to the
facility before the grilled barriers are reached. Even very small vents must
be protected since they can be an easy route for introduction of explosive
charges. Traps or bends at carefully selected locations can often prevent
this. In conclusion, any vent, no matter how small, can provide a convenient
entry for the blade of a tool used to breach the roof or wal1 through which
the vent passes. Therefore, as a minimum, all vents should be hardened with
❑assive steel collars at the structure interface, as illustrated in Figure 23.

(c) Exhaust vents. The discussion under gravity vents, ventilation
ducts, and air distribution fixturea (above) generally applies in the case of
exhaust vents. Possibilities for reducing vents to leas than msn-pasaable
size, by uae of ❑ultiple honeycombs (Figure 21), should be considered. In
some cases, the exhaust system machinery itself ❑ay add to penetration time.

(3) Roof-mounted equipment. Although expensive, the only known way of
providing extended penetration time for ❑en-passable openings exposed by the

●
~emoval of roof-mountedmachinery is to provide a hardened “penthouse” to
house the ❑achinery. Penthouse penetration time wi11 depend on structural
components, doors, end openings used. Spacific penetration times can be esti-
❑ated by the same methods described for structures throughout this handbook.
Otheriviie,the use of multiple, small poits in the penthouse structure in
multiple grills (ace Table 22) ❑ust be considered.

(4) Filter banks. The discussion above regarding roof-mountad equipment
applies in general to filter b~k~, axcapt that the banks themselves are
unlikely to offer any significant penetration time. A hardened enclosure,
with one of the vent or duct hardening tecbniques, appears the best approach.

(5) Miscellaneous openings. Structure openings, such as sky-lights,
roof-hatches, scuttles, elevator shafts, ash dumps, rubbish chutes, fire
escapes, and roof access ladders, offer access to intrud.arsand should be
considerad in hardening plans. The first step should be to eliminate openings
that are not absolutely necessary. The approach to upgrading those that
remain will be dictated by the structural elements involved, that is, by
appropriate design of walls, roofs, doors, and locking mechanisms. ‘
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SECTION 4: E~RIOR PKYSICAL SECURITY

●
4.1 Overview. This section presents guidance with respect to three subjects
relatsd to the extsrior physical security of facilities:

o Exterior layout

o Exterior security 1ighting-

0 Exterior barriers

The section on sxterior Isyout provides guidance appropriatee to an entire.site
and an individual fscility, and includes considerations relsted to security
support functions. The section on exterior security lighting provides
guidance with respect to the function, types, and specificationsof security
lighting, lighting concepts, lighting as s deterrent, lighting for closed
circuit television (CCTV) surveillance, and security-relsted energy and legal
issues. The section on exterior barriers (excludingvehicle barrers, which
are discussed in Section 8) provides guidance with respect to the security
function of perimeter fences.

4.1.1 Basic Considerations. The guidelines this paragraph provides with
respect to exterior layout, security lighting, and exterior barriers are bssed
on the following considerations. First, exterior lsyout is most important in
those cages where a facility’sdelsy time is designed into barriers that
depend upon the exterior she11 of the building and where centinuous or
frequent exterior surveillanceby security personnel is the primary ❑eans of
intruder detection and assessment. To be of use, exterior intruder detection ●
must occur before or, at the very latest, at the beginning of an attempted
penetration at an exterior bsrrier exposed to exterior surveillance.
Moreover, exterior intruder detection and assessment (e.g., using roving guard
patrols or closed circuit television (CCTV)) requires extended cIear zones Snd
essy sccess to all points around the exterior of the fscility. Second, the,,
principsl value of security lighting is to aid either security persO~el
directly or to permit an IDS to function properly and to detect and assess an
intruder at or near a fscility’s key barrier. Illuminating s fscility st
night or other periods of low visibility, without using security personnel for
observstion, wil1 only deter the nondedicated intruder. Third, the,principal
value of exterior perimeter barriers, such as fences or walls around a
fscility, is to deter nondedicsted intruders. Because they can be easily’..
scsled, crswled under, or cut through, a dedicated threat will be neither
deterred nor significantlydelayed by a perimeter barrier. The security
engineer should keep these basic considerations in mind when applying the
guidelines set forth in this paragraph to a particular physical security
situation.
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4.1.2 Important Decisions. For all projects, the security engineer should
decide, on the besis of economics and effeetiveness, whether to devote
resources to exterior physical security, or whether to perform the same func-
tions on the interior, nearest the key delay barriers. It is frequently most
difficult and expensive to perform access control, detection, and delay
outdoors and over large areas.

4.2 Exterior Lavout.

4.2.1 Introduction. Recommendations for faci1ity exterior layout, insofar as
physical security is involved, are ❑airilythe concern of the security
engineer. The facility layout must be compatible with the installation’s

‘-overall security plan. The security engineer’s recommendationswill be
governed to a large extent by factors such as”the fo1lowing:

o Location of guard posts and patrols (i.e., facility surveillance).

0 Lecation of security response forces (i.e., their timely ~d safe
sriival, deployment, and intruder apprehension).

o Location and characteristicsof the current or proposed intrusion
detection system.

o Facility access control (i.e., personnel and vehicle identification
and”traffic),

o Natural factors (i.e., location of the facility with respect to
instsllation boundaries; exclusion, limited, critical, and controlled aress;
natural barriers; etc.).

The role of the security engineer is not only to assure that physical’security
requirements are met but elso to assure that the facility layout is feasible,

“’prsctical, and cost-effective. l%us, the purpose of this paragraph ia to
provide general guidelines on those security factors that drive decisions on
faci1ity exterior Isyout. Only general guidelines can be provided in
handbooks 6f thi9 type. The supplicationof these general principles to a
specific facility layout must be governed by site-specific factors-,often
~including classified portions of installationsecurity plans. It ‘shouldbe
noted that it is rarely appropriate to react to the results of one”security
layout’coimideration. Rather, deciiions to p’rovideadditionsl se.iurity
❑easures should be ❑ade after all available informationhas been”considered.
Furthermore, slthough it is highly desirable that th’elayout hCOrPYrate ~
security considerations from the start, that ❑ay not always be possible. In
ehort, the’security enginear may likely find himself in situations where an
existing site layout will influence seciiritymeasures, rather than security
considerations influencing Isyout. In general, the exterior layout is as
impoztsnt as
building sre

interior layout only when ~he
the cruciel delay barriers.
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4.2.2 Contributions to Securitv Made bv Exterior Lavout. Before the facility
design is developed, it should be determined how the exterior layout can
assist the oversll security mission. In general, there sre four security ●
functions that benefit from proper layout of sites and facilities: access
centrol, observation, deterrence and delay, and response. Attention to
exterior layout can contributa significantly to their effectiveness.

4.2.2.1 Access Control. Access centrol is the security function whereby
personnel, vehicles, and ❑aterials are identified and screened to discriminate
authorized from unauthorized personnel and vehicles, and to detect contraband.
Access control also includes supervising the flow and routing of traffic, both
pedestrian and vehicular. Road networks, entry gates, parking areas, badging
systems, parking passes, etc., contribute to exterior access control. Access
centro1 is not limited to the site boundary or main gate, but extends to al1
controlled areas of the activity, e.g., parking areas, controlled roads,
building entrances, and even interior rooms snd safes. Access control almost
invariably involves requiring an easily visible identificationto be displayed
while in the controlled araa. An extreme access contro1 measure may involve
prohibiting al1 privately owned vehicles from parking inside the site
perimeter and an onsite shuttle transit system that can be used for onsite
travel. A different access control technique is to ❑edify the internal road
network to ❑ake it time consuming to exit (escape) from the high-security
areas.

.$.2.2.2’ Observation. Exterior observability can be essential if no signifi-
cant delay time is built into facility structures. Roving patro1s and even
towers are frequentlyused options and require a relatively clear field of
view to be effective. Site layouts, which place parking and ❑ost used
entrances on the side of the structure away from patrol roads, defeat effi- ●
cient observstion. Parking and ❑ost entrances are best placed in the front of
the building fscing the roadways.

4.2.2.3 Deterrence and Delay. Effective deterrence and delay of penetration
attempts can be greatly enhanced if security is considered in facility exter-
ior layout. The ❑ain concern of this handbook is the provision of built-in
delay time,in the facility itself. A well-designed exterior layout, although
adding slightly to delay, is most importsnt in adding early detection of a
penetration attempt if the facility is subject to human or IDS surveillance.
It is necessary to concentrate on delay times associated with the facility
itself, because tests have shown (see Paragraph 4.4) that exterior barriers
are generally not very effective in increasing penetration time and will
neither deter nor delay a sophisticated and determined intruder. The excep-
tion to this general rule occurs when the facility exterior itself is hardened
and subject to observation. A well-thought-outexterior layout can force the
intruder to make more extensive penetration plans and carry ❑ore equipment,
and it can definitely increase the probability of his early detection. More-
over, one must not lose sight of the fact that deterrence of penetration
attempts by intruderswho are not as well-equipped and motivated is also
important to facility security.
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●
4.2.2.4 Security Force Response to Intrusion. Improving the ability to
respond to intrusion attempts is the fourth major area where site exterior
layout can contribute to security. Specifically, three aspects of response
❑ust be addressed: timely arrival at the intruder location, ssfe arrival, and
the ability to take necessary actions. The guard forces ❑ust therefore possess
alternate routes of access that are speedy and are not so channeled as to
provide for easy ambush. The gecurity force ❑ust also possess a technique for
finding the intruders several ❑inutes after their first detection. That is, -
waiting at the hole in a perimeter fence is not a good tactic. Special access
roads closed to al1 but the security forces are one layout option bearing on
this aspect. It should be noted that the ability to take necessary actions
implies both the ability of response forces to subdue the intruder under
effective restraint and not to injure innocent bystanders. A Site layout must
be designed without obstructions and with clear access to al1 points around
the facility so that the security force has the greatest opportunity to
quickly contain penetration attempts.

&.2.3 Securitv Layout Considerations. For the purposee of this handbook,
facility exterior layout considerations are divided into three subject”areas:
considerations related to the entire site, considerations appropriatee to an
individual faci1ity, and considerations that address security suppor~ func-
tions. These are discussed separately in the fo1lowing subparagraphs. As
stated earlier in this paragraph, because of the unique function and design of
various military sites, only general guidelines can be provided here.

4.2.6 Site Securitv Considerations. The following considerations relate to
the entire site (installation).

4.2.4.1 Areas of Common Risk on the Site. The first consideration, co-
llocatingrisks of the same type, ia intended to provide related assets with
uniform protection. It is necessary to identify the risks, asset values, and
potential threats to each facility on the installation. (See Paragraph 1.3 of
Appendix A.) The objective of identifying common risks is to co-locate them,
if possible, as shown in Figure 24. Appropriate security measures can then be
determined and implemented for each risk level. Co-location, if it can be
implemented, reduces costs and improves security effectiveness and efficiency
by locating facilities requiring comparable security protection within appro-
priately controlled areas. .-

.
4.2.4.2 Routes of Travel. Routes of trave1 throughout the site must be
considered. These routes include pedestrian paths and vehicular road
networks. Regulation and direction of traffic must be considered. On the one
hand, it is probably desirable to route unauthorized, unofficial traffic away
from high-risk protected areas, such as storage magazinea. On the other hand,
it may be desirable to route as much traffic as possible along main
thoroughfares that serve facilitieswith high traffic densities during duty
hours, such as warehouses. In this case, the potential observation of
intruders by passarsby during non-duty hours might enhance deterrence and
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Road networks and facility layout ❑ust 81s0

● account for the needs of the security roving patrols and response forces. For
example, ❑ultiple approaches to the facility should be available to ❑inimize
the predictability of response forces always using the asme route of approach
for either surveillance or response. Access paths to al1 points around the
facility should be provided to allow for intruder assessment and interdiction.
The paths identified as A in Figure 24 are intended to function in this
manner.

.. . . . . . ..
4.2.4.:3 Points of Observation. The sits,dep+~ should also consider the
points.of observation to be used for performing security.detection,,&+ss-
❑ent, ,sndinterdiction functions. ObviousIy, tha geometric;layoutcaq facili-
tate the security force’s ability to observe tha gite. Surveill~ce 6f the
entire site, especially its critical aieas, ii”requi<:d”.,-Exterior 6Bsekvation
posts may,vary ‘inkind, such as static and roving patrols on ground level and
above~,ground.level,,and CCT’V. It”is possible and necessary tO ensure ,t~atall
parts ‘ofthe“faci,lity,including entrances, are easily observ,ed,that p,athways
are w611-lighted,:that road networks and parking areas are designed’t.=.prevent
congestion and assist obsarvation, and that the facility exterior barriers are
generally placed in areas free of visual obstrtictions..For,examplej Fi&e ,25
indicates how layout of parking areas can assist observation’.Norma! ‘architec-
tural prerogatives usually “hide” the~parking’sud doorways (except fog the
main formal antrsnce) m back of the buiIding’,md btiautify the.fron~.. In the
figure, these types Of decisions are deleted by the large ~’X’S“ in favor of
forcing all parking to be highly visible to guards patrolling ~he road.} The
security engineer should recognize that the foregoing guidance applies p:imar-

●
ily tq a facility’s extarior where observation by security personnel or an IDS
is required. An intruder who can penetrate.,nnobserved.through,a facility’s
exter~or barriers, no matter how they,may b? hardened, can centinue u?detected
into the secured area., Del+y t$rne,itself buys very little.,if “itis “not)
coordinated with a detection and assessment system. The security edglneer
should, therefore, carefully consider the exterior and interior tradeoffs
among “detection, assessrnerit,’“tiddelay to’produce a cost:’effe<t”ive~’kystemfor
the site..,.. ,,..... ,,..,,, ,.

4.2.4.4 Points of EntrX. Entry ports must be provided for pedestrian and
vehicular traffic. Placement of gates should reflect the ❑inimum necessary
number. Entry control should occur only at that point on the site where
access is limited, rather than at the outer site perimeter. Low-risk area
entrance points should be convenient and accessible to general traffic.
Entrances to high-risk exclusion and limitad areas should be out of the
primary traffic pattern. ....

4.2.4.5 Exterior Barriers. ‘l%edesigner should also consider the effective
placement of exterior barriers in his design. The term exterior barrier has
typically been limited to fences, vegetation walls, and waterways.
Iy situated,

If proper-
exterior fences and wall barriers can creata effective obstacles

to casual trespassers. Although they offer very limited penetration times
against intrusions (see Paragraph 4.4), the use of barriers may deter the
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FIGURE 25. Example parking plan.
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nondedicated threat and; thus, has a place in site layout design. Section 8
provides detailed informationon the types of advanced vehicle barriers
(crash-resistant)new available for use in restricting vehicle access to
critical facilities. With today’s threat, they are essential elements in a
security system. The introductiono! access road layouts to ❑eet security
objectives, such as 90-degree turns to”prevent high-speed runs at barriers,
also assists in their effestiveness.

4.2.4.6 IDS Svstem Compatibility. The site titrusion detection system must
be identified and included during the planning of site layout. Proper layout
csn enhance both the effectiveness (high probability of correct detections)
and efficiency (reduced false and nuisance alarms) of the IDS. Furthermore,
IDS needs canrqt be completely identified until.the proposed site layout plan
has been consulted. If the IDS is deeigned to provide surveillance of a long
fence line, then high system costs s,hotildbe expected as a result of a rela-
tively large number of false alarms’and for md.ntenance of a complex system.
Detection and assessment sansors‘near the.exterior of the facility are in
general more effective from a performance and cost point of view. On the
other hand, if the intmsion detection.sensors and fencee are located close to
the facility building, and if facility delay time is too low, the time avail-
able for effective eecurity force,respons&❑ay also be too low. To ensure
that resources are wisely spent, the rklatiorishipbetween exterior sensor.,.
location, delay times, and security force response times must be carefully
examined (see Appendix A for further discussions).

4.2.4.7 Clear Zones. Clear zones serve to improve the ability of guards and

●
the IDS system to obseive the facility and to detect or assess intrusions.
Clear zones are a useful element of a site layout and, in reference to the
Navy, are a requirement.

!,

4.2.4.8 Terrain. The exterior iayOut ❑ust account for site terrain festures.
If terrain is properly considered during the design phase, it can be used to
enhance some security ❑easures. On the other hand, if the characteristicsof
site terrain are not dealt with, they can significantly limit the
effectivenessof the security system. In general, if not properly’acco~ted
for, terrsin features may provide areas for intruders to hida in, ❑ay offer
intruders protection from security force weapons, or ❑ay serve as assembly
points for attacking forces.

4.2.5 Facilitv Securitv Considerations.

4.2.5.1 Lecation With Respect to Other Buildings. It is important to
consider a facility’s locationwith respect to othar buildings on the site.
Specifically,nearby buildings should be identified in terms of both type end
function. It may be possible, for example, for a tunnel to be dug from an
unsecured building to the secured faci1ity. High traffic areas should ,alsobe
identified. Finally, the location of high-risk, protected areas should be
noted as well as nearby firefighting, public safety, and security teams and
equipment capable of dealing with emergency situations.
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4.2.5.2 Building Orientation.’ If part$ of the building exterior, especially
the access points, are not observable from existing security posts or patrol
routes, improved detection end assessment capabilities as well as increased ●
building delay time may be needed. To accomplish this may require the use c.’f
IDS hardware, additional security posts, or patrol routes. ‘In addition,‘it:
❑ay require more frequent patro1s. In the case of the design of a build,$n~
before its construction, it may simply involve reorienting the building. ~

4.2.5.3 Building I@cation With Respect to Exterior Barriers. The relation-
ship between the facility end exterior barriers affects security. Consider-.
ation of barriers sh6uld not be limited to walls end fences but should :
also include natural terrain features, such as hill elevation ind tree lines.
In this manner, potential penetration and ingress times beyond the facility’s
exterior wal1s can be identified. In the event a building is difficult to
observe end is placed against a natural terrain feature, such as woodlends,
additional security measures ❑ay be required.

4.2.5.6 Determination of the Facility Intrusion Detection System. Design of,
the facility IDS must be considered in conjunctionwith design Of the site :
layout. This is necessary to ensure that layout and security equipment inter-
face‘asefficiently and effectively as possible. ,..,.

4.2.6 Security Support Functions. The final exterior layout consideration
are those site functions that support facility and reIated security systems.;
These include security power supply, genersl power supply, co-icat ions, and
actual securitv control.

4.2.6.1 Security Power Supply. Both regular end standby power”sources.must
be provided for IDS end security lighting. In some cases, dual ernergeniy

●
backup power sources may be required, particularly if power trensformer
stations are vulnerable. All critical power, communications,and IDS lines,
should be well-protected,usually by burial. In the case of light poles,
cabling should be internel to aluminum or steel poles. Standby power sources
❑ust be protected from sabotage by facility hardening and IDS coverage.
Standby power sources should be configured for automatic activation when
required.

4:2.6.2 General Power SupPly. Some of the best tools used for rapid penetra-
tion of hardened facilities are electricallypowered. Although a
sophisticated ‘attackerwil1 probably not let himself be dependent on facility
power sources, it is wtirthwhile to consider arrangementswhere the general
power supply to a facility exterior and just outside any key interior ba”rr’idrs
(other then that requiredfor essential services such as IDS) is e’ither :~‘
normally shut off during nonworking hours or can be shut off remotely by theI
security forces. Switch and fuse boxes must be protected. .,

f.,,.
., ,,.
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●
,4.2.6.3 ,Communications. To the extent feasible and practical, consideration
should .begiverito hardening both internal and external,communications lines
so”that security forces wil1 not be easily deprived of,tbair use during
euiergenciei.As.mantioned above, communicantion 1ines essential to 10S alarm
aases.srnent,rnistbe hardened and protected with fail-safe features. Phone
jacks for security personnel should be provided, as necessary,at, external
locations. Another possible option ia to equip security,personnel with hsnd-
held radios.

.4;2.6.4 .CaxitralSecurity Control. A central security 6ogt~01 (CSC).i? “ .,
established,,for ‘thepurpose of providing a central, continuouslY mmed..
facility forone or more of the following:

.,, .,,..
0 ,Ala~ annunciation,display, and control. .1

...
0 ‘Ceritraliied control end communicantions for base, installation,or ~

facility security operations.

. . . . . . ,.,
0 Cantonment.quarters for security‘alertguard force. ,,

.: ,
0 Moriitoring“of a remote antry control or surveillance system such as

closed circuit television, electronic locking devices and systems, and similar

.:, systems. , ~

.,.
0 COqt:Ol’of entry to restricted area..,..

●
o Housing, storage or parking for guard force support equipment

+nclud,ing~rms,,,mmunition, portable communicantions and observation equipmant,
and vehicles. Depending on the size of a facility or installation,the CSC

,~-: can vary”from ‘m assigned aid physically isolated area within a building to a
structure deeigqed and c,onstructed especially for the purpose.,.

,4.3 Exte:rior.5ecuritv Lixhting. 1,

.... . .. . .
4.3.1 Overview: One’function of security “lightingis to provide ligh~ during
periods of darknesa and’lnw visibility to aid observation by security ~ .,.
parsonnel. Lightfig, generalIy, also has value as a deterrent to nondedicated
intmdars. NormalIy, se:urity lighting uses less candle power then working
area light~g,. except at ports of entry. Security lighting is used to increase
effectiven.essof’guard systems and C1OSed circuit televiaion by increaa.ingthe
visual ,rqige&f the guards end CCTV monitors during periods of darknes,sor by

..,increased,,illu@nationof an area where natural light does not reach or is.
“ins’ufficient. Exterior security lightirigis advisable only to ensure a.
minimal..leyelof visibility when guards are positioned to perform inspection
duties properly around the exterior. Guards and CCTV monitors must be ,ableto
see badges, people at gates, inspect vehicles, stop’attempts at illegal entry,
detect intrudera inside and outside buildings, and observe unusual or
suspicious circumstances. Each facility presents its particular problems
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based on physical layout, terrain, atmospheric conditions, and security
requirements. The remainder of this paragraph discusses standard types of
lighting, lighting concepts, lighting as a deterrent, lighting for CCTV and ●
surveillance,and related lighting issues (energy and legal). Exterior
lighting should not be routinely specified for physical security but should be
considered as an option and compared to other interior lighting for detection
and deterrence.

.4.3.2 Standard Exterior Lighting Types. The type of lighting system required
depends on the overal1 security requirements of the base concerned. Lighting
units of four general types are used for security lightfig systems: centinu-
ous, standby, movable, and emergency.

4.3.2.1 Centinuous Lighting. Centinuous lighting (stationary luminaires) is
the most common security lighting system. It consists of a series of fixed
luminaires arranged to flood a given area centinuously during the hours of
darkness with overlapping cones of light. The two primary methods of using
continuous lighting are glare projection and controlled lighting:

Glare lighting uses Iuminaires slightly inside a sacurity perimeter
and directed outward. The glare projection lighting method is useful where
the glare of lights directed across surrounding territory will neither annoy
nor interfere with adjacent operations. It is considered a deterrent to a
potential intruder because it makes it difficult for him to see the inside of
the area being protected. It also protects the guard by keeping him in
comparative darkness and enabling him to observe intrnders at considerable
distance beyond the perimeter.

The controlled lighting method isbest used when it is &ceasary to
limit the width of the lighted strip outside tbe perimeter because of
adjoining property or nearby highways, railroads, navigable waters, or ●
airports. In controlled lighting, the width of the lighted strip can be
controlled and adjusted to fit a particular need, such as illumination of a
wide strip inside a fence and a narrow strip outside, or floodlightings wall
or roof. Unfortunately,this method of lighting often illuminates or
silhouettes security personnel as they patrol their routes.

4.3.2.2 Standby Lighting. A standby lighting system is different from con-
tinuous lighting since its intent is to create an impression of activity. The
Iuminaires are not centinuously lighted but are either automatically or
manua11y turned on randomly or when suspicious activity is detected or
suspected by the security force or IDS. Lsmps with short restrike times are
essential if this technique is chosen. This technique may offer significant
deterrent value while also offering economy in power consumption.

4.3.2.3 Movable Lighting. A movable lighting system (stationary or portable)
consists of manually operated movable searchlights,which may be lighted
during hours of darkness or 1ighted only as needed. This system normally is
used to supplement centinuous or standby lighting.
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4.3.2.4 Emergencv Lighting. An emergency lighting system may duplicate any

● or all of the above systems. Its use is limited to times of power failure ‘or
other emergencies,which render the normal.system inoperative. It depends on
en alternative pcwer source, such as installed or portable generators or
batteries.

4.3.3 Lighting Specification. A lighting specificationtable for applyihg
proper amounts of light for visual surveillance to specific locations is
presented in Table 25. ‘l%istable provides general guidance for foot-candles
as a function of location type. Table 26 provides s guide for the type of
area that should be ilIuminated.

4.3.4 Lighting Concepts. Exterior lighting ❑ay be designed for direct
illumination, indirect i1luminaticn, intermittent i1lumination, or.responsive
area illumination.

i+.3.k.1 Direct Illumination. This lighting concept is the ❑ost “widespread
and invoIves directing 1ight down from a structure roof to the ground
immediately surrounding the structure. Its goal is to provide a specified
intensity of illuminationon intruders, facilitating their detection by CCTV
or security pstrols.

f+.3.4.2 Indirect Illumination. An alternative lighting concept involves
backlighting the intruders agsinst the structure. This ❑ay be done by placing
lighting away from the building and directing it back toward the walIs so
shsdows will be cast on the building by the threat. Such spplications are most

“o

effective if the luminaires themselves are near ground level. This indirect
concept is also aesthetically.pleasing, illuminating the ,architectureduring
darkneas.

4.3.4.3 IntermittentLightin%. A deterrent 1ighting system can be developed
to turn lights on at random times. It can use aither direct or indirect
illamination concepts. Such an intermittent lighting system can involve a
duty cycle of 10 to 50 percent although it may increase operational and main-
tenance costs siuce this approach may force the use.Of inefficient lSMPS Or
reduce lamp life. Deterrence can actually be higher for such a system because
of its appearance of activity. Luminaires may be controlled individually or
as a group.

.

4.3.4.4 Responsive Area Illumination. Rsther than randomly setivating the
luminaries, an IDS sensor can be used to turn on the lights when an intruder
is detected. This type of active lighting system provides ❑aximum deterrant
value at a low duty cycle. Such a responsive area system, if installed, is
subjected to the same nuisance and false alarms of any sensor system. Since
the lights will be activated more frequently than intruderswill be present,
the area should be assessed’using CCTV.
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TABLE 25.

Lighting specif*cation (foot candles).

Location Foot,,,Can,dles.o.nHO.ri20ntal,,,
Plane at Ground Level

o ?:
Isolated fenced boundaries ‘ 0.15

Semi-isolated fenced ““0.04 ‘“ ‘
boundaries ,.,.<,,+;,..; ,.... +;.. ..

Nonisolated fenced 0.08 <[if..40,ft,.(1,2m):outside ;
boundaries boundary]

0.10;[if 30,f.t,(9m) outside,
boundary1

. ,.,.,, ,.’., ... . ~
Building face boundaries 0.10

,“:..:! ,!,,..’:.,
Unfenced boundaries 0.04

Waterfront boundaries ., 0.10 , , .“ ..- ..;

Entrances 2.00 (pedestrian) ,..~,, ~~~~” ~
1.00 (vehicular) .. . .:.,.

Industrial thoroughfares 0.15 (if not bordered by ‘.+...
buildings) ‘ :-:,,.

0.40 (when bordered by
buildings) .,,,,,..,. ,.:,.,.

Open yards 0.15

Outdoor storage spaces 0.15

Piers and docks
Land approaches 0.40
Water approaches 0.50 [horizontal out to 50 ft

(15 m)]
0.05 [vertical from 50-100 ft

(15-30 m)1
Decks of piers 1.00
Underneath piers 0.04

Critical structures 2.00

●

al
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●

.0

. . .’.,

TABLE 26.

Illuminated ‘areaspecification.,., .

Width of Lighted Boundary
Type “ofArea (ft. m)

Inside Outside

Isolated f.gyiceboundaries 10 (3 m) 25-200 (8-60 m)

SqIi-isolated fence boundaries 10 (3 m) 70 (21 m)
.,. ....,.,, . ...

Non$solated fence boundaries 20-30 (6-9 m) 30-40 (9-12 m)

Building face.boundaries ... tJIA 50 (15 m)

Unfenced boundaries. .. NIA 80 (24 m) from
building

Waterfront boundaries 10 (3 m) 50 (15 m)

Piers a!iddocks (water 100 (30 m)
approaches)

Piers and docks (land Above as
approaches) applicable
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4.3.5 Lighting as a Deterrent, The Federal Government has sponsored several
researth investigations to address the issue of lighting as a “deterrent. ‘Iho
agencies, the National Bureau of Stsndards (NBS) and the National Instituta of
Law Enforcement and Criminal Justice (NILECJ), have executed or sponsored
research studies to determine whether secvrity 1ight~g has a deterrent
effect. Two NBS evaluations examined the deterrent effect of perimeter
lighting and concluded that security lighting only has a detarrent effect upon
the opportunistic intruder (e.g. the vandal or prenkater). The NILECJ-
sponsored research investigated the relatioaship between street lighting and
crime. The results of this research’are uncertain. The lack of reliable and
uniform data and the inadequacy of available evaluation studies preclude a
definitive statement regarding the relationshipbetween street lighting and
crime. There is no statistically significant quantitative avidence that
street lighting impacts the level of crime, especially if crime displacement
is taken into account. There is a strong iridicationthat increased lighting
decreasea the fear of crime. (The NBS and NILECJ studies are included in
Appendix D). In spita of the lack of a definitive measure for the deterrent
vaIue of aecurity 1ighting, thera is a genuine reluctante within the security
community to dismiss deterrence as ‘adesign objective of security lighting.

● !

k.3.6 Lightinz for CCTV and Surveillance. Lighting requirements for CCTV are
considerably higher than those required for direct visual surveillance. CCTV
cameras must be oriented so that they are not blinded by the rising or setting
sfi and so that the luminaires do not shine directly into their Iensas. The
optimal spectrum for CCTV lighting ia different than that for human observa-
tion. ..... .

4.3.7 Relatad LiEhtinx Issues. There are titeractions between a aecurity
1ighting system and its centiguous, larger environment,which may be relevant ●
to designing a security lighting system. Thesa interactions i.nvolve security
lighting, ita energy demand, its impact on certain legal issues, and the
importance of restrike time as a performance parameter. Each one of thesa
interactionsmay be viewed as placing constraints on tha lighting design and
operation of the 1ighting system. These constraints, in turn, cannot be
ignored when evaluating the impact ‘ofsecurity 1ighting on crime. The energy,
legal, and restrika issuas are considered in more detail below.

4.3.7.1 Energy Issues. Since the enargy shortage of 1973-74, virtually every
system that consumes energy has come under strutiny for the identificationof
possible energy savings, and security lighting systems are no exception. In
fact, this strutiny is probab1y as much related to the conspicuousnesssof
security lighting as to tha amount of energy consumed. The only statistics
that are availabla on lighting pertain to the energy required to ❑aintain
street lighting systems, which constitutes a negligible amount, O.1S percent,
of the totsl energy consumed in the Unitad States. Security lighting
currently implementeduses considerable leas energy than street lighting.
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Recent1y, the direction of the security co~’it y to reduce energy costs in

●
security lighting has resulted in replacing laminaires to increase source
efficacyby changing to high-pressure sodium lamps because they produce more
lumens per watt than either mercury vapor or incandescent lamps, which are the
two most widely used lamps in the United States today. Table 27 presents the
relative efficacies aad restrike times of alternative light sources.

4.3.7.2 Lexal Issues. The law is becoming increasingly involved in two areas
of street lighting in the civil sector. First, local building security ordi-
nances have extended the concept of building codes to include property owners’
obligations to take basic security-orientedsteps, including lighting.
Second, the possible civil liability of individuals or ❑unicipalities for
damages incurred aa a result of criminal activity following reductions in
security lighting may create intentives for better illumiuation. There have
been several cases reported where a city or property owner has been found
liable for negligence from the’lack of adequate security and outdoor lighting.
These types of liability problems may not apply to DOD because of tortuous
inununity under the Federal Tort CIalms Act. However, prudence may dictate
that security lighting should be an element of the security system at or near
facilities experiencing high loss ratss.

4.3.7.3 Restrike Time. The differenctrain restrike time among the various
lamps (see Table 27) influenc,athe eelection of security lighting systems.and
concepts. For example, high-pressure sodium lamps are the primary light
source of most security systems because,of their efficiency (140 lumens/watt).
However, theee lamps are not without defir.iencies.Frnm a cold start, a bigh-

●
pressure sodium lamp warms up to full light output in about 10 minutes. It
will usually restrike in less than 1 ❑inute and warmup in 3 to 4 minutes.
During this warm-up interval, the lamp cannot be expected to be opsrating at
full 1ight output, and this reduced capacity msy be important in many high-
security applications. Because of this restrike interval, incandescent lamps
are sometimes used ss the emergency backup 1ight source because of their short
restrike time. The evaluation of any security lighting system, particularly
one requiring continuous illumination,requires careful analysis of lamp life,
energy consumption, and restrike time. The security enginser, who has deter-
mined that a short restrike time is a critical performance parameter, should
determine whether the short restrike timeline is economically feasible in
relstion to increased lamp replacement and energy costs.

4.4 Exterior Barriers

4.4.1 Overview. The use of exterior barriers to enhancethe physical
security of facilities is the subject of this paragraph. Although
berriers can assume a wide range of forms, such as walls, ditches,
berms, and barricades, the scope of security guid~ce provided in this
paragraph is limited to fences. See Section S for,specific information
regarding vehicle barriers. The principal point that should be
recognized about fences from a security point of view is the negligible
penetration time they provide ageinst a determined threat. The same
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,, ,.,

TABLE 27.

Relative efficacies and restrike times
of light sources.

(From I+ Lighting Handbook, edited by J.S. Kaufman)
,. ,,

●

,..

Lamp Type Efficacy ‘ Restrike Time
(Lumens/Watt) (minutes)

TheoreticalMaximum 683 ---

tdealWhite Light ’220 ~~ ---

incandescent 10 - 16 fractions of a
,’ minute

Rmgsten - Halogen 17 - 25 fractions of a
minute

llercuryVapor 30 - 65 3-7

Fluorescent 33 - 77 fractions of a
minute

Metal Halide 75.- 125 up to 15

High Pressure Sodium 60 - 140 1 (reetrike)
3 - 4 (wama-up
to ful1 output)

Low Pressure Sodium 180 7-L5
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●
point, of course, can be ❑ade about perimeter security walls that are erected
at many facilities. For penetration time information about such walls, see
the penetration time tables in Paragraph 3.1 that relate penetration times to
ettacks through reinforced, CMU, .snd‘stonewalls. Because of the high pene-
tration times through wall barriers, an intruder will probably go over a wall
rather than through:it.!.J?orattacksthat ixivolvepenetrations either over or
under perimeter fences, the data..providedin this paragraph should be used.
The user should;be careful to,Use penetration.time information that relates to
the correct height of a perimeter barrier, whether it is a wall or a fence.
The remainder of this paragraph discusses the fuuction of fences, factors to
consider in the selection of construction ❑atarid?, penetrati,?ntimes for the.. ..... .
conventionai”’”metiti’of construct~g” fences, kd fence hardening options. As
the information,:below demonatratpsi.fences should not be routinely specified
for’physical.,gecuritydelay purposes.. ?

.. . .,,......... . . .. ... . . .
4.4:2 F’uiIcticnis:Fences, as used in physical security, serve ❑ultiple”’
functions. They are used to accomplish one or ❑ore of the following:

o Provide a legal,boundaryby defining the outermost limit of a
facility.

0
srea.

0

●
o

0
intent.

.0

,J,. .
,

. . . . . . . . . .

Assist in controlling and screening authorized entries into a secured

... ., ,,.,,,
Support detection, assessment, and othar security functions.

Deter !!casual”+ntruders from penetrating into a secured area.

Cause-an,intmder to make an overt action that will demonstrate his
.-,.,..

Brieflv..delavaccess to a ‘securedarea or to facilities under,.. ——. .
construction.

.........:.,...,,
4.4:3 Selection Factors. The facilities engineer should select the most
cost-effect+ve extarior.fencas,considering the penetration time requirements,
cost constraints, and fictional requirements.

., .

4.413.1 Penetration Time. In general, fencas (conventionalor hardened)
offer less than 2 minutes of penetration time., However, they can be
constructed “of‘mhtiiiilithat gi%” the’appearance of hardneas, which wil1
deter the casual intruder but not the dedicated threat.

4.4,3.2 ~. Cost ❑ust be considered from the viewpoint of fence configura-
tion and maintenance. As pointed out above, fences do not offer much delay
time but can be constructed to appear impregnable.This will impact cost con-
siderations since the appearance of impregnabilitywill necessitate new design
configurations. Such configuration will probably necessitate the increased
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use of fencing material (i.e. barbed tape, fabrics, etc.) and, thus, increased
cost. The use of added fence materials may also increase the cost of mainten-
ance due to increased material replacement from the effects of inclement
weather, unusual environmental conditions, animals, and “prsnksters.” A
double fence, constructed of chain link with one of the fences topped with
barbed tape, costs in excess of $55 per foot (300 ❑m) of perimeter length.

l+.4.3,3 Other Considerations. Fences should be designed to complement the
other physical security elementg. The fences should not produce glare. This
is usually accomplished by painting the febric black, using a fabric with a
black polyvinyl chloride (PVC) coating, nr an electrogalvsnizedpainted
fabric.

.4.4..4 Evaluation of Fence Penetration Times, Exterior fence configurations
that are being considered for use and have been tested to date offer very
limited delay time. At present, the only fences that have received research,
development, test sud evaluation attention are those made of standard metal
fence fabric with various enhancements (see Table 28). The recommendation for
a “standard security fence” is consistent with the penetration time
information that is known for common chain link fences. Such fences provide
penetration times of less than 2 minutes and therefore should not be deployed
with the expectation that they contribute significantly to delay of dedicated
intruders. The discussion belnw, relating to fence hardening options,
demonstratees that enhancementsdo not alter this conelusion. Consequently,
the security engineer who decides to expend greater resources on fencing
configurationsof the type described below should only do so either because a
military regulation requires him to do so, nr because there is a specific
determinationthat such a fencing configurationprovides a greater increment
of deterrence than the standard security fence. Many different fence
configurationshave been tested to obtain baseline penetration times. Trained
and dedicated intruder tearnshave demonstrateed a consistent ability to quietly
penetrate 8-foot (2,400-mm) chain link fences topped with barbed tape within 3
tn 8 seconds.

4.4.5 Hardening Outions. Since fences alone offer very little deterrent
value agaiust dedicated intmders snd even less penetration time, a great deal
of attention has been given to the development and testing of enhanced fence
configurations. Chain link fence enhancements are typically limited to
different configurationsand combinations of barbed wire outriggers, barbed
tepe concerting, and General Purpose Barbed Tape Obstacle (GPBTO) developed by
the Navy. Figures 26 through 28 identify many of the enhanced fence
configurationsthat have been tested. As in the case of conventional fences,
the hardening options and enhsncementa that are available do not significant1y
affeet penetration times (less than 2 ❑inutes) The height of a fence has
proven to add 1ittle more than seconds to the penetration time. To increase
the difficulty of penetrations under a fence, it is recommended that some form
of fabric tiedowns-
holding the fabric

be installed. Tiedowns
finaly to anchor posts,
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concrete sill. (Imbedding the fence fabric in a concrete sill will

●
effectively preclude sny future retensioning of the fabric.) The use of
tengion wires along the lower portion’of the fabric will also hamper, although
certainly not stop, a penetration attempt.
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TABLE 28. . . .

Common chain link fence materials.“ ,,.
,.,

Component Options

;auge #9 (3.8 nml),’#11 (3.0 m),

4esh 2 in (50 mm), 1.6 in. (40 UIIII)$z.4 in.
(60 ran)

:oating vinyl, galvanized

rension Wires wire, rail, cable (attached at top
or bottom)

Support Posts metal posts (see Federal Specifications
RR-F-191H/GE2i and RR-F-191/3B)

Height 6 ft (1,800 nun),7 fk (2,100 ~),
8 ft (2,400 man)

Fabric Tie Downs buried, encased in concrete, staked

Pole Reinforcement buried, encased in concrete

Gate Opening swing, slide, lift, turnstile

.

,.. .

●

●

!,”

132

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

●“

t.

../

●

FENCE OF STANOA~ CHAIN
;LINK MESH, Mm ONE-”OR
MORE OUTRIGGERS, USUAL
HOLDING. THREE STRANDS
BARBED WIRE EACH

A. GENERAL DESCRIPTION..
-—-

,1
// ,/.

. ~..~

\ .,(’-. ‘,%---

“9’ ‘+
B. EXAMPLES

. . ..+
,.,,

.. ;
FIGuRE.”2$”..Fabric with barbed wire outriggers fence configuration.,.. ,

● ,
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FENCE OF STANDARD
CHAINLINK MESH,
-WITH ONE OR MORE
COILS OF BARBED
TAPE ATTACHED
TO THE FENCE
AND/OR ADJACENT
,TO THE FENCE

A. GENERAL DESCRIPTION

s?
B. EXAMPLES

FIGURE 27. Fabric with barbed tape coils’fence configurations.
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,..,. SECTION 5: SASDENING EXISTING ARMS, AMMUNITIONS, AND
EXPLOSIVE FACILITIES

●
5.1 Use of Desixn Guidance Information. The retrofit design guidelines
presented in this paragraph are intended to establish minimum standards and
should not prevent the use of a higher level of physical security, where
applicable. Penetration times that are available are summarized @ Table 29
for the hardening options discussed in this paragraph.

,-

5.2 Ventilation ODenin.zs.

5.2.1 Overview. Door, wal1, or roof ventilators in an earth-covered•ag=,~e
often caq provide the best means of penetrating the struct~re. AnY ti~ venti-
lator that is equal to or excaads 96 square inches (O.06 ❑ ) must, therefora,
be sacured.

5.2.1.1 Door Ventilators. Most magazine door vantilators are .shrOuded,. -.
shrouded and louvered, or simply louvered. These openings can be quickly and
easily penetrated because of inherentweaknesses in the external mo~.tfi~, :.
quality of the mounting, or because, in some cases, the steel of the ventila-
tor is considerably lighter than the door. All axternal shrouds should be
❑ounted with a centinuous bead weld along all edges. Many door ventiIators,,
C* be readily reinforced on the insida with riveted steal grating, ,.,
MIL-G- 18014 Type A, Clasa B, as shown in Figure 29. Where dasign of the.door
permits, this cover should be welded flush with the inside Of the @Or. If
door stiffeners and ventilator frames do not parmit flush mountfig, this cover
should be offset mountad, using a l/f+-i.nch(6-sun)flat bar or angle steel at
the minimum possible offsat. An alternative to the welding of this grate to
the door is to mount it with l/2-inch (13-MM) steel bolts and a l/4-inch

●
(6-mm) flat bar in the ❑anner shown in Figure 30, with the ends of the grating
extanding 6 inches (150 mm) beyond the opening and the bolts and nuts walded
to prevent removal.

5.2.1.2 Wall Ventilators. All wall ventilators should be externally.~hrOuded
using, as a ❑inimum, a 3/8-inch (9-mm) steel plate (sac Figure 31). Tha
shroud should extend wel1 beluw the bottom edge of tha ventilator, and the
minimum passible distance should be between the wal1 face and the shroud
plata. It should be noted, however, that a solid steel plata p%ad fi f.rOnt
of ,theventilator will restrict the air flow becausa of the blockage in front
of tha open area. Compensation for this air flow reduction should be made.
The security sngineer should determine whethar the distance batween the wall
face and the shroud plate and the shroud attachment mechanism permits required
air fluw. Internally, a cost-effectivemathod of increasing resistance is to
use riveted stael grating, MIL-G-18014B,Type A, Class B, cut with a minimum
6-inch (130-mm) ovarlap on all sidas of the ventilator opening. Two
installationtechniques ara shown in Figura 31. One raquiras welding tha , :
steel grating to an existing steel frame surrounding the vent.. The othar
technique requires no welding. Steel flat bars, 1/4 by 2 inches (6 by 50 mm),
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drilled to accept l/2-inch (13-mm) 6xpansion fasteners, should be used to hold

●
the grating to the wal1. Any concrete anchor meeting the requirements of ASTN
or ❑iIitary specifications❑ay be used. To ensure ❑aximum pullout strength,
the holes ❑ust be drilled carefully to emure tight fit of the fastener. The
faatener must not be installed closer than 4 inches (100 mm) to the edge of
the con-ciete. The bolt should be welded to the frame,

5:-2.1:“3 Roof Ventilators.’Roof ventilatora in older ❑agazines ❑ay open
directly into the ❑agazine ceiling or may open high on the rear ❑agazine wal
These ventilators should be protected through the internally mounted vent
covers. The light sheet metal and ceramic tile construction of the “older
magazine vents precludes reinforcing the roof ventilators,atany point other

‘,.than’the inside opening. In concrete arch ❑agazines, use of riveted steel
‘“gfatlngmounted as shown in”Figure 32, similar to the technique used for wall
ventilators,’cai’Ibe used for enhanced penetration resistance;

5.3 Dc.urSurface Protection. ‘I%euser is referred to Paragraphs 3.1 and 3.2
for retrofittfig hardening options applicable to AA&E magazine doors.

5..4 Door Hinge Side Protection. The etandard door designs used in’existiig
magazine‘structuresfor AA&E “storagein almost al1 cases are vulnerable to
phys’ica~attack on the hinge side of the”door by cutting hinge mountfig’bo~ts,
by ‘cutting’and “drivingout the hinge pintle pin, or by cuttfug the hirige“
assembIy. A positive door-to-jamb interlock is, therefore, required. ‘Figures

“’33 through 36 show the cross sections of hinged doors and door frames, with
varioua options of passive hardware for Positive titerlocking at ‘thehinge

●
‘-‘edie‘tourevent entry by uhvsical attack at the”hinze edxe.-l%is a~~roa~h :
pr&ents- the hinged “~dg~~r~m being pushed in oi Puiled ~ut when th~ door is
closed and “locked.The design options showrihave the adv~tage of”not produc-
ing d “safetyhazardby extending th6 interlockinghardware”into the clear door
opening. ‘.
,,. , . .

5.5 High-Security Locks and Hasps. The high security locking device (shown
in Figure 14 and’described in Subparagraph 3.2.2) and the high-security hasp
slitxrn’“inFigure 37 are both authorized as acceptable systems for securing AAAS
storage facilities. The high-securityNaval Ammunition’Production Engirieering
Center:(NAPEC) 0957 or 0958 hasp shoti in Figure 37 consists of a hardened
stsinless stee1 shrouded hasu for installationon inactive doors and door ‘
‘frames. The high-securityp~dlock (see Figure 13 iiiSubparagraph 3.2.2) and
the NAPEC 0957’or 0958 haap (Figure 37) can be used to form a high-security
locking system.” In addition,’the ❑edium-security’lock (Table 25) aid the
NAPEC 0957 ‘or0958 hasp can form a high-security system if a pair of snti-

:’rotation blocks are added to the hasp. The ‘NAPEC0957 and 0958 hasps are
Government furnished, centractor installed. Figures 38 through 41 illustrate
the types of dr.6rconfiguratidns commorilyfound in existing AA&S structuris
and the high-security hasp that is applicable for each particulardoor style.
The following information should be used to determine the correct hasp for the
different types of doors: -
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TABLE 29.

Penetration times for AME upgrade hardening.

Construction Type Penetration Time
(minutes)

Wall Construction

Reinforced Concrete 5 to >60

Masonry 5 to 30

Stud/Girt 52 to 20

RooflFloor Construction

Reinforced Concrets 5 to >60

Wood 5 to 20

Metal 5 to 20

Doors 52 to >60

Windows 52 to 8

Utility Openings 2 to 40

Hasps and Locks <7
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●

FIGURE 29. Riveted steel grating.
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ENDS OF GRATING EXTENDING
6“ (150 mm) BEYONO OPENING

6“ (150 m) MAXIMUM
BETWEEN BOLTS

\ I 1/4 X 2“ (6 X 50 nun)
GRATING RETAINERS
(AS REQUIRE!)

/“//

SECURITY” GRATING

BOLTS AND NUTS WELDED TO PREVENT REilOVAL

FIGURE 30. Security intrusion protection plan for hardening a
typical door ventilator.
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FIGURE 31. Installation details of hardening a typical
riveted steel grating and shrouded louver.
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1/4 X 1-1/8” (6 X 28 m) GR4TING

?/w

MOUNTING STRAP (AS REQUIRED)

KWIK-BOLT H.0. CONCRETE ANCHOR
ASSEM8LY, 1/2 X 5-1/2” (13 X 138 nnn)

\&j (AS REQUIRED)

—
-i- OpENING

Lu EPOXY HOLE 8EFORE INSERTING BOLT

FIGURE 32. Security intrusion protection plan for hardening a
typical wall or ceiling.
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PINS TO BE 6“ (150 mm) FROM TOP AND
BOTTOM OF DOORS AND 18” (450 mm])O.C.

DOORSTOP
7

IJUSTABLE NEOPRENE \

b/=f=f&<

ATHER SEAL 1-1/2” (38 nun)
OIAMETER STEEL PINS
FILLET WELOEO TO 000R
AS SHOWN, (GRIND OFF

EXISTING DOOR PLATE N+,

—

A
.

.

J ,,d~,,), ‘;’.,:.3;::& :.:,:;,..
:S.”.”,a.:~.... /.-#. d... .,“. \)

~y ~:.:”:,”; ..’

/K
TO CLEAR”SOCKETS ORILLEO
IN JAMB), AS SECURITY
GUARO

7 F
1/4” (6 mm)
TYPICAL CLEARANCE

H*N-=31T
1-1/2”
(38 mm)

FIGURS 33. Security plan for doors using a pin-in-socket
technique.

143

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

I/7” (13 mm) STAINLESS HEX HEAD BOLT

T FROM TOP Ai40BOTTOM OF 000RS ANO
8“ (200 mm) O.C.

m

ALTERNATE ATTACHMENT
OF ANGLE BY BOLTING ALTERNATE

CONFIGURJITION

w/~AsiE%””AhD LOCK NUT (PEEN THREA05
~ AFTER ASSY) . BOLTS TO BE 6“ (150 nnn)

‘j~=;EEsEMBLY

CONTINUOUS PIECE OF ANGLE W/l “
(25 MM) FILLET WELDS ON OPPOSITE
SIDES 3“ (75 nnn)AS SECURITY
GUARO

. . . .

FIGURE 34. Typical hardening plan for doors using a forward
doorstop with angle.
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. .

1/2 X 5-1/2”. (13 X 138 nsn)
KWIK-BOLT H.O. CONCRETE ANCHOR
ASSY. BOLTS TO BE 6“ (150 MM)
FROM TOP ANO BOTTOM OF DOORS
AND 8“ (200 MM) O.C. FILL

w ~g

4/
HOLES WITH EPOXY BEFORE IN-

!“

SERTING ANCHORS... ...

ALTERNATE ATTACHMENT ,<
~ OF ANGLE BY BOLTING

~ ..-+”:e.boe “ - \,- ...
— TYPICAL

EXISTIN
PLATE

1/711 (17 ~)

CLEARANCE

7WEA’SEM
FULL LENGTH ANGLE W/l “ (25 nun)
FILLET WELDS ON OPPOSITE SIDES

.>

3’! (75 mm) ON CENTERS AS
SECURITY GUARO.

FIGURE 35. Security plan for hardening typical thick doors by
using an angle stop.
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IN

1/2 X 1-1/2” (13 X 38 mm)
/STAINLESS HEX HEAD SELF-

Y
LOCKINGBOLT WITH LOCK
WASHER. BOLTS TO BE 6“
(150 nun) FORM TOP ANO
BOTTOM OF OOORS ANO 10“

4 ht

(250 m) O.C.

NJ!zz2)/
ALTERNATE ATTACHMENT
OF ANGLE BY BOLTING

L EXISTING DOOR JAMB

ON OPPOSITE SIDES 3“
(75 mm) APART ON CENTERS ‘\

EXISTING DOOR
PLATE

~ ,-.0,:-,;..?.”.”;“

‘%=-~

.,,.

EXISTING OOORSTOP o HINGE ASSEMBLY

FIGURE 36. Security plan alternative for hardening typical
thick doors by using an angle stop.
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HIGX-SECURITY HASP NAPEC 0957 STYLE 1 RIGHT-HAND FOR TYPE 1,
111, IV, IX, XI, AND XIII DOOR CLOSURE ARRANGRMSNTS
MIL-H-29181 (YD). sHOULD BE INSTALLED WITH A CONTINUOUS WELD.
NOTE: AU EARLIER VERSION, ~E MAPEC 0955 Is Acceptable lF
INSTALLED PROPERLY.

-a

),
L* \\

---

~ -’=: Q;~>i

@ ‘ ‘~.,
—..—. _-. — ./-

-,

I
.-—’ .-

----- .“.-— .

HIGH-SECURITY HASP IWPEC 095B STYLE 2 LEFT-HAND FOR TYPE II,
IV, V, 1X,X AND XII DOOR CLOSURE ARRANGEMENTS
llIL-H-29181(YO). sHoULD BE INSTALLED WITH A CONTINUOUS WSLD.
MOTE: AM SARLIER VERSION, THE t?APEC0956 IS ACCEPTABLE IF
INSTALLED PROPERLY.

● FIGURE 37. Acceptable hasps for securing AA&E storage
etructure.
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TYPE I TYPE I

RIGHT-WAND DOOR OPENING RIGHT-HAND DOOR OPENING
FIRST WITHOUT ASTRAGAL FIRST WITH ASTRAGAL “

~ “~~~
., ASTRAGAL:

-a q -i -A” -’

7,

@ a
@

:.

0

.,

@~.

-.
~ -]

i’
HASP TYPE : NAPEC #0957

INSTALLATION INST: NAPEC #l297.

WELOING ROD TYPE: 310-15 OR 16.

. . . . .. .

FIGURE 38. High-security hasp installation for double doors.
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TYPE II TYPE II

LEFT-HAND DOOR OPENING
FIRST WITHASTRAGAL

LEFT-HANO DOOR OPENING
FIRST WITHOUT ASTRAGAL

HAiP TYPE: NAPEC #0958 w

INSTALLATION INST: NAPEC #1298 I

WELOING ROD TYPE: 310-15 OR 16

q

. . . . . ., .,., ,

FIGURE 39. Hardening typical, high-security hasp installation
by door type.

149

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-1o13/l

150

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-1013/1

F=!”\\”’
\\\
\\\
\\\
\\ \.. .,

\

. . ,,, , ,., .,,,. ,,. \... . .. . . :~ ;..
<< ~

n l-=
Ulln< == d
x-==

151.....

. . . . .

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

5.5.1 Double Door Systems. Figures 38 and 39 depict double door systems.
One door is secured internallywith drop bolts into the floor or header whiIe
the active door is secured to the inactive door by the hasp and lock. o

5.5.2 Sliding Door Svstems. Figure 40 depicts a single sliding door system.
The NAPEC 0957 ‘or0958 hasp may have one-half welded to the end of the door.
A larger hasp is available for doors with a thickness greater tbsn 6 inches
(150 mm) and is designated NAPEC 1332. Figure 41 depicts double sliding doors.
Again, either the 0957,or 0958 hasp may be used to secure these doors. In all
cases, however, sliding doors ❑ust be equipped with a system to prevent the
doors from being 1ifted off the tracks or pushed or pulled from the structure.
Figure 42 illustrates the in-wall or in-j,mb box used with a singl~ inside
sliding door. Installation instructions for the NAPEC 0957 and 095S are
illustrated in Figures 43 and 44.

5:5.3 Roll-UP Doors. :Figure 45 illustrates roll-up doors that may be found
on some AA&E storage area structures. These roll-up doors are not’capable of
being hardened in themselves. A sacondary gate system constructed of “jail
bar” construction or rivetedsteel grating must be used as the backup protec-
tion and should be secured with a high-securityhasp and lock system. This,
of course, ❑ay eliminate the space:,saving advantage of a roll-up door and
eliminate it from further consideration.-

5.6 Electronic Locks. Under certain circumstances electronic locks may be
used to control the admission of personnal into protected areas. As such,
they can be used as a replacement for manned guard posts. Electronic locks,
however, cannot fulfill all the functions of a human sentry because thay
❑onitor only a limited portion of the spectrum (e.g. visual, audible, etc.)
‘thatcanbe observed by humans. The degree of security afforded by electronic o
locks varies with the type of device used. Some electronic locks can only
identify a code, which is either,encoded on a ,cardor badge carried by the
person or is memorized by the individual. The electronic lock that relies on
au encoded card or badge offers the least security becausa cards and badges
can be lost or stolen. The more sophisticatedtfies of electronic Iocks
actually identify the person seeking entry on the basis of sOme physical
characteristic,such as fingerprintsor dimensions‘of fingers. Some elect-
ronic locks use a combinationof code and identificationof a personal
characteristic,for example, a numerical code and fingerprint identification.
Some electronic lock systems may perform such additional functions as initi-
ating alarm or providing automatic personnel entry/exit inventory.

5.6.1 Characteristics. The ❑ain requirement of an electronic lock for entry
control is the ability to confirm identity of an individual (i.e. authenticate
his authorizationto enter) The ❑aximum acceptable response time may be as
short as 1 second or as long as saveral minutes, depending on the specific
appl*cation. No search against a
of an alleged identity is sought.

file is required since only authentication

,.
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●
5.6.2 -. The ❑ore common commercially available electronic locks and
their applications are as follows:

—
5.6.2.1 Digital Cvwher Locks. The principal components of a cypher lock are:
switch panel (i.e. digital keyboard), electronic control box,
electromechanicallock, various optional monitoring devices (e.g. alarm
initiating device), and bypass switches (for controlling entry from within the
closed area). .The switch pane1 has 10 digits of which 4 (or 5, depending on
the system) in a given preset sequence specify the code. If the same digit
caririotbe repeated within a code, a four-digit code provides for a maximum of
5,040 combinations and a five-digit code for 30,240 combinations. If digits
can be repeated, then the correspondingnumber of POSSible combinations

approaches 10,000 and 100,000, respectively. In addition, umst cypher locks
incorporate an “error penalty” delay that “canbe adjusted from O to .45
seconds. This delay following an error pravents an unauthorized person from
“running out” or exhausting various combinations. With the maximum 45-second
error delay, to try all possible combinationswould require nearly 7 hours for
a four-digit code (without repetition of digits in the code) and about
55 hours for a five-digit coda. The correct code actuates the electric strike
latch and allowa the door to open. The open door time may be adjusted from 4
to 30 seconds. The system oparates on alternating current line voltage and
includes an emergency battery power circuit. The switch panel and control box
must be shielded.to prevent inductive reading. The principal disadvantages of
cypher locks are that they identify the code and not the person and that codes
can be revealed or obtained by unauthorized persons through illegal means.

●
5.6.2.2 Card-Locks. The components of a card-lock include a card (or badge)
reader, an electrical control system, a plugging-out panel, and a door-lock
trip switch. Plastic badgas or cards, carried by authorized parsonnel, are
individuallycoded and may also contain photographic or embossed information.
The,two principal types of card-locks available today are magnetic and pneu-
matic; magnetic locks are by far more common. A magnetic key card contains in
its memory the specific code and the individual’s identity number; thus, it is
feasible to exclude individualswho”have lost their right access. A punched
card is used in a pneumatic card-lock. The card is inserted into the reader,
air is applied to the csrd, and if the punched hole pattern matches the stored
pattern, the internal circuit unlocks the door. The principal disadvantage of
card-lock systems is that cards can be lost or stolen. The advantages, as
OPPOSed to cypher locks, are that individuals can be reclassified and
provision can be made to automatically record the entry/exit traffic by number
identification.

5.6.2.3 Hand Geometrv Comparator Lncks. A hand geometry comparator system
identifies the individua1 eeeking entry by comparing the specific dimensions
of usually the right hand against the encoded data in the file (computer
memory) or on a magnetic card carried by the individual,which must be
inserted simultaneously into the comparator. Data correlation is performed by
either optical or digital means. The measurement parameters usually include
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the lengths of the four fingers (excluding the thumb); additional parameters,
such as palm width, can be included if necessary. The reliability of
identificationincreases with the number of measurement parameters and with ●
decreasing measurement tolerances. For example, the following degrees of
identificationreliability are obtained with ❑easurements of the lengths of
the four fingers: with a measurement tolerance of plus or minus 0.06 inch,
identificationaccuracy is 99.95 percent; with a tolerance of plus or minus
0.03 inch, the accuracy is 99.5 percent. In general, a trade-off exists
between the processing time per enf.ry(which depends on the number of
measurement parsmeters and measurement tolerances) and the error rate. For
current systems with capacities up to 10,000‘individuals,the total
identificationcycle time is normally about 4 seconds. The principal
advantage of the hand geometry comparator lock is that it actually identifies
a person and not a code. However, the system could conceivably be spoofed by
accurate cut-outs of an authorized person’s hand. Therefore, the hand
comparator systema are aometimes combined with cypher aystems to increase
their reliability,

5,6.2.4 Fingerprint Comparison Locks. A fingerprint comparator system uses
either digital or optical-correlationtechniques to identify a person seeking
entry. It compares a fresh fingerprintdeposited on the reader with
previousIy encoded data. Such fingerprint data may be stored in a central
computer in digitized or holographic form inside the optical correlator or on
a film chip contained on the individual’skey card. In most automatic
fingerprint identificationaystema, optical scan techniques are used to detect
the minutiae, although other schemes are alao possible. (Minutiae are the
tiny ridge endings or branch points, which are the only legallY accepted
features of a fingerprint‘whichdistinguish“oneperson from another.) Other
fingerprint identificationschemes include those that measure the core-delta ●
distance, crease length, core-crease distsnca, core-delta ridge count, and the
angle between the core-delta line and the core-crease line. As in the hand
geometry comparator, a trade-off exists between the number of features to be
compared (and the correspondingprocess time) and the reliability of
identification(error rate). Typical response time of current systems is on
the order of 2 seconds per identificationwith an incidence of claas 1 errors
(admit ~ unauthorized person) of leaa than 0.1 percent. The advantage of the
fingerprint comparison system is that it virtually eliminates the problem of
forged identity cards. It also identifies a person rather than a code and
provides a lock-out capability against persons who have lost access to the
area.

5.6.2.5 Hybrid Svstam Locks. Virtually all combinations of the preceding
four types of lock systems are possible. Their general advantage is that by
redundant means of identification
and make it more difficult for an

they increase the reliability of the system
unauthorizedperson to penetrate the system.
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SECTION 6: BALLISTIC A’ITACK

6.1 Summa~.

HARDENING

6.1.1 Overview. This subparagraph summarizes the available information on
the uerformancs.of the ballistic resistsnce of commercial equiDment,
structural barriers, and glazing materiels ageinst small em-s “ad ❑ilitary
threats. Six bellistic threat categories are considered in this handbook:

6.1.1.1 Category 1. Threat category 1 is the American National Standards
Institute/ Underwriters Laboratories (ANSI/UL) Medium Power Small Arms (MPSA)
threat described in ANSIJUL 752-1980. This threat would normally be employed
ageinst faci1ities when the ❑ain objective of the attacker is to persuade
someone to turn over items of high value such as cash or drugs. This threat
mey also be employed in a hostege situation.

6.1.1.2 Category 2. Threat category 2 is the ANSI/UL Super Power Small Arms
(SPSA) threat described in ANSI/UL 752-1980. This threat would normally be
employed when the attacker knows that ballistic-resistantglazing is
installed, i.e., teller cages, etc.

6.1.1.3 Category 3. Threat category 3 is the ANSI/UL High-Power Rifla (HPR)
threat describad in ANSI/UL.752:1980. This threat would normelly be employed
when the objective is assassination.

●
6.1.1.4 Categorv 4. Threet category ~ is the militisryHPR threat, defined es
small arms fire in DOD 5210.41.

6.1.1.5’ Category 5. Threat category,5 is the Type III HPR threat defined in
Netional Institute of Justice (NIJ) Standard 0108.01. This threat could be
expacted to be employed agsinst facilitieswhere several rounds could cause
considerable demsge.

6.1.1.6 Catezory 6. Threat category 6 is the Small Arms Multipla Impact .’
Threat (SAMIT) dascribed in Naval Civil Engineering Laboratory (NCEL) Report
CR 80.025. This threet would most likely be used during an all out assault to
overpower or neutralize s guard or reaction force.

6.1.2 Ballistic Resistance. The term “bellistic resistance” denotes prcitec-
tion ageinst complete penetration, pessage of projectiles, or spalletion of
the protective ❑aterial to the degree thst injury would be csused to a person
standing directly bahind the bullet-resistingbarrier. This definition is ,i.et
forth in the ANSI/UL Standard for Bullat-ResietingEquipment, ANSIfUL 752-
1980. The ANSI/UL definition‘ofbullet-resistingglazing ❑aterial specifies
that there should be no penetration of the nroIectile. framnents of tha. .—
projectile, or fragments-of the glazing ass~rnblywith iuff~cient forca to.
embed into or damage l/8-inch (3-mm) thick corrugated cardboard indicators
pieced a distance of 18 inches (450 miulbehind the ‘orotectedside of the test
sample. Table 30
and the number of

,.
summarizes the weapon, ammunition, and energy parameters,
rounds fired in each of the six ballistic threats.
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●
6.1:3 Desixn Threat Categories. The determination of the category of
security required ag-ainstbal1istic threats is a local command decision. The
level of ballistic-resistanthardening required in a facility design depends
upon tbe type of facility aiidthe category of the threat. Table 31 lists the
most common types of shore facilities that could be susceptible to ballistic
threats and identifiesthe category of bal1istic-resistant hardening that
would provide each with adequate protection. These are typical examples only
and do not supersede any existing regulations or requirements.

6.2 Ballistic Tests.

6.2“.1 Catezorv 1 and 2 ANSI/UL Threats. The tests for categories 1 and
2 threats are conducted at a range of 15 feet (4.6 meters (m)) or less, using
weapons sud ammunition specified in,Table30 for category 1 and 2. Bullet-
resisting materials with a small arms rating for category 1 and 2 should
resist three shots spaced 4 fl/2 inches (100 *13 mm) apart in a trisugular
pattern in the approximate center of the test sample. There should be no
penetration of the projectile through the test sample, and there should be no
spallation of material on the protected side of the test sample to the extent
that fragments embed into or’damage the cardboard indicatorsplaced 18 inches
(450 mm) behind the sample. A glazing ❑aterial listed for outdoor use is
tested for ballistic resistance pursuant to two temperature excursions. One
sample is’~ested imme~iately after exposure for at least 3 hours on one side
at -26 *5 F (-32 *3 C). The second sample is tested immediately after
exposure of the entire sample to a temperature of 120 ~5 ‘F (49 *3 ‘C).

●
6.2.2 Categorv 3 ANSI/UL ~reat. The category 3 ANSI/UL HPR test is
conducted at a range of 15 feet (406 ❑) or less, using tbe weapon and
ammunition“specifiedin Table 30 for category 3. Bullet-resistingmaterials
assigned a high-power rifle rating (category 3) should resist one shot in the

approximate center Of the test sample without penetration or spallation. The
same temperature excursions specified for indoor and outdoor use in category 1
and 2 tests also apply to cstegory 3 tests, except where limitations are noted
on the ANSI/UL listing and.product marking.

6.2.3 Categorv 4 Militarv High-Power RifIe Threat. The category 4 military
HPR test relates to bullet-resistingmaterials and construction that can with-
stand one impact by a 7.62 mm NATo (M-80) ball projectile fired from an M-14
rifle located at a distance of 25 yards (23 ❑) from the test sample without
penetration.

6.2.4 Category 5 NIJ High-Power RifIe Threat. The category 5 NIJ HPR test
relates to bullet-resistingmaterials and construction that can withstand five
rounds of 7.62 mm NATO (M-80) ball ammunition fired from a distance of 16 feet
“(5 m) from the test sample without penetration.

)

● ,.. .
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TABLE 31.

Design threat levels.

Facility

Arms, Anmwnition, and Explosives
Storage Facilities(Category I-IV)

Alarm Control Centers

Armories

Cash Tranafer Facilities

CommunicationFacilities

Finance Offices

Fleet Command Centers
(ExecutiveProtection)

Guard Booths

Hazardous Material Storage
Facilities

Marine Barracks Housing for
Backup Alert Force

Pharmacies

Police Stations

Reaction Force Facilities

Reaction Forca Quarters

I

xxx

xxx

xxx

Ballistic Threat Level

II

xxx

xxx

xxx

111

xxx

xxx

v

xxx

xxx

xxx

xxx

xxx

—

b

VI

xxx

xxx

xxx

Note: These are typical examples only and do not supersede any existing
regulations or requirements.
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6.2.5 Catexory 6 SAMIT.
7.62 mm NATO (M-80) ball
distance of 25 yards (23

MIL-HDBK-lo13/l

The catagory 6 SAMIT test is defined
ammunition fired from en M-6o mschine
❑) from the test ssmule. imuscting at

as 25 rounds of
gun ata
zero obliquity—

within an 8-inch (200 mm) circle with no complete pe~etrat~on of the tes~
msterial.

6.3 Bsllistic Hsrdening Options.

6.3.1 Defeating ANSI/UL Threats. Categories 1 Through 3. The design engineer
who determines thet a facility should be capable of defesting category 1 and 2
small arms threats or category 3 HPR thrests should advise the facilities
engineer to uee only products, stmctural barriers, and glazing ❑aterials that
are listed by ANSI/UL as capable of defeating threat categories 1 through 3 ss
defined in Tables 30 and 31. The facilities engineer evaluating the ballistic
resistance of glazing ❑aterials for outdoor use should consult the ❑ost recent
ANSI/UL listing to determine whether any limitation applies with respect to
temperature excursions. A glazing ❑aterial listed for outdoor use is by
definition listed for indubr use ae well; however, a matarial listed only for
indoor use has not been rated for outdoor use. The facilities engineer should
make sure that the ANSI/UL listing applies to outdoor use. Materials proposed
for security applications that are not rated to meet ANSI/UL ,
ballistic-resistantrequirements should be independentlytested by a qualified
laboratorypursuant to the ballistic test specification set forth in ANSI/UL
752-1980.

6.3.2 Defeating Military Threats. Categories 4 Through 6. The design

●
engineer who determines that s facility should be capable of defeating
military small arms ballistic threats, categories 4 through 6, should advise
the facilities engineer that the published data for ballistic resistance
relate principally to common construction materials for opaque barriars.
These data are summarized in Table 32. Table 33 summarizes additional data on
ballistic resistance to 7.62 mm ball ammunition fired from the M-14 rifle and
the AK-47 Soviet assault rifle, and on 7.62 mm armor piercing (AP) ammunition
fired from the M-lAI rifle. Tables 32 and 33 are for wespons that do not fire
NATO rounds. The tables pxesent ballistic data for “calibers!’not “mm”
rounds. In relying upon the data presented in Tables 32 and 33 the security
engineer should be aware of the rapid changes that take place in arms and
ammunition technology and hardening technology. For exampla, new
high-velocitymilitary small arms ammunitions are under development, including
“hot” 7.62 mm rounds as well as 5.56 mm rounds fired from the M-16 rifle. The
security engineer who is trying to defend against a military small arms threat
other than the 7.62 mm NATO (M-8o) ball ammunition tested against the
❑aterials referenced in this section should contact qualified research,
development,,test,and evaluation (RDT&E) persomel at an appropriate
laboratory that conducts ballistic testing. For informationrelative to
state-of-the-artdevelopments in arms and ammunition andlor
ballistic-resistant
armor which are not
contact:

materials, including glazing materials and lightweight
discussed in this section, the security engineer should
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To take adveutage
testing of unique
contact:

Department of the Army
Materials and Mechanics Research Center
Watertown, MA 02171 ●

of the most current information relative to ballistic
products and special materials, the security angineer should

Naval Civi1 Engineering Laboratory,
Securfty Engineering Division (Code L56)
Port Hueneme,.CA 93043-5003

6.3.3 Security Levels. There are three levels:of security to which a
atructure may be designed. Each level thwarts a specific design threat,
providing the protection required against the tools and force that will be
exerted at that threat Ieve1. Performance ia measured in tarms of penetration
delsy time. Tabla 34 lists the three security levels, associated design
threat, buildings that are typically,protected, and the penetration delay

.,.
time

requlrea.
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.

Security

,.. .

TABLE 34.

levels for selected buildings.

Security Design Threat ‘Type of Buildi~g Penetration
Level Delay Time

Pry Bars, Bolt ‘ Commissary, Storage
Low Cutters, Body Admiriistration, lain. ” ‘

Force Shops
Unlimited harid, Exchanges, Warehouses

Medium TOOIS, Limited Operations buildings 4 min.
power tools

Unlimited tools, Security centers,
Torches, Truck Nuclear, Command, 15 min.

High bombs, Rocket Aircraft hangers,
(Terrorist) propelled grenades, AA&E, POL

and Light Anti-Tank
weapons

●

‘,
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7.3 Class A, B. and C Vaults.

7.3.1 Introduction. The Navy hss a document outlining the protection of
classified material. Fences, alarms, lights, security containers, vaults,
etc., when app1ied in accordance with procedures explained in OPNAVINST
5510.lG, provide a secure environment for classified material and equipment.
Selection of the appropriate vault depends on the classificationof the
material or equipmsnt to be stored and the value of fscility construction
supporting physical security equipment or supporting guard forces. Close
coordinationwith the security manager is essential.

7.3.2 General This section is divided into three distinct subsections
applica~Glass A, B, and C security vaults. Each subsection delineates
completely the requirements for that particular class of vault. While this
causes some duplication, it benefits the reader in that all data for each
vault are presented in the subsection pertaining to that vault, negating the
nacessity to move from one subsaction to another.

7.3.3 Class A7ault. A Class A vault offars maximum protection for”classi-
fied matarial and equipment. General dimensions are outlined in Table 35 and

“explained in greatar detail below.

7.3.3.1 Floors and Walls. Floors and walls shall be constructed of rein-
forced concrete in accordance with the requirements imposed by the design dead
and 1ive loads. As a ❑inimum, floors and walls shall be 8 inchas thick and
reinforced. The wall ❑ust extend to the underside of the roof or ceiling slab

,0

above. When tha vault wall is also a part of the exterior wall, that portion
of the vault wall that coincides with the exterior wall shall be at least 12
inches thick with the interior portion of the wall being of at least 8 inches
of reinforced concrete.

7:3.3.2 Roofs and Ceilings. Roofs and ceilings shall be designed in accord-
ance”with the structura1 requirements dietated by the clear spans between
supports to meet dead and live loads and safety factors. A monolithic rein-
forced-concreteslab shall extend across the entire vault and shall rest on
tha parimetar vault wall on all sides. Reinforcement shall be the same as”for
floors and walls above. Roofs and ceilings shall be not less thick than the
interior vault floors or walls. Where a roof ‘isnot provided, the reinforced
“ceilingslab shall not be highar than 9 feet above the vault floor.

7.3.3.3 ‘VaultEntrances. Since openings in vaults are more vulnerable‘to
attack than the vault anclosure itself, only one entrance should be providad
where possible; however, when a vault exceeds 1,000 square feet in f100i space
or will hava more than eight occupants, it should have a minimum of two exits
for safety purposes. When more than one entrance is required, each shall be
equipped with an approved vault door (Figure 46) with only one used for normal
access. Where continued use of an entry-barrier is requi~ed at a
a day gate (Figure 46) shall be provided for the primary entrance
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undue wear of the door, which could eventually weaken the locking mechanism or
cause ma1functioning. Vault doors and frame units shall conform to Federal
SpecificationAA-D-600 for class 5 vault doors. Requirements of this sueci- ●
f~cation are summarized ss follows.

(1) Assembly. The door frame shall afford the same security protection
as that of the door. Protection for the extended locking bolts shall be built
into the door frsme. The overall width of the door frsme shall not exceed the
width of the clear door opening by ❑ore than 16 inches. The width of the
necessary opening through the structural wal1 shal1 not exceed the width of
the clear door opening by more than 10 inches. The height of the necessary
opening through the structural wall shall not exceed the height of the clear
door opening by more than 5 inches. The door shall be assembled in such a
manner aa to preclude the removal or loosening of any of the door’s components
when the door is closed and locked. All welding and brazing shall be sound
without porosity and shall result in secure and rigid joints in proper align-
ment. All protruding or depressed welds on the door’s exterior surface shall
be filled and sanded or ground smooth. The door and frame shall be in perfect
alignment to ensure smooth and unrestricted operation of the locking
mechanism. The locking bolts shall be smooth end positive without binding or
jamming of parts.

(2) Door frame. The door frame shall be of the nongrout type and the
frame and door shall be ❑ounted so that there shall be not more than l/8-inch
of clearance between the door and the door frame. The frame shall be designed
so that, when attached to the wall, the wall clamping bolts will be exposed
only on the inside of the vault. The frame shall have leveling and adjusting
screws to compensate for any building sag that may occur in the future. ●

(3) Door pull and throw-bolt handles. The door PU11 and throw-holt
handles shall be not less than 4 inches in length and shall be of designs
consistent with their intended usages. The handles shall be without burrs,
nicks, scratches, and sharp edges. They shall be securely and firmly attached
to the door front to withstand loosening resulting from testing or operation
during the service life of the door. The door pull handle may be integral
with the throw-bolt handle. Removal of the handle arbor shall be controlled
only from the inside of the door. The throw-bolt handle shall require not
more than 5 pounds to engage or disengage the bolt work mechanism, and the
initial force required to swing tha unlocked door from any position shall not
exceed 10 pounds at the operating handle.

(4) Door stop. A door stop to prevent the door’s face hardware from
striking wall surfaces shall be furnishedwith the door. The stop shall be
designed to be mounted on a wall or floor and not on the door. The stop shall
be able to withstand hard usage and shall not scratch or scar the door’s
painted finish when the door is swung open against the stop.
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TABLE 35.

Uinimum vault construction requirements.

walls

Floors

Cei1ing

Roof

DoorlFrsme

14iscOpenings

Lock

A

8-in. RC (l-4)

8-in. RC’(1)

8-in. RC

8-in. RC

Class 5

(96 sq in.)

UL /68 1-R

class

B

8-in. (2,4,5,)

4-in. (6)

(7)

(/)

Class 5

(96 sq in.)

UL 768 1-R

c

l-in. (3,4,5)

4-in. (6)

(7)

(7)

class 5

(96 sq in.)

UL 168 1-R

(1)

(2)

● I

fiotes:

Determined by stmctural requirements but not less than 8 inches

(3)

(4)

(5)

(6)

(7)

●

of reinforced concrete (RC).

Brick, concrete block, or other masonry units. Hollow masonry
units shall be vertical cell-type (load bearing) filled with
concrete and steel reinforced bars.

Hollow clay tile (vertical cell double shells) or concrete blocks
(thick shells). Where hollow clay tiles are used and such masonry
units ace flush or in contact with facility exterior walls, they
shall be filled with concrete and steel reinforced bars.

Walls are to extend to the underside of the roof or ceiling slab
above.

Monolithic steel-reinforcedwalls at least 4 inches thick may be
used (recommendedfor ClaSS B “ault~ in seismic areas).

l’monolithicconcrete construction of the thickness of adjacent
concrete floor construction, but not less than 4 inches thick.

Monolithic reinforced concrete slab of a thickness determined by
structural requirements.
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TYPICAL CLASS 5 VAULT DOOR

FIGURE 46. Class 5 vault door and day gate.
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(5) Door striker. The door shal1 have a striker on both the frent end

● hinged edges to minimize play or shake in the door when in the locked condi-
tion. The fit of the door to the striker on both the frent snd hirmed edzes. .
shall be such that there is no ❑ore thsn l/32-inch of play or shake in the
door when the boIts are thrown to the locked position,

(6) Door hinges. The door shal1 be mounted to the frame by no fewer
thsn three anti-frictionbearing hinges, designed to allow the door to be
opened approximately 180 degrees. The hinges shal1 be removable from the
outside.

[7) Door threshold. The door threshold shall be designed to provide
ramp of approximately 1/4 inch to permit free swing of the door after its
erection. If receptive cups, ports, or grooves are used, they shall be
recessed not less than 1/2 inch below the bolt in its extended position to
prevent dirt or other substances from obstructing the locking mechanism.

a

(8) Back cover plate. A back cover plate not less than 16 gauge
(O.0598 inch) shall completely enclose the back of the door. The back ulate
shall be firmly snd securely fastened to the door and shall be reinforced or
attached by a method to prevent “oil canning.” The back plate shall be easily
removed for service purposes by the use of common hand tools. The back plate
shal1 have sn opening covered by sn inspectionplate. The opening, with
inspection plate removed, shall be large enough and so positioned as to 81low-
maintenence of the door’s combination lock and cam assembly.

●
(9)Combination Lnck. The door shall have a changeable combination lock

that sha11 control the door locking mechanism. The lock dial shall be of top-
reading desigm, and the dial ring shall be protected by a stsndard snap-on
dust cover. At the option of the purchaser, the lock shall be a hsnd change
or key change type. The UL Group 1 or IR lsbel shall be affixed to the lock
snd will be accepted as evidence of compliance with the UL standard.

(10) Combination Lock Installation. The lock’s dial ring shall be
mounted so as to be firm and secure without ❑ovement or side play. The lock
case shall be firmly and securely attached to the door by screws retained by
lock washers or other suitable or effectivemesns so that there is no movement
or side play to the lock case. The lock’s spline key shall not be defaced in
any manner snd shall be inserted to within 1/32 inch of the top of the lock
drive cam. The lock’s,outerspindle shall be threaded to no more then four
threads from the top of the lock drive cam. The formation of the drive cam
operating spring shall not be changed or altered in any ❑anner from the forma-
tion supp1ied by the lock ❑anufacturer. Neither the lock bolt nor the drop
lever shall be filed, abraided, or otherwise deformed from the formation sup-
plied by the lock manufacturer. No lubricsnt other than that applied by the
lock manufacturer shall be uxed within the lock case.
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●
(c) Certificabion label. Affixed to the inside face of

frame shall be a label that shall bear the following certificate:

“This is a U.S. Government Class 5 vault door that has
been tested and approved by the Government under Fed.
Spec. AA-D-600. It affords the following protection:

30 ❑an-minutes against surreptitious entry
10 ❑an-minutes against forced entry
20 ❑en-hours against lock ❑anipulation
20 man-hours against radiology techmiquea

The protection cert.ified above appliea only to the door
and not to the vault proper.“

the door

(17) Ordering data. Ordering documents should specify the following
(Table 36):

(a) Title, symbol, and date of specification.

(b) Class, type, and style required:

o Type IR - Right opening swing: with optical detiice.

o Type IL - Left opening swing; with optical device.

o Type IIR - Right opening swing; without optical
device.

o Type IIL - Left opening swing; without optical devicti.

(c) Thickness and composition of vault wall. The door assembly
will be edaptable to wall thicknesses of 6, 8, 10, or 12 inches. The assembly
design shall provide a ~1/2-inch adjustment to allow for variations in the
nominal wall thickness.

(d) Request for exploded drawings if desired.

(e) Type of lock. Key change or hand change.

7.3.3.4 Dimensions. The dimensions of the Class 5 vault door and the dimen-
sions of the opening in the vault wall to accept the Class 5 vault door are
shown in Figure 47.

7.3.3.5 Ducts. Pipes, and Conduits. Openings through the vault walls, ceil-
ings, end floors will be held to a minimum consistentwith security, safety,
and adequate personnel health considerations (such as forced air supply fan).
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TABLE 36.

Vault doors available through
federal supply schedule.

Class Type style NSM

5 IR .H 7110-00-935-1871

5 IL H 7110-00-935-18/2

5 IIR H I.11O-OO-935-1884

5 IIR H 7110-00-935-1881

5 IR K 7110-00-935-1885

5 IL K 7110-00-935-1882

5 IIR K 7110-00-935-1886

5 IIL K 7110-00-935-1883

Note:
IR . right opening swing with optical device
IL = left opening swing with optical device
IIR . right opening swing without optical device
IIL = left opening swing without optical device
H . hand change combination lock
K= key change combination lock

.,
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FIGURE 47. Class 5 vault dimensions.
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Any openings passing through the protective vault barrier shall not exceed
96 square inches. Preferably, such ducts, pipes, and conduits should be
installed and cast in concrete during vault construction. When this is not ●
possible, they shall be carried through snug-fittingpipe aleeves cast in the
concrete. After installation,the snnular space between the sleeve and the
duct, pipe, or conduit shall be caulked solid with lead, wood, waterproof
(silicone) caulking, or similar ❑aterial that will give evidence of surrepti-
tious removal. Ducts, pipes, snd conduits shall not be allowed to pass
through the vault perimeter or space unless they serve some specific safety,
security, or persounel health purpose inside the vault itself. Refer to
Subparagraph 1.3.2 for ❑ore detail regarding the definition of man-passable
openings.

7.3.3.6 Additional Safety Measures. A Class A vault shall be equipped with
sn interior alarm switch or device (such as a telephone, radio, or intercom)
to permit a person in the vault to communicatewith the vault custodisn or
guard post to obtain release. Further, the vault shall be equipped with a
luminous type light switch and, if the vsult is otherwise unlighted, an
emergency light shall be provided.

7.3.3.7 Construction Standards. In addition to the requirements given above,
the wall, floor, and roof constructionmust be in accordance with nationally
recognized stsndards of structural practice. The concrete must be poured in
place snd have a minimum 28-day compressive strength of 2,500 psi.

7.3.4 Class B Vault. A Class B vault offers adequate protection for classi-
fied material snd equipment but less protection than a Class A vault. General
dimensions are outlined in Table 35 and explained in further detail below: ●
7.3.4.1 ~. The floor shall consist of monolithic concrete construction
of the thickness of the adjacent concrete floor construction but not less than
4 inches thick. The floor should be reinforcedwith a minimum of 6- x 6-inch
steel mesh, particularlywhere the slab is not on grade.

7.3.4.2 ~. Walls shall be constructed of not less than 8-inch thick
concrete block, brick, or other similar ❑asonry units in accordance with the
requirements imposed by the design dead and live loads. Hollow masonry units
shall be of the vertical cell type (load bearing) and will be filled with
concrate and steel reinforcementbars. No. 4 or larger reinforcementbars
should be placed vertically in each core column. Monolithic steel-reinforced
concrete walls at least 4 inches thick may also be considered, and should be
considered in seismic areas. .4sa minimum, reinforcementshould be of No. 4
reinforcing bars.

7,3.4.3 Roofs and Ceilings. Roofs and ceilings shall be designed in accord-
ance with the structural requirementsdictated by the clear spans between
supports to meet dead and live loads and safety factors. A monolithic rein-
forced concrete slab not less than 4 inchas thick shall constitute the roof or
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●
ceiling. The slab shall extend across the entire vault and rest on the peri-
meter vault wall on all sides. Reinforcement should be the same as for a
Class A vault. Where a roof is not provided, the reinforced ceiling slab
shall not be higher than 9 feet above the vault floor level.

7.3.&.4 Vault Entrances. Since openings into vsults are more vulnerable to
attack than the vsult enclosure itself, only one entrance should be provided
where possible; however, when a vault exceeds 1,000 square feet in floorsp.ace,
or when it will have more then eight occupants, it should have a minimum of
two exits for safety purposes. When ❑ore than one entrance is required, esch
shall be equipped with au approved vault door (Figure 46), with only one used
for normal access. Where continued use of en entry barrier is required at the
vault door, a day gate (Figure 46) should be provided for the primary entrance
to preclude undue wear of the door, which could eventuallyweaken the locking
mechanism or cause a malfunction. Vault door and frame units shall conform to
Federsl SpecificationAA-D-600 for Class 5 vault doors. Requirements of this
specification are the same as for Class A vault and are summarized in
Subparagraph 7.3.3.3 (1) through (16).

7.3.4.5 Dimensions. The dimensions of the Class 5 vault door and the dimen-
sions of the opening in the vault wall to accept the Class 5 vault door are
shown in Figure 47.

7.3.4.6 Ducts. Pipes. and Conduits. Openings through the vault WSIIS, ceil-
ings, and floors will be held to a minimum consistent with security, safety,
and adequate personnel health considerations. Any openings passing through

●
the protective vault barrier shall not exceed 96 square inches. Preferably,
such ducts, pipes, and conduits should be installed and cast in concrete
during vault construction. When this is not possible, they shall be carried
through snug-fitting pipe sleeves cast in the concrete. After in~tallation,
the annular space between the sleeve and the duct, pipe, or conduit shall be
caulked solid with lead, wood, waterproof (silicone) caulking, or similar
material that will give evidence of surreptitious removal. Ducts, pipes, and
conduits shall not be allowed to pass through the vault perimeter or space
unless they serve some specific safety, security, or personnel health purpose
inside the vault itself. Refer to Subparagraph 1.3.2 for more detail
regarding the definition of man-passable openings.

7.3.4.7 Additional Safety Measures. A Class B vault shall be equipped with
an interior alarm switch or device (such as a telephone, radio, or intercom)
to psrmit a person in the vault to communicate with the vault custodian or
guard post to obtain release. Further, the vault shall be equipped with a
luminous type lightswitch and, if the vault is otherwise unlighted, an
emergency light shall be provided.

7.3.4.8 Construction Standards. In addition to the requirements given above,
the floor, wall, and roof construction must he in accordance with nationally
recognized standards of structural practice. The concrete must be poured in
place and have a minimum 28-day compressive strength of 2,500 psi.
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7.3.5 class c vault. A Class C vault offers minimum protection for classi-
fied material and equipment. General dimensions are outlined in Table 35 and
explatied in further detail below: ●
7.3.5.1 ~’. The floor shall consist of monolithic concrete construction
of the thickness of the adjacent concrete fIoor construction but not less than
4 inches thick. The floor should be reinforced with a ❑inimum of 6- by 6-inch
steel mesh, particularly where the slab is not on grade.

7.3.5.2 Walls Walls shall be constructed of not less than 8-inch-thick
hollow cl~ie (vertical cell, double shell) or concrete block (thick shell)
in accordance with the requirements imposed by the design dead and live loads.
Monolithic steel-reinforcedconcrete walls at least 4 inches thick may also be
used, snd should be considered in seismic areas. As a ❑inimum, reinforcement
should be of No. 4 reinforcingbars. That portion of the vault wall that
coincides with any exterior wall shall be at least of concrete, solid masonry,
or hollow masonry units of the vertical cell type (load bearing) filled with
concrete and steel reinforcementbars. No. 4 or larger reinforcementbars
should be placed vertically in each core column.

7.3.5.3 Roofs and Ceilings. Roofs sud ceilings shall be designed in accord-
ance with the structural requirementsdictated by the clear spans between
supports to meet dead and live losds and safety factors. A monolithic rein-
forced-concreteslab shall extend across the entire vault and shall rest on
the perimeter vault wall on all sides. Reinforcement shall be the same as for
floors and walls above. Roofs and ceilings shell ba not less than the thick-
ness of tbe interior vault walls or floor. Where a roof is not provided, the
reinforced ceiling slab shall not be higher than 9 feet above the vault floor. ●
7.3.5.4 Vault Entrances. Since openings into vaults are more vulnerable to
attack than the vault enclosure itself, only one entrance should be provided
when possible; however, when a vault exceeds 1,000 square feet in floor space,
or when it will have more than eight occupsnts, it should have a minimum of
two exits for safety purposas. When more than ona antrance is required, each
shall be equipped with an approved vault door with only one used for normal
eccess. Where continued use of a barrier to entry is required at the entrance
of the vault, a day gate (Figure 46) shall be provided for the primary
entrance to preclude undue wear of the door, which could eventually weaken tha
locking mechaniam or cause a malfunction. Vault door and frame units shall
conform to Federal SpecificationAA-D-600 for Class 5 vault doors. Require-
ments of this specification are the same as for Clsss A vaults and are
summarized in Subparagraph 7.3.3.3 (1) through (16).

7.3.5.5 Dimensions. The dimensions of the Class 5 vault door and the dimen-
sions of the opaning in the vault wall to accept the Class 5 vault door are
shown in Figure 47. (NOTS: Becsuse Class 6 doors are no longer available
through GSA channels, the only way a Class C vault can be authorized for
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o
storage of classified ❑aterial is to be equipped with a Class 5 door. This
exceeds standards and may not be the most cost-effectiveapproach to building
a security vault. me user should clearly define requirements so that the
engineer can design an optimum vault for the least cost.)

.. 7.3.5.6 Ducts, Pipes, and Conduits. Dpenings through the vault walls, ceil-
ings, and floors will be held to a ❑inimum consistent with security, safety,
and adequate persomel health considerations. Any openings passing through
the protective vault barrier shall not excaed 96 square inches. Preferably,
such ducts, pipes, and conduits should be installed and cast in concrete ~
during construction. When this is not possible, they shall be carried’through

.<snug-fitting pipe slaeves cast in the concreta. After installation,the
annular space between the slaeve and the duct, pipe, or conduit shall be
caulked solid with lead, wood, waterproof (silicone) caulking, or similar
material, that will give evidence of surreptitious removal. Ducts, pipes, and
conduits shall not be allowed to pass through the vault perimetar or space
unless they serve some specific safety, security, or personnel health purpose
inside of the vault itself. Refer to Subparagraph 1.3.2, for more detail
regarding the definition of ❑an-passable openings.

.7..3.S.7 Additional Safatv Measures. A Class C vault shill be equipped’with
an interior alarm switch or device (such as a telephone, radio, or intercom)
to permit a person in the vault to communicate with the vault custodian or
guardpost to obtain relaase. Further, the vault shall be equipped with a
luminous-type Iightswitch and, if the vault is otherwise unlighted, an
em’argencylight shall be provided.

●
.... . ..-.7.3.5.8Construction Standards. In addition to the requirements given abova,
the floor, wall, and roof construction must be in accordance with nationally
recognized standards of structural prsctice. The concrete must be poured in

. place and have s minimum 28-day compressive strength of 2,500 psi.
.,
7.4 Modular Vaults.

7.4.1 Introduction. Significant improvement in technology pertaining to
vaults has led to the development of a cost-effective alternative to the Class
A, B, and C vaults. Although not formally authorized for the storage of
classified material, the modular vault may be the optimum choice in selacted
circumstsncas.

7.4.2 Advsntazes of Modular Vaults. Modular vaults are lightweight in
comparison to the standard sacurity vault. They are relocatable, easier and
quicker to instal1, have reduced floor loading, and are less expensive.
Additionally, they can be custom designed to meet user specifications in terms
of size, shape, and weight. Any number of panels of various sizeg (Figure
48), Cm be combined to fit specific space requirements,producing a’ :
customized vault (Figure 49) with virtually no design restrictions.
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FIGURE 48. Sample modular vault panel arrangement.
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●

FIGURE 49. Partially assembled modular vault.

●
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7.4.3 Resistance Rating. UL Standard 608, Burglar-ResistantVault Doors and
Modular Panels, establishes ratings of modular panels, some of which equal or
exceed those of Class A security vault in terms of penetration resistance. ●
The ratings based on the net working time to effect entry are as f01lows:

o Class M - 1/4 hour

0 Class 1 - 1/2 hour

o Class 2 - 1 hour

o Class 3 - 2 hours

These ratings are based on attack by common ❑echanical tools, electric tools,
cutting torches, or any combination of these.

7.4.6 Availability. Modular vaults are available from numerous manufacturers
throughout the United States. Further information is avaiIable in the Navy
Physical Security Equipment Manual, Nava1 Civil Engineering Laboratory, Code
L56, Port Hueneme, CA, July 1986.

7.5 StrOnKrOOms.

7.5.1 Overview. A strongroom is an interior space enclosed by or separated
from other spaces by four walls, a ceiling, and a floor, all of which shall be
constructed of solid ❑aterials, or 9 gauge, 2-inch wire mesh as a minimum.
Rooms having false ceilings or walls constructed of fabrics, or similar ❑ater-
ials do not qualify as strongroo”ms. If a wall, floor, or ceiling of a strong-
room is part of the exterior of a building, separate standards apply as ●
follows:

7.5.1.1 Floors. Floors shall consist of monolithic concrete construction the
thickness of the adjacent concrete floor construction but not less than
4 inches thick. The floor should be reinforced with a minimum of 6- by 6-inch
steel mesh, particularlywhere the slab in not on grade.

7.5.1.2 w. Walls shall be constructed of not less than 8-inch-thick con-
crete block, brick, or other similar ❑asonry units in accordance with the
requirements imposed by the design dead and live loads. Ho1low masonry units
shall be of the vertical cell type (load bearing) and will be filled with
concrete and stael reinforcementbars. No. 4 or larger reinforcementbars
should be placed vertically in each core column. Monolithic steel-reinforced
concrete wall at least 4 inches thick may also be used, and should be consid-
ered in seismic areas. As a ❑inimum, reinforcementshould consist of No. 4
reinforcingbars.
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●
7.5.1.3 Roofs snd Ceilings. Roofs and ceilings shall be designed in
accordance with the structural requirements dictatad by the clear SPSW
between supports to meet daad snd live losds and safety factors. A monolithic

. reinforced~~oncreteslab not less than 4 inchas thick shall constitute the
roof or ceiling. The slab shall extend across the entire vault snd rest on
the perimeter vault wall on all sides. Reinforcement should be the ssme as
for the walls above. Where a roof is not provided, the reinforced ceiling
slab shall not be higher than 9 feet above the vsult floor level.

7.5.2 Specific Construction Standards. Requirements for the construction of
strongrooms are as fo1lows:

7.5.2.1 Walls and Ceilings. Wall and tailing construction will be of
plastar; gypsum board; metal; hardboard; wood; plywood; Number 9 gauge, 2-inch
wire mesh or stronger; or other materiala offering similar resistance to, or
evidence of, unauthorized entry into the area. Insert-type panels will not be
used.

7.5.2.2 Floors. Floors will be of solid construction,utilizing matarials
such as concrete, ceramic tile, wood, etc.

7.5.2.3 Windows Window openings will be fitted with l/2-inch bars
(separate=” more than 6 inches) plus cross bars (sepsrated by no mors
than 6 inches) to pravent spreading, or No, 9 gsuge mesh fastened by bolts
extending through the wall and secured on the inside of the window board. In
addition to being kept closed at al1 times,

●
tha windows will be opaqued by any

prsctical ❑eans, such as paint, masonite, sheet ❑etal, ate.

7.5.2.4 Miscellaneous Openings. Where ducts, registers, sewers, and tunnels
are larger than 96 square inches they will be equipped with msn-safe barriers
such as wire mesh (No. 9 gauge, 2-inch square mesh) or steel bars at least
1/2 inch in diameter axtending across their width, with a ❑aximum space of
6 inches between the bars. The steel bars will be securely fastened at both
ends to preclude removal, with cross bsrs separated by no more thsq 6 inches
to prevent spreading. Where wire mesh or steel bars are used, care will be
exercised to ensure that classified ❑sterial within the room camot be removed
or viewed with the aid of any type of instrument.

“7.5.2.5’ k. Doors shall be of metal construction or solid wood reinforced
with a metal’panel on the inside as a minimum. When doors are.used in pairs,
an .gstregal(overlappingmolding) will be used where the dOOrs meet. When the
construction is of No. 9 gauge, 2-inch wire mesh, a door constructed of
similar material mey also be used; however, the wire mesh door will be
reinforced with a metal panel at least 36 inchas wide from floor to ceili”ng,
welded to the inside of the wire mesh next to tha locking device.

7.5.2.6 Door Louvers and Baffle Plates. When door louvers and baffle pl,ates
are used, they will be reinforced with wire ❑esh (No. 9 gauge, 2-inch square
❑esh) fastened inside the room.

●
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7.5.2.7 -. Doors will be secured by a built-in, three-positiongroup I
or group IR combination lock. When the construction is No. 9 gauge, 2-inch
wire ❑esh, the locking device will be alarmed to detect attempted tampering ●
with the lock.

7.5.2.8 Hardware. Heavy-duty builder’s hardware shal1 be used in construc-
tion. All straws, nuts, bolts, haaps, clamps, bars, hinges, pins, and similar
items shal1 be securely fastened to preclude aurreptitious entry and ensure
visual evidence of tampering or forced antry. Hardware accessible from
outside tha area shall be peened, brazed, or spot-welded to preclude removal.
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SECTION 8: VEHICLE BARRIERS

8.1 Summary.

8.1.1 Overview. Each Department of Defense (DOD) installation,base,
facility, and ststion ii tasked to implement ❑easures necessary to ensure
adequate protection for assigned resources. An effective access contro1
system is a vital part of the security effort. In the past the use of gatea
and guards has been sufficient to control access to all types of DOD areas.
Hnwever, recent terrorist incidents, involving the use of explosive-laden
vehicles in a suicide-type fashion, have forced security ❑anagers and security
engineers to consider vehicle barriers capable of stopping large vehicles
carrying exp10Sives that are traveling at high speed.

8.1.2 Organization of Section. The material in this section will aid the
design engineer in meeting this new challenge. Paragraph 8.2 provides a
“systems approach” to the selection of vehicle barriers; development of the
threat facing the organization; assessment of barrier needs in terms of crit-
icality and vulnerability; and additional consideration that affect the bar-
rier selection process. DOD requirements for vehicle barriers in terms of
weight, vehicle speed, and amount of explosives carried in the vehicle and
penetration standards are also provided. Paragraph 8.3 defines the five
different typea of barrier systems and provides examples. Paragraph 8.4
addresses miscellaneous considerations that facilitate the selection, i.nstal-
lation, operation, and maintenance of vehicle barriers. Paragraph 8.5 high-

●
lights important considerationsthat pertain to the tasting of vehicle barrier
systems. A Iiating of test results is provided to facilitate barrier
selection. A comprehensive DOD Users Manual, Entitled “Terrorist Vehicle Bomb
Survivability Manual (Vehicle Barriers),” March 1986, for designers, is
available from the Security Engineering Division, Code L56, NCEL,
Port Hueneme, CA, 93o43.

8.2 System Considerations.

B.2.1 Overview. A total “systems approach” to physical security is based on
the integration of al1 security components including fences, 1ights, alarms,
gates, procedures, access control, closed-circuittelevision (CCTV), blast
walls, building components, and personnel. Because of new tactics by terror-
ists, vehicle barriers are being included as an esaential alement in a
physical security program. When integrated properly into a total system,
vehicle barriers can satisfactorilymeet the newest threat to sensitive
resources. The total systems approach is graphically depicted in Figure 50.
This section discusses threat development, security posture assessment
(including determination of resource criticality and vulnerability)DOD
operational requirements, and general considerations relating to vehicle
barrier system selection and utilization.
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FENCE
WARNING

FIGURE 50. Integrated physical security system.
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●
8.2.2 ‘lheat to DOD Installationsand Facilities. Threats to DOD installa-
tions and facilities may range from minor violations of established rules or
procedures to attemuted theft of nuclear weauons. Thrsats can be from indi-
viduals with author~zed access (military, ci~ilian employees, visitors, or
dependents) or from those individualswho have little or no affiliation with
the installation. Levels of force, number of.parsonnel involved, tools,,and.
methods used will vary and are determined by the perpetrator. This section is
concerned primarily with the threat to sensitive resources located anywhere
within the installation. .

8.2.3 Threat Assessments, It is the responsibilityof the appropriate
inte11igence agency to provide threat eveluations for each DOD installation,
base, and facility. Threat evaluations are based on intelligence information
and data furnished by other intelligence activities,.This information is used
together with locally dsveloped data to determine the local threat assessment.
In terms of vehicle..barriers,‘darticular attention must be focused on the
weights of vehicl& that could be used to attempt penetration into a sensitive
area, and their velocity.

.. ’’””..
8.2.4 Security Posture Assessment. Once tha security threat has been ~
defined, it is necessary to assess the security posture of the installation.
This task is essential to properly”counter tha potential threat in a
cost-effectivemanner. Failing to use the proper equipment to counter the
threat or expending excessive resources to “counterthe threat creates a false
sense of security: This possibility c&’ be avoided by cooperation between the
security engineer end the aecurity’“managerwho together should evaluate the

● ’

criticality end vulnerability of.assigned resources.
,.. :

8.2.4.1 Criticality.’,Criticality refaks to the value of a resource. How
important is this resource to the defense of the United States? How important
is this resource to the mission of the organization? Weapons (nuclear end
conventional), ships, aircraft, end communications facilities are of greater
value than gymnasiums, dining facilities, and commissaries. Resources must be
considered separately end in total to develop their criticality. Criticality
is defined numerically from a low of 1 to a high of 5, for purposes of’this
handbook.

8.2.4.2 Vulnerability. Vulnerability refers to susceptibility to attack.
All facilities have some inherent level of protection. Those located in areas
easily accessible to the public are more’vulnerable to attack than those
located well within a ❑ilitary installation. In determining vulnerability,
characteristicssuch ss location, physical security features, environment, and
all other factors that relate to the possible success or failure of attack by
an aggressor force must be considered. Vulnerability is also numerically
defined from a low of 1 to a high of 5.
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8.2.4.3 Criticality-VulnerabilityMatrix. Table 37 combines the criticality
and vulnerability (C-V) ratings into a matrix designed to aid in the deter-
❑ination of barrier needs. Examples of interpretationare furnished to help
explain the matrix. It is further delineated into high-, medium-, and low-
range classificationsto help in determining the types of appropriate bar-
riers. Table 38 categorizes barriers by type and range. The C-V matrix is a
tool designed to aid the decision maker in the selection of the best barrier
system for the environment where it will be used; however, it is not a deci-
sion matrix. [Jsedproperly, it wil1 provide an excellent beginning in the
deliberation process.

8.2.5 Required Capability. The DOD range of capabilities required for ve-
hicle barriers ia outlined in Table 39. Portions of these requirementsmay
not be applicable to all installationsdue to local site configurations. In
general, vehicle barriers should be used at vehicle access points and peri-
metere to sensitive enclaves. Supplemental gate and fencing reinforcements
may also be needed to optimize the effective use of vehicle barriers. Where
real estate does not provide adequate standoff protection, or perhaps the
likelihood of a parked bomb-laden vehicle with a time detonator exists, blast
deflection walls and berms must elso be utilized. Maximum weight, weight of
explosives, and vehicle velocity requirements ❑ay be increased if warranted by
local threat conditions.

8.2.5.1 Penetration Standards. One method of evaluating vehicle barriers is
to determine the vehicle penetration (in feet) for a given weight and velocity
achieved during actual testing. Table 40 lists performance levels used by the
Department of State and the U.S. Navy. (Departmentof State Specification for
Vehicle Crash Barriers, SD-STD-0201, April 1985 and Naval Civil Engineering
Laboratory, TM M-56-85-01, Vehicle Barriers; and Naval Civil Engineering
Laboratory, TN M-56-86-05, Test Plan for Vehicle Crash Testing of Commercial
Perimeter Barrier). These ratings serve as a suitable method of comparing the
performance of various vehicle barriers. Depending on the location of the
resource with respect to the location of the barrier, acceptable penetration
distances will vary between installations. An L-1 rated barrier will be
acceptable, for example, if the approach road is 200 feet long and the barrier
can be located at least 50 feet from the gate or building to be protected
(effect of blast from explosives not considered).

8.2.5.2 Blast Walls. In some instances it will be necessary to utilize blast
walls to enhance building survivabilityor to minimize damage caused by
detonating an explosives-ladenvehicle. The”exact placement of these wal1s
must be determined after analyzing.the effects Of the 1,000 pOunds Of
explosives (minimum referenced in the Navy requirements)detonated. To meet
the ❑ost restrictive requirement approved by DOD, a blast wall or vehicle
barrier must prevent detonation at 400 feet from the resource. This distance
is not absolute.
require increased
lesser distance.

An older building with little hardness protection may
distance while a newer, hardened building might tolerate a
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TABLE 37.

Criticality-vulnerabilitymatrix.

Criticality 5 5-1 5-2 5-3 5-4 5-5
Value High

4 4-1 4-2 4-3 4-4 4-5

3 3-1 3-2 3-3 3-4 3-5
Medium

2 2-1 2-2 2-3 2-4 2-5

1 1-1 1-2 1-3 1-4 1-5 LOW

1 2 3 4 5
Vulnerability (Threat)

Examples of interpretation: I

1-1 Lowest criticality, lowest vulnerability: expend
lowest amount of resources.

1-5 Lowest criticality, highest vulnerability: expend low
amount of resources.

3-3 ~Medium criticality, medium vulnerability: expend
medium amount of resources. I

5-1 Highest criticality, lowest vulnerability: expend only
necessary resources, but increase if threat increases.

5-5 Highest criticality, highest vulnerability: expend
maximum effort and expense for protection.

1.
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TABLE 38.
Barrier effactiveness.

gh Meditim ‘‘ Low

Active Barriers
rricade Ramp Cable Reinforced Gates/

Fences

draulic or Crash Beams
,torizedBarrier

.,

t Barrier Sliding LiftlSwing Gates
Steel.Cable Barriers
Wire Rope, Road Block

Passive Barriers
igledPosts Enhanced Standard Barbed Wire Fence

Fence

jllards 55:Gallon Drums Barbed Tape Concertin

]ncreteBarriers Guard Posts General Purpose’Barbe

Circular Tape Obstacle

Highway Median
Square
Triangular

mcrete Reinforced Hedgehogs Field Perimeter Fence

mce (Cattle Fence)

ragon’s Tooth Sandbags Metal Guardrails
mcrete Block .,

arth-Filled Barrier V-Fence

xcavations and Ditches
Trapezoidal
Triangular ..

v-cut

lowerpot

eavy Equipment Tires

,ingTut Block

,ogCribs

[asonryWalls

;etrahedron
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TABLE 39.

Vehicle crash-cesistant barrier requirements.

Parameter

‘etexplosive weight

koss vehicle weight
.ndspeed

.ife expectancy

operating time
(high-use rats)

● Operating time
(low-use rate)

Operating temperature

Mean-time-between-preventive
maintenance (MTBPM)

Mean-time-for-preventive-
maintenance (MTFPM)

Mean-time-between-repairs
(UTBR)

Mean-time-to-repair (HTTR)

Requirement

1,000 pounds

[1) 10,000-pound vehicle at 50 miles
?er hour (barrier is at a property
>oundary or vehicle speed cannot be
reduced prior to impact) - 0 to 10
Eeet penetration

(2) 10,000 pound vehicle at 15 miles
?er hour where real estate is avail-
ible to slow the vehicle - 50 to 100
Feet penetration

5 to 10 years

> to 3 seconds

) to 3 seconds

-65 to 120°F

1 month

2 man-hours

L year

L working day
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TABLE 40.

Penetration standards.

Performance
Level I Crash Test Assessment

L3.O Vehicle and cargo are to be stopped
although vehicle partial penetration
andlor barrier deflection of up to
3 feet is permitted.

L2.O Vehicle and cargo are to be stopped
although vehicle partial penetration
andlor barrier deflection of up to
20 feet is permitted.

L1.O Vehicle is disabled and does not
travel more than 50 feet after
impact.

●

194

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

8.2.6 Additional Considerations. There are several additional factors that

●
must be considered prior to the final selection of a particular barrier
system. These are addressed to lead to en optimum decision based on the best
available information. Without these considerations,selection of a barrier
may not be compatible to all of a site’s security elaments and could be too
lethal for the facility or insufficient to a threat. Every security manager
strives to achieve sufficient security. However, it can be assured that none
would want credit for killlng or injuring the imocent due to an over/under
ratad barrier for the sita. With this, the following factors must ba
considexed.

It is essential to begin the barrier selection process with a physical
security survey. The purpose of the survey is to identify the resourcas in
terms of criticality and to deterrhinetheir vulnerability. Deficiencies in
other security hardware or procedures should be corrected prior to installing
a vehicle barrier system. we facility security msnsger should thoroughly
review existing data relative to penetration daley timas developed from actual
tests. Much w,lnerability information is found throughout this handbook.
Additional data is available in appropriate references identified in the
Reference section. The folluwing areas should be specifically addressed in
the physical sacurity survey:

8.2.6.1 Fencing. Most fences can easily be penetrated by vehicles. Conse-
quently, reinforcementmeasures msy be required to maintain a systems approach
to physical security. Table 41 summarizes current evaluation data relative to
fixed, in-place vehicle barriers. An analysis of the evaluation data
indicates that. unless enhanced bv the addition of cables. fences offer little

●
protection agsinst penetration. $ences require enhsnceme~t at the szme tima
that vehicle barriers are installed.

8.2.6.2 Windows Buildings containing critical resources should be analyzed
in terms =; survivability from the affects of a given level of blast.
The DOD required capability (Table 39) for vehicle barriers sud building
survivability involves the detonation of 1,000 pounds of explosives.
Rasources locatad inside a 400-foot radius should expect slight to severe
damage from blast effects. An analysis should be completed based on current
axplosive effect data to determine what stresses will be imposed upon the
structure. Flying glass caused by the effects of blast poses the grestest
threat to personnel and damsge to equipment and ❑ust be addressed. The use of
window reinforcementbarriers should be considered.

8.2.6.3 Location. Vehicle barriers can be located in different areas:
facility entrances, enclave entry points (gates), or at selected interior
locations (i.e. entr~ces to restricted areas). Exact locations will vary
from installationto installation;however, in each case the barrier should be
located as far from the critical resource as practical. When possible, gatas
or perimeter boundary fences should be repositioned to a point outside the
blast envelope or the resource should be repositionedwithin the installation
to a more secure area. This should be carefully evaluated because
consolidationof critical resources into one central area may reduce the
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number of targets an aggressor must deal with, but at the sama time security
efforts may be consolidateed. Additional studies have shown that it is more
coat-effectiveto secure specific critical resources rather than an entire
facility. This technique alao provides double anvelop security. ●
8.2.6.4 Vehicle Valocity. Figure 51 relates velocity and distance to vehicla
weight. Ragardlesa of tha powar available to drive a vehicle, ita accelera-
tion is limited by the coefficient of friction between the tires and the road
surface. A high performance passenger vehicla can ❑aintain an acceleration of
approximately O.35g. A commercial truck (2-1/2 tons) with a reasonable load
can be expected to maintain O.18g. A drag racer with special gum tires can
reach acceleration approaching 1.Og. The curves on Figure 51 ahow the speeda
that a car and a 2-l/2-ton truck reach at various distancas from a daad atart.
Formulas are provided for more specific calculations. Using Figure 51, the
exact speed at barrier impact can be determined for each installationby using
available threat information and existing approach data. Some installations
have vehicla approaches that cannot be controlled (i.e. the main antrance
begins at the end of a long roadway) Others have approaches that offar a
restricted distance when approaching tbe gate. In the latter case Figure 51
can be used to compute the maximum speed reached by vehicles of different
weights.

While a vehicle may have achieved soma speed prior to reaching the
road leading to an entrauce gate, a vehicle’s velocity on a curve making a
turn ia limited by the coefficient of friction between its tires and tha
roadway. When the centrif-~galforce of the vehicle exceeds the friction
force, the vehicle will atart to slide. Figure 52 shows this relationship on
a nonbanked turn. A coefficient of friction of 0.60 is used and ia based on
published test data by various highway study groups. Formulas are provided
for calculationsunique to special installations.

Figure 52 may also be used to encourage the use of sallyport areas
●

for access control. A sallyport area is a detaining area controlled by two
gates. One gate is opened to allow a vehicle to enter tbe sallyport area.
The first gate is then closed, the vehicle and its occupants cleared, and a
second gate is opened to allow tha vehicle to enter the restricted area. This
procedure effectively reduces the vehicle speed to zero prior to approaching
the gate affording access to the area containing the critical resource. It
also permits selection of a barrier system far leas costly and one that offers
advantages in such areas as operation, maintenance, and reliability (i.e.,
nonmechanicalwire rope or beam type).

8.2.6.5 Kinetic Enargy. Manufacturers normally provide crash test data or
calculations in resultant force perpendicular to tha barrier, or thay provide
the total weight of tha test vehicle end the velocity of the vehicle at
impact. Placing the threat requirement and all test data and calculations in
terms of kinetic energy of forca will simplify the evaluation and selection
process. Kinetic energy is expressed by the equation:

EQUATION: KS = lj2 mv2 (1)

196

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

TABLE 41.

Results of vehicle barrier tests.

Vehicle
Barrier Weight Speed Results (Penet~ation)

*SNL, Crash Beam 22,000 lbs 36.3 mph 6 feet

8-Inch Bollard System 15,000 lbs 47.o mph “Nopenetration

Concrete Planter Box 15,000 lbs 47.o mph 31.2 feet

8-Inch Bollard System 15,000 lbs 43..5mph 19.6 feet

Delta, TT 207S 14,815 lbs 49.9 mph 0.75 foot

Concrete-Filled Pipe 4,5oo lbs 47.o mph 72 yards

Delta, TT 212 10,000 lbs 17.0 mph No penetration

Arrestor 22,000 lbs 36.0 mph No penetration

Dragnet 1,460 lbs 42.0 mph 10.2 feet

Dragnet 4,300 lbs 60.0 mph 19.4 feet

Dragnet 1,620 lbs 48.0 mph 13.8 feet

Dragnet 4,520 lbs 54.0 mph 23.5 feet

Dragnet 3,760 lbs 56.0 mph 26.3 feet

Dragnet 3,88o lbs 62.0 mph Greater than

30 feet

Devastator 11,500 lbs 34.0 mph 8.5 feet

Nasatka, MSBII 14,980 lbs 50.3 mph No penetration

Delta, TT 210 15,000 lbs. 30.0 mph no penetration

10,000 lbs. 50.0 mph no penetration

Chain Link Fence with 3,3oo Lba 48.0 mph Full penetration

Top and Bottom Rails

Chain Link Fence with 4,o5o lbs 50.0 mph Full penetration

Fabric Buried 2 Feet

*Sandia National Laboratory
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..----”” -. . . . . . . . . ------- ----- . --. --------,

Vehicle
Barrier Weight Speed Results (Penetration)

Chain Link Fence with 3,350 lbs 23.5 mph ? feet

314-Inch-Dismeter

Cable

Chain Link Fence with 4,050 lbs 50.6 mph 26 feet

314-Inch-Dismeter

Cable

Two 314-Inch-Dismeter 4,000 lbs 52.0 mph 13 feet

Cables with Fence

Posts and Deadman

Anchors

Anchored Concrete 4,000 lbs 50.0 Wh 20 feet

Median Barrier,

Not Reinforced

Buried Tires 3,350 lbs 50.5 mph 1 foot

36-PIY D-Ft

Diameter, 2,000 lbs

Each

SNL, V-Fence with Rock 3,BOO lbs 52.0 mph 8 feet

and Pole Fill

Concrete Block Wall, 3,000 lbs 42.0 mph Full penetration

Cores Unfilled

Concrete Block Wall 3,000 lbs 21.3 Wh Full penetration

with Rebar and

Fillsd Cores

198

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

TABLE 41.

Results of vehicle barrier tests (continusd)----- -------- .———r.

Vehicle
Barrier Weight”- Speed Results (Penetration)

Twin I-Beam Wall 3,000 lbs 42.5 mph Full penetration

Reinforced Concrete 3,000 lbs 39.6 mph No penetration

Wall, 6 Inches Thick

Single Buried Concrete- 4,500 lbs 30.0 mph 3 feet

Filled 8-Inch-Dismeter

Schedule 40 Pipe

Single Swing Gate with 4,000 lbs 50.0 mph Full penetration

Latch and Locked Chain

Double Swing Gate with 4,000 lbs 50.0 mph Full penetration

Latch and Cane 8olt

Dual Post 4,500 lbs 20.0 mph Full penetration

5/8-Inch Cable

Dual Post 4,500 lbs 20.0 mph 2 feet

3/4-Inch Cable

Dual Post 4,500 lbs 39.o mph Full penetration

3)4-Inch Cable

Dual Post 4,500 lbs 47.o mph Full penetration

3/4-Inch Cable

DeIta, TT207 6,000 lbs 50.0 mph 27 feet

30 Inches High,

108 Inches Long
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,,.

TASLE 41.

Results of vehicle barrier tests (continued).

Vehicle
Barrier Weight Speed Results (Penetration)

Delta, TT207 18,000 lbs 30.0 mph 29 feet

30 Inches High,

208 Inches Long

Delta, TT241 6,000 lbs 29.0 mph 82’feet

19 Inches High,

17 Inches Wide

Frontier, Mac-HIO 18,000 lbs 35.0 mph 1 foot

32 Inches High, 20,000 lbs 41.0 ~’h 56 feet

120 Inches Long

Robot, SCB 4,500 lbs 23.0 ,mph 4 feet

Crash Besm

SML, Crash Beam 22,000 lbs 43.o mph 13 feet

Western, Portapungi 14,980 lbs 39.8 mph 40 feet

Entwistle, Dragnet ? ? Discussed at

a Sandia

conference.

,., .,.,..,
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where

● KS = Kinetic Energy (ft-l~)
m = vehicle mass (lb-see /ft)
v = velocity (ft/s)

This equstion can be simplified for vehicle crash threats, requirements, and
tests as follows:

EQUATION: SE = 33.44 x 10-3(WV2) (2)

where

KS = Kinetic Energy (ft-Ibs)
w = vehicle weight (lbs)
v = velocity (mph)

The information about the capabilities required for a vehicle barrier in
weight and expected velocity can be converted to the force in kinetic energy
that must be absorbed by the barrier. The selection of barrier that will
defeat the threat is simplified by having all barrier tegts and calculation
expressed in terms of
it is determined that
and the maximum speed
is 40 ❑iles per hour.
above as fo1lows:

● EQUATION: KS

Vehicle barriers that

kinetic energy. For exampIe, from previous calculations
tbe maximum weight of a threat vehicle is 10,000 pounds
it can achieve due to road conditions end configurations
To find the kinetic energy, use tbe simplified equation

= 33.44 x 10-3 (10,000 lb) (40 mph)2 (3)
= 535,040 ft-lb

are able to withstand forces greater than 535,040 ft-lb

●

can be assumed to meet the estimsted threat shown in the axsmple. Conversely,
vehicle barriers that have not demonstrated their capability to absorb
535,040 ft-lb cannot be assumed adequate to contain the threat vehicle. The
use of kinetic energy calculations also provides a means of comparing various
vehicle barriers with each othar.

8.2.6.6 Aesthetics. The overall appearance of a vehicle barriar plays an
important role in its selection and acceptance. The “fortress effact” may be
a desirable feature, but ❑any barriers are now made with aesthetics in ❑ind.
Figure 53 is an excellent example.

8.2.6.7 Safety. An active barrier system should be considered and treated as
a tool capable of deadly force. When used for its intended purpose, it will
kill or seriously injure individualswho attempt unlawful penetration of a
restricted area. It can also kill or seriously injure other individuals as a
result of accidental or inadvertent activation caused by either oparator error
or equipment malfunction. Proper warning lights, belle, and adequate colors

,..
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●

●

FIGURE 53. Planter barrier.
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●

✎✌

●

to identify the barrier must be provided to ensure personnel safety.
Questions such as: What happens when power is lost? Is thare an emergency
stop switch? Is 1ighting adequate? What safety options are available from
the manufacturer? should be addressed to manufacturers and current users to
identify potential safety considerations affecting the selection of a barrier
system. .. . .. ..

8.2.6.8 Reliability. Most vehicle barrier systems have not been in produc-
tion for a sufficient length of time to have developed an acceptable history
of reliability. Some systems are placed in environments not envisioned by the
manufacturar while others liavedeveloped problams not anticipated by either
the manufacturer,or.usar. Several manufacturers have shown a remarkable
desire to resolve problems and work effectively with users.

8.2.6.9 Operator Training.’ Most users surveyed strongly recommend a system
of o’peratortraining regardless’of the simplicity of the system. l%is will
prevent serious injury and equipment/vehicledamage caused by improper opera-
tion of the system. Most manufacturersprovide schematics and diagrams, but
little informationon’possible operator problems. Tha owner/user agency may
be required to develop it? own checklists for normal and emergency operations
to avoid experiencing serious problems.

.,
8.2.6.10 Options. All manufacturers,Offer additional features with their
systernsin the form of options or optional equipment. Most enhance system ‘
performance while others facilitate‘maintenanceor safety. All increase the
cost and some incraase ❑aintenance.requirements. The more common optional
features offered by manufacturers are shown on Table 42. Because options,vary
grestly between manufacturers,“consulting with each company is advised to
determine which options are offerad and thair cost.

8.3 Vehicle Barrier Types.

8.3.1 Overview. Vehicle barriers ~an ba categorized as active, passive,
fixed, movable, or portable. Definitiona used in this section may differ from
those used by manufacturers and.other agencies since no industry-wide
agreement exists. Many barriers,can be dual-classifiedbecause they meet the i
requirements for both categories (,e:g., fixed-active,portable-passive). A
large truck, for example, can ba both an active-movableor a passive-movable ,
system: the former if it is moved each.time to permit entry after proper
identification,or the latter if it is left in place overnight to preclude ;
entry.. . ,.. ,..

8.3.2 Active Barrier Svstems. A barrier is considered active if it requires
either a personnel or equipment action to permit entry. Systems that move
solid masses, impalers, beams, gatas, tire shredders, fences, or those that
create pits or ramps are active barriers. Vehicles (trucks, bulldozers, etc.)
are active barriers if used in that mode in the access control system.
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●
8.3.3 Passive Barrier Systems. A barrier is passive if its effectiveness
relies on its bulk or mass, and it has no ❑oving parts. Such systems
typically rely on weight to prevent entry into a restricted srea. Ssndbags,
highway medians, angled posts, tires, end guard rails are examples of passive
barrier systems. Tsble 43 lists ❑any barriers divided into active end passive
categories.

8.3.4 Fixed Barrisr Systems. A system is fixed if it is imstalled in a pdr-
msnent fashion or it is of such weight that heavy equipment is required to
move or dismantle the barrier. Hydraulically operated rotation or retracting
systems, pits, and concrete or steel barriers are excellent examples. Fixed
barrier systems can be both active or passive.

8.3.5 Movable Barrier Svstems. Movable systems sre transferable from place
to place. Heavy equipment or a lsrge number of personnel msy be required to
assist in the transfer. Highway medians, sandbags (large numbers), 55-gallon
drums (filled), or vehicles are typical examples.

8.3.6 Portable Barrier Svstems. On occasion, a requirement exists to tempor-
arily install a barrier system for a specific purpose or period of time.
While it is possible to use a movable system for this purpose, such an sction
may involve a greater expenditure of time, money, and affort than necessary.
A portable system (Figure 54) is ideal for this situstion and may provide the
necessary security needed. Examples of portable barriers are ropes, chains,
vehicles, or tire-puncture systems.

●
8.6 Miscellaneous Considerations.

8.4.1 Overview. The use of active vehicle barrier systems to meet the grow-
ing threat posed by explosive-ladenvehicles is a relatively new phenomenon
and many installationsare learning through trial snd error to select,
procure, operate, and maintsin such systems. The purpose of this section is
to relate suggestions from organizations at all levels involved with vehicle
barrier systems. They are a set of statements that may(be useful to the
potential buyer of an active crash-resistantbarrier system. Readers sre
welcome and encouraged to augment this list by directing their input to the
Security Engineering Division, Code L56, Naval Civil Engineering Laboratory,
Port Hueneme, CA 93043.

8.4.2 Actions That Should be Considered. The following actions are recom-
mended and are bssed on input from ❑snufscturers, users, and engineers.

0 Lncate support equipment (i.e., hydraulic power, generator, batteries,
etc.) away from the guard posts to lower the threat of sabotsge.

o Insist on sn operation and maintenance schedule from the manufacturer.

o Have an alternate route plan in the event of either a failure of the
barrier to allow traffic to flow, or emergency evacuation.
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FIGURE 54. Road fangs.
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thorough training program for operators (including
the system temporarily).

o Provide adequate environmentalprotection against freezing, dust, and
overheating.

o Ensure that the barrier is compatible with other security elements.
For example, an active crash-resistantbarrier system should not be installed
adjacent to chain link fencing that does not provide the same protection.

o Unless desired, avoid a barrier that creates a fortress appearance.
Consider aesthetics in terms of image and acceptance.

o Consider installation costs as part of the total package for a barrier
system. Installation costs‘ofsome commercial systems are the same or greater
than the cost of the barrier.

o Ensure that contract guards, unions, and security officers are in
agreemant on the deployment, usa, and responsibilityof the barrier system.

o Locata vehicle barriers as far away from the critical r&.ource or
asset as practical to provide explosive safety. .

0 Uae active barrier systems (those that must be activated, retracted,
or withdrawn to allow a vehicle.to pass) whenever possible. Active barrier

●
systems remove the unreliability problem associated with a guard having to
activate a barrier under stressful condition.

o Consider frequency of use carefully in selecting a system. Some
systems provide for greater traffic flow than others.

8.4.3 Actions That Should be Avoided. The following actions should be
avoided in the selection, installation,and use of barrier systems:

o Avoid installing sunken (underground)barriere unless the excavation
can be drained. Collecting water will cause corrosion, and freezing weather
may incapacitate the system.

o Avoid providing vehicle barriers at entrance gates without providing ;
equivalent protection at perimeter locations.

o Avoid minimal protection of the perimeter of an installation. ““llaximurn
perimeter protection is generally more cost effective for protection of
individual buildings and zones within the perimeter.

o Avoid providing perimeter vehicle barriers that are not patrolled or
frequently observed. Most types can be overcome quickly with simpla tools or
rampe.
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o Avoid placing guard posts next to barriers.

. 0 If separate barriers are used for exits and”entrances, avoid “
controlling only the entrance. Require access control for the exit also. ‘“

o Avoid a long straight-away (greater than 460 feet) road to a crash~.
resistant barrier system.

,

0 Avoid use of push button switches.

8.5 Testing.
,,. .,

,,,

,9.5.I (jVemiew. NO area is ❑ore critical in”the barrier selection aystern,
process than testing. Without adequate testing, tbeie is no assurqce that
the product will successfully resist the defined threat. Testing is normally
accomplished by an independent testing coq”kny, by a.state agency, Or, in’some
cases, by a manufacturer. UsuaIly Government agencies (Department of State,
military departments, etc.) are represented and oversee tha testing process
for qualification or rating purposes. Comprehensive reports are issued,to’‘!
report teat results and should be available from the testing agancy or the
manufacturer.

8.5.2 General Table 41 synopsizes current data on vehicle barrier systems
that ha=”tested. More specific information is contained in test
reports. Several areaa bear additional comment:

8.5.2.1 Manufacturer Tests. Tests conducted by the manufacturer ❑ay be
suspect unless witnessed by representativesof interested Government agencies ●
or raported by independenttesting agencies.

8.5.2.2 Barrier Ratings. Department of State (DOS] and U.S. Navy ratingq’for
vahicle barrier systems are a recent development. Many excellent systems,
while adequate to meet defined threats, have never been rated. Some systems
may never be rated by thesa agencies becausa of their inapplicabilityto their
needs. Systams should not be eliminated from considerationbecausa thay do”
not-have an agencyrating.

8.5.2.3 Further Information. Barrier testing is a dynamic process. New and
existing systems ara constantly being evaluated. For the most current
information available, contact the Security Engineering Division, Code L56,
Naval Civil Engineering Laboratory, Port Hueneme, CA 93043.

8.5.2.4 Performance Trade-Offs. Current testing is to limits set by the
military or DOS. Such limits will enable an installationto procure a system
to ❑aet projected needs envisioned for ❑ost installations. These needs may,
however, be greater than required for soma areas. For example, a system that
allowa 50- to 100-foot penetration may ba appropriate if sufficient real
estata is available. To obtain the best and most cost-effective system,
acquire one that ❑eets tbe defined threat of the installation for which it is
purchased.

.
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●
8.6 Vehicle Barrier Systems. .,

8.6.1 General Information on specific vehicle barrier systems that have
been tezd are available for purchase is included in this section.
Table 43 consolidates data on the iO selected systems. Table 42 ‘indicatesthe
options ‘availablewith each system. Manufacturers of the systems included are
listed’in Fi&e 55. Diagrams .i.feach system are included to.giv.ea concept
of operation (Figures 56 through 65).

8.6.2 Additional Comments. Information on vehicle barrier systems described
in this section is based on discussions with manufacturers and a,review of
their product informationpackages. The fact that a particular system or pro-
duct.is.included.ir,this handbook does not imply endorsement by the Department
of,Defens6, the Department of the Navy, or the Naval Civil Engiheeiing Lab?ia-
,t6rY., They are listed as a service to agencies acquiring a vehicle barrier,

, ‘.iyktem”.Several additional comments are warranted.,.
., .,. .

8.,$.2.1,Options. Options &e those currently offered. M&t ❑anufacturers.
have indicated a willingness to add options ne6ded .bytbe user.. Many.Op.tiO~s
pr?vide’,simqlefeatures and can be added with relative ease. All options.are
at additional cost. Some manufacturers include features in their basic system
cost while others add charges for the same features. It is best to plan for
the needs of the installationprior to discussing those needs with several
manufacturers..

8.6.2.2 Installation Costa. Installation costs depend on soil, site condi-

●
tions,.and labor costs. Estimates included in this section ara ayeragecosts
.,f?rsystems..psevi?us,ly‘installed. . .

8.6,2.3 Future Updates. It is the intent of DOD to update system”data.
Information,on new tests and new systems will be added to.this handbook as the
‘tests,and systems,aredeveloped.

0,”6;2;4 Prices. prices are current as of J&ua~ 1986 (se+,Table 43), ~nd,
tireincluded to give the prospective purchaser“a r@nge of cost:.associated
with’the different types of barrier systems. Manufacturers.re?ervethe.right
to change their prices at their discretion.

....,. .$ .,,’ ., .,.

.

,:, .
,.,
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.
1. American Security Fence Corporation

P.O. BOX 663
2525 North 27th Avenue
Phoenix, A2 85005
(Distributor)

Tiretrap, Inc.
51S Barrymore Street
Phillipsburg, NJ 08865
(Manufacturer)

2. Babcock & Wilcox
Nuclear Power Division
3315 Old Foreet Road
P.O. Box 10935
Lynchburg, VA 24506-0935

3. Delta Scientific Corporation, Inc.
2031 North Lincoln Street
Burbank, CA 91504

4. Entwistle Company
Bigelow StreeC
Hudson, MA 01749

5. Frontier Machinery Company, Inc.
20 James Avenue
Tonawanda, NY 14150

6. Nasatka & Sons, Inc.
8405 Dangerfield Place
Clinton, MD 20735

7. Robot Industries, Inc.
7041 Orchard Street
BOX 219
Dearbotn, MI 48126

8. Western Manufacturing
1405 Sinclair Street
P.O. Box 55
Bottineaw, ND 58318

Sales Representative
WTco
1637 Meadovlark Drive
Fairfield, CA 94533

FIGuRE 55. Vehicle barrier manufacturers.
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FIGURE 61. Entwistle dragnet system.

220

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

●

,.

REPLAcEABLE ORUM. . . . . . .

--.-L----AA wMOOULAR HYDRAULIC
SYSTEM

ym
. J (REMOVABLE FOR SERVICEI

ELECTRICAL PANEL

,.

I

FIGURE 62. Frontier MAC-H1O vehicle barrier system.
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FIGURE 63. Nasatka ?ISBII vehicle barrier system.
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APPENDIX A

PERFORMANCE AND COST RSQUIREMS~S ASSESSMENT

1.1 W. 71is appendix outlines a general procedure for determining
physical security related ‘delaytime performance requirements and a
cost-effective facility design on the basis of the planning factors.

1.2 Overview of Factors. The most cost-effectivedelay time and budget spec-
ification for a particular facility should be determined by considering the
following seven interrelatedplanning facto’rs:

0

0

0

0

0

0

0

Threats

Deterrence

Value at risk

Criminal justice

r >,’

~

administration“

Intrusion detection systems (IDS)

Security guards .,
,.

Structural delay optio’im
,+, .

... ,

●
The first three of these factors relate to the likelihood or frequency of a
security loss of a given magnitude occurring. The fourth factor recognizes
that physical security is not the only,way of handling losses. For example,
infrequent, high-loss occurrences may,be more economically handled by a
criminal justice sequence (investigation,apprehension, recovery, prosecution,
and correction) than by building physical security hardening into a facility.
Finally, the last three factors.,are all aspects of the physical security

system, which must be cOOrdinated before physical security can be performed
cost effectively. All three involve timelines. For example, structural delay
time must be specified to be compatible with IDS and guard response times. It
is not within the scope of this haridbookto provide guidance on how to design
a specific IDS or to prescribe the number of personnel and location of the
guard force. The primary objective of this handbook is to enable proper
design of the facility’s walls, roofs, floors, doors, windows, and utility
openings consistent with the economics of loss risk, known IDS and security
personnel performance, the administrationof.“criminaljustice, and the impact
of deterrence.

1.3 A Procedure for Determining Cost-EffectiveDesign Requirements.
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1.3.1 Overview and Current Limitations. This section outlines a general prO-
cedure for determining physical sscurity related delay time performance
requirements, and a cost-effective facility design on the basis of the ●
planning factors titreduced above. This procedure is presented at a very
general level of detail. This section describes what to do without specifying
hw it is to be done. Further definition requires accumulating and analyzing
data fcr specific facilities.

1.3.2 Procedure, Goals. and Obiactives. The overall goals of physical
security in general and, therefore, the requirements assessment procedure in
particular are fourfold: (1) to save the U.S. Armed Forces and taxpayers the
coat of replacing stolen or destroyed property resulting from burglary,
larceny, or arson crimes at ❑ilitary installations;(2) to maintain the
military readineas of the installationby protecting ksy weapons or critical
weapon system components and parts stored in defense facilities from loss,
wrongful destruction, or sabotage; (3) to maintain national security,by
preventing loss of classified materials; and (4) to reduca the possibility of
political embarrassmentof the Armed Forces due to any of the above. These
goals reduce to the following specific objectives and requirements.

1.3.2.1 Level of Security. The security angineer should identify when a
facility is to be considered a “restricted area facility, critical in nature”
requiring real time physical security or when deterrence security measures are
more appropriate and cost-effective. [As used here, daterrent means simple
security measures involving no real response capability and only nominal .
investment in security (e.g., bara on windows, etc.).1 me major factors tO
be considered in determining the lavel of security are: (1) the relative
costs of investigatingand replacing stolen proparty versus the cost of
security; (2) the military readinesa, national security, or political
embarrassment associatedwith the stored resources at risk; ~d (3) the
objectives, dedication, and sophisticationof potential threats.

1.3.2.2 Real Time Security. Real time security“meansa 100 percent
confidence level of detecting and intercepting an intruder in time. In general
this means that the barrier penetration time of all components of the facility
are sufficient to delay an intruder, attempting to make a forced entry for an
interval at least equal to, or greater than, the sum of the time for an IDS to
permit detection and assessment of the intruder and the time for the’security
force to respond to the scene of the attempted intrusion. When real time
security is required, the security engineer should establish the most
cost-effective resource balance between structural hardening, intrusion
detection systems (IDS), and security guard forces so that the life cycle cost
of all resource components and’the expected losses are minimized. Expected
losses include the replacement costs of the items stolen plus the costs
accrued bv the investigativeservica in investigatingand apprehending the
criminals. Consideration
stored resources may have
political embarrassment.

should also
on military
One or more

be given ~o the impact that the loss of
readiness, national security, or
of these may justify higher security
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For some assets at risk providing less than 10 percent
detecting and intercepting an intruder in’time may be acceptable
or other reasons. For these cases the security system ❑ay have

real time functions (detect,’assess, delay, and respond) but less than real
time response capabi1ity.

1.3.2.3 Deterrent Securit~. The security engineer should decide what
specific deterrence ❑easures are appropriate for facilities not categorized as
critical but requiring some security. As in tbe case of raal time security,
the sum of tha life cycle costs of these deterrence measures plus the c~ula-
tive expected losses over the life of the building should be minimized.

1.3.2.4 Othar Considerations. The practical feasibility and appropriateness
of implementing alternative mixes of structural hardnass, security forces,
IDS, etc. should be evaluated.considering such things as: (1) operational use
of the building and the impact security meaaures will have; (2) constraints
imposed by existing security resources at the activity (e.g., numbar of secu-
rity guards); (3) limits on the security budget allocated;and (4) midstream
changes in priorities, missions, etc.

1.3.3 Procadure Overview. Figura A-1 illustrates and highlights the ❑ajor
steps involved in the procedure. Types of data required and various issues
involved in their collection are discussed in subsequent paragraphs.

1.3.3.1 Step l--Review Physical Securitv Plan for Activity or Installation.
The security engineer should review the physical,security plan developed for

●
the installation. This plan may provide useful information describing such
things as the objectives of the physical security measures that are designed
to protect the installationand its facilities; the secure areas that are
important; priorities for their protection; the security force organization,
etc.

1.3.3.2 Step 2--Plan on Site Survey of Activitv or Installation. Meetings
should be held with personnel concerned with security at the installation to
plan a security related survey of the installation. Specific data require-
ments should be presented and.an approach for obtaining the required informa-
tion including specific action items and individual assignments agreed upon.

1.3.3.3 Step 3--DetermineCharacteristicsof the New Facility Requiring
Security. The security engineer should review available information describ-
ing the new facility. Important data includes tbe location of the facility on
the installation;the number and size of the secured area(s) within the facil-
ity; description of any structural barrier designs for each building component
(doors, windows, walls, roof, fIoor); description Of any intrusion detection
sensors systems employed in the design, etc.
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FIGURE A-1. Procedure overview.
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1.3.,3.4 Step 4--Determine Value at Risk and Facility Criticality. The

●
secur’ityengineer should determine who to see end”what to ask in order to
establish if, during its lifetime, the facility is likely to be used for the
production, maintenance, or storage of key weapons, weapon system components,
or classified materials whose loss or sabotage would significantly affect the
military resdiness of the U.S. Armed Forces, compromise national security, or
in general cause considerablepolitical embarrassment. If any of these
noneconomic conditions apply, the security requirements of the faci1ity should
be analyzed from the perspective of considering the facility to be a critical
facility requiring real time security. The security engineer should also
estimate tha economic losses (CL) which, historically, can be expected over
the life of the facility. This should then be compared against some
“acceptable” level of economic 10SS (C ) (see Figure A-1) determined by pOlicy
or other means. If the facility is no$ considered critical and if the
expected economic losses are less then or equal to the acceptable losses

;%~!;~ measures,
the facility requires only deterrence or criminal justice enforcement

and the security engineer is referred to Step 11 or
Step 12. If the facility is critical, the security engineer should proceed to
Step 5 (see Figure A-1).

1.3.3.5 Step 5--Determine Security System Performance and Cost Goals. The
security engineer should establish what the design goals are for the facility
security system being designed. This includes both the level of security per-
formance desired as well as the limitations imposkd”on security cost because
of budget or other considerations. Although security system performance can
be measured in a number of ways, here we mean establishing a facility delay
time that achieves.a desired minimum acceptable confidence level of intercept-

● ing en intruder in time consistent with the assets to be stored in the
facility and balanced against the available security budget.

< 1.3.3.6 Step 6--Determine the Intruder CharacteristicParameters. The
security engineer should establish the characteristicsparameters of the
intruder to be considered in the security requirementsproce@re and design.
These include the intruder’s objectives ~d motivation, attack tools (e.g.,
hand-held, power, thermal, etc.), tactics and timing, and size of the penetra-
tion opening. These guidelines will vary depending upon the type of facility
and assets at risk. For example, the intruder characteristicparameters for
an arms, ammunition, and explosives facility’(AA&E) will be significantlymore
stressful than for a warehouse storing low ‘valuenoncritical resources.

1.3.3.7 Step 7--DetermineCharacteristicParameters of the Installation.
Important data describing the activity or installationwhere the.proposed
facility is to be built should be assembled. These data, used in subsequent
steps of the procedure, should relate to the size of the base, the number of
facilities requiring security in addition to the proposed ,facility.,md the
general level of security required (i.e., real time, deterrence only, etc.).

.
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1.3.3.8 Step 8--DetermineCharacteristicParameters of Security Guards. In
this step, important data describing the performance snd cost of the base
security persomel should be assembled. This information should fnclude the
type of guard positions (e.g. gate, central dispatch, roving patrol); the
number and cost of billets; roving snd incident response speeds; and equipment
used (e.g., vehicles, weapons, communication) including numbers, investment,
and operations and ❑aintenance (D&M) costs, etc.

1.3.3.9 Step 9--Determine CharacteristicParameters of the Base IDS svstem

~. In this step, important data describing the performance and cost of
the base IDs system should be assembled. These should include such things as
the general type of IDS equipment [e.g., balsnced magnetic switches on doors,
closed circuit television (CCTV), etc.]; their locstion; number; coverage
area; expected false and nuisance alarm rates; snd the cost to install,
operate, and maintain the system.

1.3.3.10 Step 10--EstsblishSecuritv System Options and Analyze Performance
snd Cost Tradeoffs. In this step, the security engineer should complete s
cost effectiveness snalysis considering alternative ❑ixes of structural hard-
ness for a given level of security force snd type of IDS. The objective is to
establish an optimal delay time and physicsl security budget considering the
facility’s functional and budgetary constraints established above.

1.3.3.11 Steu n--Determine Deterrence/SecurityMeasures. In this step, the
security engineer should establish the most cost-effectivedeterrence ❑easures
for the facility. As noted earlier, these range from very simple security
provisions involving no response capability (e.g., bars on windows, locks on
doors) to systems having all the real time security functions (detect, assess,
delay, respond) but with less than real time response.

1.3.3.12 Step 12--DetermineCriminal Justice and Enforceable Less Limits.
Under certain conditions it may be more cost-effectiveto ❑inimize theft
losses without substantial investment in physical security by relying on the
administrationof criminal justice. In this step the security engineer estab-
lishes the conditions under which this applies.

1.3.4 A Computerized Phvsical Security Requirement Assessment Methodology

@.!%!!Q.

1.3.4.1 Overview. PSRAM is a computerized system current1y under development
to aid security engineers through many of the steps described above.
Specifically, PSRAM identifies security system options, computes the security
level (confidenceof intercepting an intruder in time) and 25 year life cycle
costs for each, and compares these results with security and cost goals.
Based on this, the ❑ost cost-effective❑ixture of the major security ‘
components, IDS, hardening, and guards, is estabIished. The f01lowing brief1y
describes the user input, processing, snd outputs of PSRAM.
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1.3.4.2 Inputs. Inputs include data describing the ❑ilitary installation,

●
the new facility to be designed, and intruder threat data. A terminal key-
board and cathode ray tube (CRT) screen display is USed for input. Data are
inserted on the keyboard fnteractively es the CRT screen prompts the user for
specific inputs. In addition, the security engineer must input the ❑ilitary
installation street plan (intersectioncoordinates), using a digitizer and
map, the location of all the secure facilities, as well as the number of
guards and their operating procedures (i.e., fixed on site at the facility or
roving from facility to facility). Once this general instalIation data is
input, it is recorded on disks for future security system design. Data
definfng the proposed new facility includes its location on the installation
and the size and location of the secured area(s). In addition, the security
engineer has the option of ‘specifyinga specific security systam to be evalu-
ated for the facility, or of having PSRAM automatically search for input which
provides: (1) a basis for identifying the ❑ost probable forced entry attacks
(tools and procedures), (2) a meam of determining the size opening required,
and (3) the time needed for facility ingress and egress (if appropriate).

1.3.4.3 Processing. Depending upon the processing option selected by the
user, either a single specified security system is evaluated or PSRAM auto-
❑atically identifies and searches for the most cost-effectiveoption. For
each security system option identified and/or evaluated, PSRAM determines the
probability of detecting the possible attacks and selects the best attack from
the intmder’s view point, then when appropriatee, it computes the time needed
to make.the size of opening needed (96 square inches is used unless otherwise
indicated by the asset) and adds this penetration time to the ingress/egress

●
time allowed. The detectability of the attack by IDS and guards, along with
the guards’ response time, which depends on their location and the shortest
path to the facility, are then computed. These are compared with the total
time needed by the intruder to be successful and a confidence of intercept in
time is output. Finally the 25-year cycle cost of the complete security
system, as well as individual building, IDS, and guard force components is
computed. If tbe user chooses to evaluate a prespecified security system, the
confidence of intercept in time for each element of the building is calculated
together with the 25-year cycle cost of the complete system. If this cost is
excessive or if the confidence of intercept in time is not adequate, then a
new design can be input and processed. Multiple triels can be used to find
the most cost-effectivemix of guards, IDS, and structural hardening. Alter-
natively, if the automatic optimization option has been specified, the
security engineer need only input acceptable bounds on confidence of intercept
in time and cost. PSRAM then identifies and evaluates all possible security
system options automatically. Options that satisfy performance and cost
requirements are output in tabular format ranked with the most cost-effective
at the top.

1.3.4.4 outputs. PSRAM provides tabulated outputs zivinx securitv svstem
options ordered, as desired, on minimum cost, - -maximum
or minimum cost per level of confidence of intercept.
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system the construction type, sensors (if any), and the confidence of
intercepting the intruder (in percent) for each major building component
(doors, walls, etc.) of the facility is tabulated. Also tabulated is the ●
xiumber’of fixed onsite or roving vehicle patrol guarda, and the 25-year life
cycle cost of the security system including cost for hardening tha facility
against penetration as well as costs for the intrusion detaction system (IDS)
and security guards.

1.3.4.5 Other Capabilities. PSRAM also allows the security engineer to rnske
recommendationsfor intrusion datection sensors. Repetitive iterations 0$
building designs that include different typea and locations of sensors are
possible. In addition, PSRAM also allows the security enKineer tO de!armine.
if the existing guard force (quantities snd procedures) is the most cost-
,effective for protecting the new facility.

1.4 Reviewing the Phvsical Security Plan for the Activitv Or Installation.,

1.4.1 Overview. At any established military installation a “Physical
Securit~is likaly to exist. This plan should be an importsnt source of
guidance on matters relating to physical security. In general a plsn is
written to define such things as: (1) the purpose and tha objectives of the
physical security measures that are designed to protect the installation and
its facilities; (2) the secure areas that are important and priorities for
their protection; and (3) the security force organization and requirements for
entry control. Where applicable, the plan may also outline the requirements
for mechanical and electrical aids to security such as barriers, protective
lighting, communications,and intrusion detection systems.“ The plsn is
tailored to each installationto suit the needs imposed by 10cal cOnditiOns.
A physical security plan may have to be davelopad for new installations,or ●
adjusted for existing insta1lations to meet changing conditions brought about
by constructionmodifications,or chsnges in mission or status.

1.4.1.1 Definition of Secure Areas. The Physical Security Plsn may designate
which areas are restricted, controlled, limited, or excluded. For the
security engineer, these designations provide a guide to the sensitivity of
the contents of the areas, to the compatibilitywith operational routines
required of the security system, and to the adaptation of a security system to
newly desifiated,areasas the installationmission undergoes change. ,,

1.f+.1.2 Factors That Influence tha Physical Securitv Plan.
,:

Factors that affect the physical security requirements for sn entire
installation are: the nature and sensitivity of its mission; vulnerability of
equipment; geographic location; economic and political situation in the area;
proximity of external support (such as local police); and capabilities snd
motivation of potential intruders.
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●
Important characteristicsof the property within the installation

effecting’physicalsecurity are the vulnerability of the property to theft or
damage, attractiveness as an object of sabotage or theft, monetary value, and
importance to the primary mission of the’installation.

“‘ Each’installation and activity should continually evaluate ita
secuiity plan in light of the foregoing factors and devise physical security
measures consistent with them. When evaluating the degree and type of’
physical security required, it must be remembered that the criticality of ‘m
installationor’activity may vsry from time to time as its products or’
servicesbecome more or less,important.

-., ., .!

11’5“’:PLanninzan Onsite”Survey of the Activitv or Installation.
. ...’. ..

1.5.1 Information Sources. The origin of a requirement’for a security system
stems from s variety of sources. In collecting the information necessary to
design a .securitjsystem, the security engineer will fitidit necessary to con-
duct interview:with the personnel involved onsite and offsite, end as well as
to conduct surveys of the area or facility to be pr6tected. These conferences
“and surveys iar”range from a number’of meetings and reconnaissance and
analysis‘of an entire installation to one meeting, and one onsite survey of a
single area requiring simple security measuree. In each case, however, the
conferences end surveys must treat all of the pertinent aspects of physical
security so that recommendationswill be appropriate to “themission of the
:installation;the environment;‘the resources available to install, maintain,
and’operate the security system; end the actual security problem that the
system is”intended to solve.

o 1.5“:’2“PreliminaryMeetings and Studies.
,, .-.

1:5.2.1 Initial Conference. The first step in‘gaininga practical estimate
of the nature end scope of the security requirement for the new facility ie to
meet with the originator of the requirement at the installation. Principal
‘topics of ‘this.initial conference should be the degree to which the problem
has already been defined; present mission or changes in mission of areas to be
protected and their relative importance or criticality; postulated threats to
and tilnerabilityof the area to be protected; physical characteristicsand
.Ioc%fionof the areato be protected; type, nature, and adequacy of the exist-
ing security system, (if any); physical and operational environment that may
constrain the security system design; capability of tha installationto
install, maintain, and operete a security system; availability of guard
forces, proposed location of central security control, and (if required)
remote annunciators; and availability of funds.
,,

1.5.2.2 Plans end Drawings. At this preliminary meeting, the physical
secur”ityplan, new building floor plans, site plans, end other pertinent
written material that might be available should be requested.
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1.5.2.3 Notations. Secure areas within the facilities of interest should be
noted on these floor and site plsus. By working from notes sud drawings
before actually performing an onsite survey, the security engineer can more ●
quickly identify the nature of the problem to be solved.

1.5.2.4 Checklists. A checklist is a useful way of assuring one obtains tbe
proper informationneeded for a security system desigu. The checklists should
cover both general and detailed categories of information that can be used as
guides during subsequent interviews and during site surveys. Table A-1
presents an example of a checklist.

1.5.3 Onsite Survey Plan.

1.5.3.1 Arranging for the Onsite Survey. After the initial study of plans
and notes obtained during the preliminary discussion, arrangements should be
made to complete the onsite survey of tbe areas and facilities of interest.
Arrangements should include a visit to the facilities during normal working
hours and after working hours.. It is desirable that tbe security engineer be
accompaniedby someone who can provide accurate information on the estab1ished
mission, who is knowledgeable on routine or special operational activities,
and who can ensure access to all areas.

1.5.3.2 Preliminary Site Inspection. Once arrangements have been ❑ade for
the onsite survey, a preliminary inspection of the areas of interest should be
made to gain familiaritywith the overall situation. This will establish a
mental bese of reference in working with the drawings snnotated in the initial
study.

1.6 Determining Characteristicsof the Proposed New Facilities.

1.6.1 Overview. Important sacurity related features for the new building
include:

o Its location on the base

o The total perimeter of the new facility that is secured
and which must be inspected

o The total surface area of each building component

o The ingress/egresstime of each building component

o Any limitationon the structural barrier designs to be evaluated for
each building component

o Description of any IDS to be included as part of the new facility
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TABLE A-1.
Physical security field data

.43>-....4A-,.,,.,.--*”*$,-,..,.haw=--- ---- U“-U...=LQLA” A!.! -..-=G-AA-..

1. BASE MISSION ~ OPERATION
Strategic
Tactical
RDF
RDT&E

2. MAP OF INSTALLATION (showing central security facility locations,
distances along security routee normally traveled, both day and night,
by patrol and response personnel, and topography)

3. SECURITY MANPOWER, EQUIPMENT AND COSTS
Security Manpower Listing (by job position and paygrade)
Security Personnel Job Descriptions (if available)
Officer Billet Salary Schedule
Enlisted Billet Salary Schedule
Civilian (Civil Service) Billet Salary Schedule
Contractor Security Services Data (DOL Register of Wage
Determination for San Diego county under the Service Contract.Act,
including minimum hourly wage and fringe benefits)
Security Vehicles (including number, types, purchase cost,
operating costs,replacement cycle, etc.)

4. FACILITY INFORMATION
List of Mission-Critical and High-Value Asset Facilities
Site Plans and Drawings (Public Works Officer)
Construction Costs, as Built.(Public Works Officer)

5. INTRUSION DETECTION SYSTEMS (IDS)
UDS Inven~ory (indicating all IDSS installed at base that are
monitored KY security personnel; include host as well as tenant
commandslactivities)
IDS Logs (indicating alarm rates and dispositions per year) ~

6. TIMELINE INFORMATION
Patrol
Dispatch to Assess/Inspect
Response
Inspection

7. Loss INCIDENCE DATA (NIsTRfd
8. STANDAFUlOPERATING PROCEDURES

Patrol Deployment Procedure (including number of vehicles by
patrol arealzone, number of personneljpatrol vehicle)
Alarm Dispatch Procedure

-Single Alarm
-Multiple, Simultaneous Alarm

Backup Force Procedure
IDS Alarm RecnrdkeepinglLoggingProcedure
Equipment Backup Procedure (IDS failure, emergency power, etc.)
Response Procedure (once assessment confirms presence of a threat)
Hostage Procedure
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1.6.2 Location and Perimeter. The location of the new facility effects the
guard response time and is the X and Y distance in feet from baselines to the
centerof the new building. The “perimeter to check” is the totsl walking ‘--,0
distance around the secured area(s) that must be inspected by secur.ityi~~.rds.
The “perimeter to check” may be the perimeter of the entire f::+l+ty! or only
that portion of the facility with secure areas. If the facility contains ❑any
interior secured areas, the security engineer must decide if it is more cost-
effective to harden each individual ares as compared to hardening the exterior,
of the building as a whole.

. .
1.6.3 Inzress/EKressTime. The ingres.sfegresstime is the estimated totsl ;
time required to successfullycomplete the theft or destruction,of..theassets ‘
being protected exclusive of the time needed to make the penetration opening.
If appropriate, the security engineer should estimate the total fngress/egress;
time needed by the intruder sfter the opening is made. If destruction is the ;
anticipated goal of the intruder and the asset is near the barrier,
ingress/egresstime is not s factor. If theft is the likely gosl, the time to
crawl through the opening, locate the item or items, snd exit the building may
be significant. Accounting for facility ingressfegress time can r:sult-in a
more ecoriornicsldesign with less facilities hsrdening coats.

...
This should be

weighted, though, against the criticality of the asset involved. For exampIe,
one would not normally account for ingress/egresstime in the case of
facilities storing arms, ammunitions and explosive assets. In this csse one
should design barriers of sufficient hardness to completely prevent entrance.

..,,,,

1.6.4 Other Considerations. The security engineer should estsblish if there
are sny limitationson the types of structural barriers or intrusion detection
sensors that should be considered in the evaluation. For exsmple, operational,
consideratiorismay limit the choice of door barriers to certain lower weight .0

designs. A chscklist of genersl’constructioritypes is presented“iriTablb””A-Z.“

1.7 Determining Value at Risk and Facility Criticality.

1.7.1 Value at Risk. The value at risk is the asset value contained in the
facility’meas”ure”din terms of dollars, time criticality;“or political inipliki::
tions. The vslue at risk depends on the type of asset, its replacement dOllar
value, its loss expectation, end its 10SS frequency. Of these considerations,
only loss expectation and 10SS frequency are influencedby wards, IDS, and
fscility delay time,”or deterrence and criminal justice. ,.

1. 7.2 Measurinx Value st Risk. ‘The economic value at risk (C
YAR

) may be
quantified in term? of the average.dollars of the resource rep acement or
repair cost per unit floor area of tha fscility (dollars/squarefoot).
Qualitative judgments must be applied to the political or time urgency risks’ ‘
associatedwith sabotage, espionage, or other threats which potentially affect
DOD war fighting responsivenessor create a politically embarrassing environ-
ment (such as publicly entering an arms, ammunition, and explosive facility

..
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TABLE A-2.
Checklist of general construction tvues.

COMPOLWNT

WALLS
...

ROOFS

FLOORS

DOORS

WINDOWS

. .

DESCRIPTION

1. Reinforced concrete
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Fiberous reinforced concrete
Concrete masonry units
Concrete/metal/wood/foam/plastic composite:
14etallwoodlfoamcomposites
Wood
Woodlmetialcomposites
Clay tile
Brick
Asbestos
Steel grating
Woodlsheetrock composites
Stucco sheetrock composite

1.
2.
3.
4.
5.
6.
7.
8.

Reinforced concrete
Asphalt on concrete
Wood
Metal
Wood/Metal
Plaster
Overburden
Reinforced concrete with overburden

1. Reinforced concrete
2. Reinforced concrete on sheetmetal
3. Wood

1. Metal (retrofit)
2. Magazine doors (exiting)
3. Magazine doors (retrofit)
4. Vehicle doors (metal)
5. Personnel doors (mstal)
6. Composites (metal)
7. Doors hasps and locks

1. Glass
2. Plastic
3. Metal bars
4. Expanded metal

I 5. Louvers
6. Miscellaneous metal shapes
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(AA&E) losses). The security engineer should ascertain the planned use of the
facility to determine the expect~d future housed asset inven~ory including
these factors: ●

o Replacement cost

o Replacement time

(i.e., dollar value)

(criticality)

0 Political impact

o Military readiness (strategic value)

At a minimum, the physical security design for the building should be based
upon the planned first use of the facility. However, the security engineer
should recognize that the facility uses change over time; therefore, he may be
justified in designing for the most important critical use anticipated in the
future.

1.7.3 Effect of Facility Type and Number. This handbook applies to the
physical security requirements of any type of military facility. However,
there inevitably can arise cases where general requirements and guidelines ❑ay
need special interpratation by local commands. For example, communicantions,
administrative, industrial, and AA&E facilitiesmay have considerable value
because of storage of classified or strategicallyvalued resources. It iS
also possible that warehouses and administrativeoffices may contain unique
time-urgent supplies, the loss of a “significant” fraction of which may
negatively impact military readiness because of a lengthy resupply interval.
The security engineer should recognize that the total number of facilities at
a site may influence the ability of the security guards to respond in a timely ●
manner. Unique qualities of the facility are important, as the facility is
compared to similar facilities at other nearby activities.

1.7.4 Anticipating Lusses to be Prevented by Security (CL~. There is
normslly some fraction of the economic value at risk representing the anti-
cipated losses over the life of the building that a desiguer intends to
prevent or minimize by investment in a physical security system. More
specifically,CL is tbe total anticipated losses less that recovered by the
criminal justice system or protected (deterred from loss) by the physical
security system. As an illustration,Figure A-2 presents the likely form of
such historical data when they become available. ‘l’hisfigure suggests that,
for a given facility and resource type, relatively few occurrences involve
high losses, while relatively frequent occurrences involve moderate losses.
Such data would help in determining the level of losses to be covered by
deterrence (CA), the losses to be prevented by physical security design (CL),
and the losses which apply to criminal justice solutions (CEm) . One such
example follws:
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CL = Loss Ratio x CV~ (A-1)

●
CVAR

= Economic value at risk (dollars per
square meter)

Loss Ratio (LR) = Fraction of C one can expect to replace
“$!, etc.,because of the based on historical

date

1.7.5 Lass Expectation. If available, the security engineer should assemble
historical data on the losses incurred at similar facilities. The historical

data should include enough information to permit calculation of C over the

life of the planned new facility. kIt should also include informs ion describ-
ing the facility and physical security system. This may include, fOr ex~Ple:

o Facility type

o Facility location

o Floor gpace

o Economic value at risk (Cvm)

0 Years experience

o Frequency and dollar losses per occurrence

o Maximum loss occurrence

o Building delay time (TBUG)

o Guard response time to building (Tm)

o IDS false alarm rate

o Deterrent features of facility (i.e., lighting, fences, etc.)

Although the use of historical loss data is useful, it should be remembered
that the past ❑ay not always be an adequate reflection of the future, particu-
larly if conditions are changing in and around the installation. Figure A-3
provides example data besed on 480 csses of unauthorized intrusions into Naval
Facilities investigatedby the Naval InvestigativeServices from 1976 to 1981.
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●
1.7.5.1 Tvpe of Facility. Figure A-3a shows dormitories and administrative
facilities are involved most frequently followed by family housing, Mainten-
ance shops, supply storage, base exchsnge, snd other operational type
facilities.

1.7.5.2 Tvpe of Asset. Figure A-3b shows the frequency of cases according to
type of asset. Operational equipment snd supplies lead the list at 43.1%
followed by consumer electronics (16.2%), other (17.2%), mOney (10.1%) ~d
tools (8.2%). The majority of assets were reasonably small, valuable, easy to
remove, and selable on the open ❑arket.

1.7.5.3 Value Lost. Figure A-3c shows the average loss per facility type per
case. Leaders include open storage, administrateive, fsmily housing, covered
storage, maintenance shops, base exchsnges, clubs, etc. Losses per case are
reasonably small as shown in Figure A-3d. Over one-half (50.8%) of all cases
were less then $500 snd 18.5% are between $500 to $999 giving a total of 69.3%
of all caaes below $1000. Figure A-3e shows that the sverage loss value per
incident by year shows a fairly large variation. The median remains reason-
ably consistent. The average over 5 years (1976 to 1980) is $2,196 per
incident.

1.7.6 Facility Criticality. Based on the above, the criticality of a
facility should be determined sccording to the following criteria:

o If loss or sabotage of its contents resuLts in a significant adverse
impact on military readiness, national security, or political implication then

●
the facility is crftical.

o If the expected economic loss (CL) over the life of the facility
without security is much higher than the cost of providing real time security
(C T), then the facility is critical. If the expected losses are much less,
deterrence or criminal investigationmeasures may be more appropriate.

1.8 Determine Securitv Systsm Performance/CostGuals.

1.8.1 Overview. For a critical facility requiring real (or near real) time
security, two design goals require specification: (1) the minimum acceptable
confidence of detecting and intercepting sn intmder in time; and (2) the
maximum acceptable life cycle cost of the security system including structural
hardening, IDS, snd security guards. The security engineer should establish
the above design goals with the help of the operational and security personnel
at the military installation.

,.,
1.8.2 Cost Goal. For losses that are purely economic in nature, one possible
limit on security system cost is requiring that it should not exceed the total
anticipated losses that are projected over the life of the facility (CL). On
the other hand, what one is willing to spend on security for asseta having
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high military criticality and/or political impact may far outweigh their eco-
nomic value. In some cases the security engineer ❑ay not have a historical
base of loss data for estimating CL. In both of these cases, establish~,ngthe ●
cost goal may be dictated by a budgetary process of “give and taks.” -

1.8.3 Performance Goal. T%e minimum acceptable confidence of intercept”ihgan
intruder in time depends on the criticality of the assets at risk. For some
assets such as nuclear weapons and Risk Category I and II AA&E, confidence of
intercept should be at or near 100%. Tbe protection level for othar assets
may not be as clearly defined. So long as the level is reasonably high (e.g.,
75% or greater) the overall security system coat may be the deciding factor.
Practically speaking, in these cases the performance design goal may be :
dictated by the maximum acceptable security related life,cyclecost of the
security system.

,..
1.9 Determining Threat Characteristics.

1.9.1 Overview. The physical security threat is very”diverse with respect to
not only threat objectives, motives, and tools, but also threat personnel; ‘.
tactics, and timing. A broad range of credible threats is what makes the
design of physical security systems clifficult. Table A-3 summarizes the moi.t
current informationon threats.

,.,

1.9.2 Personnal. Threat personnel may include unauthorized outsiders who
penetrate a military facility as well as authorized site personnel (insiders).:

., .,,, ‘,!:
1.9.2.1 Outsiders. Penetration threats may involve casual intruders, ,‘,-
vandals, criminals, and/or politically dadicate”dand mOtivate~ agents. me o

tools, skill level, and tactics that may be employed,by such threats.are . “..
described below.

..

1,9.2.2 Insidars. Insidar threata can include military, civil service, con-
tractor, or visitor personnal who work in, or have knowledga of, the.facility
in which a security system is installed. ‘l%einsidar security problem is
generally considered to ba one of human reliability countered through ..
personnel security checks and clearances. However; the insider problem cannot
be completely eliminated by these means and, for that reason, tha“’security
system has to incorporatemeasures to prevent its compromise. In’thi,sregard,
the insider and penetrator threats may not be separate and distinct. An
attack on a facility can be made easier if those planning the attack can~-gain
insider information on the protective maasures in force or internal tampering
with the security system during normal facility accsss hours.
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1.9.2.3 Numbers. Some threats ❑ay be single individuals operating spentsne-
ously with negligible preparation. Othera ❑ay involve a team of several
persons with a graat deal of preparation in terms of intelligence gathering, ●
rehearsal, and training. The physical security design problem is obviously
stressed most by insiders, who ❑ight be relatively hard to detect, and by
large numbers of penetrators, who might ba highly trained and hard to delay.

1.9.3 Threat Level. The security enginaer should establish the leval of
attack the threat is likely to use based on the threat characteristicssho~
in Table A-3. Four attack levels in ascending order of sevarity are possible:
Attack Level 1 ia Iimitad to band held tools with low observable (e.g., pry-
bars); Attack Laval 2 allows an unlimited selection of hand tools; Attack
Level 3 allows an unlimited selection of hand, power or’thermal tools; Attack
Lavel 4 includes hand, power, and thermal tools, as well as explosives.
Attack Level 1 applies primarily to Icw level threats; Attack Levels 2 and 3
to mid-leve1 threats, and Attack Level 4 to high level threats.

1.9.4 Attack Hole Size. The attack hole size affects the penetration time
into the facility. Basad on the objective of the threat (either thaft or
destruction), the security engineer can select a penetration opening size. If
destruction is the anticipated objective and the asset is visible and located
close to the protective barrier, then a small opening ❑ay be all that is
needed to destroy the aaset (i.e., explosives, firearma, or liquid
flsmmablas). If theft is the anticipated objective, then either a man-sized
opening (96 square inches minimum) is required for access, or an opening large
enough to remove the assat ia needed when the doors and windows are alarmed.
In this regard, fishing is a commonly usad term that describes a process by
which an titruder may axtract items from an area without actual1y entaring it.
This requires a small opening and a fishing implement such as a line or long

●
stick with a hook, magnet, or adhesive tip. Valuables can be fished through
mail slots, gaps in intrusion-alarmscreens, and numerous other small
openings.

1.9.5 Skill Level. The security engineer should alao be aware of differences
in the skill lavel of the threat in selecting and using the tools. Four
Iavels are possible. In descending order of skill leval thesa ara:
(1) “skilled’’--this implies affective use of the tools; (2) “skilled with tool
penalty”--implies that although skilled in using the tools, the intruder
nevertheless selects bulky or heavy aquipment, or tools requiring an
independentpower supply that requires added time setting up and using;
(3) “unskilled’’--implies the threat does not use tha tools effectively; and
(4) “unskilled with tool penalty’’--implies the selaction of cumbersome tools,
as well as unskilled use. An additional time allowance for skill level and
tool penalties can be added to the penetration time given in this haudbook if
deemed appropriate by tha sacurity engineer.
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1.9.6 Tactics. There exists a large array of potential threat tactic cate-

●
gories that stress differing aspects of the physical security system. Three
tactical factors include stealth, speed, and saturation.

1.9.6.1 Stealth. The threat ❑ay attempt to minimize the likelihood of
detection by keeping observable signatures low (i.e., quiet and slow threats
are typical). As a countermeasure,structural design should attempt to force
the use of highly observable (e.g., highly visible and/or audible) tools.

1.9.6.2 -. The threat may attempt to ❑inimize the exposure time. These
threats may be unconcerned about detection and use brute force tools or high
energy devices for entry. The building structure design should lengthen this
penetration time by as much penetration resistance as is cost-effective.

1.9.6.3 Saturation. The threat may attempt to create many false alarms to
distract or divert the guard force. This problem can be ❑inimized by provid-
ing for remote threat assessment (e.g., closed circuit television (CCTV)
cameras) or by adding security personnel.

1.9.6.4 Stay-Behind. This tactic involves gaining entry during a time when a
facility is open for normal business, and when the intrusion-detection
equipment is in the ACCESS mode. lle intruder stays behind (usually by
hiding) after the facility is closed. Once an intruder has obtained the
asseta, he may be able to escape before the guard forces arrive, even if the
detectors are activated in the process. One countermeasure is to provide
hardened limited assess interior vaults for storing critical assets that can

●
only be opened externally.

1.9.6.5 Deception Against Intrusion Detection Svstem. Numerous tactics can
be employed against an intrusion detection system to deceive operators and

.. guard forces into believing that a system is ❑alfunctioning and that alarms do
not require a response. These tactics often involve inducing “false” alarms
until such time as guard forces and operators become mentally conditioned and
reach the incorrect conclusion that the system is unreliable and response is
unnecessary. One countermeasure is to design the intrusion detection system
intergal with the barrier so that only high energy attacks activate alarms.

1.9.6.6 Attack on Alarm Signal Lines. It is frequently assumed that an area
has the protection of an intrusion detection system simply because sophisti-
cated intrusion detection equipment is installed and connected to an alarm
indicator msmed by guard forces. What is forgotten is that the entire system
csn be defeated if the comecting lines are compromised. Although ❑ost secur-
ity systems employ some means of detection if these lines are tampered with,
there is increasing evidence that clever intruders know how to circumvent
these measures and prevent alarms from going through from a protected area to
a ❑onitoring post. Mea:ures that should be taken to counter this tactic
include making alarm signal lines physically inaccessible and utilizing more
secure line supervisory equipment.
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1.9.7 w. Physical security is very sensitive to the degree of readiness
of the system. Physical security is often weakest during periods of paak
traffic to and from the facility during the normal workday. For example, ●
alarms may be set off when a structure is opened at the start of the day. In
this case, the guards may not respond, balieving all such alarms to ba falsa,
Another example is shipments that are stored in relatively unsecurad holding
areas for a temporary period before begin relocated to more permanent secura
facilities. Bad weather, darkness, and holidays are other times of
predictable security difficulty.

1.9.8 Historical Records of Intrusion. The security engineer should obtain,
from the appropriate security or police office, records of actual and
attempted intrusions or interceptionsof unauthorized individuals at the
installationor activity for similar facilities as that being designed. The
records of.attempted and actual penetrations, regardless of intent, should be
examined carefully to determine how access was attempted or achieved. The
records will aid in asseasing the threat and in uncovering likaly ❑eans“and
locations of intrusion to be hardened against. Although such historical data
is usaful, it should be remembered that focusing exclusively on the hardening
of these historical weakpoints may simply divert tha threat to other
previously unidentified weak points. Figure A-f.+provides some data based on
480 cases of unauthorized intrusions into Naval facilities investigatedby the
Naval InvestigativeServices from 1976 to 1981. Based on these results, one
can conclude the facilities involved were largely unhardened with nominal (if
~Y) Security.

1.9.8.1 Point of Entry. Figure A-5a shows that the most frequent ❑ode of
entry was through a door or window. Of the total of 480 cases, 208 were
breaking and entry with 125 (60.I%) through the door and 66 (31.8%) through ●
the window. Entries through walls, roofs and other means accounts for the
balance of 8:1%.

1.9.8.2 Method of Entry. Figure A-5b shows the method of entry into the
doors and Figure A-5c through the windows. Breaking or disabling the door
lock is by far the largest (48%) method of entry. The majority of windows
were left unlocked. However, when windows were locked, the method of entry
was to break or remove tbe glass.

1.9.8.3 Tools Used. Figure A-5d.shows the.tools used for the’208 cases
involving breaking and entry. Only 99 of the 208 cases reported the use of
tools Prybars were used in the majority of cases (26.4%) followed by other
tools (18.3%) (such as brick, knives, etc.), and bolt cuttars (2.9%). No
power tools or sophisticated cutting, burning, or explosive devices were
reported.
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PROBABILITY OF DETECTION

FIGUllEA-4. IDS performance data requirements.
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1.9.8.4 Threat and Skill Level. Figure A-5e shows that the ❑ajority of the
cases could be classified as low threat level crimes of opportunity with
intruders of obvious low skills. This is also reflected in minimal to no ●
obvious preplanning and the use of tools of opportunity.

1.9.8.5 Timing. Figure A-5f shows that over the available data ❑ost inci-
dents occur at night. The occurrences at night are four times higher than
during the week day snd 50% higher than the total weekend occurrences.
Unfortunately, time of entry for a large portion of the data (38%) was not
indicated.

1.10 Determining Security Related Characteristic Parameters of the
Installation.

1.10.1 Overview. The design of security for the new facility can not be
accomplishedwithout recognizing the impact of other currently existing crit-
ical facilities on the installation. Since these other facilities also
require security related resources (guards, IDS), the effect is to limit the
availability of the same resources for the new facility. For example, the
time interval required for roving patrols to periodically check the new
facility depends, among other things, on the location and numbers of other
critical facilities that must SISO be checked. Auother exsmple--if IDS alarms
occur botb at the proposed new facility and other critical facilities at about
the same time, the overall response time to (and corresponding delay time
required of) the new facility ❑ay be higher. How ❑uch higher depends on the
number of alarms and the availabilityof responding guards.

1.10.2 Other Critical Facilities. The facilities engineer ❑ust establish ●
which other facilities on the installation are also critical and require real
time security. For these facilities,he should establish the parimeter (in
feet) that must be inspected, and tbe X snd Y coordinates of the center of the
facility from baselines. The security engineer should also estsblish whether
these other facilities are wired for IDS, whether they are on a roving patrol
path with periodic inspection,or both.

1.11 Determining Security Guard Parameters.

1.11.1 Overview. The capability of the security gusrd response force located
on the installation is directly related to tbe proper investment in facility
delay time. The goal of any investment in facility delay time is to resist
penetration for the interval of guard response. Therefore, the appropriate
structural delay time should consider the worst case of guard response time.
The security engineer should obtain data relating to existing security guard
performance and economics on the specific military installationwhere
construction is being plamed.
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1.11.2 Operational Procedures. Information should

●
guard operating procedures’on site, including those
security roles:

be compiled regarding
related to the following

,,

0 Roving in one or more vehicle patrols from critical facility to
critical facility and conducting walking inspections of each.

o Dispatched from one central guard ‘facility.

o Lncated at one or more critical facilities either in fixed stations,,
or on walking patrols around the facility.

o Located at entry control’points into the installation.

o Located offsite aa support guards.

o Combinations of the above.

The security engineer should determine which of the above options are in
current use and which are not at the installation.

1.11.3 Guard Numbers and Training. The guard force performance is sensitive
to the staffing practices, n~ber, location and size of critical facilities,
threat tactics, and degree of training. The security engineer should obtain
and evaluate data on the following guard parsmetars.

1.11.3.1 Hours on Duty Per Guard Per Year. Determine the number of guards
required per 24-hour station.

1.11.3.2 Number of Guard Positions Within Each Category. Determine
additional guard requirements imposed by the new facility.

1.11.3.3 Saturation Limit of Activity (Fewest Number of Guards on response
Duty at Anv Time During Year). Determine whether new guards are required to
raise the insensitivityto threat-induced,deliberate false alarms.

1.11.3.4 Law Enforcement Skills and Proficiency. Determine whethar guard
response is likely to be productive under all circumstances.

1.11.4 Guard Costs. The security enginaer should obtain data on the current
cost to train, equip, and maintain the security guards at the installation,
and the total anticipated costs ,allocatedto the new facility over the life of
the building (C ~). For example, the cost of guards located opsite at the new
facility would ~e the number of guards required to man one duty station each
24-hours times the cost per guard position over the life cycle.of the
building. Roving patrol, central dispatch, or gete entry control guard costs
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should be allocated to all critical facilities on the installation. A cost
allocation formulae consistent with budgeting practices should be developed.
For example, one may allocate the costs in proportion to the secured perimeter ●
or area of eech critical facility. Roving petrol costs should include an
a1lowance for vehicle investment, and operations and ❑aintenance (O&M) costs.

1.12 Determining Intrusion Detection System Related Parameters (IDS~.

1.12.1 Use of IDS. For security guards and structural delay to be cost-
effective, threat detection and assessment should be provided either by people
or by the use of remote sensors. Security personnel,passersby, or sensors
are required to announce a possible threat (detect), confirm the existence of
a threat (assess), and define the location’of the threat (track). IDS may
also provide forensic informationpertinent to the crimiual justice approach
and also affect the deterrence features of the facility. The security
engineer must develop an appreciationof what an IDS will do for security,
criminal justice, and deterrence so the delay time designed into the structure
can account for these capabilities.

1.12.2 IDS Performance Parameters. The IDS performance parameters of
interest to the security engineer include the following factors:

0 Completeness of coverage

o False alarm rate and nuisance alarm rate

o Time for detection andassessment (TIDS) (referenced to initiation of
the penetration threat) ●

0

0

0

Probability of detection

Assessment confidence

Degree of tracking localization

Use of an IDS involves inherent risks. For example, guard requirements for
threat assessment may increese because of high false or nuisance alarms rates
associated with the detection sensors. For a given sensor there is a
relationshipbetween the probability of detection end the number of nuisance
alarms. In general, the higher the probability of detecting an intruder, the
higher the likely nuisance alarms. This is shown in Figure A-4. One way of
minimizing this problem is to design integrated barrier-sensor systems where
the disturbance threshold level for actuating the sensor is very high but
still within the level of that created by all the attack tools. This is
discussed further in what follows.
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●
1.12.2.1 Existing IDS System. The security engineer should establish the IDS
performance parameters for both the new facility being designed as well as the
IDS system currently operational at the installation (if any). Important
basewide IDS information that can effect the cost and level of security at the
new facility is the location of other critical facilitieswith IDS, the IDS
cove~age area at these facilities, and the historical average end worst case
false and nuisance alarm rates experienced. The higher the alarm rate at
these facilities the more time will be spent by guards assessing these alarms.
This can lead to a higher delay time requirement at the new facility. As a
first approximation,one can allocate the estimated alarms per day to the
various critical facilities with IDS on the installation in proportion to the
IDS coverage area of each.

1.12.3 IDS Cost. The security engineer should also obtain data on the
current investment costs of any IDS systam, and the anticipated maintenance
and other costs over the life cycle of the building (CIDS). In this regard,
estimating IDS costs presents e difficult problem. Many of the IDS sensors
are discrete in character, wherein one sensor more or less provides detection
within a region, but with detectirinperformance degraded as a function of
distance from the sensor. Thus, the area of the region protected (and
consequently the number of senors) depends on the level of detection sought as
well as the corresponding tolerable level of nuisance alarma. In effect, the
region protected ia operationally defined instead of structurally defined.
There is the additional task of allocating the costs of IDS facilities shared
with other buildings on the base, such ss the command, control and display
facilities, the sensor data link facilities, and the annual recurring costs

●
for the command and control operators and maintenance and repair personne1.
T?Ius,costs for a particular building are also dependent on the number of
other buildings equipped with IDS.

1.12.4 IDS Detection Issues. The detection function performed by an IDS
satisfies the ohjective of cresting a confirmed threat fiIe, which requires
further action. There are many problems inherent in any IDS system. Such
problems include false and nuisance alarms, vulnerable sensor location, and
incomplete sensor coverage. Poor sensors or IDS design or installationwill
result in a major coat penalty.if it reeults in a large guard force require-
ment for assessing nuisance alarms.

1.12.4.1 Detector False and Nuisance Alarms. IDS sensors used for detection
only ❑ay have frequent nuisance alarma because of weather, passersby, or other
phenomena. The IDS equipment itself may also produce false alarma (e.g., from
interna1 equipment noise). Since many current IDS applications require guard
personnel to respond ‘tothe alarm location to assess its validity, a ❑ajor
expense due to an unreliable IDS ❑ay be the high cost of assessment guards. ,
To illustrate the above, detectors can operate on any of a wide variety of
physical principles and are, therefore, subject to widely different nuisance
alarm backgrounds. Some are particularly sensitive to one or more of the
following: fog, rain, snow, thunder, aircraft or traffic noise, heat, radio

,, ,..

●
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interference,“rodents,etc. “Generally,’detectors possess at least one
“Achilles heel” so that selection of the best detector depends upon tbe
application environment. In general, it is also true that as ❑ore detectors. o
are needed to complete coverage for an application,more false and nuisance
alarms will result over a given‘period. It should also be noted that
detectors deployed outside, and thus subjected to weather, are more prone to
high peak alarm rates. To control high false and nuisance alarm rates, sensor
systems may require coincident detection by two or more detectors operating on
different principles.

1.12.4.2 Detector Location. The detection sensors ❑ay be placed in the wrong
position relative to’the key structural barrier so that the threat is detected
only after penetration of tbe barrier. To be effectiva, detection sensors
must sense in or on the outside of the structural delay barrier at the start
of the penetration attempt. When ,thisis not done, the investment in de1ay
barriers is largely wasted (except perhaps as a deterrent). Moreover, in such
cases, the IDS functions only as a crime notification system for use in crimi-
nal justice enforcement.

‘1.12.4.3 Detector Coverage. The detection sensor coverage may also be incom-
plete allowing the IDS to be circumvented along certain paths of approach.
There are a myriad of detection options each of which possesses a coverage
characteristic. To ensure complete coverage; the detection plan must
recognize vertical as well as horizontal planes. For example, in some
circumstances,it pay be necessary to detect a threat approaching the roof of
a secure building from the higher roof of a ‘neighboringinsecure building.
Detection’on the ground p“l-anealone does not provide confidence in threat
detection under all circumstances. Specific detection sensors are too
numerous to mention here.

,.

1.12.5 IDS Assessment Issues. After a formal detection event, another sensOr
(either an IDS or a person) must provide confirmation of the existence
(designationevent) and determination of the threats characteristics
(discriminationevent). To eliminate tbe time lost for assessment, as well “as
the cost of guards dedicated to assessment, it may be desirable to include
security sensors that go beyond detection. Assessment sensors confirm the
existence of a threat. These can be as cruda as a second detection from
another detection sensor or as sophisticated as imaging sensors such as CCTV
designed to show a remotely locatad security guard what .isactually happeniflg.
Some new C(TTVsensors incIude complex microprocessors,which perform detection
and do not require a guard viewing the image unti1 some detectad change
requires attention. Assessment is always requirad. Due to nuisance alarms,
assessment may consume most of the guard force’s time when a sensor assessment
system is not used. Incorporationof assessment sensors into an IDS may help
limit the number of guards required to ensure a secure facility.

1.12.6 Tracking Issues. An IDS can also inform the guards of the location of
the threat. Very large sensor zones provida a minimum of location information
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to guards. Often, when the guard response times are lengthy, the threat may
have made significant progress from the’position of first detection. Since
searching for the threat csrrbe time consuming or prove unsuccess~ul, in some
situations it may be necessary to incorporate tracking iensOrs that
continually update the location of the threat. If the facility is large,
tracking sensors become mora important.

1.12.7 IDS Communications Issues. Communication lines essential to IDS
detection end assessment should be hardened and protected with fail-safe
features. The same requirement.applies to any radio cOmm~icatiOrisUPOn which
IDS operation depends, such as radio frequency (~) repeaters ~d, anteunas.
The operation of the IDS is only as reliable as its weakest point. Either
interior or axterior exposura of key commuriicationlines or SF links may
provida an informed intruderwith the opportunity to defeat the lDS ~d,
therefore, compromise security. ‘l’hahardening of such lines and l~ks is
essential to the reliable performance of any real time “securitysystem. ‘As
noted under the sectiun on exterior layout in Paragraph 4.2, telephone jacks
should be provided aa necessary, at axternal locations, particularly to
support security personnel who ❑ay be dispatched to assass a sensor for’which
assessment hardwara (i.e. , a CCTV camera) haa failed and who need access to a
telephone. Such jacks should be hardened to prevent a threat from “PIUggi’ng
into” the telephone network and jamming the entire system. A jack with a
special key to register contact ❑ight ba one solution. The alternative is to
equip security persorrnalwith hand-held radios.

1.12.8 Displav Issues.’ Security personnel need sufficient technical informa-
tion about the operation of IDS detection and assessment hardware to
understand the informationthat is symbolically displayed on consoles (e.g.,
colored lights, annunciators, etc.), particularly during situations when
numerous annunciators are alarming simultaneously. A fully lit display panel
can easily desensitize even the most energetic security force. Generally,
such situations occur during local storms (e.g., wind and rain) and may result
from the activation of sensors (e.g., magnetic switchas on rattling doors that
are not properly set in their jams) thus producing a high nuisarrcealarm rate
and, therefore, reducing the utility of the IDS. In real time security
systems, backup provisions must be in place, at least to provide for
alternative means of detection and assessment at critical facilities, or the
security system can easily and routinely be compromised. Intrude~s only need
to wait for favorableweather or seasonal conditions. Equally important is
the precise correlation of detection and assessment hardware, such as motion
detactors and CCTV cameras snd monitors. For example, security personnel’need
strong “cues” to look at CCTV monitors because of the decrement in vigilance
that occurs during long duty cycles. The important point to remember.about,
alarm displays is that sacurity personnal must be present to immediately’react
to a detection event, to assess it, and to communicate necessary orders to
response personnel, should assessment confirm detection of an intruder.
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1.12.9 IDS Related Criminal Justice Issues. Few IDS detection sensOrs
possess characteristicsthat can centribute to successful criminal justice
an after-the-fact loss recovery program. On the ‘otherhand, a CCTV with a

or ●
videotape recording capabi1ity-o; s~quence photography can assist apprehansion —
and prosecution of intruders after a security failure. CCTV sensors ❑ay also
centribute to detection, assessment, and tracking in a physical security
centext.

1.12.10 IDS Related Deterrence Issues. IDS sensors are avaiIable that are
easily visible to the potential threat, and others can be effective while
hidden from view (such as buried sensors). Some degree of deterrence results
by application of easily viewed sensors. Even inoperable sensors (empty
housings) can sometimes be used to enhance deterrence.

1.13 IdentifyingHardening Options and Analvzing Performance/CostTradeoffs.

1.13.1 Overview. The security engineer should complete a cost-effectiveness
analysis considering alternative❑ixes of structural hardness for a given
level of security force and type of IDS. The objective is to establish
optimal design options considering the security performance, budgeting, and
operational constraints of the facility established above.

1.13.1 Cost Analysis.

1.13.2.1 Overview. The security engineer should begin the process by identi-
fying security system options and evaluating their life cycle costs. This
involves using the information in this design handbook to tabulate structural
barrier design options for the walls, roof, floors, doors, windows, etc.,
using the Worksheets in Paragraph 3.2 (shown as Figure 4). A range of delay ●
times should be assumed based on the estimated range of response time

‘T ‘TID~
) of the security system established in previous steps. Next the

li~ cyc e costs of these hardening options should be combined with sensor and
guard costs to see which are belnw total security system and/or individual
component cost limits.

1.13.2.2 Structural Hardening Costa. Structural hardening costs (C
the fu11-construction costs including general contractor overhead,

~~G~dre

fee. Periodic painting etc., can be assumed to have little to do with main-
taining penetration resistance and consequently initial construction costs can
reasonably reflect total life cycle costs associated with construction.

1.13.2.3 Intrusion Detection System Costs. ) include hardwareIDS COsts (c~~Swire ~d cable
procurement for the sensors, command and control (C&C),
subsystems. Annual recurring costs for the C&C operators and maintenance and
repairs should also be inclu~ed.

1.13.2.4 Guard Forces Costs. Guard force
vehicle guards should be allocated to each
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installation, including the proposed new facility in proportion to the secured
area perimeter requiring inspection or other appropriate rules. All the costs
should be allocated to the new facility if the guards are located onsite.
Vehicle investment and O&M costs should also be considered for the roving
csses.

1.13.2.5 Total System Costs. +C ) for eachTOtal syStem cOsts (cBLDGW~DS ~the ~sximm

candidate facility design should be calculated and compare wit
cost constraints establishedpreviously. Systems that do not ❑eet the con-
straints should be eliminated accordingly. Sinca some losses may.impact
political or replacement tima issues in addition to dollars, these parameters
should also be considered in the decision. A reasonable physical security
expenditure is a complex issue related to many variablas ss well as to how
❑uch delay time is naeded and how ❑uch is acquired for each increment in cost.

1.13.3 Performance Analysis.

1.13.3.1 Overview. After,those security system options meeting the cost
1imitations hava been identified, the confidence or probability of detecting
and interceptingau intruder in time (PI) for each building component (walls,
doors, roof, etc.) associated with each option should be then evaluatad and
compared against the minimum acceptable level specified earlier. Those
options not ❑eeting the requirement should be eliminated. The facility struc-
tural delay time is a primery factor in estimating PI. This is discussed
further below.

1. 13.3.2 Facility Delsy Time. Providiug adequste structural delay time is a
primary fsctor in physical security, sirtceit takes time for guards to detect
snd assess a threat and to arriva st tha right spot to prevent a loss. Delay
of threat progress during this response interval is essential. Tha facility
should provide a cost-effectivestructural barrier in the path of the intruder
consistent with responsa timeliness of the IDS end guards. All potential
paths into tbe building should be considered. The building delay time should
be regsrded ss no better than the lowest penetration time provided hy any one
element of the structura, be it doors, windows, utility openings, floors,
Wslls, or roofs. The majority of penetration losses from existing facilities
occur through doors, windows, and utility openings. These elements of the
structure frequently are the weak links and.❑ay not ❑eet physical security
delay time goals. Doorjambs, door locking systems, hinges, and window sbialds
require particular attantion in order to gain adequete delay time.

1.13.3.3 Probability of Guards Intercepting an Intruder Without an IDS. For
systems that rely totally on the guards for detection and interception,the
probability of the guards intercepting the intruder in time (P1=PIG) can be
eatimated using:
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EQUATEON:
‘IG = ‘DG x ‘AG

where

(A-2). .

●
‘DG

= Probability of the guards detecting the intrusion
attempt

‘AG
= Probability of the guards assessing which facility is
being attacked and arriving in time

The probabilities in Equation A-2 are combined in en “AND-gate”form. This
means eech of the events must occur for the combined probability to occur.

(1) Probability of detection by guards. PD involves the poaaibility of
guards hearing attack tool noises, seeing visual observable such as smoke or
light generated during a penetration attack, or visually detecting a break-in
attempt directly on a normal inspection cycle at the facility. The combined
probability of detection (P ) that accounts for both audible (PDA) and (PDV)

JGvisual factors can be calcu ated by:

EQUATION:
‘DG

= I-(l-PDA) (l-PDv) (A-3)

The probability of auditory detection (PDA) ia a function of the noise level
of the source (attack tools), the background noise level, and the distance the
observer or guard is from the source. Attack tool noise data are available
from tests and from other sources. Nominal background noise levels of 40 db
for a walking or stationary guard and 70 db for roving patrols can be used.
Background noise levels for roving patrols is higher because of vehicle and

The probability of auditory detection is depicted graphically
●

engine noise.
in Figure A-6 for two attack tool noise levels--75 and 105 db. The probabil-

) is a function of attack tool smoke or light‘ty ‘f vis”al ‘etection ‘pD~ ~uminance, attenuation due to weather condi-
luminance levels, backgroun
tions, and the distance of the observer or guard from the source.

‘DV
for a

burn bar is depicted graphically in Figure A-7 for various weather conditions.
Since the combined probability P~G given by Equation A-3 also depends on the
specific locations of the guards away from the noise or light source, the
security engineer can calculata an average P

‘ YG
over all locations by weighing

the individual probabilities for each posslb e location of the guards along
the roving path, etc. in proportion to the fraction of the times spent at
these locations over tbe total attack time (which is the same as a given
barrier penetrationtime) when noise or light ia being generated.
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● FIGURE A-6. Probability of auditory detection by guards versus range
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●

●

FIGURE A-7. Probability of visual detection by guards versus range and
environmental conditions (for a burn bar attack).
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●
(2) Probability of assessing which facilitv is under attack. The

probabilityof assessing (PA) depends on the sbility of the guards to locate
the source of the attack sounds or visual observable. This depends on: the
location of the guards at any one time; the fact that there is a 20-degree
conical uncertain y of a human observer accurately identifying the location of
any sound; and the fact that other secured critical buildings may be located
in the 20-degree conical area which would have to be responded to. ‘Ilis
angular uncertainty can be taken as zero.for attacks involving visual smoke or
light observable since the angular direction of these effects can be observed
directly. The security engineer csn estimate the probability of assessing and
arriving in time from the guard locations using:

where

‘RF
= Response force time

‘BARRIER PEN
= Barrier penetration time which varies accordirig
to the attack

‘IN
= Ingress time

an angular uncertainty of 20 degrees

T
OUT

= Egress time

●
The estimate for T

F
should account for

regerding the loca Ion of the facility if the-attack involves-only sound
observable. Since the guard may be at more than one location (e.g., on a
roving peth), an average ‘AG

over all possible locations should be established
and weighted on the time spent and probability of the detection occurring at a
given PO int.

(3) ~ponse time (TRF~. The’security engineer can estimate (Tm) in
the following manner. He s ould obtain e large scale road map of the insta-
llationand identify: (1) the location of existing critical facilities and the
proposed new facility; (2) the locations of vehicle patrol paths followed by
roving guards during an inspection cycle; and/or (3) the location of the guard
response if an elarm occurs for facilities that depend on IDS guard responding
from a central guerd house. Based on this information, estimates should be
made of the roving patrol path timelines, IDS response time lines, etc. This
can be done by actually ❑easuring these times by riding along in a vehicle or
estimating them using the distances on the maps and measured velues of vehicle
patrol and response speed as well as on-foot building inspection rates.
Allowance for multiple simultaneous IDS alarms should be made ss appropriate.
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Probability of Guards Intercepting an Intruder With IDS. If IDS iS
as part of the protection of one or more components of the new facil-
probability of intercepting an intruder in time for these’components ●

can be estimated using:

EQUATION : PI
= l-(l-PIG) x (l-PIDS) (A-5)

where ...

PI = The combined probability of interceptingthe intruder ~

‘IG
= The probability of intercept based on the guarda
hearing or seeing an attack , ,

,.

‘IDS
= The probability of intercept based on the IDS detecting
the attack ,,

,4

The combined “OR-gate” probability expressed by Equation A-5 is used
to allow assessment of all possible ❑ixes of fixed guards, roving patrols, and
IDS that can occur. The above “OR-gate” expression allows for this in that
any one of the combinations can result in an intruder intercept--i.e., all
need not occur.

‘IG in Equation A-5 is estimated using Equation A-2. plDS
can be calculated using Equation A-6:

EQUATION:
‘IDS

= (PD)lD~ x (PA)IDS (A-6)

where

‘PD)IDS
= The probability of the IDS sensors detecting the
observable generated by a given attack tool
against the given structural barrier

(PA)lDS = The probability of guards arriving at the IDS
structure in time to intercept the intruder

.,

(P ) are functions of the probability of the specified IDS .
se~s~!~ ~dt~~~??ding component detecting intruder attacks and the
nuisancelfalse alarm rate of these sensors in various environmental condi- .
tions. (PD)IDS is given by Equation A-7:

.,...,

EQUATI’ON:
‘PD)IDS = 1

- (l-PDN)(l-PDS)(l-PDH)(l-PDL)(l-PDV) (A7) ..

where

‘DN
= Probability of detecting a noise

,.

‘US
= Probability of detecting smoke .. .,

P
DH

= Probability of detecting heat
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‘DL
= P:obability of detecting light

● ,.. . PDV = Probability of detecting vibration
.,, .

‘DM
= Probability of detecting motion.

One or more terms in Equation A-7 apply depending upon the sensors specified
for the building component. Values of the detection probabilities depend on
the sensor system used and the attack-tool/barriercombination being
evalueted.

The .prgbabilityof arriving at the IDS structure in time to inter-
cept an intruder, (P ) in Equation A-6, can be calculated as the ratio of
the delay time provi~e~D~y the structure for a given attack divided by the
time .ittakes a guard to respond.or service an alarm. The structura1 delay
time in turn is the sum of the penetration delay time of its barriers, plus
the ingress/egresstime of the intruder entering and leaving. (PA)~DS’is,
therefore, expressed as Equation A-8:

:,,,., ,<
EQUATION: ..

‘PA)IDS = ‘BARRIER PEN + ‘IN + ‘OUT
(A-8)

,,. ,
where,.

‘BARRIER PEN
= Penetration delay time of the structural
barrier which varies according to the attack.

‘IN
= Ingress time

‘OUT = Egress time

T
IDS

= IDS detection time

‘RP= Alarm response time

The estimate for TW is accomplished es discussed previously and should
account for the possibility that the guards may be assessing alarms at other
critical facilities.,The higher the estimated false/nuisancealarm rste for
the ,activityas a whole, the longer TW for a given fixed number of guards.
Since the guards ❑ay be at more than one location (e.g., on a roving path), an

over all possible locations should be established and weighed
~e~g~n(~~~’!~me spent at that location.

1.14 Establishing Acceptable Deferrable Measures.

1.14.1 Deterrence. A nominal investment in deterrence measures may be more
cost-effectivethan a large investment in a physical security system. In gen-
eral, deterrents are intended to create a belief by tha threat that the risk
incurred by attack is unacceptable. Deterrents are, therefore, compatible
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with, but not necessarily identical to, physical security options. For
example, it may be possible to create a costly systam with a high degree of
physical security effactiveness,which ❑ay, nevertheless, be essentially
transparent to the putential threat and result in reduced frequencies of ●
attack and/or less effective intruder tactics (e.g., smash and grab).
Conversely, it ❑ay be possible to create a luw degree of physical security,
which appears formidable to the putential threat and results in a small number
of successful sttacks at much less cost. Each successive attack cannot be
guaranteed to occur in ignorance of previous outcomes. However, a “paper
tiger” system, when discovered, will be vulnerable.

1.14.2 Deterrence Exsmoles. The apparent stmctural integrity of the faci-
1ity can convince some potential threats that it is more work to acquire the
tools and is more trouble to break and enter than to attack a nonmilitary
facility for tbe same resource. Visible guardforces with rapid respunse or
frequent patrol intervals are a deterrent because of the perceived probability
of capture. High traffic densities in or near a structure may deter by
increasing the perceived likelihoodof detection or force faster penetrations
(e.g. smash and grab thefts). An inventory control system that is updated
frequently csu deter insider theft. Lighting systams are known to increase
the perception of nighttime detection of a potential intruder, whether or not
there is an observer to actually perform the detection. Consistantly success-
ful prosecution and incsrcerstion of convicted intrudera is a deterrent only
if these results are widely communicated to potential threats.

1.14.3 Deterrence Coat-Effectiveness. Mauy deterrents are a side effect of
normal physicsl security and criminal justice prsctices and, therefore, may be
relstively inexpensive. Others require cost-effectivenessjustification. For
example, the IDS designer may be faced with deciding between a CCTV survei1-
lance with lighting for nighttime performance and a light Ieve1 teIavision

●
(LLTV), which requires no lighting augmentation. The CCTV with night lighting
may be ❑ore likely to deter than the LLTV, although they ❑ay perform identic-
ally for physical security IDS purposes. If there is a cost differential,
what it is worth in deterrent performance becomes a question for which limited
quantitative data are currently available. Until such data become available,
each case should be avaluated on the basia of qualitative judgement. When an
alternative physical security option exhibits nearly identical cost and effec-
tivaness, the one with greater deterrent value should be adopted. Figures A-8
and A-9 illustrate how this comparison might be accomplished using the
building structural delay time as an example. As shown in Figure A-8 the
threat’s perceived probability of captura (level of deterrence) is a function
of the level of threat dedication, the perceived relative risk of attacking tui
alternative facility with the same assets, and the perceived performance
factor of safety the threat believes is dasignad into the building. Figure
A-9 illustratea that the threat’s perceived probability of capture, in turn,
influences the actual numbar of events likely to occur and, ultimately, the
10Sses incurred. It is anticipated that analysis of historical data will lead
to a simplified approach for making estimates of the form illustrated in
Figures A-8 and A-9.
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FIGURE A-8. Quantifying level of deterrence.
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FIGURE A-9. Interrelationshipof perceived probability of capture
to number of events.
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●
1.15 Determining Criminal Justice and Enforceable Loss Limits.

1.15.1 The.Criminal ‘JusticeApproach. It may be possible to ❑inimize theft
losses without substantial investment in physical security by relying on the
administrationof criminal justice. Although law enforcement and criminal
justice functions within DOD and the separate services are “sunk” costs, the
allocation of resources for the investigation, apprehension,prosecution, and
punishment of intruders who illegally enter ❑ilitary facilities me.ms that
fewer resources are,available for the enforcement of other, perhaps equally or
more important, criminal sanctions. Utilization of investigativeand
prosecutorial manpower (e.g., Naval InvestigativeService, FBI, Judge Advocate
attorneys, and related U.S. Department of Justice agencies) is expensive and
time consuming. Although all commands and activities are expected to take
necessary and cost-effectivephysical security ❑easures, some commands and
activities ❑ay not be able to afford extensive physicsl security resources and
❑ay have to rely more on the deterrent effect and operation of the criminal
justice system. In order to compare the criminal justice approech against one
involving investment in physical security, the security engineer should
acquire economic data on the local criminal justice capability at the activity
with emphasis upon the differences in costs as a function of these factors:

0

0

0

Intruder capture on-site during offense

Intruder capture off-site after offense

W%ether intruder is insider (military, civil service, contractor, or

●
visitor)

o Whether intruder is outsider (intruder from public at large)

1.15.2 Loss Experience. Anticipated frequency and magnitude of loss based on
historical data for similar facilities are also required for each of the above
categories. These data should then be analyzed to establish breakpoint levels
of loss per occurrence beyond which reliance on the administrationof criminal
justice is ❑ore econ.omicsland below which physicsl security is more
economical (see Figure A-1).
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APPENDIX B

DATA COLLECTION PROCESS

1.1 General. The scope and character of a particular security system are
determined through investigationof the criticality of the installation,
facility, or property; vulnerability to potential hazards, damage, or loss;
effect of physical security measures on ei?ficiency and oparations; practical
limitations imposed by the physical charsctaristicsof an installationor
sctivity; availability of funds; probable threat, based on intelligence
reports and estimates; alternate measures or approaches to achiaving security;
and evaluation and apprsissl of the physical security capability of all avail-
abla resources.

1.1.1 Dsta Assemblv Process. Assembling information about the above factors
is a step-by-stepprocess. Since security systems are titended to meet the
needs of a particular installation,most of the information required is devel-
oped at the local level by the designer. The results of the designer’s
initial fnvestigetion form the bssis for further investigation to uncover data
that clearly defines the requirements. As the process proceeds, the designer
should be abla to formulata conceptual design approaches and to make tentative
judgments of their applicability. It is through this process that the
strengths and weaknesses of passible approaches often become appsrent. As
often occurs, the designer of the physical security system hss little or no
Involvementwith tha design of the intrusion detection equipment. To insure
an optimal security system, it is imperative that the physical security
designer coordinatehis work with that of the intrusion detection system
designer. For exsmple, in new construction,when trying to sense movement
with a system that can “see” through wooden wal1s and when the physical
security designer installs woodan walls, a high false alarm rate may be
inevitable in the completed installation.

1.1.2 Delineation of Requirements. Only by obtaining information from a
veriety of sources can the designer develop all of the requirements and
constraints that will impact the design. The designer should discuss
potential solutions with the representativesof security and user agencies.
The designar has to be especially alert and responsive to the operational
activities of the user and the possible impact that the implementation of
certain kinds of security equipment may have on them, e.g., impairment in the
flow of personnel or vehicular traffic, and delays or restrictions of ingress
and egrese to facilities.

1.2 Phvsical Securitv Plan. At an establishedmilitary installation a
“Physical Security Plan” should exist. This plan should be the principal
source of guidance on all ❑atters relating to physical security. The plan is
normally formulatedby the Provost Marshal or comparable officer. The plan
defines the purpose and the objectives of the physical security measures that
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are designed to protect the installation and its facilities, and the areas
that are important; establishes priorities for their protection; and defines
the security force organization and requirements for entry control. Where
applicable, the plan also outlines the requirements for mechanical and elec-
trical aids to security, such as barriers, protective lighting, communica-
tions, and intrusion detection systems. The plan is tailored to each instal-
lation to suit the needs imposed by local conditions. A physical security
plan ❑ay have to be developed for new installations or adjusted for existing
instalIations to meet changing conditions brought about by construction
modifications or changes in mission or status. Engineering personnel can
contribute materially to the formulationof the plan and in the assessment of
alternative approaches to achieving its objectives.

1.3 Definition of Areas. The Physical Security Plan should designate that
areas are restricted, controlled, limited, or excluded. For the security
system designer, these designations provide a guide to the sensitivity of the
contents of the areas, to the compatibilitywith operational routines required
of the security system, and to the adaptation of a security system to newly
designated areas as the installationmission undergoes change.

1.4 General Factors That Influence Phvsical Security Requirements.

1.4.1 Overall Installation Securitv. Factors that affect the physical
security requirements for an entire installation are the nature and sensi-
tivity of its ❑ission; vulnerability of equipment, geographic location, and
economic and political situation in the area; proximity of external support
(such as local police); and capabilities of potential intruders.

1.4.2 Propertv Within an Installation. Influences on physical security
requirements for property within the installation are the vulnerability to
theft or damage, attractiveness as an objact of sabotage or theft, monetary
value, and importance to the primary mission of the installation.

1.4.3 Security Evaluation. Each installation and activity has to continually
avaluate its position in light of the foregoing factors and devisa physical
security measures consistentwith them. When evaluating the degree and type
of physical security required, it must be remembered that’the criticality of
an installationor activity may vary from time to time as its products or
services become more or less important.

1.5 Data Sources. As seen earlier, the origin of a requirement for a
security systam stems from a variety of sources. Once the necessity is
recognized, the installation engineering staff will be directed to design a
system to meet the requirement. In collecting the informationnecessary to
design a security system, the designer will find it useful to conduct inter-
view with the personnel involved onsite and offsite and surveys of the area
or facility to be protected. These conferences and surveys can range from a
number of meetings and reconnaissanceand analysis of an entire installation
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to one meeting and one onsite survey of a single area requiring simply a
fence. In each case, however, the conferences and surveys must treat all of
the pertinent aspects of physical security so that recommendationswill be
appropriate to the mission of the installation;the environment; the resources
available to install, ❑aintain, and operate the security system; and the
actual security problem that the system is intended to solve.

1.6 Preliminary Meetings and Studies.

1.6.1 Initial Conference. The first step in gaining a practical estimate of
the nature and scope of the security problem is to ❑eet with the originator of
the requirement. Prkcipal topics of this initial conference should be:, (1)

the degree to which the problem has already been defined; (2) present ❑ission
or changes in mission of areas to be protected and their relative importance
or criticality; (3) postulated threats to and vulnerability of the area to be
protected; (4) physical characteristicsand location of the area to be pro-
tected; (5) type, nature, and adequacy of the existing security system, if
mY; (6) physical and operational environment that ❑ay constrain the security
system design or selection of intrusion detectors; (7) capability of installa-
tion to install, maintain, and operate a security system; (8) availability of
guard forces, proposad location of central security control, and (if required)
remote annunciators; (9) requirements for protection of spatial areas, such as
vaults, arm rooms, classified conference rooms, cryptographic facilities, and
special weapons storage; and (10) availability of funds.

1.6.2 Plsns and Drawings. At this preliminary meeting, tha physical sacurity
plan, building floor plans, site plans, and other pertinent written material
that might ba available should be at hand.

1.6.3 Notation. Areas and facilities
floor and site plans. By working from
forming an onsite survey, the designer
problem to be solved.

of interest should be notsd on these
notes and drawings before actually par-
can identify tha magnitude of the

1.6.4 Checklists. A checklist is a usaful way of acquiring information
needed for a security system design. The checklists should cover both ganeral
and detailed categories of information thst can be used as guides during
subsequent interviews and site surveys.

1.7 Onsite Survey Procedure.

1.7.1 Arranging for the Onsite Survey. After the initial study of plans and
notes obtained during the preliminary discussion, arrangements should be made
for an onsite survey of the areas and facilities of intarest. Arrangements
should include a visit to tha facilities during normal working hours and after
working hours. It is desirable that the designer be accompanied on the tour
by someone who can provide accurate informationon the established mission,
who is knowledgeable on route or special operational activities, and who can
ensure access to all areas.
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1.7.2 Preliminary Site Inspection. Once arrangements have been made for the
‘onsit.esurvey, a cursory inspection of the areas of interest should be made to
nrovide femiliaritvwith the overall site layout. This will establish a
;ental base of reference in working with the-drawings tuinotatedin the initial
study.

1.7.3 Detailed Survey. The dasignar should next address specific details.
Building and site drawings should ba examined to verify original notations snd
to corract omissions, overlaps, or illogical designations. Tha dasigner
should develop snd use checklists of specific information required on tha
individual objects, structures, and areas of intarast. It is likely that
these inspections, conductad in the company of inatallation personnel fully
.acqtiaintedwith tha specific facility, will reveal additional potentially
vulnerable points overlooked on both tha drawings snd the checklists. If
necessary, surveys and discussions should be repeated until all of the desired
information is obtained.

1.8 Sits Vulnerability. The designer must evaluata tha area or facillty‘to
be secured against tha possible and probable intarnal and external threats to
which the area or facility ❑ay ba subject.

“,1.9 Records of Intrusion. The designer”should obtaiu, from the appropriate
security or police offica, records of actual and attempted intrtisions or
interceptionsof unauthorized individuals in or naar the facilities or araas
to be protected. The records of attempted snd actual penetrations, regardless

●
of intent, should be exsmined carafully to detarmina how access was attemptad
or achieved. These racords will aid in assessing the threat snd in uncovering
likely means snd locations of intrusion. Physical inspection of accass points
used by perpetrators of recordad intrusion attempts should be made to be
certain that coverage will be adaquate and that a facet of intrusion that may
be visually obvious at the access point has not been overlooked in the study
of reports and drawings.

1.10 Points of Intrusion. In each araa to be protected, the types of entry
should be identified as doors used for access; doors used occasionally; doors
used for emargency;windows, skylights, or transoms; roof hatches snd othar
access from roof; false ceilings; underfloor crawlspace; steam tunnels; air
shefts or vents; ducts snd ductwork of al1 kinds; utility shafts; drainage
structures;walls (noting construction, condition, etc.); and areas above,
below, and adjacent to the protacted area.

.1.11 Deterrents to Intrusion. The designer undertaking the detailed inspec-
tion of an area to be protected should ba aware of certain alamen.tsthat dater
intrusion. The designer should also be aware that the absenca of these
eIemants may encouraga intrusion. A designer who is alert to these elements
will be better abla”to marshal the appropriate physical sacurity measures to
form an adequately protective system. Some of these elaments are obvious
deterrents, such as strong building construction, tha penetration of which
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requires considerable effort and specialized or heavy tools. Others are ❑ore
subtle and ❑ay not be perceived, or just dimly so, by a would-be intruder,
such as strong illumination,high visibility, extensive and controlled ●
activity in the area to be protected, and routes that impede access.

1.11.1 Building Desire and Construction. In building design, security is
often traded for aesthetic and operational requirements, Retrofitting an
existing building to compensate for the lack of architectural featurea that
enhance security is ❑uch ❑ore coatIy than if provisions for security from tha
standpoint of selection of ❑eteriala and hardware, illumination, and
visibility had been originally incorporateed into the deaign. An experienced
intruderwill seek out weakneasea in construction. If, for exampla, a wall of
a building appears to be strongly constructed and the roof appears to be
1ight1y constructed, the intruder can be expected to exploit that fact.
Consequently, in the site survey, the designer should be on the lookout for
deterrents to intrusion that will complement the physical protective ❑easuras
to be applied, and must alao take note of weaknesaea that can be alleviated by
simple constructionmeasuras without costly application of alarm systems.

1.11.2 Illumination. Guod lightingwil1 act as a psychological detarrent to
a potential intruder. However, it is obvious that 1ighting should not be used
alona but that it should be combined with other security ❑eaaures such as
guards, physical protection, and alarm aystams. Successful intrusion depends
on undetected penetration and escape from the area. The success of thesa
activities is especially affected by the presenca or absence of illumination
near, on, or inaida the facility or building being attacked. However,
lighting is seldom used as properly and effectively as it could be. In many
instances, lighting is used ❑ore for aesthetics than for deterring intrusion.
Often lighting ia used on the front surfaces of the facility facing ●
thoroughfaresand other public areas and only rarely on surfaces that are not
normally in view, such as tbe sides and rear. When lighting is provided on
side and rear surfacas, the levels are usually too low and tbe beama are often
disposed to parmit deep shadows at ground leve1. In some casaa, when exterior
luminaires are sited end directed to illuminate the lower portions of
perimeter wal1s and the surrounding grounds, deep shadows are cast on roof
areas, thereby encouraging roof attacks. A comparable deficiency results if
exterior lighting is used without recognizing that it ❑ay interfere with
observation of the interior of a facility from the outside. Lighting acts aa
a deterrent where the interior is clearly visibla from the outside. A
structure ❑ay be properly illuminatedon the outsida but lack interior lights.
In these situations, once inside, intruders can operate with low risk of
detection, and the effectivenessof patrol activity is, thereby, reduced. In
other situationa, it is important not to have 1ighting that ilIuminates
activities inside a facility because of the possibility of silhouetting or
illuminatirtgguard forces. Therefore, daspite tha fundamentaldeterrant
effect of lighting, the designer has to be alert to improperly designed
lighting that may create conditions that encourage attack. To note these
conditions, a designer should always visit a facility at night.
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1.11.3 Access Routss. In evaluating vulnerability of a particular fnstalla-
tion or facility, the designer should note the sxistence and characteristics
of access routes. Whsn routes are numerous, when they afford easy approach
aqd departure, and when they offer flexibility in their selection, the
intmder is encouraged. Routes that are equipped with physical barriers;
exceptionally circuitous; or broad, open, and free of opportunisties for
concealment can serve as deterrents to intrusion:

,7

,
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APPENDIX C

COUNTERINTELLIGENCESECURITY ,,,

1.1 a. This appendix provides guidelines for designing secure conference
mums and working areas to thwart counter fntell igence efforts.

1. 1.2 Referenced Documents. ,, .,..

(a) DOD Directive No. S-5200. 17 (M-2)
.,

(b) Pamphlet APP 88-26, Construction of Secure Conference ROOMS

1.1.3 Other Publicat ions. ANSI/UL 768-1984, Combination Ioc.ks: ~,.,

Copies can be obtained from the Underwriters.’:

Laboratories, Inc., Publications Stock, 333 Pfingsten Road, North “Brook,
IL 60062.

1.2 Secure Conference Rooms. These areas require special constriction’’and
the use of alarm systems. There are both DOD and Service directives or ~’ide-
lines that address the topic of securing these areas (e.g., DOD Directive No.
S-5200-17 (M-2), Appendix-E; and USAF P~phlet AFP 8B-26, “Constmi&tionof
Secure Conference Rooms”). T%ese areas require soundproofing snd other,‘‘
measures related to technical security. In addition, ducts,,ventilation
grills, and other openings require special treatment. The ichievemeritof
adequate security for these rooms requires a blend of acoustical, tschniial,
and physical security measures. In general, secure conference rooms ❑ust be
constructed so thst all elements comprising the physicai boundaries of the
room have a uniformly high audio trsnsmission loss. No utilities, such as
telephone or power, or alarm system components should be allowed to serve as
fortuitous probe to electronic or audio signals amanating from within the ,

●

a

room. Unauthorized access must be denied st all times, snd in no case should
classified conference rooms be constructed adjacent to rooms not under U.S.
control. In particular, the designer should give special sttention to the
following.

1.2:1 m. Commercially available, sound-attenuatingdoors should be used.
One such door is a double door; that is, two separately hung doors are mounted
on i wide door jamb back-to-back with a dead-air space betwaen. Lead sheets
❑ay be added to the inner surfaces to increase sound attenuation. Motititig
hardwsre should be carefully selected snd installed so that it does not create
a sound leakage path from the room.

276

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

●
1.2.2 Door Jambs. Door jambs should be covered with neoprene or equivalent
door gasket material. The reamer in which the gasket material is installed
should take into account future warping of the door and should not interfer~e
with electronic “metal fingers” where these are used to shield the room elec-
tronically. Where double doors are used, the imer edge of each door should
be fitted with a gaaket.

...>

1.2.3 Door Thresholds: Wooden thresholds (rather than ❑etal) should be used
and should be fitted with replaceable neoprene stripping to minimize the air
gap and sound leakage path at the bottom of the door.’

1.2.4 Expansion Joints. Because expsnsion jointa cannot be effectivelY
soundproofed, a secure conference room should not be located where these form
part of, or sre immediately against, any portion of the room.

1.2.5 Holes. Crevices, Pipes, and Conduits. llese and similar openings
should be sealed with elastomeric caulking cement or equivalent mo”rtar.”All
pipes, ducts, and conduits that are not necessary to provide service to the
room sh’ouldbe’removed, if POSSible, and rerouted around the room.

1.2.6 Metal Beams and Posts. Where possible, metal beams and posts should be
el-imiqated fram a secure conference room. Where it is not possible to have

,.,the,meliminated, they should be sound proofed in a ,msnnersimilar to,pipes.

i.2.7 Heating Svstern. Electric heating is preferred in a secure coifererice
room. Radiators for hot water or steam should not be used in new designs. ,If

●
these‘.ex’+stin an .a?eabeing converted t? a secure cOnfer.snc?rOO,m,“acOust$c
attenuation”treatment ❑ust be applied to the pipes and to the radiators
themaelvea.

i. 2.8 Air Conditioners. Where possible, secure conferericeroonisshould have
an ,independentair conditioning system because of the difficulty of ❑aking a
master”(building) system sufficiently secure.,,

,1.2.9’Air Ducts and Ventilation Grills. Where the’seexist, con:iderible
‘‘effort,shouldbe made to ensure that they are acoustically sealed. This can
b? accomp1ished by using fiberglass duct sections and canvas decoupling
sectio’nainstalled to cover all ducts immediately inside the room. : ~~

1.2.10~ Telephones and Alarm Devices. All devices that may be potentially
~:;iisedto convey classified conversation from a secure conference room,should
“ be,,kep’i:to a ❑inimum or preferably not used at all. Line disconnect jacks on
b:qtgo+ngcircuits and isolation amplifiers (where applicable) on incoming cir-

.,,c.u,itsare effective in rendering such devices secure. Radio frequency,fi,lters
should be installed if any equipment is located within a secure conference
room that ❑ay have possible compromising emanations.
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1.2.11 Windows. No windows should be designed into new construction. When
an existing area is being converted to a secure conference room and windows
are already in place, the windows should be completely sealed to provide the
same leve1 of sound attenuation provided by the other parts of the room. This
can be accomplisbed by using venetfan blinds and heavy, flameproof drapes
(11 ounces per square yard or ❑ore) to cover each windnw.

1.2.12 General Construction. Clean, straightforward construction techniques
should be used. Where possible, all utility pipe and conduits (for electrical
power, alarm system, or telephone) should be run exposed on intarior wall or
ceiling surfaces to minimize clsndesttie exploitation and to facilitate
periodic inspection.

1.2.13 Locking Devices. Built-in, manipulation proof, three-position,dial-
type combination locks with an interior safety releasa turn knob should be
used. Such locking devices should conform to UL Standard No. 768.

1.2.14 Level of Sound Attenuation. The requirements for the level of
attenuation vary depending on the classification level of the information to
be discussed in the secure room, the level of acoustic noise ohtsida tha room,
and whether or not normal or amplified speech is to be used in conversation or
for presentations. Tha ❑inimum attenuation should be at least 30 decibels
(dB) for normal speech (e.g. normal speech has an acoustic laval equal to
about 65 dB or average office sound level) and 55 dB for amplified speech
where confidential information is involved. For top secret discussions, the
attenuation levels must be increased by 15 dB, and for secret by 5 to 10 dB
depending on exterior noise. That is, for a top secret area the sound
attenuation between the inside and the outside of the room must be 45 dB for
normal speech and 70 dB for amplified speech. ●
1.3 Secure Working Areas. A secure working area is an accredited area that
is used for handling, processing, and discussing classified material. Such an
area differs from e secure conference room in that it is not intended for dis-
cussion of classified informationon a continuous basis and is not
specifically accredited for all levels of security or need-to-know. Where
informationof a certain level is to be discussed within a secure working
area, the acoustic safeguards required for that level must be implemented (see
DOD Directive S-5200.17 (M-2), Appendix E). General guidelines for secure
working areas are given below.

1.3.1 &. Any door that has sufficient strength to withstand being force-
fully entered without leaving evidence of such attempt is acceptable. Such a
door may be, for example, a vault type or a metal-clad (16-gauge steel) solid
wood door (l-3/4-inch minimum), or a solid wood door backed by n-gauge
expanded steel ❑esh and tempered ❑asonite.
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1.3.2 Construction. New construction should be constructed using concrete,

●
brick, or concrete block at least 4 inches thick. Where existing sreas are
being converted for this purpose, weaker materials ❑ust be reinforced with
n-gauge expended ❑etsl or 16-gsuge sheet steel.

1.3.3 Windows. Windows should be protected by 9-gauge expsnded ❑etal
snchored to tbe building snd protected from outside viewing by fine wire mesh
or similar ❑aterial.
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APPENDIX D

BLAST RSSISTANT GLAZING

1.1 -. This appendix presents guidelines for window design in selected
structures so that the windows may survive a design blast overpressure load
with 8 probability of failure of one in 1,000. Tables are providsd to choose
glass thicknesses for fully thermally tsmpered glass for charge weights
between 10 to .4,000lb (TNT-equivalent)snd standoff distances between 10 and
500 feet. Essential frame design procedures are also presented.

Records of explosions near buildings indicate that glass fragments from
failed window psnes are a major cause of casualties. Not only are the flying
shards sud fragments an unacceptable snd dangerous hazard, but blasted-out
glazing also allows injuries due to blast overpressures that subject personnel
to high-pressure jetting, overpresaure, secondary debris, snd thrown body
impact.

1.2 Basic Design Guidelines for Glazing. Tables are provided for determining
tempered glass thickness for threats of TNT-equivalent design charge weights
of 10 to 4,000 pounds at stsndoff distances ranging between 10 snd 500 feet.
Dashed entries indicate design psne thickness is impractical (i.e., thicker
than 2.5 inches.) The presented glazing designs limit the maximum principal
surface tensile stress to less thsn 16,000 psi which is correlated to a pro-
bability of failure less thsn one per thousand. When bomb fragments are a
threat accompanyingblast overpressure, polycarbonate should be placed or
laminated on the inside surface of the glass as a fragment guard. Since data.
are not available on the effects of various sizes, velocities, or shapes of
fragments, the exact thickness of the polycarbonate required to pro”tect ●
personnel from fragmentationcsnnot as yet be determined. Tentatively,
1/2-inch-thickpolycarbonatematerial is considered reasonable for such use as
a stop gap design until more research can be accomplished. The Naval Civil
Engineering Laboratory, Code L51, Port Hueneme, CA 93043 csn be contacted to
obtain the latest information concerning nngoing efforts in this regard.

1.2.1 Acceptable Materials fnr Glazing. Acceptable materials for resistance
to blast overpressure are monolithic (single pane) thermally tempered glass
and laminated thermally tempered glass. The glass shall be thermally tempered
either horizontally or in a basket. Glass with tong marks is not be permit-
ted.

1.2.2 Unacceptable Materials for Glazing. While the designs for monolithic
tempered glass are based upon a recently cnmpleted research and development
program and are validated from blast load tests, the design thicknesses for
laminated glass are based upon engineering theory only. While reasonable and
conservative engineering assumptionswere employed, only a much smaller base
of validating blast test data exists. Until research on laminated blast
resistant glazing is cnnducted, the presented design thicknesses for laminated
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●
glass should be used provisionally to fulfill immediate and pressing security
needs. Test data for polycarbonate materials (such as Lexan or Tuffak) are
being generated, collected, and evaluated. Polycarbonate❑aterials should be
used as primary glazing until sufficient data is evaluated and appropriate
design parameters established. All glass must meet the requirements for ANSI
Z97.1 certification. Certification by the Safety Glazing Council constitutes
compliance with ANSI Z97:1. Unacceptable materials for resistance to blast
pressure are:

o Annealed glass (plate, float, or polished glass)

o Heat-treated, semi-temperedglaaa

o Wire-reinforced glass

o Chemically tempered glass (monolithic or laminated)

o Acrylic (such as Plexiglass or Lucite)

1.2.3 Frame Design Considerations. The frame and fasteners must withstarid’
stress induced by the blast loads. Tables and formulas are provided t:
calculate the loading imparted to the frame by both the glass and the blast
directly. Prescribed design limits for frame stress, deflection, bite, and
setting material are mandatory. Windows should not be designed for greater
blast-loading effects than can be withstood by the adjscent walls and
structure. The wall and framing of the structure must provide a load path for

●
thti~load‘appliedon the structure by glazing and frame. Table D-1 provides
the blast loading for each specified charge weight and standoff distance.

1.3 Window Pane Desi~.

1.3.1 Pane Thickness From Tables. The proper thickness of a particular pane
may be obtained from the top section of Tables D-2 or D-3. The treat charge
weight and standoff distance must be defined. Glazing facing the exp10Sive
charge must be designed for reflected overpressure. Table D-2 reports design
glass thicknesses and frame loadings for reflected overpressures. Glazing
around the side and back of the structure can be designed for the incident
overpressure. Table D-3 reports design.glass thicknesses and frame loadings
for incident overpressures. If the explosive threat is credible from all
directions, all the glazing should be designed for reflected overpressura.
Prescribed monolithic (single sheet) tempered glass should be used for all
thicknesses under O.720’inch. Larger prescribed thicknesses are only avail-
able as ‘laminatedglazing. Because laminated glaas does not behave monolith-
ically’under all conditions, a static design load adjustment factor of O.75,
consonant with the design of lamineted glass for a windload, is used to
limit the static strength of the tempered glass. Factors beneficial to blast
capacity, such as longer-than-predictednatural periods and the strengthening
effects of strain rata upon the Polyvinyl Butyral (PVB) inner
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layer are neglected to be conservative. All the desigm tables and figures for
glass thicknesses greater than O.720 inch, where laminated glass is likely to
be used, are based upon these assumptions. Both the reflected and incident ●
blast overpressures for the design chsrge weights and standoff distances are
presented in Table D-1. The entire structure is required to be designed to
resist this load.

1.3.1.1 Table Utilization. The required thickness for thermally tempered
glass may be obtained from the top section of Tables D-2 or D-3 as follows:

(1) Select the proper table based upon the amount of TNT-equivalent
charge weight, and whether the blast loading will be reflected (glazing
face-on to the blast) or incident (glazing around the side or back of the
structure from the blast). Each table is subdivided by the aspect ratio (the
ratio of the longer side divided by the shorter side) of the tempered glass
pane. Select tbe proper section in the table according to aspect ratio.

(2) If the threat charge weight is between the presented charge weights,
use the next heavier charge weight.

(3) Enter the selected table in the plate dimension row that matches the
two dimensions in inches. If the design dimension is not exact1y equal to the
ones shown on the tsble, select the row with the closest dimensions that are
at least ss large as the deaign dimensions.

(4) Move across the selected row until the column for the desired stand-
off distance is resched, and read the required pane thickness in inches. If
the chosen standoff distance is not given in the table, use the column for the
closest distance that is less than the design distance. ●

(5) The thickness value arrived at in the preceding step should be
rounded up to the next higher glass thickness normally manufactured. This may
be done by consulting Table D-4 where both English and Metric nominal
thicknesses are presented. The thickness of a laminatedwindow equsls the sum
of the composite glass layers. PVB thickness is not considered.

All PVB in laminated glazing shall be at least 25 roils(O.025 inch) thick
while architecturalgrade PVB is acceptable, aircraft grade (AG) is
recommended.

1.4 Window Frame Design. Computations can be ❑ade to determine the 1ine
loading on a window frame’s long (Vx) and short (V ) members as well ss the
applied corner forces (R) (see Figure D-1). The m~ximum stress for any frame
member must be no greater than the static yield stress for the frame of
fastener material divided by 1.65 for frame members and 2.00 for frame
fasteners. Frame deflections must be limited to l/264th of the length of the
supported glass.,
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●
1.&.1 Line Shear Computation. Distribution of normal loads transmitted by a
lite to a frawe is shown in Figure D-1. Computation of the load at any point
can be performed as shown in the following equations.

1.4.1.1 Line Load, V . The line load, Vx, applied to the frame along the
long side, a, of the ~ane is equal to:

EQUATION! Vx = Cxrtib sin (w x/a) + ru w (lb/in) (D-1)

where

Cx = degign

r = static
u

D-2 or

b = length

coefficient (see Table D-5)

frime design load (see bottom section of Table
D-3)

of the shorter side of the frame

x = distance from the comer along side a

a = length of the longer side of the frame

w = width of the frame face

1.4.1.2 Line Load, V-. The line load, V,,,applied to the frame along the
short side, b,

● EQUATION:

where

Cy =

y=

of thezpane is equal to: J

Vy = Cyr” b sin (T y/b) + ru w (lb/in) (D-2)

design coefficient (see Table D-5)

distance from the corner along side b

1.4.1.3 Corner Concentrated Load. The corner concentrated load, R, tending
to uplift the corners of the window pane is equal to:

EQUATION: R = CRru b2 (D-3)

where
‘

CR.= the design coefficient (see Table D-5). Both the frame and
the retaining stripa on the frame must resist this load.

To determine the frame design loads, r ,select the proper table using the same
method used for selecting glazing thic~ness. The chosen value for r should
correspond exactly to the charge weight, plate dimensions, and stand~ff
distance parameters used to select glass thickness. The bottom section of
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reports ru respectively”for reflected tid incideritblast

1.4.2 Desixn Stresses tid DefIections for Metal Frame Members and Fasteners.
The allowable design stresses are:

o Design stress of any frame member if f /1.65, where f ‘ is the static
yield stress of the frame material obtained fr~m its catalogu~d,specification

o Design stress of any fastener‘is f /2.00,
stress of the fastener material obtained f~om its

.O Design deflection in the frame is limited
the supported glass.

1.5 .GlazingDetaila.

where f is the static yield
catalog~ed specification.

to l/264th of the span of

o All gaskets and beads are required to be continuous and at least
3/8-inch wide; the elastomeric ❑aterial must exhibit a shore “A” dursmeter
hardness of 50 and conform to AsTM Specification C 509.

0 Minimum frame edge clearance, face clearanca, and bite (illustrated in
Figure D-2) are defined in Table D-6.

o As the blast resistance of glazing is sensitive to glazing details, a

strenuous inspection program during window installation is required.

1.6 Acceptance Test Specification for Windows and Frames. The acceptance
test specification is required for quality control blast-resistantwindows and ●
frames-of monolithic (siriglepane) tempered glass unless analysis demonstrates
that the design is consistent with the above design criteria. All windows
with mullions must be tested. While research is required to fine tune and
validate the acceptance test specification for laminated temper”edglass, it is
recommended that it be provisionally used as it will insure quality frame and
gasket design, and provide a good orientation to the quality and strength of
the laminated tempered glass glazing. The acceptance test specification cOn-
sists of applying uniform static loads on at least two sample window
assemblies until failure occurs in either the tempered glass or frame.
Although at least two static uniform load tests until sample failure are
required, the acceptance criteria encourage a large number of test samples.
The number of samples, beyond two, is left up to,the vendor. Results from all
tests shall be recorded in the calculations. All testing shall be performed
by an independenttesting laboratory end signed by a registered professional
engineer. The test windows (glass panes plus support frsmes) shall be
identical in type, size, sealant, gasket or bead, and construction to those
furnished by the window manufacturer. The frame assembly in the test setup
shal1 be secured by conditions that simulate the adjoining walls. The
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attending professional engineer shall verify and state this f.nthe test

●
report.’ Using either a vacuum or a liquid-filledbladder, an increasing ~
uniform load shall be applied to the entire window assembly (glass and frsma)
until failure occurs in either the glass or frame. Failure shall be defined
of either breaking of glass or loss of fraineresistance. The load.should be
applied at a rste not to exceed O.5 ru per ❑inute. Tables D-2 and D-3 present
the static design resistance, r , respectively for reflected and incident
blast overpressure. TO account”for,variations such as the increased ceramic.
fatigue from static load and the assumption of old glass for design, the
static load capacity of a glass pane for the acceptance tast specification,
rs, is:

EQUATION: =0.876 ru
.ra

(D-4)

1.7 Acceptance Criteria. The window assembly (frame and glazing) is con-
sidered acceptable when the arithmetic mean of all the samples tested, r, is
such that:

EQUATION: r2r~+sa (D-5)

where

r. = static load capacity of the glass pane for certification
.

tasting

s = sample standard deviation

a = acceptance coefficient (defined in Tahla D-3)

For n test samples, ~ is defined &S:

EQUATION:

where

n

1“r.
f,=l =

;=—
n

= the reco’rdedfailure load of the ith
‘i

test sample
standard deviation, s,,,isdefined as:

,,

.“’”ri‘;i- ‘)2
EQUATION:

i=1
s= (n-1)

(D-6)

The sample ‘1

(D-7)
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the minimum value of the ssmple standard deviation, s, permitted to be
employed in Equation D-5 is:

EQUATION: s = 0.145 r~
❑in

(D-8)

This assures a sample standard deviation no better than observed for the
general population of tempered glass. The acceptance coefficient, a, is
tabulated in Table D-9 for the number of samples, n, tested. The following
equation is presented to aid the tester in determining if additional test
ssmples are justified. If:

EQUATION: ;~r +s6
s

(D-9),.

then with 90% confidence, the design wi11 not prove to be adequate with addi-
tional testing. The rejection coefficient, 8, is obtained from the third
column of Table D-7.
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FigureB 1.Distributionof Ixeni load transmitted by glass pme co tie window frame.

,,,
r!
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A = edge clearance

B = bite

C = face clearance

H H’ I .

F@rc D2. Edge,face..andbite requircrnents.
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Table D-1. Pressures and Durationa of Specified
Bomb Threats

Stand-off
Distance

(f:)

50
75
100
125
150
200
300
500

Charge Weight, W = 4,000 lbs (TNT Equivalency)

Reflected Pressure

Peak Pressure

646
173
74.0
42.5
27.0
14.6
‘7.1
3.4

Duration

(m2c)

3.6
8.0
13.,3
17.8
22.6
30.3
.40.3
49.6

Incident Pressure

Peak Pressure

(~~i)

122
48.2
23.8
15.1
10.5
6.3
3.2
1.6

Duration

(m~~c)

6.3
10.1
16.0
20.7
25.4
32.9
44.9
54.9

●
Charge Weight, W = 1,000 lbs (~ Equivalency)

Stand-off
Reflected Pressure I,ncidentPressure. . . ,.,,

Distance
Peak Pressure Duration Peak Pressure Duration

50
75
100
125
150
200
300
500

140
48
23.4
14.9
10.3
6.4
3.7
1.7

5.7
10.5
15.3
18.8
22.3
26.5
30.2
37.6

61.5
16.7
g.b
6.4
4.7
3.0
1.7
0.80

6.9
12.3
17.0
20.5
23.8
28.6
34.1
43.7
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Table D-1. (continued)

Stand-off
Distance

(f:)

25
50
75
100
125
150
200
300
500

Charge Weight, V . 300 lbs (TST Equivalency)

Reflected Pressure

“Pea”kPressure

391.5
49.5
18.6
10.4
7.25
5.55
3.72
2.04
1.06

Duration

6AC)

2.0
7.0
11.4
14.9
16.8
18.2
20.2
23.7
27.3

Incident Pressure

Peak Pressure

86.3
16.9
7.74
4.73
3.33
2.57
1.75
1.00
0.53

Durstion

(mkc)

3.1
8.1
12.5
15.9
18.4
20.0
22.2
26.2
30.7

Char8e Weight, If = 100 lbs (TNT Equivalency)

Stand-off
Reflected Pressure Incident Pressure

Distance
Peak Pressure Duration Peak Pressure Duration

(f:) (j~i) (m~Zc) (~~i) (m~~c)

25 114 3.0 34.7 3.6
50 20.2 7.6 8.30 8.4
75 9.14 10.8 4.20 11.6
100 5.86 12.6 2.71 13.7
125 4.29 13.5 2.02 14.8
150 3.30 lfb.5 1.56 16.0
200 2.16 16.2 1.05 18.0
300 1.27 18.1 0.64 20.2
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Table D-1. (coatinued)

Charge Weight, W = 30 lbs (TNT Equivalency) “

Stand-off
Reflected Pressure Incident Pressure

Distance Peak Pressure Dura tioa Peak Pressure Duration

(f:) (~~i) (m:zc).~ (\i) (m~~c)

10 606 0;“70 117
40.3 3.50 14.6

;:;

z 9.20 7.20 4.21 7.7
75 5.00 8.70 2.33 9.5
100 3.32 .9.70 1.57 10.7
i25 2.38 10.6 1.14 11.9
150 1.83 11.2 0.92 12.2
200 1.27 12.2 0.64 13”.5

Charge Weight,+W = 1,0”’lbs (TNT &quivalency)

● Stand-off.
Reflected Pressure Incident Pressure

Distance
Peak Pressure Duration Peak Pressure Duration

(f:) (~~i) (m~~c) (~~i) (m~~c)

10 18S “1.0 50.5
25

1.30
17.4 3.70 7.28 4.10

50 ‘5.30 5.90 2.46 6.5o
75 2.95 6.90 I.&o
100

7.70
1.94 7.70 0.96 8.40

125 1..45 8.20 0.73 9.00
150 1.15 8.60 0.58 9.70
200 “0.81 9.60 0.40 lo.&
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Table D-Za.1. tunimm micknem of ‘memally Tempered Glass Glazing and
Fram Deslw Load co Survive 76ef1ecced O+wpressure from
&,00$3 Pouada Tlr2 at various Standoff Distances--
68pacc Ratio,ail- 1.00

I elate
D2mem&ona Ktnimm ~ Gluing mickaet.s (in. ) for

:

500

0.223
0.1%
0.233
0.171
0.190
0.208
0.226
0.2&5
0.263
o.2en
0.297
0.3311
0.332
0.-9
0.365
0.382
0.399
0.417
0.424
0.452
0.&69
0.486
O.So&
0.s23
0.538

St.mtiff Discance (ft)of--

1
b

12.000
14.000
16.000
18.002
20.00D
22.003
24.000
26.0S0
28.ooa
30.000
32.004
%.000
36.08t
38.000
60. 00+2
42.000
IA. mo
46.om
48. om
50.om
52.000
w. 000
56.000
58. om
60.0U7

●

12.000
24. om
16. OCQ
3.8. OCO
zoom
22.0s0
2b.om
26. OW
28 .om
30,000
32.om
&l&3

38:om
L,O.om
42. OW
w. Ooo
46. om
68. om
50. Ow
52.000
34. om
56.003
w.om
60.000

L!
2.0&7 I
2.382
-----
. ..-.
. ..-.
. . . . .
. ..-. I-----.---------...-....-.---------------...-.-----.........----------------.-.--.--.-.----

75

L. 084
L.261
L.U6
L.624
1.7.S9
L. 962
2.135
2.307
2.&79
-----
. . . . .
-----
. . . . .
. . . . .
-----
-----
-----
. . . . .
.----
.--.-
-----
. . ..-
-----
-----
. . . . .

lm 123 I
0.52.2
0.396
0.671
0.870
0.965 I
1.060
1.354
1.247
1.340
1.ib33
1.525
1.627
1.708
1.795
1.882
1.969
2.055
2. WI
?..227
2.32.2
2.397
2. b8Z
-----
. . . . .
-----

230 2m 300

0.610
0.701
0.923
1.0%
1.169
1.261
1.372
1. Ibaz
1.593
1.703
1. Sll
1.935
2.019
2.123
2.225
2. 32s
2.430
.----
. ----
. . ..-
-----
-----
. . . . .
-----
-----

3.368
Q.&24
0.463
2.543
3.602
3.660
0.829
0.896
0.963
1.0S0
1.096
1.259
1.222
1.285
1.347
1.609
Z,.kll
1.532
1.593
1.656
1.720
1.734
1.848
1.922
1.975

3.271
D.312
0.356
0.399
3.442
3.405
0.528
0.370
0.612
0.6%
0.696
0.832
0.898
0.9U.
0.990
1.036
1.081
1.126
1.171
1.217
1.264
1.331
1.358
1.405
1.&52

0.187
0.22.4
0.264
0.214
0. 3a4
0.333
0.362
0.391
0.419
0.448
o.k75
0.502
0.52B
0.536
0.580
0. 6“06
0.632
0.657
0.684
0.81J
0.87&
0.906
0.938
0.971
1.003

P2ace
Dfmena;ar,n I Ram zwign bad (psi) for

Standoff Oistallca ( ft ) of --

—

50@b

lz. ocm
14. om
16.004
18. om
20.cK70
22. om
21AOO0
26.000
28. om
30. om
32. 00S
3& Ooc
36.000
38. om
m. 000
1.2. Lmc
111$.wc
46. 00C
48.00C
So. ooi
52.00C
SLOW
56.00C
58.00(
60.001

l-.b- 75

&68.61
465.90
463.87
461.72
459..59
456.74
654.65
452.13
650.23

----
----
----
. . . .
----
. . . .
. . . .
----
.-. .
..-.
. . . .
. . . .
. . . .
. . . .
----
. . . .

125 230 2W 3oa

12.000 1671.06
14. om 2662.43
16. Om ----
28.Om
20.000
22.000
zk. om
26. Om
28. OOO
30. om
32. OOO
34.000
36.004
worn
40.000
W..mm
44.000
46. odo
l.a. orm
30.000
52.OOO
54.0C4
56. OOO
sa. om
60.000

148.39
l&3.98
193.. U
190.24
289.54
188.67
287.67
186.58
385.88
185.06
283.93
182.10
280.63
179.25
177.69
176. I.3
175.16

.-. .
----
----
..-.
. . . .
. . . .
. . . .
.-..

104.24
1c4. 08
101. w
W.16
233.69
133.32
232.77
132.10
131.33
131.03
230.42
2.29.89
129.27
328.14
127.13
126.21
325.27
12b.40
123.62
122.79
222.02
321.32

. . . .

5&.01
52.67
52.33
52.26
52.03
51.68
51.39
68.20
67.93
67.69
67.37
66.73
66.17
65.67
65.12
64.63
66.19
63.7c
63.25
62.9s
62.83
62.68
62.34
62.34
62.22

—

29.29
28.52
18.43
28.22
28.07
27.95
27.86
27.69
27.3A
27.62
21.31
36.06
35.73
35. U
35.18
%.94
34.66
?J+.L.1
3A.18
34.01
33.93
33.85
33.77
33. lC
33.63

—

15.33
lb.85
U. 79
16.76
lk. 71
14.63
lb. 58
14. 5k
M.48
‘L4.45
l&. 38
l&. 31
14.23
14.15
u. 09
W.03
13.97
!.3.90
13.87
23.16
17.50
17.U
17.39
17.38
17.33

8.61
8.59
8.5a
8.48
8.68
8.kl
8.36
8.37
8.32
8.23
8.15
8.08
8.06
8.00
7.91
7.87
7.83
7.82
7.19
7.79
7.76
7.73
7.73
7.71
7.6S

----
. . . .
. . . .
----
. . . .
----
..-.
..-.
----
..-.
. . . .
-.. .
. . . .
..-.
. . . .
----
-...
..-.
. . . .
.-. .
. . . .
..-.

.-. .
----
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Table D.2.a.2. Hinimn mictiess of memally Tempered Glsss Glazing and
Fram Design bad co Survive Reflecced O?erpressure from
&,000 ?wnds 2W2 at Variow Standoff Discmces --
Asvect kacio, alb - 1.25

r

I P1.t●
D3memi.xIs

(in. ) I

[

12.0C4
lb. Oou
16.000
18. 01X3
Zo. Oca
22.000
Z&.000
26.002
$.;g

32;OIM
s. 000
36 .OW
3s.000
40.002
47..000
So.ow
52.000I
850

15.om 2.367
17.5m . . . . .
20.000 -----
22.500 -----
25.000 . . . . .
27.5M -----
30.000 -----
32.502 . . . . .
35. OW . . . . .
37.502 -----
&o. Oca . . . . .
47..300 -----
k5.0@3 -----
47.500 -----
5,3, fJljlj -----
52.5132 -----
62.5W -----
65.003 -----

MnZmm T2C Glazing Ihickness(in.) for
Standoff Distance ( fc) .af--

75

1.253
I.&%
1.662
1.866
2.067
2.267
2.466
-----
-----
. . ..-
-----
. ..-.
-----
-----
-----
. ----
. ----
-----T

lsa 123 150

0.706 0.592 0.426
0.9% 0.681 0.&90
1.067 0.896 0.559
1.198 1.0S+ 0.627
1.328 1.116 0.695
1.A56 1.7.25 0.881
1.585 1.333 0.958
1.713 1.441 1.035
1. S40 1.548 1.113
1.966 1.655 1.190
2.087 1.762 1.263
2.207 2..866 1.324
2.327 1.968 1.408
2.LA6 2.06s 1.460
. . . . . 2.169 1.352
----- . . . . . 1.s39
. . . . . . . . . . 1.92.3
----- ----- 1.987T

0.314 O.zo&
0.360 0.237
0.411 0.270
0.&61 0.303
0.511 0.335
0.561 0.366
0.610 0.398
0.659 o.k31
0.708 0.665
0.876 0.1+98
0.928 0.531
0.982 0.56A
1.035 0.597
1.088 0.630
1.140 0.663
1.351 0.912
1.406 0.949
1.464 0.985

—

SW

I
Plate

Dfmermions
(in. ) Im

I

0.22!+
0.144
0.165
0.1s6
0.204
0.22A
0.244
0.263
0.282
0. 3m
0.319
0.337
0. 3s5
o.37&
0.393
o.46a
0.467
0.504

—

000 1668.17
I ----
) . . . .

.-. .
25.00i ----

. . . .
I -.. .

..-.
; ----

37.500 ----
I ..-.
I . . . .

----
47.5k ----
50.000 ----
52.5W ----
55.000 ----
57.5@2 ----

Frame Oesia” bad (pi) for
Standoff Distance (ft) of --

EI=l=
467.4(
46
46
46 . . . .
657.96
&55.26
632.66 la

-...
---- :
---- 18
---- 182.:
---- 180. I
---- 179.:
---- 177. (
---- ‘--- 126
. . . . ---- 125
---- ---- 121J
..-. ---- 123

2.30

—

5LI.03
52.52
52.33
52.02
51.77
68.16
68.31
67. %
67.75
67. L6
66.79
66.20
65.,59
65.011
64.55
64.02
63.55
63.12
62.93
62.76
62.60

2042
—

29.36
28.3s
28.29
28.12
27.99
27.88
27.70
27.54
27.41
36.39
36.06
35.77
35.U
35. 1s
34.83
34.59
34.33
34.09
33.97
33.90
33.80

300

—

13.65
23.58
13.53
22.&8
13.40
13.28
13.23
13.22
13.25
23.24
13.24
13.23
13.23
13.22
13.22
2.3.24
12.23
16.27
16.21
16.19
16.13
—

50+3
—

8.56
8.k6
8.51
8.36
8.33
8.30
8.2a
8.20
8.13
8.02
7.97
7.08
7.81
7.78
7.75
7.73
7.71
7.66
1.6k
7.62
7.61
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Table B2.L3. MrAmm 221ickrIass of TmmAlly Tenpered Glass Glazing and
Pram Dmiw 3ned to Survive %flecced Werpressure from
b,ow Pmnds TNT at Vatioua Standoff Di8caIIces--
&wcc Satio, db -1.50

lUr13mn0 ~ Gkins 2hiCkIWS8 (3u. ) for
standoff Mstaace (ft) of--

Plate
DhlllliOIw

(in. )

125

T
350 200

0.471 0.347
0.56a 0.405
0.625 0.460
0.702 0.s16
0.898 0.572
0. 9s4 0.627
1.071 0.682
1.158 0.851
1.7.44 0. 91&
1.32s 0.976
1. Iblo 1.036
1. &91 1.095
1.571 1.3W
1.652 1.7.23
1.732 1.272
1.831 1.312
1.890 1.3s9
1.972 1.b50
7..055 1.533

3U3

0.240
0.279
0.33s
0.357
0.395
0.432
0.670
0.50s
0.543
0.578
0.612
0.666
0.680
0.835
0.875
0.917
0.959
1.001
3..044

51x3

—

0.255
0.1ss
0.206
0.227
0.231
0.274
0.265
0.2U
0.302
0.321
0. 33!
0.3s
0.37:
0.39(
o. w
O.&x
0.65(
0.b7(
o.Jb9(T

b.

L2.om L8. om
L4.0U3 22.Om
L6.000 24.mo
L8.om 27.om
zO.Om so.om
22.131m33.Om
26.0+7036.000
26.om 39.om
28.Om 42.om
30.000 65.Om
32.000 60.Om
36.000 51.om
36.000 54.000
3S.OCO S7.000
40.000 60.W3
bz.000 63.om
44.000 66.000
ti.om 69.om
u.mo 72.om

50

3..Llm
1.631
1.859
2.0s6
2.333
-----
-----
-----
-----
.----
-----
....-
-----
---.-
.--.-
-----
-----
-----
-----

0.900
1. W7
1.194
1.34L7
1.4s4
1.623
1.772
1.933
2.057
2.194
2.329
2.663
-----
-----
.----
-----
-----
-----
-----

0.662
0.879
1.003
1.126
3.248
1.370
1.490
1.63.2
1.731
1.830
1.969
2. ti83
2.196
2.309
2.420
-----
.----
.----
---.-

--.--
-----
-----
-----
-----
.----
-----
. ..-.
-----
-----
. ..-.
-----
-----
-----
.----
-----
-.---
-----
-----

P3ate
05M&;ms

1

&me oesign had (psi) for
Sfandoff Mssance (ft) of--

T
50 75 lm 123

---- 466.93 192.41 204.10
---- 191.32 334.85
---- 1 190.30 334A2

3S9.57 333.86
i 3s8.33 333.19

LS7.32 332.65
386.40 131.8S
L65.57 231.33
L64.62 L30.74
IB2. % L30.08

3.29.51

230
—

52.70
52.41
32.20
52.03
68. %
68.63
68. M.
67.86
87.52
67.03
66.bl
65.78
65. lb
64.65
64.23
.55 g

62;87
62.70

2m 3Wbla

1
7.69
7.68
7.6S
7.61
7.60
7.57
7.81
7.77
7.74
7.10
7.67
7.U
7.63
7.62
7.61
7.60
7.59
7.57
7.55

20.60
26. %
28.27
28.11
27.98
27.78
27.62
36.65
36.65
36.21
35.85
35.68
35.35
34.86
34.59
34.30
34.09
33.99
33.90
—

L3.6S
3.3.59
13.51
25.46
13.35
33.23
13.18
33.13
12.99
22.86
12.72
L2.59
12.-
22.39
16.37
~:

16;20
16.L8
—

12.000 2s.om
U. om z. om
16.000 24.000
2s. 000 27.om
20. ma so.om
22. am 33. om
24.GOO 36.000
26. OW 39.Om
2&mo kz.oca
30.000 4s.000
32.000 48.mo
36.002 51. om
36. ~ 54.mo
3s. om 57. om
40.mO 60.000
bz. om 63.om
44.000 66. mo
k6. am 69. om
48. OC.3 72.om

44.27
Ml. 78
459. U
456.72

.-. .
----

----
----
----
----
..-.
----
----
----
----
----
----
----
----
----
----

---- i- ... . .
---- 3S1. 20
---- 179.51 12s.39
---- ---- 327.28
---- ---- L26. 19
---- ---- 325.21
---- ---- ----
---- ---- ----
---- ..-. ----
---- ---- ----

—
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Table D-2.a.4. tik mickness of 2hencAl~ kmered class G2azin* and
Frame msigo tiid to Survive k? fleked cwerpress.re ?r~’
&,DOO Pounds Itf2 at %rims Sfandoff Distanc@ s--
Awct Ratio, ./b - 1.75

I Place
Dimenaiom

(zII.)

Iblar12.00D 21.OW
likorm 26. SW
16.01Y3 28. o0D
la. om 31.502
20. Om 35. ocd
22.000 Za. wo
24.000 r.z.om
26.000 45.500
28. oGfl 49. ODO
30.002 52. 5DD
32.0@3 56. OW
‘wow 59. SW
36.00D 63.024
3S.000 66.5(Y3
40.0@3 70.0113
62.0Q13 73. s00
44.ODO 77. Dm

50

--.--
-----
.----
. ----
-----
.----
. ----
. ..-.
-----
. . . . .
-----
-----
-----
.-.--
-----
-----
.----

Mtdmm ~ Glazing ‘3Mckness (in. ) for
Standoff Mstance (ft) .sf --

75

1. 4s9
1.732
1.975
2.22s
2.434
-----
-----
-----
-----
-----
. . . . .
-----
. . . . .
--..-
-----
-----
. . . . .

102

0.956
1.222
L. 268
1.423
1.S76
1.729
1:881
2.033
2.183
2.327
2.470
-----
-----
-----
-----
-----
-----

12s

0.704
0.9?4
L.D65
1.1%
1.326
1.454
1. sa3
1.720
1.838
1.965
2.o88
2.209
2.32E
2.44s
-----
-----
-----

230 20D 300 5f313

0.500
0.582
0.664
0.860
0.953
1.045
1.137
1.229
2..321
1. 4Q.3
1.695
1. Sal
1.666
1.752
1.8%
1.922
2.006

0.368
0.428
0. W
o.51#
0.607
0.666
0.836
o.9ok
0.971
1.035
1.098
1.161
1. Zzk
1.207
1.%9
1. u2
1.475

0.255
0.2%
0.33s
0.379
0.419
0.660
0.s00
O.%D
0.579
0.617
0.655
0.692
0.s42
0.88S
0.929
0.974
1.019

0.171
0.199
0.226
0.253
0.280
0.307
0.332
0.3s7
0.3s1
0. &05
0.429
0.634
0.679
0.s03
0.530
0.5s5
0.581

Plate
Olmee;ons I
b

12.000
lb. 00D
16.000
18.000
20.o12a
zz. om
24.000
26.000
2B. m30
30.00D
32.0043
34.003,

L

36.003
ss. om
$0.000
kz. Ow
w.000T

●.50

zl. om ----
24.5m ----
28.000 ----
31. Sal ----
35am ----
29.5m ----
bz. mo ----
k5. sm ----
49.000 ----
52.5m.. ----
56.000 ----
59.5m ----
63.Om ----
66.500 ----
70.0S0.: ----
73.5m . ----
77. Oo&~ ~ ----

7s

L46.31
663. S4
461.47
458.61
1$55.97

----
----
.---
----
----
..-.
----
.-..
----
----
----
----

Frama Desi#ILaad (psi)for
Ssaadaff Distance (ft) of --

192.22
191.07
190.21
2s9. 28
2ss.06
287.06
2S6.D4
2SS.17
2W.09
LS2.22
Lbo.&

----
----
----
----
----
----

223

3W. Zk
334. s0
234.19
233.71
333.23
2.32.29
221.76
231.01
230.50
229.94
U&. 95
127. S4
L26. 65
US.69

..-.
----
---- T

S2.58 20.4s
S2.34 28.31
52.16 28.17
69.13 2S.07
6S..77 27.9D
60.53 27.76
67.97 27.56
67.67 36.61
67.41 36.42
66.71 36.05
bb. M 35. bb
6S.49 35.31
66.86 35.01
64. 3s 34.74
63.81 24.&5
63.36 34. 2s
62.95 34.03T

3m sw

13.6S 7.23
23.56 7.12
13.52 7.07
23.43 7.03
13.29 7.00
23.26 6.97
13.3s 6.91
23.06 6.85
12. 9s 6.79
22.81 6.73
12.69 6.68
12. Ss 6.6s
12. k3 6.62
16.43 6.61
16. % 6.5S
16.29 6.56
16.24 6.56
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TableD-2.s.S. HiaiwmZhicknessofznerm.sllyTemperedGlassGlazinsand
FramR De8isu had to %twive Se fleeted Overpressure from
4,CQ0 Pounds If12 at Various Standoff DiKanCeS --
Aspect IWio, ab - 2.00

;

ba

12.0C4 2b. 000
14. oW 28.000
,16.00D 32. o0D
18.000 36.000
20.040 kO. oOD
7.2. Ow U+.om
2&.000 48.000
26. OW 52. ow
28.004 56.0c4
30.00D 6Q.000
32.000 6&.0@2
34. OM 68. OOO
36.00D 72,01Y3
36. OIM 76.003
bO.000 80.00D
kz. om .U+. OCQ

HLnimm TN Glazing Zhickness (in. ) for
Scmdoff Distance (ft) Of --

5017511ml 123

. . ..-
-----
. . . . .
-----
. ..-.
-----
. . . . .
. . . . .
. . ..-
-----
-----
. ----
. . ..-
. . ..-
--.--
-----

1.571
1.82s
2. Ow
2.337
-----
. . . . .
. . . . .
-----
-----
. ..-.
-----
. . . . .
. . . . .
-----
. . . . .
. ----

L m9
1. 17&
1.338
1.501
1.663
1.826
1.985
2.145
2.300
2.k52
. . ..-
. . . . .
. . . . .
-----
-----
. . ..-

0.858
0.986
1.126
1.262
1.399
1.534
1.669
1.8W
1.939,
2.073
2.201
2.327
2.453
. . ..-
-----
. . . . .

-
3.30

0.528
0.611+
0.701
o.9m
1.005
1.103
1.200
1.297
1.392
1.WI
1.515
1.666
1.756
I. 845
1.935
2.022

0.388
0.652
0.523
0.578
0.640
0.702
0.882
0.953
1.023
1.094
1.237
1. Zzk
L..290
1.356
1. kzl
1.407

0.269
0.333
0.35,6
0.399
o.4h2
0.485
0.528
0.569
0.610
0.650
0.690
0.862
0.887
0.933
0.980
1.027

—

5CQ

O.gz
0.222
0. 2U2
0.26a
0.296
0.323
0.349
o.37k
0.398

,0.623
O.*7
0.474
0. 50C
0.526
0.552
0.578

‘1”1

1
12.000 24.003
14. OW 28. Om
16.000 32.om
18. Om 36. Dm
20.000 ko. om
22. 01J3 worn
Z&.Uw U.Ooo
26. Om 52. o00
28. ~ 56.0CU3
30. om 6m. om
32. DOO 64s.004
34. om 68. om
36. Om 72.00D
za.om 76. om
40.mo 80.0C4
42.000 84. oOD

50

----
----
----
. . . .
----
..-.
.-. .
----
. . . .
. . . .
----
. . . .
----
----
. . . .
----

Prame Oesign Lusd (p#i) far
Standoff OiStailCt (ft) Of --

75

66s.70
k63. 25
Uo. 91
bS8.02

. . . .

..-.

. ..-

. . . .
----
. . . .
..-.
----
. . . .
----
----
. ..-

100

L9Z.1O
191.07
190.02
2.88.96
3.07.06
186.78
2s5.87
284.94
ls3.3i
lS1.52
....
----
----
....
.-..
----

125

L38. 91
u4.78
124.09
133.56
132.95
L22.11
L31.U3
N. 81
130.30
129.74
u8.55
127.28
126.16

. . . .

..-.
----

l,o

S2.60
52.26
52.16
69,16
68.61
68.30
67.93
67.62
67.16
66,49
65.82
b5 .211
6&. 65
64.05
63.59
63. I34

28.41 13.65
‘38.32 3.3.58
28.35 13. L5
28.02 13.35
27.82 13.27
27.67 13.21
36.70 13.23
36.51 ‘13. ol
36.27 12.90
35.87 12.76
35.52 12.63
35.21 12.50
24.89 16.50
!4.60 16.38
%.29 16.31
34.06 16.25

-

500,

6.59
6.34
6.50
6.UJ
6.39
6.33
6.26
6.27
6.08
6.03
5.96
5.96
5.91
5.89
5.87
5.85
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‘-+
Place

D2aee ~

b . .

12.002 36. 0W7
lb. 000 6’2.000
16.000 U.000
18; OIY2 34. o@2
20. o@3 60.000
22. OW ‘66. UI
24.00D 72.000
26.000 78.000
‘28.000 w.om
30. Ow 90. ODO
32.OW 96. Om
3JJ.,OW 102.000

P1.te
Dhnsions

(fD.)

I

1

Uininam TN Glazi.* mickness (in. ) for
Standoff Discmce ( ft ) of --

50 I 75

J
.----.............-.----------...-.-----.....-----.----.....

1.719
2.000
2.277
-----
. ..-.
-----
. . . . .
-----
-----
-----
. ..-.
. . ..-

lIM
—

1.103
1. 2s4
1.L63
1.640
1.816
1.992
2.166
2.333
2.498
. . . . .
. ..-.
. . . . .

Table 23-2.a6. Mnfmm ‘hickne.s of menn.slly ‘hqered Glass Glazing and
Frame bsign Ujad co Suvive P.eflemed Overpreswme from
4,0C0 Pounds 2?f2 at VariOUSStandoff Distarlees --
Aapect I&cio, alb - 3.00

I

-

123

-
0.927
1.078
1.230
1.379
1.528
1.676
l.azb
1.971
2.2.12
2.251
2.390
-----

50

—

----
----
.-. .
..-.
----
----
. . . .
.--’.
----
. . . .
----
----

—

75

463.78
461. 2b
457.73

----
. . . .
. . . .
.-. .
. . . .
----
. ..-
. . . .
----

III
230 200 30+3 500

0.578 0.425 0.294 0. 2&
0.672 0.1$94 0.342 0.237
0.0s4 0.563 o.3a9 0.’270
0.992 0.631 0.636 0.303
1.098 0.699 0.483 0.334
1.205 0.886 0.530 0.365
1.322 0.963 0.s74 0.396
1.422 1.037 0.6U 0.&26
1.512 1.111 0. 66?- 0.456
1.621 1.1%, .0.705 0.487
1.710 1.256 0.864 0.518
1.8DS 1.328 0.916 0.51$9

Fram Msign Laad (psi) for
Standoff Distance (ft) .af--

100

190.95
190. u
188.96
187.61
2S6.33
2S5.29
2s6. 08
1!31. 97
179.3a

----
. . . .
. . . .

123

2.36.87
33.00
333.56
232.65
231.92
2.31.17
230.34
2.29.88
228.59
121.2k
226.07

. . . .

L50

52.43
52.07
68.99
68.6k
68.12
67.80
67.44
66.66
65.90
65.17
66.54
63.91

28.35 13.57 6.53
28. lL 23.49 6.&O
27.98 13.36 6.44
27.77 13.26 6.40
27.61 13.18 6.30
36.66 13.12 6.22
36.39 12.93 6.2.3
35.95 11.77 6.07
35.58 12.63 5.99
35.20 12.68
34.82 16.48 H
%.68 16.33 5.89
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Table B2.&7. 142mimm 12 Mcknesa of mermally Temwred Gla8s Glazing and

L-
Plate

Dti”si.a”s
(h.)

ba

12. Ocm 68.000
16. 01Y3 56.000
16. 0CK7 64.0U3
Ia.olm 72.000
20.000 80.000
22. OGO 88. 0C4
26.000 96.000
26. OIX 206.000
20.000 2.12. oLw
30.000 120.000

Place
OS&y

T
L2.000 4S.000
14. Om 56. OGO
L6. KK3 64.0@3
L8.000 72. om
zoom 80.030
zz.om 88. om
26.000 96.000
26. Om w.om
28. OOO222. Om
30. Om 220. om

Fram ksisu bad co Survive kflected Overpressure from
6,000 Pounds TNT at Various Standoff Mscances--
Aspaet SAtio,ail- k.oo

I
tlfnfmm TN Glazing ZfIici.ness (in. ) for

Star.dof f Distance ( ft) of --

50 75 lm 123 230 2@3

-----
-----
. . . . .
-----
-----
. . . . .
.-.--
..---
-----
.--.-

1.777
2.064
2.352
-----
-----
. . . . .
. ..-.
-----
.----
----- I

1.1.61
1.327
1.52.I
1.6%
1.876
2.057
2.229
2.bm
-----
----- I

0.958
1.123
1.271
1.423
1.578
1.731
1.883
2.030
2.174
2.317

0.597
0.695
0.913
1.026
1.2.34
1.244
1.249
1.&53
1.556
1.658

0. &39
o.511
0.582
0.652
0.834
0.925
0.991
1.067
1. l&3
1.22E

I I I 1 I

Fram oesignZa.d (pal) for
Sfandoff Distance (fC) of --

II
3m 500

0. 30+ O.zs.l
0.353 0.21+3
0.&32 0.279
o.b51 0.322
0.499 0.2A4
0.565 0.376
0.591 0.407
0.636 0.62s
0.681 o.&70
0.83S 0.503

T
33 75 UY3 125

‘--- &62. 52 190.69 124.&3
---- 459.33 389.50 233.79
‘--- 455.78 288.2-2 133.10
---- ---- 186.81 132.19
---- ---- 2s5.58 231. XI
.-.. ---- 2S4.39 330.58
..-. ---- 181.94 129. Sk
..-. ---- 179.72 128.58
---- ---- ---- 227. u
---- ---- ‘--- 225.81 ml

250 zm 3m 500

52.20 28.23 13.54 6.52
51.98 28.10 23.41 6.66
68.68 27.91 13.31 6.bl
6s.26 27.67 13.26 6.24
67.81 27.51 13.22 6.24
67.ti 36.k9 22.94 6.16
66.64 35. % 12.79 6.07
65.87 35. S2 22.62 5.99
65.l& 35.25 12.6S 5.94
w. 62 34.77 U.34 5.93
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TabieD-2b.1.Uin2m!mmickaessof mermll~ Teumred cla.. Gltiinz md
Frame Oesign Ia.ad to Sumive ksfleked merp~esswe”ksa
l,OW Pounds TN2 ac Various Standoff Oistances--
Aspect Ratio, *I6 - 1.00

Minimum T2C Glazing mickmss (in. ) for
Standoff Oimance (ft) of -- I

b

12.004
lb.occl
16.000
1’9.002
20. W2
22.000
24.000
26.003
28.000
30. ODO
32. OW
34.000
36.000
W.OW
&o. OOD
42. om
44. om
66. ODO
k.s. oim
50.0@3 i
52.OW
54.om
56. OW
58. OW
60. W4

.

12. ODD
I&. 0CX2
16.000
18. om
20. Ow
22. Ow
24. OW
26. Om
28.000
YJ. ow
32.000
34. OW
36. om
38. OW
bo. 000
&2.00D
44.000
46. OW
48. Ow
50. om
52.OW
%.om
56. om
58. om
60.000

50 75 lW 123 150

0.946 0.462
1.1D3 0.560
1.233 0.637
1.405 0.823
1.550 0.923
1.693 0.997
1.834 1.080
1.974 1.163
2.31fl 1.245
2.259 1.327
2.404 1.4U
----- 1.497
----- 1.582
----- 1.667
----- 1.751
. ..-. 1.836
----- 1.921
. ---- 2. 00s
----- 2. D88
----- 2.165
. . ..- 2.242
. ..-. 2.319
----- 2.395
----- 2.471
----- -----

0.337
0.391
0.445
0.499
0.553
0.604
0.6S4
0.7s4
0.871
0. 92s
0.986
1.046
1.105
3..165
1.224
1.2S3
1.342
l.hol
1.460
1.533
1.569
1.622
1.676
1.729
1.702

0.269
0.322
0.355
0.398
O.U+l
0.I.81
0.521
0.560
0.599
0.637
0.677
0.83A
0.882
0.929
0.976
1.023
1.070
1.117
1. 16A
1.207
1.250
1.293
1.336
I. 378
1.420

0.223
0. 26a
0.296
0.332
0.368
0.401
0.L.35
0.660
0.501
0.534
0.568
0.602
0.636
0.670
0.7W
0.839
0.877
0.92.s
0.953
0.988
1.022
1.056
1.090
1. 12&
1.138

0.172
0.2s0
D. 227
0.234
0.280
0.304
0.329
0.3s3
0.376
0. &ol
0.626
o.fb51
0.676
0.502
0.527
0.552
0.376
0.601
0.622
0.644
0.664
0.685
0.698
0.704
0.7081

0.219 0. 10C
0.1243 O.let
0.237 0.104
0.176 0.126
0.194 O.lz.a
0.222 O.lllc
0.229 0.231
0.241 0.163
0.265 0.174
0.283 0.186
0.301 0.198
0.320 0.220
0.338 0.222
0.356 D.2%
o.37f. O. 2b6
0.392 0.23s
0.409 0.269
0.b26 0.2.93
0.442 0.291
o.fb59 0.3D1
0.475 0.312
0.&91 0.323
0.508 0.333
0.5211 0.34k
0.%0 0.354

1 I I [

Pratw Design L.3..3 (P81) for
Standoff Distance (ft) of --

E 50 75 lW 3.25 230 2m

—

13.94
13.9C
13.82
3.3.76
13.66
23.51
13.41
33.30
13.17
23.12
L3. 07
13.03
12.99
12.98
12.95
12.93
12.88
12.86
12.77
12.70
12.60
12.53
12.50
12.55
12.61

m
—

9. M
9.D4
8.97
8.92
8.00
0.70
8.55
8.k8
8.43
8.38
8.%
6.35
8.31
8.28
6.23
8.23
8.17
8.12
8.C4
;.fl

7;81
7.83
7.78
7.73

3D0
—

12. Ow
14. Ow
16. OW
m. om
20. DW
22. OCC
24.003
26. Om
28.0434
30. om
32.000
%. Ow
36.00D
38.003
&o. Ow
bz. om
44. OW
46. OW
48.000
50.0S4
52. OW
54. Ow
56.000
58. oOD
60.000

12. Ooc
14. O(X
16.00C
2S. OW
20.000
22.000
zb. om
26. Om
28. OW
30. DW
32. OW
34. DW
36. ow
3s. om
40.0 w
42.002
44. oGa
46.003
ls8. OW
SD.0s+2
52. OW
34. OCO
56. OW
58.00D
60. om

58.4C
55.17
52.19
49.89
44.92
40.08
35.35
31.03
27.35
25.62
24.10

..-.

92.65
91.88
91.02
90.68

319.67
2.17.94
116.29
3M. 90
3.23.54
312.36
321.65
221.33
no. 90
UO.52
110. C4
109.74
109.46
109.10
108.67
107.67
106.75
105.91
105. W
1D4. 23

----

45.29
44.79
I! A.Iii
44.13
&3.90
b3. 29
42. ti
62.10
55.57
34.95
54.52
34. 3s
54.10
53.98
53.77
53.59
53.42
53.27
53.33
52.72
52.28
51.81
51. U.
51. D3
50.66

28.06
28;52
28.27
28.10
27.96
27.56
27.22
26.85
26.34
26.20
26. C4
25.92
24.1.7
34.32
%.19
34.07
33.96
33.86
33.77
33.47
33.18
32.93
32.69
31.42
32.17

20.81
2D. 79
20.65
20.54
20.46
20.13
19.93
19.70
19.49
19.32
19.23
19.14
19.07
19.00
18.95
17.68
23.1.9
23.41
23.33
23.lk
22.93
22.73
22.51+
22.37
22.’22

6.85
5.32
k.52
4.66
lb.&c
4.36
4.27
6.2s
&.19
4.17
$.15
4.14
4.13
k.lz
1+.11
&.lo
L,.137
6.C4
6.02
3.97
3.95
3.93
3.89
3.87
3.84

----
. ..-
----
----
. ..-
----
. ..-
. . . .
. ..-
----
----
..-.
----
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TableE-2.b.2.25L.Ummmickneas of ‘rrmrmlly Tempered Class Glazing and
Frame Design bad t. SUmive Reflected Werpress.re fro.
1,000 Pounds TI?2 at Various Standoff Dismnces--
A#pect 8Ati., alb - 1.25

Place
Dimensions

(in. )

‘1”

T
17..002 15.002
16.002 17.5W
16. OW 20.000
18.000 22.5W
20.000 25.OWJ
2?..00D 21.5@3
26. G+30 30. OW
26. OW 32.5C0
28.000 35.000
30. OW 31.5W
32.000 60.000
36. OW k2.5W
36. OW 45. OW
38.000 b7.5W
40. OW 50.000
k2. ow 52.5W
U.ow 5S.OW
46. OW 57.5C43
IA.OW 60.000
50.000 62.5W
52.000 65.000

50

L. 095
1.272
1.W
1.621
1.786
1.950
2.3.23
2. ?.75
2.441
. . . . .
-----
-----
-----
-----
-----
-----
. . . . .
..---
-----
. . . . .
. . . . .

HLnimm T2t Glazing michess (in. ) for
Standoff Distance (fc) Of --

75

0.557
D.647
D.850
).953
1.052
1.149
1.245
1.240
1. 1+35
1.532
1.630
1.729
1.827
1.923
2.023
2.121
2.219
2.322
2.402
2.&91
. . . . .

lW

0.389
D.L52
D.514
3.577
D.637
0.696
0.871
0.937
1.003
1.070
1.139
1.208
1.277
1.345
1.424
1.402
1.550
1.617
1.680
1.76’2
1. SW!

123

.

D.310
3.360
l). &lo
3.460
D.S08
0.555
0.601
0.641
0.692
0.834
0.909
0.963
1.023
1.072
1.127
1.182
1.236
1. 20e
!.. 33C
!.. 387
1.JS

—

230

0.257
0.298
0.339 I
3.380
0.419
0.657
0.49L
0.531
0.560
0.607
0.646
0.6WJ
0.846
0.892
0.937
0.982
1.027
1.069
1.221
1.152
1.193

0.199 0.128
D.233 0.M8
0.265 0.169
D.296 0.188
0.326 0.207
D. 355 0.227
o.% 0.246
o.&13 0.266
0.4$2 0.285
0.k72 0.305
0.502 0.325
0.532 0.344
0.562 0.364
0.S92 0.383
0.622 0.401
0.652 0.&19
0.679 o.b37
0.706 0.455
0.836 0.472
0.866 0.1$90
0.894 0.507

—

500

0.100
0.101
0.224
0.127
0.140
0.153
0.166
0.179
0.192
0.205
0.218
0.232
0. 24S
0.257
0.269
0.281
0.293
0. 3C+
0.316
0.327
0.339

Place
DLme~ I Frame Design Laad (psi) for

Scmdoff Distance (ft) of --

bl

1
12.000
I&. Ow
16.000
18.000
20. OW
22. OCQ
26.000
26. OWJ
2B. OW
30. Ow
32. 00+2
34.002
36.000
38.000
lbo.000
42.000
44.000
L6. OW
k8. 000
50.000
52.000 :

a 50

15. OW 357.02
17.5C0 353. %
20. OW 351.16
22.502 347.72
25. OW 341.91
27.3W 336.85
30.000 332. M
32.5C13 328.26
35.OW 325.86
37.5cm ----
40.000 ‘---
62.5S0 ‘---
lk..ow ----
47.500 ----
50. om ----
32.5C4 ‘---
55. OW ----
51.5W ----
60.002 ‘---
62. SOU ‘---
63.000 ‘---

75

92.37
91. S7
90.75

220.18
U8. 63
226.95
U5.3$
223.89
222.61
U.L.81
U1. 25
220.88
220.63
210.03
109.67
109. 3k
109.05
108.31
107.37
106.42

----

lW

45.06
IA.69
41$.25
44.06
43.49
42.91
50.41
55.69
55.02
3A. 34
54.32
34.12
53.95
53.71
53.38
53.38
53.21
52.98
52.52
52.04
51.60

H31L3012W

20.61 19.85 13.23
28.35 19.64 13.29
28.33 19.4S 13.21
2a. 00 19.36 23.08
27.66 19.3.3 12.94
27.29 18.83 12.77
2b. &9 16.34 il. 03
26.55 1s.29 22.52
26.19 18.08 lz. bz
34.74 28.00 12.36
34.60 17.93 12.32
3+.40 17.83 12.28
34.28 17.76 12.26
34.19 23.62 12.21
34. W 23.53 12.18
33.96 23. U 22.15
33.83 23.36 :: ~
33.61 2.3.16
33.31 22.97 13:58
32.99 22.76 13.99
32.74 22.57 13.85

I I

—

300

9.07
8.92
8.92
8.72
8.57
8.52
8.41
8.38
8.30
8.28
8.26
8.20
8.19
8.14
8.06
7.98
7.91
7.85
7.76
7.71
7.64

—

500

5.72
i.. 45
4.37
b. 30
11.zb
6.20
4.i6
&.13
4.22
&.08
4.06
4.07
k.06
4.02
3.98
3.95
3.92
3.87
3.e5
3.81
3.7$

—
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TableD2.b.3.M211immZIIi.kneseof memally ‘knpered G1.SSS Glazing and
Fr.au.e msisu bad t. SurJive Pmfleeted Werpressure from
1,000 Founds T2f2 at Various’ Stand.aff Dimances --
Aspect Ratio, ./6 - 1.50

Uinhum 3TG Glazing Caickness (in. ) for
Standoff Distance (ft) of --

1
500

0.200
0.109
0.223
0.137
0.231
0.165
0.180
0.194
0.209
0.223
0.231
0.251
0.264
0.277
0.290
0.303
0.316
0.329
0.241

Plate
Dimensions

(in. )

T 15 100 125 300

—

50

12.000 18.000
14.000 21.000
16. 00Q Z&. ow
la.000 21. Ooa
20.000 30.000
22. ODO 33. D@?
24.000 36.000
26.000 39.000
28.000 42.004
30. DCQ k5. 0120
32.000 w. 000
34. 00D 51.000
36.000 54.000
38. OW 57. ODO
&o. 000 60.00Q
42.000 .63.000
u. 000 66.02KI
46. Ocm 69.000
Ib8.000 72. OMI

1.225
1.&22
1.619
1.808
1.993
2.176
2.338
-----
. . . . .
-----
. . . . .
. . . . .
. . . . .
. . . . .
.--.-
..---
-.-.-
..---
-----

—

0.623
0.835
0.950
1.065
1. 17&
1.282
1. 3s9
1.495
1.602
1.712
1.823
1.933
2.D43
2.152
2.262
2.371
2.&76
-----
-----

—

0.435
0.505
0.575
0.645
0.821
D. 896
D.971
1. o&5
1. LL9
1.196
1. 27k
~::;

1:504
I. 580
1.657
1.732
1.802
1.872

0.347
o.ko3
0.459
0.516
0.S67
D.619
0.670
0.833
0.093
0.954
1.016
1.077
1.138
1.199
1.260
1.323
1.379
1.435
1.491

0.289 0.’224
; ::: 0.259

0.295
0:427 0.3’28
0.471 0,361
0.514 0.393
0.557 0.425
0.599 0.457
0.643 0.b91
0.687 0.524
0.846 0..557
0.895 0.591
0.946 0.624
0.997 0.657
1.047 0.690
1.098 0.860
L. 245 0.897
1.192 0.933
1.238 0.969

0.162
D, L88
0.213
0.23+
0.259
0.280
0.303
0.326
0.249
0.335
0.355
0.375
0.393
0.410
0.427
O.u
0.460
0.477
0.496

I

Place
Otinsi.ma

(k!. )

Frame Design Load (psi) for
Standoff Distance (ft) .af --

T
123 150

28.60 19. S4
28.34 19.59
28.23 19. UJ
27.89 19.25
27. k9 1.9.97
27.08 18.67
26.66 18,42
26.33 18.16
31+.79 18. W
34.59 17. 9k
36.&O 17.85
34.32 23.70
3A. IS 23.62
%.06 23,55
33.94 23. L4
33.84 23.38
33.60 23.16
33.29 22.97
33.01 22.75

Tb 50

156.47
152.91
!50. 24
145.12
139.68
1X.65
130.20

----
. ..-
----
----
----
----
..-.
----
----
----
----
. . . .

75

92.20
91.26

120.59
229.75
217.87
22.6.16
L24.58
12.3. LO
3.21.98
L21. &o
2U. 02
2J0.57
UO. 17
109.71
109.39
109.01
108.32

----
. ..-

100

44.95
44.51
44. 3.s
&3. 92
43.23
56.76
5s.99
55.26
54.63
5k. 37
54.22
53.93
53.75
::.:;

53:2k
53.00
52.49
52.03

202a

18.000
21. DW
24.000
27.000
30.000
33. DDD
36.004
39. om
f42.ODO
4s.OoD
48. ODO
51. om
54.000
57.00D
60. OCfJ
63. 0S0
66.000
69. om
72.000

12. oOD
24.004
16. Om
18. ow
20. om
22. 00D
24.000
26. ODD
28.00a
30. Olm
32. D0o
34.00D
36.000
38. om
Lo. 000
L2. om
44. om
b6. om
48.000:

-

12.26
12. ID
12. Dk
21.83
11.66
22.48
11.33
2.2,21
11,17
22,10
11. ok
23.02
10.97
10.93
10.90
14. %
lb. 22
14.07
13. %

8.12 5.00
8.07 6.39
7.98 b. 28
7.84 4.20
7.72 4.l&
7.64 4.08
7.62 4.08
7.59 6.04
7.57 &05
7.85 b.ol
7.82 3.99
7.80 3.96
7.77 3.91
7.73 3.87
7.70 3.83
7.66 3.79
7.63 3.76
7.60 3.73
7.35 3.68
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Table L3-2.b.4. nir.imm 3hickness of ~erm.lly ‘2qred Glass Cla?.ing and
Frame Design L7ad to Survive Ikflected O#erpressure from
1,004 Pounds T212 ac Vmicms standoff Discances--
tipect UCio, ah - 1.75

bl”

T
,12.003 21.030
14.0CL7 24.502
16.000 28.000
18.000 31.503
20.000 35. OW
22. Ocm 38.5DD
Z&. ow 62.000
26.000 &5.5DD
28.00D &9.ooa
30.000 52.5CX3
32.000 56.000
3A. OW 59.500
36.0@2 63. DQS
38.00D 66.500
&O.DOD 70.000
62.000 73.50C
44.000 77.044

Mninm 2TC ClazinS Tnickness (in. ) for
Standoff DisCmCe (ft) Of --

1
50 75

1.300 0.661
1.510 0.886
1.719 1.009
1. 92s 1.130
2.U4 1. 2k5
2.308 1.359
2.5@3 1.473
----- 1.585
----- 1.701
----- 1.830
----- 1.935
----- 2.052
. ..-. 2.169
----- 2.285
----- 2.402
----- . . . . .
----- -----

100

0.462
0.536
0.612
0.684
0.871
0.951
1.030
1.109
1.188
1.270
1.352
1.634
1.323
1.597
1.618
1.759
1.s35

125 230

0.369 ~
0.420 !
0.467
0. 5k5
0.601
0.656
0.821
0.883
0.9&8
1.033
1.078
1.144
1.209
1.273
1.338
1. &oz
1.462

0.306
0.356
0.405
0A53
0A99
0.565
0.590
0.636
0.682
0.862
0.896
0.950
1. C#l
1.058
1.222
1.164
1. 2M

7200

0. Z&l
0.280
0.319
0.353
0.392
0.627
0.463
0.500
0.537
0.574
0.622
0.642
0.6W
0.833
0.873
0.921
0.950

30D

0.171
0.199
0.228
0.256
0.2S4
0.310
0.337
0.364
0.391
0.b17
0.U4
0.469
0.4’93
0.516
0.539
0.”562
0.385

—

500

0.100
0.122
0.226
0. lU
0.3S6
0.172
0.126
0.203
0.216
0.2X7
0.2UI
0.2M
0.271
0.285
0.298
0.322
0. 32&

Plate
Difm#ms I Frame wsign bad (psi) for

Standoff Distance (fc) Of --

b

lz.mm
14. om
16. CCf3
2s. Ow
20.0+0
22. 00D
24.00D
26.000
28.0C4
30. Om
32.OdO
34. 00D
24.000
3s.002
U1.000
62. om
44.OWT

a 50

Z1. mo 355. @
24.5m 352.33
28.000 349.59
31.5DD 343.87
35.om 338.37
30.502 333.33
k2.000 328.63
*5. 5crJ ----
k9.OW ----
52. 50D ----
56.00D ‘---
59. 5DD ----
63.OW ----
66.50D ----
70.000 ----
73.500 ----
77. om ----

75

91.89
1.21.30
220.44
229.36
U7.36
U3.57
Ub. 09
u2.55
221.77
222.22
Uo. 76
220.32
109. 9k
109.51
209.21

----
. . . .

10D

44.89
44.39
44.17
43.73
57.44
56.59
35.78
55.10
54.52
34.28
5b. 06
53.87
53.64
53.49
53.3n
53.3.2
52.6S

123

—

28.64
28.31
20.04
27.76
21.35
26.93
26.58
24.93
%.72
M.33
34.37
34.29
%.16
33.99
33.89
33.75
33.44

230 I Zm

T
19.69 12.22
19.58 32.11
19. kl 12. D4
19.18 2.2.78
3.8.85 11.63
2.8.59 Z.2.ki
2B.30 32.27
22.12 22.20
17.97 Z.1.u+
17.89 3.1.09
23.74 u. 04
23.64 22.00
23.56 10.93
23.48 10.92
23.41 16.43
23.26 M. 25
23.06 lb. Ii?

T
7.23 4.30
7.11 4.23
7.15 b. 22
7.12 4.07
7.U 4.03
7.05 4.01
7.02 3.98
7.00 3.97
6.98 3.95
6.94 3.90
6.93 3.a6
6.89 2.83
6.83 3.17
6.77 3.74
6.71 3.70
6.66 3.66
6.61 3.62
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TableC-2b.5.llininum~iclmess.f~ermall~Temered Glass Glazing and
Frame Designmaa co survive F.etleccee merpressure mom
1,000 Pounds~ at VariousStandoffDistances--
AspectS8ci.,./6- 2.00

L-Plate
Dimsnsims

(in. )

mnimm TR Gl=2ing mickness (in. ) for
Standoff Distance (ft) of --

50 75
1’1”

1
10Z 125

0.667 0.389
0.566 0.651
0.644 0.524
0.832 0.574
0.917 0.633
1.002 0.691
1.085 0.865
1.168 0.931
1.254 1.000
1.340 1.069
1.426 1.138
1.533 1.2D6
1.598 1.’275
1.684 1. 3b3
1.770 1. &12
1.8% 1.616 T

300 500

0.190 0.200
0.220 0. Ull
0.240 O.lzo
0.275 0. lbs
0.301 0.160
0.328 0.176
0.357 0.191
0.385 0.207
0.k13 0.221
O.wo 0.236
0.468 0.250
0.492 o.26k
0.523 0.277
0.539 0.292
0.561 0.335
0.58& 0.32SIL

12. OW 24. OW
14. OIIZ 28.000
16.000 32. ODD
18. OSQ 36.0@3
20.000 U3. ODD
22. OCU kk. ooa
2b.013f2 L8. D042
26.0IY2 52.000
28. OCil 56.000
30. OWJ 60. OW
32.0@3 6b.000
24.000 68. OCO
36. OIM 72. OW
38.0@2 76.002
40. OCO 80. ODU
42.000 84.0Cx2

1.372
1.593
1.812
2.022
2. 2Z7
2.431
-----
-----
. . . . .
-----
-----
-----
. . . . .
. . . . .
-----
-----

0.697
0.935
1.061.
1.190
1. 31Z
i. f+32
1. 55Z
1.670
1.194
1. 93s
2.042
2.165
7..288
2.6U
-----
-----

0.323 0. z%
0.375 0.Z95
0.427 0.336
0.477 0.374
0.526 0.413
0.574 0.430
0. 6ZZ 0.488
0.670 0. 5Z7
0.831 0.566
0.8M 0.605
0.945 0.644
1.003 0.683
1.060 0.834
1.126 0.878
1.173 0.919
1. 2Z6 0.959

Pzace
Oimmsi.ana

(in.)

Frame Design 2aad (psi) for
Standoff DLscance (ft) .f --

b 50 230

—

50075

—

31XIml 125

lZ. 040
u. om
16.000
18.0s4
20. Dm
22.000
2k. ooD
26. WC!
28. Om
30. Om
32. 00D
34. IXO
36.00D
sa. om
L,o. om
4z. om

zf$. 000
28. om
3Z. OW
S6. ow
&o. 004
Il&.000
48. Om
5Z. 000
56.00D
60. Om
6&.000
68. OW
7Z.00D
76.000
80. om
s4. oCa

)55.19
151.80
X+8.49
b2.54
)36.90
131.77

----
----
----
..-.
----
.-. .
----
----
. ..-
----

91.67
221.20
220.16
228.76
226.93
us. 12
223.63
2-22.10
311.54
22.2.06
220.64
U(J. 17
109.75
109.38

----
-.. .

44.75
&.&l
W.02
&3. 54
57.12
56.36
53.53
34.83
Sk. 50
5k. 21
53.96
53. dl
33. %
53.36
53.2D
52.95

28.55
28.20
Z8.04
27.63
27.22
Z6.81
35.30
Y..ak
34.66
34.50
34.36
34.19
%.08
33.94
33.86
33.36

19.69
19.30
19.35
19.08
28.79
ls. so
18.25
18.04
17.95
Z3.81
23.70
23.65
23.56
23.&A
23.37
Z3. 15

12.17
12.06
11.98
U.73
11.59
u. 37
u. Z3
U. 16
11.10
U. 05
u. 00
10.96
10.94
l&. 51
16.34
14.17

7.D1
6.9Z
6.76
6.65
6.52
6.45
6.&3
6.40
6.37
6.32
6.30
6.22
6.13
6.07
5.99
5.92

4.22
4. WI
6.02
3.96
3.91
3.91
3.87
3.87
3.81
3.7a
3.73
3.69
3.63
3.59
3.56
3.52
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Table E-2.b.6. t4inLmum371k2ness of memally Teqered Glass Glazing and
Frame Cesign LOad m SuIvive Se flmted Werpressure fr.a,a
l,0@2 Pounds 2W2 at Various Standoff Mm.a.nces--
~Wcc MCiO. 6/3 - 3.00

Plate
~;ms MnZmm T2C Glazing 2ttickness (in. ) for

standoff Distance (ft) of --

b a 50 75 lW 125 150 200 300 500

32. ooi2 36.000 1. 69.s 0.880 0.532
14. Ocm kz. 000

0.&25 0.353 0. 27S 0.210
1.740

0.138
1.023 0.628 o.b93

16.13J12 W.000
0.610 0.322 0.2k3

1.968 1.3.39
0. 1S4

0.702 0.559 O.&65 0.365 0.274 0.179
26.000 %. 0C4 2.194 1.292 0.9C4 0.624 0.526 0.606 0.30+ 0.201
20.000 60. OW 2.411 1.624 0.996 0.687 0.571 0.46 0.338 0.222
22.000 66.000 ----- 1.555 1.087 0.866 0.623 o.b90 0.371
24.000 72. OGU

0.264
. . . . . 1.688 1.179 0.9&3 0.677

26. OCX3 78.002
0.533

. ..-.
o.&03 0.265

1.82& 1.274 1.016 0.s45 0.575 0.436 O. Z&t
28.000 86. 00+3 . . . . . 1.959 1.369 1.092 0.907 0.618 O.&6S
30. OW 90. OW 2.094

0.303
. . . . . 1.&63 1.167 0.970 0.661 0A99 0.322

32.000 96. OW . . ..- 2.229 1.558 1.262 1.032 0.703 0.328 0.340
34. Oca 102.000 ----- 2.364 1.652 1.317 1.095 0.859 0.557 0.350

elate
D3menaiom Frama Design had (psi) fc.r

(in.)
Standoff Distance (fc) .af--

\
b ● 50 75 100 125 lfo 2@2 3C0 500

12. OQo 36.00I3 332.19 121.34 U.&z 28.35 19.56 12.12 6.92 3.27
16.000 U. Oou 249.11 220.20 &.04 28.03 19.38 22.96 6.81 3.17
16. OW 4.8.000 Sm. 93 228..59 63.51 27.59 19.09 11.76 6.63 3.12
18.000 36. Ow 335.77 3-36.44 57.00 27.16 1S. 72 L2.50 6.53 3.22
20.OQO 60.000 330. 0s Zzb. 57 56.05 26.67 18.42 11.34 6.&5 3.08
22.000 66. Obo ---- 223.91 55.17 35.02 18.12 zl.21 6.43 3.08
24.mm 72.000 ---- 3.21.80 5k.34 36.67
26.000 78. om

17.98 3.2.25 6.37 3.05
---- 231.23 34.26 2A. 51 17.90 2.1.05 6.36 3.0+2

28. om 64.0G+2 ---- 320.63
30.000 90. WY3

54.03 34, 3s 23.71 11.01 6.31 Z. 96
---- 320.11 53.75 24.20 23.63 10.97 6.25 2.92

32.003 96. 0U3 ---- 109.66 53.57 34.05 23.51
34. Om zoz. om

10.91 6.2.5 2.08
---- 109.26 53.36 33.91 23.44 M.b3 6.07 2.s6
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Table O-2.b.7. Minimum mickness of 2hemally Tempered Glass Glazing and
Frame Design Load co Survive Reflected Cuerpressure fro.
1,002 Pounds m at Various Standoff Distances --
Aspect Ratio, ail - 4.00

Plate
Da ;ms

1

‘la
12. Ooa 48. om
24.002 56.000
16. OW 64.000
La. am 72.0@2
20. Osa 80.00+2
22.000 88.000
.24.Oca 96.000
26.000 lob. ODV
28.000 U2.000
30.000 120. ova

T
1’2.000 48.@30
w.00D 56. OVD
16. GQO 6b.0@3
18. OW 72.000
20.000 80.004
22. OCO 88. oa3
14.000 ?6.002
26.000 106.000
28. CJ30112. OM
30.000 220.00D

1.547
1. 7VV

I

2.025
;&*

-----
-----
-----
-----
---.-

14inimm TN Glazing Ihickness (in. ) for
standoff Oimance (ft) of --

m75 WV 125 1.30

0.90.9 0.550 o.&39 0.365
1.054 0.638 0.509 0.k23
1.193 0.834 0.576 0.470
1. 3X3 0.9243 0.642 0.533
1.465 3..025 0.707 0.587
1.601 1.119 0.893 0.61t3
1. 7&3 1.218 0.971 0.699
1.883 1.316 1.049 0.812
2.023 1.U3 1.127 0.937
2.162 1.531 1.205 1.001

200

0. 2a7
0.332
0.375
0.&18
0.461
0.506
0.s50
o.59b
0.638
0.682 T

3VV 5VV

0.217 0.143
0.250 0.165
0.282 0.288
0.33.3 0.220
0. X9 0.233
0.383 0.255
0.416 0.276
0.&50 0.2%
O.&al 0.316
0.512 0.336

50

3s0.34
364.80
337.86
331.62
326.41

----
----
. . . .
----
----

7s

120.76
319.55
U7. 26
313.15
U3. 17
H.1. 04
221.25
210.63
no. 10
109.56

Frame Oesisn Load (psi) for
Stemdoff Distance (ft) of --

100

u. 31
1+3.80
&z. 98
56.30
5J.:

56:32
36. ok
53.71
53.51

123

28.23
27.88
27. %
26.83
26.36
34.75
34.53
3.33
34.17
31b.03

3.30

19.51
19.26
18.83
18.49
1s .17
18.02
17,89
23.72
23.62
23.40

2C4

12.06
22.86
11.59
Il. 37
11.21
3-I. 16
11.08
Z1. ol
10.95
10.90

3VV

6.90
6.73
6.55
6.b6
6.42
6.39
6.34
6.32
6.22
6.lL

1500

3.06
3.00
2.98
2.94
2.93
2.90
2.86

.2.81
2.76
2.72
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Table ~2.c.l. 16Ln2mm Thickness of memally Tempered Glass Glazing and
Frame Design tiad co Survive 7@f1eeted Werpress.re from
303 Pounds ZtiT at Var20us Standoff Discar.ces--
Aspect Satio, d% - 1.W

I Place
Dhnsi.ms

(in. ) I mdmm Zm G1az2ns Zhiclmess (in.) for
Standoff Distance (fc) of --

Ibl .150175

12.0424
M. Ow
16.000
18. OOt
20.004
22.000
26.000
26. 0S0
2.9.000
30. 00Q
32. OW
Mow
36.000
36. om
Lo. Oco
42.000
44. OW
66. OIX
48. OW
50.000
52.000
54. 0U2
56.02Q
58.OW
60.000 :

12. OW
14.003
16.0043
18.000
20.000
22. OW
Zb.ow
26.002
28. Ooa
30.000
32.000
Zk. om
36.000
38. ow
bO.oo4
&z. 000
IA. 000
ft6. w.3
48.000
50. OW
52.OOO
%. 000
56.003
58. OOO
60.000

o.k79
0.555
0.628
0.699
0.890
0.975
1.060
1.146
1.231
1.316
1.400
1.&78
1.555
1.632
1.708
1.783
1.858
1.933
2.007
2.076
2. lk5
2.232
2.279
2.W5
2.610

0.298
0.345
0.390
o.&35
0.479
0.523
0.571
0.617
0.663
0.708
0.870
0.919
0.967
1.035
1.062
1.109
1.336
1.202
1.248
1.292
1.334
1.377
1. us
1.460
1.501

I I I I

loa 123 150

0.223 0.Ls& 0.349
0.258 0.222 0.165
0.292 0.239 0.2s7
0.325 0.266 0.208
0.358 0.292 0.230
0.392 0.320 0.252
0.427 0.34s 0.275
0.&61 0.376 0.297
0.&95 0.403 0.319
0.529 0.431 0.340
0.563 0.456 0.360
0.595 0.481 0.380
0.626 0.50L 0.&Oo
0.656 0.528 0.420
0.687 0.551 0.440
0.822 0.573 0.459

0.596 0.479
::K 0.63S 0.4$98
0.912 0.638 0.516
0.9kz 0.658 0.533
0.972 0.676 0.551
1.002 0.695 0.569
1.039 0.870 0.586
1.077 0.895 0.60:
1.3.3A 0.706 0.620

202

0.338
0.136
0.254
0.171
0.189
0.20s
0.226
0.2W
0.262
0.279
0.296
0.313
0.329
0.345
0.361
0.377
0.393
o.&07
0.421
0.k36
0.650
O.lbbk
0.477
o.&91
0.504

Place
D2ra!Jsimu

(Ln. )

b ‘ 50

12.000 12.000 91.50
M. 000 14. Ow 90.25
16. wO 16.0+Y3 88. Ls7
18.000 18.0@3 86.60
20.000 20. OW 3-23.72
22.003 22. Om 3.12.79
24.000 26. 0CX3 332.02
Z6. OW 26.003 221.57
28. OW 28. OOO 331.00
30. 0S0 30. ow UO.51
32. OW 32.0oo 109.92
3A. Om 34. 0S0 108.52
36.000 36. ow 107.2.5
38.003 ?a. wo 105.92
40.000 ho. oca 104.71
42.0Ci3 42.000 103.50
44.004 w. 003 102.40
&6. OCX W.000 101. L1
IA8.WJ2 48.000 100. Iu2
50.0S0 50.000 99.00
52.003 52. OCQ 97.72
54.000 54.002 96.36
56.000 56.0s6 95.lL
58. OW 38.0w 93.07
60.000 60. OW 92.65

7s

35.62
%.87
34.12
33.34
32.94
32.70
32.51
32.36
32.20
31.98
!+2.b5
&l. 96
41.63
40.97
40.48
60. o&
39.64
39.21
38.82
38.34
37.79
31.34
36.82
36.39
35.94

I I

Frame cesigm had (psi) for
Standoff Distance (ft) Of --

300

0.100
0. lW
0.12.2
0. lzb
0.137
0.3.50
0.164
0.177
0.190
0.202
0.22A
0.223
0.237
0.249
0.260
0.272
0.283
0.293
o.3ok
0.314
0.324
0.3?4
O.w
0.354
0.364

mm

20.81
20.51
20.17
19.80
19.51
19.35
19.30
19.2.9
19.09
19.01
18.93
28.76
18.56
18.32
18.16
16.68
16.&9
21.79
21.58
21.31
21.02
20.76
20.75
20.78
20.78

123

14.93
14.63
lb. &6
14.32
w. 17
M. 13
14.09
lb.05
14. w
13.97
13.87
U.79
13.66
13.57
13.&7
13.36
13.27
13.18
13.05
U.94
12.80
2.2.69
15.27
2.3.10
12.60

5

2.30

12.50
2.2.61
12.4A
12.17
12.06
U.. 97
11.98
23.91
11.85
2.1.73
2.1.56
U.lbz
11.29
11.18
11.08
lo.9&
10.86
10.76
10.60
lo. &3
10.31
10.20
10.06

9.94
9.82

2W3

9.00
8.82
8.68
8.k8
8.bl
8.&l
8.36
8.31
8.26
8.18
8.10
:.%

7:85
7.77
7.10
7.65
7.54
7.U.
7.38
7.29
7.22
7.12
7.06
6.97

500

0.100
O.uxl
0.1W3
O.LCQ
0.100
0.106
0.3.L5
O.lZL
0.133
0.142
0.2-50
0.254
0.166
0.174
0.182
0.190
0.198
0.205
0.213
0.220
0.227
0.234
0.241
0.24s
0.234

300

6.89
5.32
5.06
5.00
k. 95
k. 91
1$.93
4.90
4.81
1,.81
I+.75
L.66
4.62
4.59
6.52
lt.l!9
6.44
k. 37
4.32
4..26
lb. 20
4.15
b.lo
L.06
4.02v500

6.89
5.32
4.23
3.47
2.91
2.73
2.71
2.69
2.67
2.65
2.61
2.57
2.5b
2.51
Z.lm
2.46
2.44
2.&o
2.38
2.35
2.32
2.29
2.26
2.24
2.20

-
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Table D2L2 F12nimm Z71iclmess of me?mally Tempered Class Glazing and
Frams 08sign had to Survive kflecced Werpresaure from
300 Pcunds 2?iT at VarlG.m Standoff Discances--
Aspece Sat.io, a16 - 1.25

0.553
0.639
0.835
0.930
1.027
1.126
1.225
1.323
l.bzz
1.520
1.610
1.700
1.789
1.877
1.964
2.051
2.237
2.222
2.301
2.379
2.4S7

Mnimm 2ZC CIUing mickmss (in. ) for
Standoff Distance (ft) of --

7s

0. 34A
0.397
0.450
0.501
0.553
0.606
0.659
0.822
0.883
0.9U
3..007.
1.057
1.222
2..167
1.221
1.275
1.329
1. 3S2
1.431
1. m
1.529

100

0.255
0.294
0.332
0.369
0.407
0.4M
0.485
0.526
0.563
0.601
0.636
0.671
0.705
0.868
0.908
0.948
0.988
1.026
1.063
1.098
1.233

123

0.203
0.233
0.266
0.299
0.332
0.365
0.398
0.1+31
0.465
o.k98
0.528
0.556
0.585
0.623
0.640
0.66$
0.693
0.820
0.847
0.876
0.901T

230 200 300

0.181 0.126 0.100
0.20s 0.143 0.108
0.2% 0.164 0.122
0.261 0.134 0.137
0.289 0.2C4 0.231
0.316 0.224 0.166
0.344 0.263 0.180
0.371 0.262 0.194
0.397 0.280 0.207
0.422 0.298 0.220
0.446 0.316 0.233
0.66s 0.334 0.246
0.490 0.351 0. 2s8
0.522 0.368 0.271
0.533 0.385 0.283
0.552 O.kol 0.294
0.570 0.617 0.305
0.584 0.432 0.33.7
0.581 0.44S 0.328
0.504 0.b63 0.339
0.596 o.b79 0.349

500
—

0.200
O.lon
0.100
0.100
0.106
0.117
0.127
0.136
o.1&5
0.155
0.164
0.173
0.282
0.190
0.199
0.207
0.215
0.222
0.231
o.22a
0.246

—

4--
P2ate

Df.m:;ma

b. 50

12. m 15. Oca 91.05
14,000 17.5m 89.32
16.0013 20.000 87.50
18.000 22.502 3.24.45
20.003 25. C4XI 2.33.05
22. Om 27.50) 312.32
26.004 30. OIXJ I-3.1. 70
26. OIYJ 32. S03 22.2.01
28.0M7 35.000 3.20.58
30. Olm 37. SC$J Uo. 07
32.0012 &o. 000 108.53
36.000 42. 52a 107.19
36.000 45.0U2 U3S.88
3S.0C+2 47.303 104.61
60. Ow 50.0W3 203.36
k2. OC.2 52.5W 102.26
U. OC.2 55. OW 101.14
&6.0CC3 57.5CX3 99.93
48.000 60.002 98.53
50. 0@2 62.500 97.06
52.000 65.0Ci3 95.72

Pram 23esivI bad (pSi)for
Standoff Distance (ft) of --

35.23 19.58 13.57 11.65
34.48 19.19 2.3.29 L2.39
33.92 3S.80 13.27 11.14
33.22 18.&l 23.26 2.2.00
32.70 18.18 13.26 10.94
32.53 28.06 23.23 10.85
32.33 17. % i3. ’23 LO. 81
32. lb 17.88 13.22 10.76
42. * 17..91 13.25 10.66
42.45 17.70 23. Zk 10.52
41.95 17.46 13.14 10.38
&l.4.k 17.25 12.99 10.28
&o. 91 yz.g 12.89 10.21
U3. U! 12.77 10.13
39.95 22:09 12.63 10.07
39.51 21.8k 12.5& 9.98
39.12 21.62 12.38 9.89
38.70 21.33 10.98 9.80
38.22 21.03 10.81 9.78
37.57 20.72 lb. 20 9.75
37.07 20.44 U.. oo 9.71

I I I

307

—

2@2

.

8.80
8.58
8.41
8.36
8.33
8.30
8.21
8.14
8.02
7.92
7.83
7.7s
7.6G
1.54
7.45
7.34
7.24
7.12
7.04
6.91.
6.S7

—

300

—

5.72
6.99
4.89
l!. 88
4.81
lb.80
4. 7s
6.71
4.63
6.57
4.52.
k.ka
l.,i$l
4.37
4.32
4.21.
4.18
&.14
k.08
lb.03
3.97

500

—

5.72
6.38
3.52
2.87
2.64
2.66
2.64
2.58
2.5k
2.53
2.49
2.!+6
2.&3
2.39
2.37
2.33
2.29
2.26
2.23
;.;;
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T,ble D-2c3 Uni.wm ~iekness of Tnemally Tempered Glass G1aziq and
FrameCesignbad co S.r#iveReflectedOv.rpre,smrefr.m
3043 POUUIJS‘rN2 at Various Standoff DiscarIees--
Aspecc Smi.a, ail - 1.50

Place
Dimma iOUS

(in.)

bla

T
12.000 18.000
lk.000 21.002
16.000 2&.000
18. ODO 27.000
20.040 30.0042
22.0@2 33.002
24.000 36.000
26. OW 39.002
28.000 42.D02
30. om &5. ou3
32.000 68.000
24000 51.0Q2
36.o@3 5b.000
3a. o@3 57. ODD
40.OW 60.000
62.000 63.000
U.W3 66. @30
&6.0@3 69.000
Mom 72.000

Mninam mG Glazing lhickness (in. ) for
Standoff Oistance (ft) Of --

50

0.618
0.823
0.931
l.oza
1.1118
1.259
1.369
L.I!79
1.589
1.696
1.7%
1.894
1.993
2.091
2.288
2.284
2.379
z.66a
0.000

75

0.384
!3.&43
0.501
0,559
0.618
0.677
0.851
0.919
0.987
1.053
1.226
1.178
1.239
1.302
1.360
1.620
1.4s0
1.534
1.590

10D

0.286
0.330
0.373
0.L16
0.460
0.505
0.549
0.593
0.637
0.679
0.830
0.876
0.922
0.967
1.022
1.056
1.099
1.140
1.281

125

0.238
0.276
0.308
0.363
0.380
0.U6
0. &52
0.688
0.522
0.553
0.585
0.626
0.647
0.677
0.707
0.8711
0.908
0. 9&2
0.975

330 2C43 300

0.199 0.158 0.100
0.228 0.181 0.125
0.257 0. 2C4 0.131
0.207 0.227 0. 1&7
0.317 0.226 0.163
0.34S 0.?.65 0.178
0.378 0.263 0.193
0.W6 0.281 0.207
0.L29 0.298 0.221
0.45+ 0.324 0.235
0.404 0.331 0. 2k9
0.523 0.350 0.263
0.545 0.367 0.276
0.57s 0.385 0.289
0.60s 0.402 0.302
0.636 0.419 0.323
0.665 0.L135 0.326
0.687 0.452 0.33s
0.709 0.668 0.350

I t 1
500

0.100
O.1OD
0.100
o.lc4
o.125
0.126
0.236
0.146
0.2s5
0.165
0.175
0.1s4
0.193
0.202
0.220
0.219
0.227
0.2s6
0.2U

12. Ow 28. oca 90.73
w.om 21 Osa
1s 000 Zfb-000 z“;;
18:0s0 27:000 22;: 75
20.000 30. om 2X2. 70
22. om 33. om U2.03
ZI+.om 36.000 221.24
26. om 39. 0s.2 220.69
Z8.000 4Z. OCO 32.0.17
30. om k5. om 109.07
32. IXk7 48.000 107.51
34.000 51. Om 106.15
36.0@2 54.000 10&. 84
38. om 57. Ooa 103.58
40.000 60. OW 10Z. 35
IJ2.oou 63. OW 101.16
u. Ooil 66.002 100. m
46. OCO 69.0Ci7 98.47
48.0LX3 72.004 ----

75

35.03
34.25
33. S$
32.99
32.66
32.39
43.01
62. 7k
42.50
IG?.14
&l. 60
U 06
L,O.52
U3. 03
39.34
39.10
38.70
38.l&
37.53

Frame Msign Load (psi) for
Standoff Distance (f:) of -- I

19. k3 13.46
19.01 13.17
18.5! 12. al+
23.27 12.65
1s. 10 12.39
18.02 12.50
17.90 lz. &3
17.79 12.37
17.70 12.24
17.52 12.04
17.26 11.89
22.71 22.73
22. u 11.59
22.15 22. 4L
21. 9U 11.30
21.62 lk,81
21.24 14.57
21.01 M.35
20.71 lit.n

250

10.27
9.99
9.79
9.68
9.60
9.57
9.51
9.k2
9.26
9.16
9.16
9.17
9.16
9.16
9.16
9.17
9.U
9.06
8.97

20D ],3C43 I 504

n7.88 5.m 5.00
7.70 4.86 3.72
7.6S k.83 2.99
7.61 6.81 2.63
7.86 k,. 79 2.60
7.8k 4.72 ,2.59
7.78 4.67 2. S4
7.76 4.58 Z.5D
7.69 4.50 2.44
7.63 4.44 2.41
7.56 &.38 2.39
7.69 4.33 2.36
7.35 k.’l6 2.31
7.27 1,.19 2.27
7.23 k.11 2.22
1.05 4.03 2.19
6.93 3.99 2.15
6.85 3.93 2.13
6.75 3.87 2.10
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Table D.2.c4. Mnfmm miclmess of Eaemally Tempered Glass Glazing and
wame oesign bad to survive 7L?flecced Cwerpressure from
300 Pounds 27?2 at Various SC6ndoff Dtscances--
ASwCt 7(ati0, ●lb - 1.75

“Plate
D~cms

b. 1“

I
12.000 21.040
lb. OW 2b.50D
16.030 28.0042
18.0LX3 31.502
20. ow 35.000
22. o&J 33.5a2
26. DW &2.000
‘16.000 45.5cQ
28. OW 49.004
30.000 52.520
32.000 56. ODD
34.000 59.5M
36. CW 63.ou3
56. OW 66.5Crl
&O.000 70.00Q
42.000 73.5C4 j
U.om 77.00V

16infmm T2G Glaiins Z?tichess (in. ) for
Standoff Distance (ft) of -- I

50

*

0:073
0.9S78
1.101
1.219
1.337
1.434
1.571
1.688
1.795
1.901
2.007
2.121
2.22.3
2.328
2.k20
0.000

75

-

0.k08
0.470
0.532
0.593
0.656
0.830
0.903
0.976
l.oks
1.126
1.182
1. 24s
1.313
1.377
1.U41
1.505
1.566

100

0.304
0.350
0.396
0.442
0.489
0.336
0.583
0.634
0.676
0.830
0.879
0.92s
0.976
1.024
1.072
1.119
1.162

125 [ 230

0.253 0.219
0.291 0.252
0.329 0.2s4
0.368 0.32s
0.&07 0.352
0.1147 0.346
0.486 0.1920
0.523 0.451
0.561 0.421
0.597 0.SL2
0.632 0.540
0.667 0.569
0.701 0.397
0.849 0.625
0.888 0.649
0.924 0.672
0.960 0.695

I
Place

Dixenaims
(in. ) I Frams Designbad (psi) for

Standoff Di#tmce ( ft) of’- I
lbla 150

L

35.01’ 19. UI
5k.13 23.93
33.42 18.55
32.87 12.26
32.58 7.8.22
32.33 17. 9a
42.87 17.87
42.68 17.7a
&2. b3 17.63
U. 91 17.39
U. 32 12.85
40.81 22.56
40.29 22.26
39.77 21.99
39.31 21.75
39.89 21.50
38.36 21.3.2

123123012L1313W 15CX2
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Table D.2.cS. Mnimm Ihicknes.v of memally Tempered Glass Glazins d
Frame Oesisn had m Sumiw Sefleeted CNerpre...refrm
300 Pound. IU2 ●t Various Stan6aff Mstances--
A6p-scc Batio, ● - 2.00

,

I Plate
D2!mIMims

(2n. ) I U3nfmm T2G Glazing mica=,~ (in.) for
SSmdoff Distance ( ft) of -- I

I
b a 50 75 I 100 123 230 200 300 500

0.691
0.97.0
1.040
1.161
1.286
1.UO
1.534
1.657
1.777
1.890
2.002
2.132
2.222
2.331
2.444
o.om

0.430
0.695
0.560
0.625
0.692
0.876
0.953
1.029
1.105
1.175
1. 2&5
1.324
1.382
1.430
1.517
1.5.93

0.320
0.369
o.&17
0.664
0.516
0.565
0.623
0.664
0.s22
0.874
0.926
0.977
1.028
1.078
1.22s
1.176

! I I I I I I I 1

12.000 2&.om
w om 28. Om
16. W3 32.000
Ls.000 36.om
20. Om 40. om
22. om 44. 0CX3
24. om M.000
26. om 52. OW
28.000 56.000
30. om 60. Om
32. Om 64. fmo
34 om 6s. om
36.000 72. om
zs. om 76.0C+3
40.000 80. om
62. om S4.000

0.266
0.307
0.%7
o. 3s8
0.430
o.m
0.s13
0.353
0.591
0.62S
0.663
0.702
0.852
O.a%
0.933
0.971

0.232
0.267
o.2a3
0.339
0.375
o.h32
0.44s
O.&al
0.524
0.346
0.578
0.630
0.642
0.672
0.700
0.842

0. 3s4
o. 2U
0.7.39
0.267
0.295
0.332
0.346
0.369
0.392
0.U.4
0.637
o.&37
o.lb03
0.510
0.537
0.559

0.120
0.124
0.335
0.171
0.3s0
0.193
0.205
0.217
0.231
0.245
0.259
0.272
0.205
0.299
0.333
0.324

0.100
0.MX3
o. lm
0.133
0.3.23
0.133
0.3A4
0.134
o.3b4
0.173
0..3s3
0.192
0.201
0.220
0.219
0.227

I
Plate

Dsmemims
ml. )

I

Raw kaign bad (psi)for
Standoff Distance (fc) .f --

1

i b a 50 75 lm

12.000 24.000 90.10
14.000 3s. om 127.311
16.004 32.0S0 32+. 80
18.om 36. OWJ 2.33.04
20. Om ko. om U2. 24
22. cm 44. om U1. 61
26.0s4 Mow 3.U.01
26. Om 52.000 230.36
28. Om 56. om 109.44
30. Om 60.0+2+3 101.86
32. OSQ 66. om 3.06.33
Y.. om w.om M&. 86
36.000 72. om 103.51
34.002 76.0L13 102.26
ho. Ow 80.000 ml. 22
b2. ox S4. Olm ----

!4.99
33.97
33.29
32.76
32.53
L3.08
42. s4
42.56
42.32
41.68
U. 13
&O.58
60.24
39.56
39.00
3$.60

1?. 32
2s.88
18.&6
18.21
18.09
17.92
17.84
17.72
17.56
23.06
22.75
22.44
22.16
21.87
21.61
21.30

I I I I I

13.33 10.16
3.5.07 9.88
12. 7s 9.74
3.2.63 9.64
12.56 9.55
12.&5 3.53
12.41 9.67
12.29 9.30
12.3.3 9.16
U.91 9.00
11.73 8.86
U.58 8.75
15.22 8.6A
33.04 8.30
14.7.9 8.34
14.52 8.19

i

2m 3m

6.69 b.3a
6.34 &.36
6.67 4.33
6.&l 6.34
6.37 4.37
~. ;.. 4.32
6.19 4.27
6.07 4.23
5.97 4.16
5.87 4.06
5.79 3.99
5.68 3.91
5.67 3.83
5.67 3.78
5.67 3.72
5.61 3.6&

I ~

500

4.22
3.3.5
2.50
2.48
2.fb4
1.36
2.33
2.28
2.26
2.3s
2.3,5
2.10
2.06
2.02
1.98
1.93
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Table E-2..6. Mia2mm ?hiclmessof~ermallyTwred Was. Glazing and
bame vesigm bad to S.n.ive Reflected Cwerpressure from
300 Pounds 2’W2at VariousStandoffDistances--
AspectRatio,ah - 3.00

1
Plate

Dimensions
(in. )

&

‘la

M2nimm T2C Glazing 22iickneks (in. ) for
Smndoff Distance (ft) of --

50 75 lot 123 7’=
0.252 0.205
0.290 0.237
0.330 0.270
0.370 0.302
0. &lo 0.334
0.44S 0.363
0.484 0.392
0.520 O.bzl
0.555 0.450
0.590 0.1+76
0.625 0.301
0.657 0.526

302

0.145
0.168
0.191
0. Zl&
0.137
0.259
0.279
0.299
0.318
0.336
0. 3W
0.3711500

0.102
0.117
0.131
O.la
0.237
0.169
O.lsl
0.191
0.201
0.2oa
0.187
0.195

3!E--L-
‘1’1’’31”

12. Oca 36.002 3.27.98
l&. OM 42.000 3.U.08
16 .OW !+8. 000 U2. 93
18. owl 34.000 312.23
20. Ocm 60.000 2.21.38
22.002 66.0@3 =0.60
26.000 72. OW 3.20.08
26.000 78.000 108.20
2S. COO 86. OSil 206.49
30. om 90. om 104.81
32.000 96.000 103.36
3A. 0’0 102. Om 101.90

34.23
33.38
32.76
32. U
&2. 96
62.68
62.44
IL. 86
!+1. 17
40.57
39.93
39.42

Ram De.isnhad (pi) for
Standoff Distance (ft) of --

=FT=

lT
18.9Q 13. U 9.97
18.&5 12.79 9.70
18.20 12.61 9.61
18.07 12.5& 9.55
17.91 12.63 9.50
17.78 12.38 9.37
17.67 12.17 9.19
17.36 22.96 9.06
22.78 11.77 8.88
22.43 12.58 8.?k
22.22 11.40 8.62
21.80 14.97 8.u

2W

6.60
6.68

::2
6.30
6.23
6.03
5.93
S.w
5. 7..
5.58
5.67

3.57 2.05
3.52 2.ot
3.49 2.0:
3.47 1.9!
3.k5 1.9!
3.lbl 1.%
3.34 1.8!
3.27 l.el
3.20 1.8]
3.13 1.7!
3.06 1.8(
3.00 1.7!
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Table D-2.c.7. i12n2mM 2hick.ne8s of 2Pie?ma11Y Tempered Glass Glazing and
Pram? Oesign Load to Survive Uflecced Werpress.re from
302 Pounds T2i2 at Varims Standoff Discaaces --
Aspect Sxio, ail - 4.0+2

I
Plate

D2w&m I ninimm TN Glazing 2Mckness (in. ) for
Standoff Distance (fc) of --

Kl
b. 50

12.000 48.000 0.S92
lb. OW 56. OW 1.028
16.0420 64.000 1.168
18.003 72.0C13 1. 3W
20.000 80.000 1.450
22.000 88.0@3 1.589
2k.000 96.00D 1.719
26.0S0 104. 00D 1.847
28.000 2.12.00D 1.972
30.00D 220.002 2.097

75

O.&so
0.553
0.629
0.7C4
0.901
0.988
1.069
1.148
1.226
1. 30k

100

0.357
O.klz
0.469
0.525
0.581
0.637
0.689
0.854
0.912
0.970

125

0.297
0. 3L3
0.391
0.438
0.U4
0.529
0.571
0.624
0.655
0.696

150

0.?.59
0. 3m
0.?41
0.382
0.&23
O.UO
o.k97
0.524
0.570
0.605

202

0. Zll
0.2k5
0.279
0.322
0.%3
0.373
0.U33
0.k32
0.b60
0.487

30D

0.3.54
0.179
0.203
0.226
0. 2&7
0.269
0.290
0.310
0.329
0.%7

~

500

0.Zll
0.127
0. l&3
0.159
0. 17b
0.1s7
0.201
0.233
0.226
0.237

I P22ta
Ofme.si.ms

(h. ) I Frame 0esi8n Lead (psi) for
Swvic.ff Distance (fc) Of --

bl’1’o

IT
12.000 48. OW L26.511
W.000 56.000 313.72
16.000 6&.00Q L22.40
18. OCO 72.000 211.55
20.004 80.0@3 220.87
22. Om 88.000 220.03
2&. IXN 96.000 108.22
26. OM 104. OC4 206.111.
28.000 2.22.000 10&. 62
30. OW 120. OW 103.06I

15

33.75
32.91
32.60
32.26
42.01
kz. Sk
41.85
4L 12
Lo.&
39.85r10D

18.67
2S.27
18.12
17.96
17.80
17.68
17.38
22.76
22.38
22.05

123

12.92
U..66
12.60
u. J$9
12.35
12.20
11.94
21.76
11.54
1.1.35

150

—

9.83
9.69
9.58
9.50
9.43
9.12
9.05
8.90
8.7k
8.58

2C41

—

6.52
6.46
6.61
6.34
6.20
6.06
5.95
5.82
5.69
5.56

300
—

3.53
3.50
3.45
3.38
3.28
3.22
3.14
3.07
2.98
2.89

500
—

1.9
1.8{
1.8,
1.71
1.7,
1.6!
1.6,
1.5
1.5’
1.5
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TableD.2.d.l.UinlmumZMcknessofTnerm.sll~TemperedGlassGlazimand
Frame C-esign bad to Survive “kflected Cwerpress.re km
Isa Pounds 2??2 at VariousStandoffDiscances--
6specc Ratio, ./b - 1.00

I Place
Dimcns i...

(in. )

H2n2mumZTG Glazinz ZMckness (i”. ) for
Standoff Ms&ce (ft) of::

—

300

K
b.

iz.000 12.000
lk. oclz 2A. OL?O
16. OCQ 16.000
18.000 18.000
20.000 20.000
22. OW 22. OCO
26.000 2&.000
26.000 26.000
28.000 28.004
30.0@3 30.0S?2
32.000 32.000
24. 0Q2 24.000
36.000 36.000
38. OLM 3S. OWJ
60.000 &o.000
42.000 &2.000
44.000 U.oocl
46.000 46.000
M.OCQ &S. ooa
50.0C4 50.01Y2
52.000 52.0s.3
54.000 54. OCO
56.000 S6.000
58.000 58.000
60. OCU 60.000 T

75 100

0.203 0.150
0.224 0.165
0.266 0.188
0.298 0.23.2
0.330 0.233
0.362 0.255
0.391 0.275
o.Ib19 0.296
0.U.8 0.316
0.476 0.336
0.503 0.355
0.530 0.374
0.555 0.392
0.580 o.&lo
0.604 0.428
0.626 0.645
0.64S 0.k63
0.670 0.4S4
0.691 0.495
0.838 0.520
0.860 0.52fI
0.881 0.53s
0.902 0.552
D.922 0.565
0. 9&1 0. 57aT

25 50

0.824 0.302
0.952 0.349
1.083 0.396
1.21& 0.614
1.344 0.491
1.&68 0.539
1.587 0.583
1.704 0.626
1.820 0.669
1.9311 0.821
2.047 0.869
2.152 0.916
2.255 0.960
2.357 1.0C4
2.k57 1.047
. . . . . 1.089
----- 1.231
. . . . . 1.172
. . ..- 1.213
. . ..- 1.253
. . . . . 1.288
----- 1.322
. . . . . 1.353
----- 1. 3s4
----- 1. Ibn

125

—

0.123
0.142
0.162
0.181
0.201
0. 23s
0.236
0.234
0.271
0.208
0.305
0.321
0.336
0.352
0.367
0.382
0.397
0.421
0.&23
0.435
0.u6
0.J$57
o. L68
0.478
0.U8

230

0.108
0.125
0. 1!+2
0.159
0.176
0.191
0.206
0.221
0.236
0.251
0.265
0.278
0.290
o.3fYb
0.317
0.329
0.%2
0.356
0.365
0.376
0.386
0.3%
0.@36
0.43s
0.425

200

—

0.100
0.1C42
0.12.2
0.126
0. MO
0.152
0.164
0.176
0.188
0.200
0.211
0.221
0.232
0. 2&2
0.252
0.262
0.273
0.282
0.291
0.3W
0.208
0.316
0.32&
0.332
0.339

0. 10I
O.lm
0. 10(
O.m
o. 10!
0.12J
0,12:
0.13
0.161
0.15(
0.251
0. 16(
0.174
0.1%
0.18!
0.19
0.201
0.221
0.217
0;22A
0.225
0.235
0. 2&1
O.zffi
0.232

I I

Plate
D~tIa ions

(in. )

Fram Oesi~ laad (PSi)for
Standoff Distance (fc) c.f--

50 75

—

100 230 20025b

12.030
lb. Oca
16. owl
18.0S0
20.0W2
22.003
2b. 0i2i3
26.000
28.000
30.000
32. 00u
36. Ooa
36. ow
38. OCQ
60.000
&2.Oc$J
u. 000
G6. 000
&8.000
50.003
52.000
Sb.oca
56.000
S8. OW
50.000

●

12.0s0
14. am
16.000
20.0s0
20.000
22.002
26.002
26.0C13
28. olm
30.000
32.000
X.0C4
36. OW
38.000
+0.000
42. 0s0
$4.002
k6.000
$8.002
50. Om
52.000
5&.000
S6.000
58.000
50. OW

3.25 -1300

203.0s
265. 5&
‘263. U
261.22
259.33
255.70
231.10
21+6.67
242.63
238.66
234.99
230.06
225.32
220.94
216.67

.-. .
----
. ..-
. ..-
-.. .
----
----
-.. .
. . . .
. . . .

36.37
35.69
35.in
%.%
%.61
%.67
33.89
33.29
32.78
32.26
42.35
41.60
!+0.S4
!+0.09
39.35
30.61
37.94
37.28
36.67
36.06
35.23
3A. 37
33.52
32.70
31.94

17.69
17.33
17.17
17.05
16.95
16.87
16.58
16.27
16.07
33.86
15.59
23.36
15.07
llb.81
I&. 60
M.43
14.28
:4.14
14.02
13.06
17.02
16.62
16.26
3.5.89
15.52

12.49
12.61
12.57
12.51
12.36
12.24
11.98
22.83
11.63
22. k6
11.26
23.08
10.86
10.67
10.50
10.31
10.17
10.01

9.79
9.59
9.39
9.21

;:2
8.69

9.67
9.50
9.k7
9.36
9.35
9.13
9.00
8.90
8.76
8.64
8.53
8.39
8.23
8.12
7.99
7.87
7.76
7.65
7.49
7.35
7.20
7.05
6.92
6.78
6.6k

7.73
7.64
7.57
7.52
7.U
7.33
7.20
7.10
7.01
6.93
6.83
6.70
6.55
6.47
6.37
6.24
6.16
6.G5
5.93
5.82
5.69
5.57
5.46
5.34
5.25

6.89
5.32
5.22
5.l&
5. lb
5.02
4.93
4.85
L. 78
4.72
4.63
&.52
b.u
4.36
4.28
&.zl
4.17
4.09
4.02
3.95
3.86
3.78
3.71
3.65
3.57 1

6.89
5.32
&.23
3.47
3.16
3.09
3.03
2.98
2. 9il
2.91
2.85
2.79
2.75
2.71
2.65
2.61
2.56
2.52
2.&6
2.I.2
2.35
2.30
2.26
2.21
2.17
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TableD-2.d.2.M2nti ZZIicknesaofThermallyTemperedClassGlazingand
Fr&wDesiwbad t. Sm-ai.e Reflected Werpressure from
100 Pounds 2?47 at Varieus standoff Distances --
Aspect Ratio, ./% - 1.2s

Plate
DLne#ms

fiinhmm ZT2 Glazing Thickness (in. ) for
Stndoff DiSCaK. (ft) of --

b a 25 50 7s ma 125 230 21M 300

.2.000 15.000 0.950 0. ZkS 0.229 0.180 0.132 0.2.16 0.100 0.100

.4.000 17. 5S4 1.KX3 0.L02 0.1s4 0.209 0.153 0.135 0.109 O.UM
,6.000 20.000 1. 2s1 0.457 0.299 0.238 0.174 0.154 0. 12& 0.100
,8. O(Y2 21.500 1.402 0.523 0.335 0.266 0.194 0.171 0.139 0.1C4
;0. Ow 25.000 1.551 0. 56S 0.371 0.293 0.2111 0.188 0.152 0. Z.U
;2. owl Z7.5C0 1.6S9 0.620 0.1+03 0.32s 0.233 0.205 0.166 0.124
!&.003 30.000 1.825 0.670 0.435 0.363 0.232 0.222 0.179 0.1210
!6. ow 32.5S0 1.960 0.831 0.4,66 0.367 0.270 o.23a 0.192 0.143
!8.00Q 35. ODD 2.092 0.888 o.&97 0.391 0.288 0.254 0.204 0.232
10.0C12 37.5W 2.224 0.963 0.527 O.klz 0.306 0.269 0.216 0.161
12.000 60.000 2.345 0.999 0.555 o.&30 0.322 0. 28A 0.227 0.170
)4. 000 42.500 2.k65 1.050 0.5.32 0.4LS 0.339 0.298 0.239 0.179
lb. 000 b5.00D . . . . . 1.100 0.605 0. &65 0.356 0.322 0.250 0.2s7
18.ODO !+7. s00 . . . . . 1.130 0.630 0.472 0.372 0.327 0.261 0.1%
,0.000 50.000 . . . . . 1.199 0.663 0.469 0.388 0.341 0.272 0.204
.2. Ow 52.502 ----- 1.267 0.697 0.477 0.40?. o. 35& 0.281 0.2U
A.000 55.0S.2 ----- 1.295 0.s47 0.6s3 0.416 0.365 0.290 0. 22,s
,6. om 57. 5m ----- 1. 3&1 0.875 0.498 o.l$z9 0.377 0.299 0.224
,8. ODD 60. om ----- 1.384 0.897 0.514 0.442 0.388 0.307 0.231
;0. om 62.5S0 ----- 1.&22 0.928 0.529 O.kfk 0.398 0.316
i2. mil 65.002

0.237
----- 1. Uo 0.939 0.543 0.466 0.408 0.32& 0.243

%4-=-l=
12. om 15.000 268.71
M. om 17.5m 26&. 69
16. om 20. Ci?a 262.22
1s. om 22. 5@2 260.11
20.000 25. om 257.85
22. Ofm 27.5m 252.71
24. WO 30.0LU2 247.92
26.000 32.5m 243.65
Z8. CWJ 35 .ODD 239.24
30. om 37.5m 235.63
32.000 ‘.0. 00D 230.25
34. ODO 42.5s0 225.36
36.000 b5. om ----
3s. 000 47.500 ----
40. mD 50.000 ----
&2. om 52. SW ----
44. om 55.000 ----
1+6.000 57.502 ----
L8.0S4 60.000 ----
50.0012 6?..500 ----
52.000 65.000 ----

[

36. D6
35.35
W.98
%.83
w.. 5s
%.05
33.41
32.85
43.12
&2. 36
&l. 79
40.89
1.o.03
39.27
38.52
37.80
37.14
36.4&
35.64
24.73
33.80

t’ra.ae 13esign L.aad (psi) for
Scandaff Distance (fc) .f --

75

16.33
16.02
15.79
23.69
15.60
25.30
15.04
16.77
lb. 55
U1. 31
14.02
13.72
13.65
13.22
13.22
13.2b
12.42
16. Z&
15.79
25.35
14.95

loil

11.55
3.2.67
11. U
21.31
11.16
10.95
10.71
10.58
10. &l
10.26
10.12
10.00

9.87
9.79
9.75
9.69
9.59
9.3&
9.lL
8.93.
8.71

9.63 7.51
9.51 1.48
9.&z 7.4s
9.26 7.27
9.2.2 7.13
8.95 7.02
8.80 6.93
8.62 6.79
8.I.6 6.68
8.33 6.54
8.12 6.1,2
7.97 6.27
7.85 6.18
7.70 6.06
7.56 5.96
7.37 5.84
7.21 5.67
7.03 5.55
6.87 5.k2
6.69 5.28
6.53 5. Ill

200

5.72
5.08
5.D3
5.00
4.86
1).80
4.71
&.62
k.53
k.w.
4.2A
k. 27
4.19
&.lz
4.05
3.95
3.85
3.77
3.66
3.59
3.50!

300

5.72
4. 3s
3.52
3.07
3.00
2.94
2.89
2.82
2.76
2.70
2.65
2.61
2.55
2.52
2.47
2.41
2.35
Z. 28
2.23
2.18
.?.2.2
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TableB.2&3 Mi.imm mickneas of memally Ieqered Glass Glazing and
Frame Design bad to Survive P..eflected Werpressure from
100 Pounds !272 at Various Standoff Distances --
Aspect Ratio, alb - 1.50

Place
D2mensions

(in. )

Minimm 2TG Claz, i”gmkk-.es8 (i”.) for
Standoff Distance (ft) .sf --

’25 125 150 2W2

—

300b

12.000
14.000
16.000
18. OW
20.000
22.003
2k. ow
26.000
28.01Y2
30. OW
32.000
34.000
36.000
Za. ow
$0.0s0
$2.002
w. 00D
$6. OW
LS.ow

50

0. 3s9
0.449
0.5U
0.573
0.624
0.691
0.862
0.926
0.989
1.051
1. Uo
1.166
1.222
1.277
1.331
1.304
1.437
1.685
1.527

a

1s. 000
21. OW
Z&.000
27. OW
30.004
33. Ow
36.000
39. OW
1.2.OW
b5. OW
M. 000
51. OW
3&.000
57. OW
60.00D
63.000
66. OW
69. OW
72. OW T

0.261 0.199
0.302 0. 2X7

0.262
:Z 0.293
0.425 0.320
0.663 0.368
0.500 0.372
0.537 0.395
0.573 0.42L
0.608 Ok%
0.641 0.404
0.674 0.533
0. 7C4 0.543
0.852 0.564
0.888 0. 5@4
0.923 0.599
0.955 0.615
0.984 0.629
1.012 0.643

1.060
1.229
1.399
1.568
1.729
1.882
2.033
2.183
2.331
2.471
--.--
-----
. . . . .
-----
. . . . .
.--.-
-----
-----
.--.-

0.170
0.196
0.223
0. Ma
0.271
0.294
0.316
0.337
0.351
0.326
0.%0
0.353
0.370
0.385
0.400
O.klk
.2.k28
0.441
0.434

0.123
0. 3A3
0.162
0.180
0.198
0.216
0.233
0.250
0.266
0.282
0.297
0.323
0.3’27
0.340
0.353
0.365
0.377
0.389
0. I+oo

0.101
0.117
0.133
0.147
0.162
0.176
0.190
0. 2LU
0.217
0.229
0. 2L2
0.234
0.266
0.276
0.286
0.296
0.306
0.325
0.323

0.100
O.1OC
0.100
0.123
0.222
0.133
0.M3
0.153
0.162
0.172
0.181
0.189
0.197
0.205
0.212
0.22.9
0.226
0.233
0.240

I

I

I
Plate

Dim?.siam
(fD. )

I

Frame Designbad (PS1) for
Stnn&ff Distance (fc) c.f--

-

20D

5.09
5.02
k. 97
4.81
k. 73
4,62
k.53
4.45
i.. 35
4.22
4.23
6.05
3.97
3.8&
3.73
3.62
3.53
3.I.3
3.34 ~1

300

5.00
3.72
2.99
2.93
2.88
2. S4
2.77
2.71
2.63
2.56
2.53
2.66
2.39
2.33
2.26
2.19
2.14
2.08
2.01.

T
b. 2s

18. OW 266.91
21. OW 263.61
2b. ODO 261.52
27.000 259.57
30.000 255.65
33.0S0 250.33
36.0@3 245.65
39. OW Z1.1.l&
k2.00C 237.07
65.000 232.07

50

33.95
35.18
34.89
34.66
Z&. 37
33. 7s
44.13
1.3.39
42.66
41.90
&l. 16
40.23
39.41
38.63
37.88
37. 1!+
36. k9
35.65
34.62

75

16.18
15.92
13.81
2.S.63
15.1$5
23.15
14.85
1&. 59
i4. 33
14.05
13.73
13. U
13. L5
17.20
16.86
16.52
16.11
25.65
15.21

10D

10.27
10.13
10.08

9.99
9.73
9.57
9.35
9.19
9.1;
9.16
9.16
9.17
9.13
9.01
8.80
8.69
8.L7
8.25
8.05T

125 250

8.61 7.43
8.k9 7.38
8.u 7.26
8.33 7:09
8.16 6.95
8.02 6.84
7.88 6.7o
7.73 6.57
7.59 6.U
7.75 6.29
7.68 6.14
7.60 6.05
7.67 5.89
7.27 5.73
7.09 5.58
6.89 5.62
6.72 5.27
6.5k 5.14
6.37 5.CH2

12. Wo
lib. Ooiz
16. WO
18. Ow
20. Ow
22. OW
24. OW
26.002
iS. Ot10
30. OW
32.
3Lh003
36. @30
38. OW
40.1
62. Oim
u. 000
L6. OW
&8. OW

,0QO!48. OW ----
51. OW ----
5&. oLm ----~
57.0S0 I ----

000 I 60. OW
63.000
i,6. ma

----
(
f.. -.
69.013

----
----
. . . .
..-.

i
72.000

1 I I
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TableD-2d4.Minti Tnicknessof2hermallyIeq.eredGlassGlazingand
Fram@bsignbad to Survive F.eflacced merpres sure from
1043 PoundsIU2 ●t VariousStandoffDistances--
AspectSAtio,am - 1.75

Place
D=? Mniwm 73% G142ing mickoem (in. ) for

Standoff Distance (ft) of --

b a 25 50 75 100 133 230 200 300

.2.000 21.000 1.125 0. &lz 0.276 0.220 0.176 0.236 0. lok 0.100

.6. Oml ’24. 5L?0 1.305 0.477 0.321 0. 25S 0.206 0.181 0.121 0.103

.6.000 28.000 1.485 o.5&3 0.365 0.290 0.233 0.204 0.136 0.1C4

.8.000 31.5C0 1.664 0.60S 0.b09 0.323 0.256 0.226 0.151 0,125
!0.000 35.000 1.832 0.673 0.L51 o. 3% 0.264 0.247 0.166 0.126
!2.002 3a.5oo 1.9% 0.846 O.&w 0.3a5 0.313 0.267 0.1s0 0.136
!&.000 &z. ooa 2.234 0.924 0.530 0.U3 O.M1 0.264 0.194 0.31,6.
!6.000 45.500 2.323 0.981 0.569 O.I+U 0.367 0.299 0.207 0.156
!8.000 49.000 2.669 1.W7 0.607 0. &71 0.388 0.312 0.220 0.163
)0.0s0 52. 5C43 . . . . . 1.123 0.61.3 0.&97 0.L09 0.307 0.233 0.175
)2.000 56.000 . . . . . 1.173 0.678 0.521 0.&29 0.315 0.246 0.2s3
w. Ow 59.5W ----- 1.233 0.823 o.5&4 0.U9 0.324 0.257
)6.000 63.000

0.192
. . . . . 1.292 0.862 0.566 0.467 0.335 0.267 0.199

)8. ODD 66.500 . . . . . 1.350 0.900 0.5ss 0.482 0. M6 0.278 0, 2C6
,0. Oca 70.000 ----- 1.407 0.938 0.604 0.49s 0.3S7 0.287 0.213
,2.000 73.5C0 . . ..- 1.463 0.973 0.617 0.S07 0.366 0.296 o.2m
A. 000 77.000 . ..-. 1.518 1. GQ6 0.627 0.522 0.377 0. 30s 0.226

I i 1

I
P3ace

Dfmms ions
(in. ) I FrameDesignZ.aad(psi)for

Standoff Distance (ft) of --

mba 2s

12.000 21.00+3 266.19
M.00D 26.500 263.15
16. cXY2 28.000 260.89
18. OCO 31.9X3 238.83
20.000 35. OW Zsk. zz
22. Om 3s.502 24e.80
24.000 42. OCO 2*3.96
26. OW kS.500 239.69
28.000 49.003 23S.69
30.000 52.50I2 ----
3f2.WO S6. OIM ‘---
3k. o@2 59. SCO ----
36.000 63.000 ----
38. OW 66.5C0 ----
40.000 70.000 ----
&z. ow 73.5C41 ----
&.000 77.000 ----

I so

[

35.70
3S.16
34.88
3&.35
34.29
33. s9
43.93
&3.12
62. 3s
41.69
40.70
39.83
39.01
38.22
37. k7
36.75
36.0S

1 & I 1

75

16.02
3.3.92
15.76
2.3.64
1s . ho
33.02
14.77
14.51
14.23
23.91
13.60
3.3.31
17.36
16.99
16.65
16.32
15.83T

ma 125

10.23 7.b6
10.12 7.38
10.04

9.88 ;::
9.66 7.3.2
9.k8 7.12
9.30 7.32
9.11 7.06
8.89 6.92
0.67 6.80
8.66 6.6a
8.26 6.s6
8.07 6.&2
7.90 6.2k
7.6& 6.06
7.37 S.88
7.23 s. 78

230

6.f+3
6.39
6.28
6.17
6.04
5.91
5.82
5.75
5.68
S.70
3.67
5.s6
S.&l
5.26
5.13
4.97
6.83

2W

—

4.96
4.91
4.76
k.6k
6. Sk
b.k2
4.32
4.20
4.09
4.00
3.92
3.80
3.67
3.s8
3.&5
3.34
3.24

300

—

6.58
3.lJ
2. 9C
2.82
2.75
2.67
2.6C
2.34
2.47
2.43
2.34
2.26
1.20
2.12
2.05
1.99
1.92

,.

316
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,TableW2.d5. Minimum731icknessofTnerm.sllyTemperedGlassGlazingand
Frametisignlaa~coSuwtveSeflectedWerpres..refrom
100Pounds TN2 ac Various Standoff Dist.ances--
Aspecc P.aci., alb - 2.00

142nimumTIC Glazing Tbickr.ess (in. ) for
Standoff DisCar,Ce (fc) of --

lbla 125

m12.000 21..000 1.186
14.00Q 28.003 1.377
16.000 32.000 1.567
18.000 36.000 1.755
20.000 &o.000 1.928
Zz. ocm U+. om 2.099
24.000 68.000 2.268
26. OCQ 52.003 2.L.34
28.000 56.000 . . . . .
30.,
32.1
36.0S0 68. OCQ -----
36. OW 72.000 -----
38. OW 76.0s6 -..--
40. OW eo. oca . . . . .

142.000 I Lw.ow j -----

50

0.L24
0.503
0.573
0.642
0.708
0.890
0.962
1.033
1.102
1.169
1.233
2.296
1.357
1.1428
1.478
1.5%

75
—

0.291
0.338
0.385
0.631
o.k74
0.5.16
0.558
0.599
0.639
0.676
0..323
0.865
0.905
D.9k6
0.985
1.021IT

100 225 150 200

0.233 0.197 0.162 0. 12L
0.270 0.228 0.188 0.U+2
0.307 0.259 0.223 0.336
0. 3&3 0.287 0.242 0.163
0.376 0.325 0.266 0.27&
o.&lo o.3k2 0.288 0.183
0.442 0.366 0.309 0.197
0.414 0.386 0.329 0.222
0.5o4 0.L.06 0.348 0.226
0.533 0.626 0.366 0.236
0.562 0.4114 0.386 0.248
0.589 0.I.63 0.39a 0.258
0.615 0.k83 O.I.1O 0.269
0.6&3 0.510 0.617 0.279
0.660 0.527 0.423 0.288
o.6eo 0.542 0.624 0.297

~

300

0.200
0.100
0.107
0.13E
0.129
0.139
0.2s0
0.2.59
0.169
0.2.77
0.2s5
0.2.92
0.200
0.207
O.zlk
0.220

Place
Dbmsiom Frame Desifl Z.md (psi) for

(in. )
Standoff Distance (ft) c.f--

b a 25 50 75 200 125 230 2W 300

12.003 2&.000 265.41 35. S4 15.98 10. ill 7.L7 5.71 4.45 4,22
m. om 28. 0@2 262.86 35.08 25.81. 20.11 7.36 5.68 4.41 3.15
16. ow 32. Om 260.63 34.85 15.73 10.00 7.29 5.68 k.% 2.81
18. Om 36.000 238.30 34.57 2.3.58 9.87 7.10 5.68 4.37 2.72
20.000 m. om 232.51 36.05 15.26 9.60 6.95 5.61 4.30 2.64
22. oa2 44. om 247.24 44.47 14.95 9.4k 6.79 5.50 4,21
Z&. Ooa 48.002 242.65

2.55
L$3.66 14.69 9.22 6.63 5.39 &.lo 2.50

26. OW 52. OOO 238.13 1.2.89 24. L2 9.03 6.42 5.28 4.02 2.41
28. OQO 56.000 ---- 42.09 14.23 8.80 6.23 5.16 3.91 2.36
30. om 60.000 ---- &l. 26 13.80 8.58 6.08 5;05 3.78 2.27
32.00o 64.004 ---- &o. 24 13.4S 8.39 5.91 4.95 3.68 2.19
34.000 68. OW ---- 39.48 11.59 8.i5 5.7; .+.W 3.53 2.10
36. C40 72.0S+3 ---- 38.61 17.17 8.00 5.67 4.64 3.43 Z.ok
38.0w3 76. OW ---- 37.811 26.8& 7.80 5.67 1..56 3.31 1.96 I
ko. 000 80. OW ---- 37.10 16.&S 7.55 3.55 1..49 3:20 1.90
kz. om 8&. Ocil ---- 36.34 16.06 7;29 5.L1 4.&O 3.10 2.82

317

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



I

MIL-HDBK-lo13/l

Table D-2.d6. Minimm ZPIickness of memally Tempered Glass Glazing and
Fram Design Load co Survive Reflected O+erpressure from
lWI Pads TNT at Various Standoff Dismnces--
Aspeet Eacio, ail - 3.00

Place
Df.mmom

‘1”

T
12.000 36. OW
14. oCa w.. Ow
16.000 &8.000
18.000 34.000
20.000 60.000
22. OW 66. OLW
2&.002 72.000
26.000 78.0C12
28.000 8b. OCXl
30.000 90.000
32.000 96.000
3&.000 102.000

1

I P3ate
Dfmensiom

(in. )

I
b

lz.ma
I&. 000
16.000
18.000
20.000
22. 0Q2
2b. om
26. OCO
28. OW
30. Oco
32.0Cn3
%.003

;

36. OW
kz. om
k8. om
worn
60.002
66. om
72.om
78. om
8b.om
90. om
96. OW

2!32. 000

Mfnimm 2TC Glazingmicknesa (in. ) for
Standoff Distance ( ft ) of -- I

25

1.295
L.5CA
1.709
L. 899
2.085
2.269
2.&50
. . . . .
. . . . .
-----
. ..-.
-----

50

0.473
0.530
0.625
0.697
0. 0e4
0.962
1.039
1.114
1.185
1.253
1.321
1. 3s7

75

0.32s
0.369
o.b20
0.461
0.53.3
0.558
0.603
0.644
0.685
0.836
0.881
0.925

lm

o. 2%
0.295
0.334
0.371
0.407
0.663
0.b76
0.508
0.s40
0.571
0.601
0.629

125

0.217
0. 2s2
0.283
0.335
0.345
0.375
0. U32
0.629
0. b56
0.481
0.503
0.522

230

0.190
0.218
0. 2k5
0.272
0.297
0.320
0.343
0.365
0.386
o.ko5
0.421
o.&35

Frame Oaai@ U.d (psi) for
standoff Distance (ft) c.f--

25

263.21
260.83
257.8s
251.55
245.62
2m. 60
235.52

. ..-

..-.

..-.
----
----

50

—

35. L2
34.88
34.49
33.89
w. 3s
63.21
k2. 36
41.49
&o.&s
39.43
38.51
37.61
—

75
—

15.87
3s.70
1s.57
23.21
W. 87
L4.5&
l&. 27
23.87
13.53
3.3.16
17.23
16.73
—

10.22 7.39
10.03 7.32

9.85 7.07
9.60 6.92
9.36 6.73
9.16 6.57
8.89 6.34
8.63 6.15
8.U 5.99
8.19 5.81
7.97 5.62
7.13 5.38

m0.147 0.230
0.169 0.126
0.190 0.161
O.zl& 0.1s5
0.233 0.166
0.252 0.177
0.270 0.LS6
0.287 0.193
0.301 0.197
0.322 0. 17&
0.323 0.182
0.333 0.191

1
230

—

5.69
5.53
5.31
5.25
5.09
&.91
6.77
4.62
4.k8
6.32
&.13
3.96

3.65 2.31
3.56 2.24
3.46 2.11
3.67 2.U
3.35 2.05
3.25 2.0(
3.25 1.92
3.05 1.86
2.93 1. 8C
2.79 1.7f
2.66 1.7(
2.55 1. G
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TableD-2.d7.!Unimumlhic~esaofThermallyTeaqeredGlassGlazingand
RamEOc.ignLoadtoSun.iveReflected merpressure from
1C12Pounds ‘2542at Various Standoff Distances --
Aspect Fatio,alb - 6.CJ2

M“2!IxM TN Glazing ‘7hiCkliCSS(in. ) fol
Scaidoff Di.tance (ft) .f --

lb ●

“r
12.000 4s.000
14.002 56.0IJ3
16.000 64.0C4
18.0@2 72. Om
20.00U 80.000
22. oOO 88.002
2&.000 96.000
26.0~ 204.0L12
20.000 222.000
30. Ofm 220.000

23

1.337
1.552
1.755
1.949
2.139
2.328
. . . . .
. . . . .
. . . . .
. . . . .III

50 75 102

0.689 0.329 0.262
0.567 0.381 0.3C4
o. w O.&32 0.242
0.826 0.479 0.380
0.907 0.326 0.617
0.987 0.572 0.432
1.065 0.616 0.4S6
1.134 0.658 0.519
1.209 0.699 0.550
1.279 0.853 0.582

125

0.224
0.258
0.291
0.323
0.334
0.382
0.410
0.43s
0.464
0.407

150

0.196
0.225
0.253
0. 2s1
0.307
0.331
0.355
0.378
0.399
0.417 1

200 300

0.136 O.ZM
0.179 0.2.35
0.201 0.251
0.122 0.166
0. Z&l o.180
0.260 0.192
0.279 0.202
0.295 0.222
0.312 0.220
0.327 0.227

II Plate
Oims;;orls

pram Oesim Iaad
Standoff Distance

mba 23

12. OiM 4S.000 261.83
M.000 56. OW 259.21
16.000 6b.000 253.77
18.0C42 72. OW 247.29
20.000 80. OCQ 2&l. 26
22. Om 6S. Om 236.18
24. OW 96. Om ‘---
26. om 104.000 ----
28.000 112.000 ‘---
30.000 zzo. om ---- tit

50 75 lW

35.02 23.85 10.05
34.60 2.3.62 9.95
3&.17 23.38 9.64
33.31 3/+.94 9.&O
L3.38 U&59 9.17
62.4S lb. 26 8.90
41.53 13.89 8.65
40.&l 23.51 8.40
39.32 13. M 8.l&
38.24 .17.05 7.94

(psi)for
(ft) Of --

I125 330

7.35
7.16
6.98
6.79
6.61
6.36
6.16
5.99
3.79
S.56

3.63
5.1$5
5.27
5.l&
4.97
6.79
4.63
4.48
4.31
lb. 11 I

200 30+2

3.62 2.34
3.50 2.06
3.39 1.99
3.27 1.91
5.23 1.83
3.01 1.75
2.92 1.66
2.79 1.58
2.69 1.50
2.58 1.111

3“19
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Table 23-2...1. mini- Zliicbess of 2herma11y Tempered Glass Glazing and
Frame tisisn Load co Survive Se fleeced Dverpress.re from
30 Pound. Tim at Various Standoff Distances--
*.C Ratio, ah - l.ou

I
Plate

D3m&s~
U2n2mm TIG Glazing mickness (in. ) for

Standoff Distance ( ft ) of --

75 10D 135 230

—

200b a 10 25 50

1.844
2.125
2.381
. . . . .
. . . . .
-----
-----
. . . . .
. . . . .
. . . . .
. . . . .
. . . . .
.,----
.----
-----
. . . . .
. . . . .
. . . . .
. ----
-----
-..--
L----
-----
-----
. . . . .

0. km
0.685
0.347
0.608
0.667
0.S38
0,900
0.961
1.021
1.079
1.136
1.185
1.231
1. Zlk
1.323
1.334
1.390
l.ku
1. k56
1.4s5
1.512
1.556
1.551
1. 57s
1. 5s9

0. 2oi3
D.232
0.262
0.29D
0.318
0. 3A6
0.372
0.397
0.I.20
0.IA2
D.463
0.M2
o.&97
0.509
0.520
0.523
0.522
0.526
0:34D
0.553
0.566
0. 57s
0.589
0.600
0.610

0.130
0.151
0.3.70
0. 1s9
0.207
0.225
0.242
0.259
0.275
0.291
0.306
0.320
0.333
0. 3k5
0.357
0. 36S
0.378
0. 3ss
0.397
0.405
O.&l&
0.622
0.43D
0.6’30
0.445

0.107
0.123
0.138
0.153
0.168
0;1s2
0.195
D. 208
0.221
0.233
0.245
0.255
0.266
0.’275
0. 2S5
0.294
0.302
0.320
0.32S
o.32f
0.332
0.339
0.566
0.352
0.358

0.100
0.103
0.23.3
0.128
0. lfbl
0.152
0.163
0.17&
0.185
0.195
0.205
0.224
0.222
0.230
0.23s
0.246
0.253
0.260
0.267
0.7.76
0.280
D.286
0.291
0.296
0.301

D.10i3
0.100
0.100
0.122
0.122
0.132
0. l&2
0.151
0.161
0.170
0.17S
0.1S6
0.193
0.2@3
D. 207
0.23.2
D. 219
0.225
0.231
0.256
0. 2LJ
o.2&3
0.251
0.255
0.259

0.100
O.lDD
O.lDO
O.llm
O.loa
0.11X2
0.:16
0.1211
0.232
0.139
0.146
0.152
0.238
0.163
0.169
0.174
0.179
0.3.83
0.2ss
0.192
0.196
0.200
0.203
0.207
0.210

1?lat a
Diy&ls

I

Frame Cesign Load (psi) for
Standoff Distance ( ft ) of --

+

“1”3
b 23 50 75 10D 125 150

—

6.89
5.32
l+.23
&.13
L.06
3.95
3.85
3.74
3.67
3.59
3.4s
3.38
3.27
3.17
3.08
2.98
2.89
2.8o
2.73
2.6&
2.56
2.69
2.42
2.34
2.27

9
L2.000
Ll$.ocm
L6.(m
LE.O(N
Io. ooc
22. OSC
M.oof
26.00t

,356.06
310.64
,211.73

----

1
6.89
5.32
6.23
3.47
2.91
2.82
2.75
2.69
2.6k
2.56
2.L9
2.U
2.%
2.25
2.19
2.12
2.06
1. 9s
1.93
1.01
1.81
1.76
1.70
1.65
1.60

69.68
68.92
61.12
65.52
63. S7
62. L9
80.76
78.65
76.36
7b. 29
72.37
69.76
67.33
6k. S5
62.07
59.6S
57.31
55.03
52.04
50.66
48.55
46.46
41$.39
&2.35
40.28

17.24
17.07
Lb. 73
L6. 26
L5. 90
25.60
23.21
14.82
14.51
lk. 28
14.06
22.81
13. L9
13. lb
2.2.80
12.53
12.29
21.93
11.56
22.19
10.85
10.51
10.16

9.s5
9.511

LO.76
10.67
w. 30
10.13
9.S6
9.6k
9.60
9.21
8.99
:.8LJ

s: 33
8.10
7.05
7.6A
7.63
7.21
7.02
6.81
6.60
6.62
6.22
6.03
5.S6
5.6S

—

7.63
7.66
1.26
7.10
6.97
6.82
6.63
6.b7
6.32
6.15
6.00
5.79

R
5.30
5.14
k, 97
L.sl
4.67
6.52
k. 38
1+.26
L.14
&.oz
3.91

—

6.89
5.60
5.38
3.28
5.20
5.02
4.00
6.76
4.65
k.32
4.41
4. 2B
i.. 13
6.00
3.89
3.79
3.67
3.57
3.U
3.39
3.29
3.20
3.10
3.01
2.92

—

----
.-. .
. ..-
. . . .
----
----
. . . .
----
. . . .
. . . .
----
. . . .
. . . .
..-.
----
----
----
. ..-
..-.
. . . .
----

Z8.00C
>O.osc
32. oCt
%.00(
36. 00(
3E.ON
$0. olx
42. DM
U+.Ooc
b6 . 00!
1+8.ON
50.0S6
52. OW
34.00(
56.00(
58. OM
60. OD!
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Tsble >2...2. I’Unimm 211iekness of Thermally Tempered Glass Glazing and
Frame L!esign bad to Survive Reflected cverpressure fro.
30 Pounds 2N2 at Various S“tandoff Distmces --
Aspect Sacio, aib - 1.25

Plate
Dimensions

(in. )

1

bl”

M2ni.mm T2’G Glaziw mickness (in. ) for
Standoff Distance (ft ) of --

1
2.221 0.&a2
2.632 0.559
. ..-. 0.630
----- 0.699
. ---- 0.886
. . . . . 0.960
. . . . . 1.032
. . . . . 1.101
. ..-. 1.169
. . . . . 1.235
. . . . . 1.293
. . . . . 1.346
. ..-. 1.395
. ..-. 1.443
. ..-. 1.407
. . ..- 1.529
----- 1.560
----- 1. 6C4
----- 1.637
. . . . . 2..666
. . . . . 1.692

50

0.225
0.260
0.291
0.322
0.353
0.381
0.406
0.&31
0.L6S
0.498
0.527
0. S46
0.563
0.5s0
0.596
0.62L
0,624
0.633
0.633
0.587
0.572

75

0.238
0.179
0.289
0.205
0.219
0.23s
0.235
0.273
0.289
0.304
0.318
0.332
O.llks
0.357
0.369
0.380
0.391
0.402
0.&L3
0.421
0.429

100

0.2,35
0.132
0. 1&9
0.165
0.180
0.195
0.210
0.224
0.237
0.249
0.260
0.270
0. 2al
0.296
0.299
0.308
0.316
0.323
0.330
0.337
0.3+3

125

.

0.100
0.112
0.126
0.139
0.U2
0.164
0.176
0. laa
o. 19s
0.208
0.217
0.223
0.234
0.2112
0.249
0.257
0.263
0.270
0.276
0. 2a2
o. 2aa

150

-

0.100
0. K@
0.109
0.120
0.131
0.142
0.232
0.162
0.171
0.179
0. 1a7
0.195
0; 202
0.209
0.216
0.222
0.229
0.234
0. 2ko
0.245
0.250

blal10]25

12.000 33.002 3339.&3
w. OW3 17.500 2293. a3
16.000 20.000 ----
18.000 22.500 ----
20.000 25. OW ----
‘22,0W 27.5CJ2 ----
24.000 30.000 ----
26.00D 32.500 ----
2a. oOO 35.000 ----
30.003 37.502 ----
32.0@3 40.000 ----
3A. OW k2.5@2 ----
36.000 45. OW ----
3a. os.3 47.5C4 ----
bo. ooa 50. OW ----
&2. oOO 52.502 ----
a.000 55. OW ----
46. OCO 57. 5W ----
ha. 00+3 60.000 ----
50.000 62. 5S43 ----
52.000 65.003 ----

69.2.7
6S.36
66.47
64.66
ak. 2A
8L.6&
79. 2a
76.0a
7k.73
72.66
70. W
67.20
66.38
61.83
59.25
56. a2
56. b5
52.13
49.87
47.60
45.39

FrameWsign bad (psi)for
Scandof f Distance ( fc) of --

50

15.87
23.63
2..5.12
14.73
lk. &2
23.99
13.57
13.22
13.25
33.24
13.23
12.69
12.27
23.85
22. u
22.05
10.65
10.28
10.00

9.76
9.63

75

—

9.99
9.81
9.77
9.70
9.56
9.31
9.01
8.80
8.52
8.23
7.92
7.66
7.39
7.13
6.a9
6.65
6.b3
6.24
6.01
5.83
5.62

100

—

7.39
7.17
7.01
6.81
6.5a
6.40
6.25
6.08
5.88
5.68
5.47
5.25
5.10
4.90
4.72
4.57
4.k2
4.27
1..12
4.00
3.86

125

5.72
5.32
5.18
5.00
4.86
Ib.lo
4.57
4.!+7
4.31
1$.la
b. 03
3.88
3.77
3.64
3.50
3.39
3.26
3.16
3.05
2.95
2.85

150

—

5.72
k. 38
1,.06
3.93
3.82
3.72
3.60
3.50

:::
3.13
3.03
2.92
2.82
2.73
2.63
2.56
2.46
2.39
2.30
2.23

200

—

0.100
0.102
0.100
0.100
0.108
0.117
0.225
0.124
0.141
0.148
0.235
0.161
Q.167
0.173
0.178
0.183
o.zsa
0.193
0.197
0.202
0.205

200

—

5.7:
&.3!
3.5:
2.0
2.7:
2.6(
2.5(
2.5:
2.k:
2.3:
2.2(
2.X
2.0$
2.02
1.95
1. 8e
I. a]
1.76
1.69
1<63
1.58
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Table *2...3. liininmm ‘2hickn.ms of mermally Tempered Glass Glazing and
Frame Oesign had co Surfive ?u?flected berpressum from
30 Pounds INT at Various Standoff Di8cances--
Aspect Ratio, aib - 1.5C

I Plate
D3.mmsions

(in. ) I

6Unimm T3X Glazing mickness (in. ) for
Standoff Distance ( ft) of --

I

t
b a 10 I 25 50 75

12.000
14. Oca
~.::

20:000
22. oca
24.000
26. OSU
28.0s9
30. Ocu
32.000
34. Ocm
36.004
38.000
Ibo. ow
kz.000
44.000

,460ti
48k3

18.0(Y3
22. 01Y2
24.000
27.000
30.000
33.0CX3
36.000
39.002
42.000
&5. OW
W.oca
51.003
56. OCQ
57.000
60.00Q
63.000
66.00+2
69. Om
72. OCO

2.363
-----
. ----
. . . . .
. ..-.
. ..-.
. . . . .
-----
. ..-.
-----
-----
---.-
. . ..-
-----
. ..-.
-----
. . . . .
. ..-.
. . . . .

0.539
0.623
0.701
0.899
0.986
1.067
1.145
1.222
1.297
1.367
1. k26
1.483
1.536
1.587
1.634
1.678
1. 72s
1.755
1.788

0.258
0.297
0.335
0.372
0.407
O.klko
0.472
0.501
0.529
0.553
0.571.
0.592
0.609
0.625
0.639
0.645
0.666
0.696
0.819

0.182
0.231
0.236
0.259
0.281
0.302
0.322
0.341
0.305
0.312
0.326
0.340
0.353
0.365
0.317
0.3.97
0.398
0.407
0.416

I I I I ! I

100

0.121
0.139
0.236
0.173
0.189
0.204
0.219
0.232
0.245
0.257
0.268
0.279
0.289
0.299
0.308
0.317
0.325
0.333
0.340

Place
Ofmenaions

(h.)
I

123

0.103
0.119
0.133
0,M7
0.161
0.176
0.187
0.198
0.208
0.223
0.227
0.236
0.245
0.252
0.259
0.265
0.271
0.277
0.282

Frame Design Lmd (psi) for
Standoff Distance ( ft) of --

230

0.100
0.104
0.237
0.129
0.141
0.152
0.163
0.171
0.180
0.188
0.195
0.203
0.210
0.216
0.223
0.228
0.234
0.239
0.244

~

2Da

0.100
0.102
0.100
0.105
0.3.35
0.1%
0.232
0.14a
0.167
0.134
0.161
0.167
0.173
0.179
0. 2W
0.189
0. 19&
0.198
0.202

b

12.040
Ib. ow
16.004
18.000
20.003
22. om
24. m
26. 00D
28.000
30. O(M
32.000
%.oca
36.0S0
38.000
40.04+2
42.000
64.0013
&6. OW
k8.000I

● 10

18.000 2326.41
22.000 ----
2&.000 ----
27.000 ----
30. OW ----
33.002 ----
36.0C4 ----
39.0S0 ----
42.0C4 ----
b5. OW ----
L,8.000 ----
51. OW ----
5&.000 ----
57. om ----
60.000 ----
63.00D ----
66. Ow ----
69.000 ----
77..OW ----

23 50 75 100

69.01 15.81 9.18 7.20
67.74 33.39 9.13 6.99
65.66 15.00 8.96 6.75
85.33 14.61 8.77 6.57
83.24 lb. 17 8.53 6.36
80.46 23.68 8.29 6.13
77.86 13.26 8.06 5.95
75.56 12.86 7.86 5.70
73.40 1?.. L9 7.76 5.49
71.02 12.04 7.61 5.27
67.93 22.55 5.04
65.08 11.05 ;:05 k.E5
62.27 10.58 6.82 6.65
59.66 10.14 6.56 4.48
51.08 9.71 6.33 4.29
51..6O 9.28 6.06 k.:3
52.23 9.16 3.85 3.97
49.19 9.16 5.60 3.82
k7. k6 8.04 5.39 3.66

125

—

5.29
5.19
4.91
4.81
4.6.9
4.52
4.39
4.20
4.U1
3.04
3.67
3.52
3.40
3.27
3.25
3.03
2.93
2.82
2.70

2.30

:::
3..s9
3.74
3.63
3.b9
3.39
3.23
>.L2
3.00
2.88
2.78
2.67
2.55
2.67
2.36
2.27
2.18
2.10

200

5.00
3.72
2.99
2.67
2.60
2.52
Z.&l
2.32
2.22
2.13
2.06
1.97
1.90
1.83
1.75
1.68
1.62
1.56
1.69
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TableD-2.c4.M3nimam211ickness.fThermalIYTemperedGlassGlazingand
FrameDesignbad m SurviveRefleetedCwerpressurefrom
30 Pounds TNT at Various Standoff Distances--
Aspect I&cl., ail - 1.75

Plate
Dfm-msiona mtnimm m Glazi.s Ihickness (in. ) for

(in. )
SCandof f Distance (ft ) Of--

b a 10 23 50 75 100 223 150 200

12. OW 21.000 . ..-. 0.577. 0. llk 0.194 0.151 0.106 0.100 0.100
14.000 24. SIX ----- 0.664 0.325 0.221 0.172 0.122 0.107 0. lsiz
16.000 28.000 . ---- 0.858 0.355 0. 2L7 0.191 0.136 0.2.19 0.100
18.000 31. 5S0 . . . . . 0.952 0.394 0.271 0.20+ 0.150 0.131 0.107
20.000 35. OW . . . . . 1.043 o.&31 0.291 0.207 0.163 0.1k3 0.2,27
22.000 38.503 ----- 1.129 o.f466 0.37.3 0.23s
‘w.ooa 42.000

0.176
. . . . .

0.134
1.233

0.123
0.500 0. 3U 0.225 0.188 0.163 0.133

26.000 L5.5S0 ----- 1.292 0.533 0.367 0.236 0.198 0.172 O.lkl
28.000 L9. 000 ----- 1.371 0; 566 0.383 0. 2!+6
30.osa 52.502

0.208
-----

0.180
1.&39

0. 1&7
0.592 0.3% 0.256 0.218 0.1s8 0.154

32.000 56.000 . . . . . 1.302 0.618 o.bo9 0.261
36.000 59.5s4

0.221 0.195
1.560

0.160
----- 0.641 0.&19 0.278

36. OW 63.0S4
0.235

1.633
0.202 0.166

. ---- 0.663 0.424 0.287 0.263 0.208 0:172
38. OW 66.5cd . . . . . 1.667 0. 6S0 0.393 0.296 0.250 0.21& 0.178
40.000 70.000 . . . . . 1.725 0.696 0.’383 0.305 0.256
bz.000 73.5s42 . ----

0.220
1.764

0.2s2
0.710 0.389 .0.323 0.261 0.225 0.187

ti. ooa 77.000 . . . . . 1.800 0.853 0.395 0.319 0.266 0.229 0.191

:

a 20

21.0s0 ----
24.5W ‘---
28.000 ----
31. Sm ----
35.OW ‘---
38.504 ----
42.000 ‘---
&s. soo ----
&9.000 ----
52.5s0 ----
56.000 ----
59.300 ----
63. O@l ----
66.5S0 ----
70. OCQ ----
73.500. ----
71.000 ----

23

68.81
67.31
S7.09
84.72
82.37
79.62
77.22
76.79
72.61
69.6S
66.64
63.76
60.95
58.28
55.67
53.1a
50.69

I
I

Frme Sesign bad (psi) for
Stand. f f Distmce ( f c) of --

50 75 100 125 150 200

15.79 8.3# 5.06 k.58 4.50
33.33 8.11 2:: 4.91 3.88
lb. 91

3.63
7.87 5.s5 4.76 3.69 2.72

14.51 7.61 5.74 Lh58 3.56 2.50
lh. 07 7.30 5.70 6.39 3.k3 Z.&l,
33.59 7.12 S.67 4.23 3.30 2.31
13.15 7.22 5.66 6.07 3.23 2.21
12.73 7.06 5.21. 3.85 2.98
lz. za

2.12
6.82 5.02 3.68 ‘2.84

22.79
2.00

6.35 6.79 3.53 2.73 1.92
11. w 6.30 &.59 3.3a 2.61 1.83
10.76 6.03 LS.42 3.23 2.30
10.31

1.75
3.81 11.21 3.09 2. w

9.84
1.68

5.70 6.02 2.95 2.27 1.62
9.60 5.61 3.86 2.82 2.3.8
8.96

1.34
5.38 3.70 2.69 2.07

11.38 5.16 3.52 2.57 1.97 Lz
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Table D.Ze 5. Miniman ?2Uckness of 2hema11Y Tempered Glass Glazing and
Frme lksiw Load co Survive F-?fleCted Cverpressure fro.
30 Pounds 2??2 at Various Standoff Distances --
6sp.scc Satio, ail) - 2.00

Plate
Dimensions

(in.)

‘1”
12. Osa 24.002
L4. oca 28. OOO
16. OW 32.000
18.0u2 36. OCO
20.000 40.000
22. OCQ 44. Ow
211.000 48.002
26.000 52.000
28. OSU 56. OCQ
30.000 60. 0@3
32.000 6&.000
34.002 68.002
36. OK! 72.ow
3.9.000 76.000
&o. Ow 80.000
42.000 S4. OM

I

t4in3mm TK Glazins Zhickness (in. ) for
Standoff Disiance ( ft ) of --

T
10 25 50

. . ..- 0.604 0.289
----- 0.695 0.332
----- 0.903 0.373
----- 1.002 O.klb
. . . . . 1.096 0.453
. . . . . 1.186 0.489
----- 1.272 0.525
. . . . . 1.357 0.560
. ..-. 1.638 0.592
. . . . . 1.504 0.620
. . . . . 1.510 0.646
. . . . . 1.634 0.670
. . . . . 1.687 0.693
----- 1.743 0.825
. ---- 1.789 0.%8
----- 1.8% 0.869

I I

75

0.210
0.2U
0.270
0.297
0.323
0. 34S
0.371
0. 38A
0.393
o.&03
0.430
0.445
O.kss
o.&63
0.468
0.667T

100 125

0.161 0.228
0.186 0.3.43
0.201 0.150
0.227 0.236
0.246 0.165
0.263 0.177
0.27s 0.188
0.283 0.199
0.287 0.209
0.270 0.228
0.266 0.226
0.276 0.234
0.283 0.241
0.293 0.247
0.301 0.252
o.3ca 0.257

I

Plate
Dimn8iom

(in. ) I
b

12.000
lb. 000
16. 0&3
18.OCQ
20. m30
22.002
26.000
26.00D
28. @M
30.000
32.000
M.OW
36.002
Za.000
&O.004
42.002

,

, Izo

i

Z&.oao ----
28. ow ----
32.000 ----
36. OWJ ----
1$o.000 ----
l+k.oco ----
&8.000 ----
52.0LX7 ----
56.000 ----
64.002 ----
6&. ow ----
60.000 ----
72.000 ----
76.0S0 ----
80.000 ----
S4.000 ----

25

68.04
66.96
86.55
64.20
81.60
78.97
76.33
76.02
71.67
68.47
65.41
62.45
59.67
56.97
5k. 35
51.81

Frame Design Load (psi) for
Stamzoff Distance ( ft) of --

150
I

200

0.100 0. 10(
0.109 O.lci
O.lzl o. 10(
0.134 0.131
0.145 0.3X
0.155 0.121
0. 16k O.lM
0.173 0. lb]
0.181 o.14t
0.188 0.1s
0.195 0. 16(
0.201 0. 16!

0.222
0.206 0;171

0.17(
0.217 0.2s[
0.222 0. 18!

I

T
50 75

L3. 76 8.34
33.28 8.10
14.77 7.83
24.37 7.53
13.94 7.26
23.62 7.00
13.00 6.74
12.61 6.34
12.2.5 5.99
2.1.61 5.68
11.07 5.68
10.55 5.50
10.07 5.27

9.61 5.06
9.16 k,. 80

3.3..63 4.59

100

—

5.67
5.60
5.&2
5.26
5.10
4.92
4.68
4.55
4.63
lb.37
lb. 20
k.oz
3.83
3.64
3.147
3.31

223
.

4.51
4.42
lb. 35
&.30
&. Ill
3.95
3.75
3.59
3.I.2
3.25
3.09
2.96
2.82
2.68
2.34
2.61

—

150

—

4.22
3.71
3.51
3.102
3.26
3.08
2.92
2.79
2.6S
2.52
2.40
2.27
2.33
2.05
1.95
1.85

3’200

1
6.22
3.15
2.50
2.41
2.30
2.35
2.06
1.95
1.85
1.75
1.66
1.57
1.51
l.u
1.37
1.31
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Ta61e 63.c.6. Uininum micknesa of ~ermally Teqered Glass Glazins and
tiamc Deal&n Load to Survive Reflected Owerpressure from
30 Pounds ?3”2 EC Various Standoff DLstances--

rP1.t=
Df.mnsions

(in. )

b-l-=-
12. Doo 36.0013
lk. 0C4 62.000
16. OW L8. 000
18. OM 54.000
20.000 60.000
22.003 66.000
Z&.OCQ 72. ow
26. OW 78.003
28.000 W.OLM
30. Oco 90.000
32.000 96.000
34.o@3 102. OGO

I Place

1.D@ek#ns

I I

I
12. om 36. OW
24.000 42.000
16.000 k8. 000
18.002 %.003
20.000 60.000
22.003 66. owl
24. OW 72.000
26.000 78.003
28. OW 04. Ow
30. Osa 90.000
32.000 96. OOO
34. Ocll 102. Oou

Aspect Satio, ./6 - 3.043

1
Mnhnm 27XGlazing Ihickness(in.) for

StamdoffDistance(ft)of--
I

10

-----
. ..-.
. . . . .
-----
-----
. . . . .
-----
. . . . .
-----
. . . . .
. ----
. . . . .

25

0.655
0.867
0.976
1.078
1.175
1.269
1.361
1.&39
1.510
1.576
1.638
1.695

0.313 0.228
0.358 0.261
0.403 0.292
0.445 0.321
0.485 0.350
0.524 0.376
0.561 0.398
0.392 0.419
0.621 0.435
0.64S 0.630
0.673 0.463
0.696 0.473

100

0. l&2
0.207
0.230
0.252
0.272
0.287
0.301
0.314
0.332
0.34
0.354
0.358

125 I 150 I 200 I

III
0.149 0.3.30 0.104
0.168 0.146 0.125
0.190 0.161 0.325
0.209 0.176 0.132
0.224 0.187 0.23,7
0.224 0.198 0.12f
0.246 0.206 0.134
0.235 0.208 0.143
0.265 0.2U 0.331
0.273 0.207 0.159
0.280 0.183 0.167
0.277 0.191 0. 17b

10

----
. . . .
.-. .
----
.-. .
----
----
----
.-. .
----
. . . .
----

23

67.33
86.68
84.10
81.06
78.01
75.20
72.68
69.23
65.73
62.37
59.22
56.17

Frama DesignInc,d (psi) for
Standoff Oistance (fc) .of --

50 /75 I 100 1123 1150

~

200

2.13
2.03
1.96

?:
1.70
1.58
1.49
1.38
1.28
1.21
1.12
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Tabl.13-2.e.7.isinim.m mkkness of 2herm11Y Tempered Glass Gl~iW and
Frame hsign Load to Sumive Reflected tie.rpreasure from
30 Pmmd8 2NT ac Various SCamfoff DfsCances--
Aqbcc Sacio, aim - 4.(Y3

Plate
Dims.sions

(in. )

‘1”

I

10

. ..-.
-----
-----
. ..-.
-----
-----
-----
-----
-----
. . ..-

fsinimm TIC Glazing mida.ss (in. ) for
Standoff Distance (ft) of -- I

T
25 50 75

0.672 0.321 0.236
0.890 0.368 0.267
0.999 o.&12 0.298
1.100 ~~~ 0.328
1.198 0.356
1.293 0:5% 0.379
1.376 0.566 0.401
1.b50 0.596 0.620
1.518 0.624 O.kzs
1.581 0.650 o.&53

100

0.188
0.23.L
0.230
0.261
0.280
0.297
0.312
0.323
0.337
0.347

123
—

0.156
0.177
0.197
0.21*
0.229
0.245
0.257
0.269
0.277
0.282

233

0.135
O.1*
0.171
0.185
0.197
0.207
0.22.5
0.222
0.226
0.22s

200 I

Plate
Dfrensions

(h.) I

TT
b. 20

.2.00048.0S+3 “---

.4.02456.OCO ----

.6.DOD 64.s4D ----

.8.@3 72.ODO ‘---
!0.00380.000 ----
!2.0s088.000 ----
!6.00096.003 ----
!6.OCO l17&OOJ ‘---
!8.0003.12.Octl ----
10.OCU11o.000 ----

Frsm Dcsigm bad (psi) for
SC6ndoff Distance (ft) .af--

66.lJl 15.09
85.2b 16.57
82.23 13.99
78.77 U.42
75.68 12.87
72.86 12.&3
69.33 11.73
65.60 12.08
61.99 10.48
58.58 9.90

ZE

L
8.02
7.67
7.32
7.00
6.68
6.26
5.89
5.50
5.16
4.02 L

5.ls 3.62
4.93 3.63
4.68 3.26
6.46 3.05
4.17 2.04
3.89 2.69
3.62 2.b9
;3J 2.34

2.16
2.89 1.98

150 I 200

2.lb 1.9
2.63 1.K
2.&9 1.6[
2.31 3..5!
2.lfl I.&
1.98 1.3
1.82 1.2
1.69 1.1(
1.56 1.0:
1.&2 0.9(
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Tabk Wz.f.l. Minimum micknesa of Taemally ‘2Wred Glass Glazing and
Frau.n Design Zaad to Sumive Reflecced OJerpress.re from
10 Pounds T.OTat Various Standoff D2scances--
A8pect Ratio, ./h - 1.00

Place
Df.mnsions

(ill. )

I

!b2nimm ‘Y2C C1.92inE ZMckness (In. ) for
Stmdof f Distance ( fc ) of --

230

—

2D010

—

0.993
1.135
1.266
1.393
1. Sl&
1.622
1.703
1.787
1.862
1.929
1.988
2.036
2.073
2.110
2.2.49
2.178
2.197
2.201
2.1911
2.214
z. 2’M
1.2’23
2.206
2.167
1.255T

25 50

0.268 0.230
0.307 0. 1&9
0.244 0.167
0.378 0.134
0. blo 0.201
0.441 0.217
0.468 0.231
0.492 0.244
0.520 0.256
0.551 0.268
0.572 0.278
0.590 0.287
0.607 0.296
0.622 0.304
0.634 0.312
3.644 0.319
0.646 0.326
0.652 0.332
0.652 0.339
).648 0.365
2.604 0.351
1.633 0.357
D.616 0.362
1.623 0.366
1.631 0.370

75

O.llm
0.120
0.123
0.135
0.147
0.159
0.168
0.177
0.186
0.194
0.202
D. 209
0.216
D. 223
0.229
3.224
0.239
0.244
0.249
3.234
3.259
). 263
D.266
1.270
). 172T

100 125

0.100 0. ma
0.100 0. 1s0
0.104 0.100
0.108 0. Km
0.12s 0.101
0.127 0.108
0.135 0.123
0.142 0.121
0.149 0.127
0.156 0.132
0.162 0.137
0.168 o.1&2
0.173 0. Ml
0.178 0.152.
0.2s3 0.235
B.187 0.158
0.191 0.3.61
0.2.94 0.164
0.198 0.167
3.202 0.170
9.205 0.173
J.209 0.176
D.Zlz 0.178
>.224 0.180
1.216 0.182A

b.

12. 0ci7 12.000
k Oca 14.002
16.000 16.000
18.000 18. OLM
20.00U 20.000
22.000 22.000
2&.000 26.000
26. OGO 26.000
28.000 28.000
30. OW 30.000
32.0+30 32. OOO
54. Oca 34.000
36. OW 36.000
38.002 38.000
LO.0043 ko.000
62.000 kz. ooa
44.000 44.000
46.000 46. oCa
43. om &8.000
50. 0U2 50. OW
S2. WO S2. OW
54.Om 34. om
56. OW 56. OW
58.000 58.000
60.009 60.000

0.100
0.100
0.100
O.lda
0.100
0.lm
0.101
0.106
0.111
0.116
0.120
0.124
0.128
0.132
0.135
0.138
O.lbl
0.163

J

0. 1b6
0.14S
0.251
0.153
0.255
0.157
0.159

0.100
0.100
o.lm
O.llm
0.100
o.lm
0.100
0.1Q3
0.100
o.lm
0.100
0.102
0.105
O.lm
0.220
0.133
0.235
0.119
0.223
0.127
0.331
D.1%
O.lza
D.I&l
0.145

zkame &sign Zmd (psi) for
Standoff Distance (ft) of --

—

10

—

25 50 75 ma 125 230 200

L2. OW 12.000
24. OW lb. oca

393.24
377.44
359.34

28.64
27.70
26.77
25.70
24.66
23.72
22.62
21.47
20.79
20.39
19.46
18.&9
17.59
16.71
15.81
14.93
l&. 24
13.81
13.30
12.’77
12.29
11.69
11.08
10.58
10.16

10.76
10. I4O
10.32

9.63
9.35
9.05
8.68
8.31
7.94
7.65
7.33
7.03
6.75
6.47
6.20
5.92
5.67
5.42
5.22
5.01
6.83
4.66

2::
4.23

6.89
6.27
6.04
5.79
5.59
5.&3
5.14
4.90
b. 69
4.48
4.30
&.11
3.95
3.80
3.65
3.49

:: E
3.09
2.99
2.89
2.78
2.67
2.58
2.&7

—

6.89
5.32
1,.23
3.95

:::
3.34
3.37
3.23
3.11
2.97
2.85
2.72
2.61
2.51
2.39
2.30
2.19

i::
1.95
1.89
1.81
1.75
1.68
—

6.89
5.32
lb. 23
3.47
2.96
2.82
2.71
2.58
2.67
2.35
2.24
2.15
2.07
1.98
1.90
1.81
1.12
1.65
1.58
1.52
1.b7
1.42
1.36
1.31
1.26
—

6.89
5.32
‘$. 23
3.47
2.91
2.!.8
2.18
2.o7
1.97
1.89
1.80
1.71
1.64
1.58
1.51
1.4L
1.38
1.31
1.27
1.21
2..17
1.12
1.08
1.04
1.00
—

6.89
5.32
4.2.3
3.47

:.!
2.9

1:07
1.66
L.47
1.32
1.24
1.18
1.13
1.07
1.03
0.98
0.94
0.91
0.88
0.85
0.80
0.78
0.14
0.72

—

2.6.000 16.OW
18. om 18. om
20. 0i70 20.000
22. Oclo 22.000
26. Ow 2&. owl
26. OW 26. OW
28.004 28.000
30.000 30.000
32. mo 32.000
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Table BZ f, 2, Minikta 251idmes.of’231ermally‘2emperedGlassGlazingand
Frame Design Load m Survive P.eflected Werpressure from
10 Pounds ZtiT at Various$ta”doffDiXmces--
Aspecc Smio , db - 1.25

Place
nhRl&ym I KfnimmTICGlazing2hicbess(in.) for

StanOoffDistance (ft) of --

b 25 so

15.000 1.141
17.500 1.3cil
20.0S41 1.450
22.5Wl 1.594
25.000 1.719
27.5m 1.828
30.000 1.928
32. 50S 2.02.8
35. osa 2:097
37. sm 2.167
40. ODD 2.226
42.5m 2.267
bs. OoD 2.310
67.$33 2.3%
50. ODD 2.387
52. sm 2.405
55.000 2. &36
57.5m l.koa
60. ODO 2.b27
62.500 2.624
6S.000 2.42s

0.3Q8
0.353
0.395
O.UG
0.473
0.50s
0.538
0.564
0.587
0.60S
0.627
0.641
0.652
0.659
0.663
0.697
0.708
0.82.2
0.805
0.829
0.692

0.3.55
0.164
0.176
0.194
0.111
0.225
0.239
0.252
0.264
0.276
0.286
0..796
0.305
0.323
0.320
0.328
0.335
0.341
0.%7
0.351
0.355

75

0.104
0.119
0.133
0.146
0.238
0.168
0.178
0.187
0. 19S
0.203
0.210
0.216
0.223
0.228
0.233
0.23s
0. 2U
0. 2&9
o. 23A
0.238
0.262

MD 125

0. ml
0.100
0.106
0.116
0.125
0.134
0. lU
0.1&9
0.236
0.162
0.168
0.174
0.179
0.1%
0.188
0.192
0.197
0.201
0.2011
0.208
0.210

0.100
0.100
0.100
o.lm

10.107
0.114
0.121
0.128
0.133

~0.139
0.144
0. l&9

:0.133
0.3s7
0.160
0.164
0.168
0.171
0.174
0.176
0.179

130

0.100
o.lm
O.lml
o.lm
0.100
0.101
0.107
0.112
0.117
0.122
0.127
0.131
0.134
0.137
0.140
0.llJl
0.147
0. 1s0
0.232
0.154
0.256

200

0.100
0.100
0.100
0.100
0.100
O.lm
0.100
O.1OD
0. 10D
0.101
0;105
O.lce
o.312
0.114
o.p7
0.122
0.225
0.1243
O.lx
0.1%
o. lU

-

mate
Oim$yns I Frm Msign bad (psi)for

ScanOoff Distance (fc) of --

25 50 75 Km

28.25
27.26
26.13
24.93
23.98
22.86
21.55
20.29
19.22
!.8.05
17. D4
16.01
1s.02
14. D2
3.3.22
13.24
12.72
10.79
10.06

9.92
10.06

9.87
9.75
9.63
9.26
8.89
8.37
7.95
7.s5
7,11
6.86
6.50
6.19
5.89
5.60
5.32
5.10
4.88
4.66
&. f.7
4.26
4.00

225
—

5.72
b. 38
3.52
2.87
2.69
2.54
2.42
2.32
2.18
2.D9
3..99
1.90
1.80
1.71
1.62
1.55
1.119
I.&z
1.36
1.29
1.24

150

5.72
4.38
3.52
2.87
2.39
2.06
1.95
1.84
1.75
1.66
1.60
1.51
1. L3
1.35
1.28
1.2&
1.18
1.13
1.08
1.02
0.98

200

—

5.72
4.38
3.52
‘2.87
2.39
2.02
1. 7k
1.51
1.33
1.20
1.14
1.08
1.03
0.98
0.94
0.89
o.8ti
0.82
0.78
0.75
0.70
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TableD-2.f.3. Mnb.m mickness of mermally Temered Glass Glazing and

I Place
Dimens i...

(in. )rba

12.000 18.000
14.000 21.003
16. OW 26.0CH3
18. om 27.00D
Zo. ooa 30.00+3
22.003 33. OW
24.000 36.000

‘2b. WD 39. OtQ
28.0C4 42.000
30.000 45.000
32.000 48.000
34. O@z 51. 00D
36.003 54..000
38.000 57. OW
&0.00D 60. 0@3
42.000 63. OOO
44.00Q 66.000
b6. ODD 69. 0@3
48. OCO 72. ODD

Frame Cesisn bad to SurJive i.? fleited merpress.re from
10 Pounds 2!fr2 ac Various Stesd.aff Distances--
Aspecc Patio, ail - 1.50

—

10

—

1.271
1.*
1.610
1.768
1.896
2.023
2.119
:;:

2.364
2. &18
2.k62
. . . . .
-----
. . . . .
. . . . .
-----
-----
. . . . .

tiinim.m TIC Glazing Zlictiess (in. ) for
Standoff Mstance (ft) af --

25

—

0. 3&3
0.393
0.438
0.482
0.525
O.sw
0.592
0.622
0.649
0.673
0.694
0.823
0. 84D
0.852
0.869
0.883
0.893
0.895
0.885

50

O.ls’z
0.205
0.226
0.246
0.261
0.233
0.244
0.257
0.269
0.280
0.290
0.299
0.307
0.316
0.324
0.332
0.333
0.344
0. M

75

0.11o
0.125
0.139
0.152
0.163
0. 17&
0.185
O.lVII
0.202
0.210
0.217
0.222
0.227
0.232
0.238
0.2L3
0.267
0.250
0.254

MD

0.100
0.102
0.23-3
0.123
0.132
0.14’3
0. M7
0.154
0.161
0.167
0.172
0.177
0.182
0.187
0.192,
0.1%
0.200
0.203
0.206

12. Om 18. Ow 383.75
M.000 21. OW 363.91

; 16.000 24. Cixl 366.36
la. oca 27.000 330.02
20. 00D 50.0C+3 307. k2
22. 00+3 33. Ow 286.39
26. OW 36.00D 266.66
26. OQ3 39.000 247.82
28. ODD &2. oOD 230.01
30.000 45.0@3 212. bl
32.0@i7 k8.Ow 195.31
w. 002 51. Om 179.36
36.00D 54. Ow ----
Za. ow 57. OCO ----
40. ODD 60.000 ----
42. O@l 63.003 ----
44. 0W3 66. Ow ----
46.000 69.000 ----
w. C120 72.000 ----

23

27.95
26.96
2S.63
24.53
23.57
22.16
20.81
19.58
18.38
17.21
16.09
23.03
13.97
17.20
16.2.4
23.12
11..09
13.05
12.04

123

0.100
0.100
0.104
0.104
0.212
0.119
0.125
0.132
0.137
0.143
0.147
0.152
0.236
0.160
0.16L
0.2.67
0.171
0.173
0.176

Fram Omign Lnad (psi) for
Standoff Distance (ft ) of’-

50

9.30
8.90
8.58
0.2k
7.79
7.67
7.31
:. ‘?:

6.21
5.87
5.5f.
5.22
4.98
6.73
k.32
4.27
&.06
3.83

75

w
5.U.
5.13
k. 79
4.s2
4.30
1+.04
3.79
3.58
3.38
3.3.9
3.03
2.89
‘2.76
2.63
2.50
2.36
2.25

lDD

5.04
3.86
3.6A
3.&2
3.25
3.07
2.90
2.7!+
2.60
2.4.6
2.32
2.19
2.08
1.98
1.89
1.80
1.72
1.63
1.55
—

1.30

O.1OD
0. lDD
0.100
0.100
D.1OU
0.105
0.122
D. 116
0.121
0.126
0.130
D.12A
0.137
0.161

::1%
0. Uo
0.152
0.L55

125

R
2.99
2.63
2.&9
2.34
2.19
2.09
1.96
1.87
1.75
1.66
1.57
1.49
1.&3
1.35
1.29
1.22
1.17

130

5.OD
3.72
2.99
2.45.
2.W
1.87
1.77
1,66
1.57
1.49
1.40
1.33
1.25
1.19
1.13
1.09
L.Q2
0.97
0.93

200

—

1
200

5.00
3.72
2.99
2.!+5

:: E
1.47
1.27
1.13
1.07
1.00
0.95
0.89
0.85
0.82
0.76
cl.7k
0.69
0.66

--i
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Table~2.f.4,M3”- ztdchessof~ermallyIemparedGlassCla.insad
FrameDesigntiadcoSwviveReflectedWerpress.refrom
10pounds 2?42 at Varioua Standoff Dietar,c.es--
AS9.SCCFucio, ./b - 1.75

Plate
Dimensims

(in. )

T
b.

L2.0@3 21.000
L4.00026.5S0
L6.boo 28.OWJ
ls.om 31.500
10.000 35.0C43
22.oLm 34.5s.3
Z&.00042.000
26.024&5.5m
28.00U&9.0@3
30.0C4252.5tX3
32.GCQ 56.OCQ
)4.0C4259.5ca
36.0W2 63.000
$S.0~ 66.500
LO.000 70.OCO
$2.000 73.500
W.m 77.000

rPlate
D3meneims

(3a. )

b

12.000
14.000
16.000
18.002
20. Oofl
22.000
24.000
26.000
28. OW
30.002
3i.0012
34.000
36.000
38.0S0
40.000
l$z. om
44.0LN2

Minhm 21t Glazing mickness(in. ) for
Standoff Distance ( ft) of --

T
10 25

1.346 0.363
1.527 0.U5
1.701 0.463
1.862 0.530
1.995 0.55L
2.116 0.590
2.225 0.623
2.321 0.653
2.403 0.681
2.k70 0.706
----- 0.839
----- 0.860
. . . . . 0.875
. . . . . 0.891
. . . . . 0.907
. ..-. 0.919
----- 0.927

50

0.191
0.234
0.256
0.256
0.281
0.294
0.306
0.33S
0.288
0.282
0.287
0.293
0.302
0.309
0.316
0.322
0.326

75

0. lzk
0.129
0.161
0.152
0.163
0.174
0.284
0.192
0.200
0.206
0.212
0.228
0.223
0.227
0.231
0.235
0. 23s

100

0.100
0.103
0.324
0.124
0.132
O.lko
0.3A7
0.153
0.239
0.164
0.168
0.174
0.179
0.183
0.2B7
0.191
0.194

=-k-k-l
0.100 0.100 0.100
0.102 0.100 0.193
0.100 0.100 0.100
0.105 o.lLm 0.1M7
0.212 0.100 O.lca
0,3.19 0.105 0.1s9
0.125 0.111 0.1042
0.131 0.116 0.102
0.136 0.121 0.103
0. l&l 0.125 0.10s
0.145 0.129 0.2-33
0.130 0.133 0.119
0.2.34 0.136 0.3.24
0.138 0.140 0.129
0,161 0.145 0.333
0.164 0.150 0.13$
0.166 0.335 0.3A2

Ram Denim bad (psi) for
Standoff Distance (ft) of --

10

Zal. 04
360.30
%2. 31
326.09
241.35
280.18
260.30
241.35
223.07
205.30

----
. . . .
----
----
----
..-.
. . . .

25

27.71
26.61
25.36
2&. 31
23.26
21.78
20. U
19.10
17.92
16.77
15. bl
19.38
3.7.89
16.65
23. s7
14.50
13.44

8.20 5.56
7.77 5.34
7.24 5.W
7.12 4.70
7.02 &.39
6.65 6.14
6.28 3.90
5.90 3.66
s. 70 3.43
5.48 3.19
5.lb 2.99
&.88 2.83
4.64 2.68
4.37 2.52
b. 13 2.38
3.90 2.2s
3.66 2.2.2

mz 1123

lb.58 4.58
3.62 3.43
3.&l 2.72
3.21 2.43
2.97 2.23
2.80 2.11
2.63 1.97
2.66 1.85
2.31 1.73
2.15 1.63
2. w 1.53
1.91 1.45
1.81 1.37
1.71 1.30
1.62 1.23
1.54 1.16
1.&5 1.09

250

6.58
3.L3
2.72
2.22
1.83
1.68
1.58
1.b8
l.bo
1.31
1.23
1.16
1.09
1.04
0.97
0.92
0.87 1

200

4.58
3.63
2.72
2.22
1.83
1.33
1.31
1.13
1.03
0.95
o.ab
0.85
0.79
0.73
0.69
0.66
0,61
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Tabl.G2.f.5.M5n2mmmickness of 2herma11y ‘kupered Glass Clazing and
Frame 2!esi6n Load co Survive %?fleeted IWerpres.$.re from
10 Pounds TNT at Various Standoff Discances--
AsPct Sntio, a/b . 2.00

--5=--L
‘1” 1!”a12.000 2&.0@2 1.414

14. OC.3 28.000 1.605
16. OOO 32. ooO 1.787
18.000 36. OM 1.%9
20. o@3 40.000 2.086
22.000 44. ooa 2.220
26.000 48.000 2.321
26. OCM 52.000 2.lb18
28. ODO 36.020 2.&99
30.000 60. OIM -----
32.000 6&.000 . . . . .
3b. 000 68. Ow . . . . .
36.000 72.000 . ----
38.000 76.0D4 -----
40.000 80.000 . ..-.
&2.000 64. OM -----

b

minimum 2TC Glazing micknesa (ire.) for
Standoff Distance (ft) .f -- 1

25
I

50

0.382 0.207
0.436 0.224
0.487 0.259
0.535 0.281
0.580 0.292
0.617 0.30D
0.651 0.322
0.682 0.333
0.710 0.340
0.848 0.362
0.873 0.336
0.892 0.303
0.906 0.296
0.925 0.302
0.940 0.307
0.951 0.322

I I

75 152 125 230 200

0.140 O.lo+l 0.100 0.100
0.156

0.100
0.105 0.1D+3 O.lw

0.165
0.10s

0.123 0.100 0.100
0.158

0.100
o.12& 0.105 0.100 0.102

0.163 0.132 o.2r2 o. mu
0.173

0.100
0.139 0.13s 0.105 0.1Q2

0.182 0.246 0. 12& 0.110 0.100
0.190 0.151 0.129 0.123
0.197

0.102
0.136 0.134 0.119 0.108

D.203 0.161 0.139 O.lzl$ o. llk
0.209 0.167 0.144 0.130 0.2.20
>.zlk 0.171 0. 2M 0.136
3.228

0.123
0.175 0.252 0.142 0.2.30

>.221 0.179 0.156 0.1&7 0.135
?. Zzb 0.182 0.161 0.232 0.2.39
1.228 0.186 0.167 0.157 0.144

—

10

—

77.27
57.12
3.9.96
18.56
95.59
74.19
54.22
35.01
16.44
-.. .
-.. .
. . . .
----
. . . .
..-.
-.. .

—

25

27.53
26.35
25.17
26.00
22.85
21.37
19.99
18.70
17. L7
16.28
20.22
28.70
17.21
16.10
15.01
23.93

Frame OecignIaad (psi) for
St*m3sf f D1*r.mce ( ft) of --

50

—

8.3.3
7.70
7.29
6.84
6.29
5.78
5.67
5.36
5.02
4.65
6. I@
4. 3s
4.12
3.86
3.61
3.39

—

75

—

4.78
4.39
4.44
6.32
6.05
3.78
3.53
3.28
3.07
2.87
2.70
Z.53
2.37
2.21
2.07
1.95

—

100

4.22
3.45
3.19
2.96
2.75
2.55
2.39
2.21
2.05
1.91
1.81
1.68
1.58
1.&9
1.39
1.33

—

125

4.22
3.15
2.50
2.22
2.07
1.90
1.77
1.64
1.53
1. u
1.37
1.28
1.21
1.13

:2

230

4.22
3.15
2.50
2.011
1.66
1.52
1.41
1.32
1.23
1.16
1.08
1.02
0.96
0.89
0.83
0.77 !

2M7

4.22

;::
2.04
1.66
1.39
1.18
0.94
0.88
0.83
0.78
0.72
0.67
0.63
0.58
0.55
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Tzble E-2.f.6. Wnfdm ‘mickness of ‘!l!ermally Tempered Glass G1azing and
Frame Design Load to Survive Reflected merpressure from
10 Pounds ZN2 m Various Sm.ndoff Distances--
68pect Ratio, ail - 3.00

Place
Dfmnslons

(in. )

Mink 21t Glazing mickness (in. ) for I
Standoff Distance (fc) of --

1’

lL-uJ =-L-G-’‘1” 10 25 50 75

1.516
1.717
1.8%
2.042
2.17&
2.289
2.386
2.k63
-----
. . . . .
. . . . .
. . . . .

0.&12
O.lds
0.521
0.568
0.608
0.6L4
0.6?6
0.7C4
0.841
0.862
0.870
0.898

0.223
0.252
0.278
0.31XI
0.318
0.332
0.343
:.;;;

0:361
0.374
0.377

0.3.37
0.173
0.190
0.206
0.216
0.222
0.227
0.2s
0.236
o.22n
0.187
0.193

0.123
0.135
0.146
0.155
0.156
0.153
0.137
0. M5
0.332
0.159
0.167
0.176

0.102 0.100 0.100 ,
0.108 0.100 0.100
0. 12.I 0. ma 0.100
0.102 O.lca O.lm
0.111 0.104 0.103
0.119 0.112 0.103
0.127 0.219 0.109
0.1S4 0.126 0.126
0. Ml 0.133 0.12’2
0.14s 0.139 0.127
0.355 0.146 0.233
0.161 0.152 0.139

200. :

2.06
1.81
1.78
1.55
1.02
0.78
0.69 ,
0.64
0.59
0.52 >
0.b9
o.k5

Plate
Dimms ions

(in. ) I Frams tkesiembad (psi) for
Standoff Oistance (fc) Of --

—

12sblal10 25150175 100 150

II
26.66 7.80 4.09
25.26 7.32 3.78
23.96 6.02 3.46
22.50 6.28 3.25
20.89 5.73 2.95
19.37 5.2k 2.66
17.93 k. 77 2.42
16.57 4.32 2.24
15.29 3.88 2.0s
2s.66 3.54 1.91
17.01 3.37 1.80
23.77 3.07 1.69

2.73
2.&9
2.29
2.12
1.94
1.79
1.73
1,57
1.&l
1.28
1.21
1.12

2.09
1.92
1.79
1.68
1.34
3..39
1.28
1.15
1.05
0.96
0.90
0.82

2.06
1.81
1.78
1.55
1.19
1.09
0.98
0.90
0.83
0.75
0.71
0.65

I 1
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Table B2.f.7, fiinhum Thickness of mermally Tempered Clam G1az ing and
Frame Ikslgn bad co SumLve Reflected Werpres sure from
10 Pounds 1272 at Various Standoff Mscan. es--
Aspecc Ratio, ./b - I..00

k
Place

Dimensions
(in. )

ba

12.000 k8.0Ci2
2A.000 56.0@2
16. OW 64.000
18.000 72.0@3
20. Ow ao.om
22.000 88.000
214.OW 96. OW
26. OW 104.000
28.000 3.12. OW
30.000 220.000

10

1.566
1.747
1.907
2.049
2.3.73
2.276
2.357
2.412
2;U0
-----

!linimm 2TC Glazing miclrmess (i”. ) for
SCandoff Distance (ft) of --

25

O.kzl
0.677
0.530
0.572
0.610
0.644
0.674
0.698
0.828
0.846

50

0.227
0.256
0.280
0.301
0.319
0.333
0.341
0.352
0.361
0.366

75

0.164
0.181
0.196
0.209
0.221
0.233
0.236
0. 2kl
0.261
0. 23s

10U

0.130
0. 1L3
0.233
0.161
0.166
0.169
0.170
0.166
0.238
0.166

125

0. !.08
0.117
0. 12&
0.127
0.128
0.125
0.132
0.139
0.146
0.153

250

0.100
0.100
0.100
0.101
0.109
0.117
0.124
0.131
0.138
O.lw

200

—

o. 10C
0.1s
0.100
0.10s
0.100
0.107
0.224
0.120
0.226
0.132

Plate
Dimensions Fram ksign 2aad (psi) for

(in. )
Standoff Distance (ft) of --

b a 10 25 50 75 100 125 3s0 2W

12. ODO 48.000 350.09 25.96 1.55 3.98 2.55 1.83 “1. 63 1.63
M. 000 56. 0@2 328.44 2k. k9 7.05 3.58 2.28 1.64 1.30 1.3n
16.000 64. ODD 299.63 23.l& 6.46 3.23 2.03 1.lb7 1.12 1.12
18. OCX 72.000 273.31 21.30 5.90 2.91 3..82 1.28 1.01 0.97
20. m 80.000 2&8. 99 19.62 5.37 2.65 2..62 1. U. 0.90 0.64
22.000 88. om 225.74 18.07 k.a4
2b.000 96. oc4 ‘303. Ls3

2.38 I.&s 1.03 0.82 0.57
16.63 b. 36 2.24 1.29 0.93 0.73 0.52

26.OOO 204.000 261.52 35.20 3.91 1.93 1.14 0.83 0.66 0.46
28. COO 212. om 165.46 13.83 3.56 1.72 2..02 0.75 0.60 0.62
30.000 320.000 ---- 22.58 3,20 1.52 0.96 0.69 0.511 0.56
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Table L3-3.a.1. M3n3mummickness of rhemally Tempered Glass Glazing and
Frame Design k..d co Sumive Incident Gwrpressure from
6,0w3 Pounds ‘2Nf at Various Standoff DisCmces--
Aspect Patio, ./b - 1.00

nin3nrm TR Glazing micmess (in. ) for
Standoff Distance (ft) of --

230 =’1=’Fb

.2. CG+J
,k. Ow
.6.0S4
.8.000
!0. 00D
!2. Ow
!Y$.ooa
!6.003
!8.0Q2
)0. Ocu
12.003
)4. 000
)6.000
18. OCO
,o. oOD
,2.000
ik.ow
b6. oU2
W.mo
50.003
;2. OW
%. Ooa
$6.000
;8. 000
50. OW

50 75 Km 123a

12.000
11$.003
16. OOD
38. OCM3
20.OW
22.0U3
2b. 000
26. 0@2
28.003
30. Oca
32.000
34. o@3
36. OW
38.003
&0.00o
4Z. Ow
U.0013
4S.0C4
48.003
50. Ow
5z. oGa
34.000
56.@30
58. Ow
60.000

L 356
1.S78
L.799 I
1.020
2.239
I.bss
-----
. . . . .
. . . . .
. . ..-
-----
. . . . .
. ..-.
-----
-----
-----
. . ..-
. ..-.
-----
..---
-----
-----
-----
-----
.----

0.646
0.868
0.990
1.120
1.229
1.348
l.ul
1.586
1.697
1.s0s
1.919
2.029
2.139
2.266
2.359
2.673
. . . . .
-----
.--.-
. ----
. . . . .
. . . . .
-----
. . . . .
. ----

0.412
I

0.479
0.546
0.612
0.678
0.858
0.934
1.009
1.080
1.151
1.222
1.292
1.362
1.A32
1.502
1.514
1.647
1.719
1.791
1.864
1.936
2.OW
2.019
2.U1
2.223

0.271
0.333
0.359
0.402
0.445
0.489
0.529
0.569
0.609
0.649
0.688
0.863
0.090
0.9?8
0.986
1.034
1.081
1.129
1.176
1.223
1.271
1.334
1.359
1.403
1.444

0.226
0.263
0.300
0.3%
0.372
0. &09
0.446
0.L@3
0.320
0.557
0.594
0.628
0.661
0.697
0.836
0.877
0.917
0.957
0.997
1.037
1.076
1. 2.3k
1.356
1.192
1.228

0.191 0<233 0.100
0.222 0.134 0.102
0.253 0.3.32 0.102
0.283 0.171 0.114
0.314 0.189 0.126
0.344 0.207 0.138
0.376 0.226 0.330
0.U34 0.7.44 0.162
0.632 0.261 0.174
0.460 0.27S 0.183
O.ltw 0.295 0.196
0.516 0.312 0.207
0.543 0.329 0.219
0.570 0.346 0. 2-?4
0.597 0.363 0.241
0.626 0.380 0.253
0.654 0.398 0.266
0.683 0.M.5 0.276
0,83G 0.433 0. 28a
0.867 0. &so 0.299
0.901 0.467 0.322
0.9% o.4a5 0.322
0.967 0.502 0.334
1.001 0.319 0. 3&5
1,03k 0.337 0.337

Place
Dfransiom

(in. )

Rame Dssign bad (psi) for
Sm.ndof f Distmlce ( ft) Of ‘-

—

300b

12. 0i30
Lb. 003
L6. LW3
18. 01Y3
20.000
22. OCQ
24. LW3
26.0U3
28.@34
30.000
32.000
3A. Olm
36.000
38.000
I.0.00D
f.2. 000
44.000
46.000
48. OW
50. OCQ
52.030
54. 0s0
56.000
58. OW
60.00C

50
—

33.29
29.58
26.01
23.23
19.08
3.3.11

. . . .
----
----
----
----
. . . .
----
----
----
. . . .
. . . .
. . . .
. . . .
..-.
. ..-
----
----
..-.
.-. .

15

166.&3
220.75
219.86
238. 3s
216.85
22.5.60
214.56
223.15
Zlo. 96
208.58
206.32
20A.31
202. 7k
200.97
199.73
199.10

----
. . . .
. . . .
----
. . . .
. ..-
----
. ..-
.-..

100

67.37
67.23
66. ~7
66.39
66.00
87.35
86.91
86.49
a5. &
84.53
83.73
82.92
82.20
81.55
80.97
80.65
80.46
80.20
79.95
79.81
79.60
79.61
79.3.5
78.98
78.83

125

29.29
29.07
2s. 91
28.64
20.43
28.37
27.95
27.60
27.31
27.06
26.77
26.48
35.10
36.99
%.89
34.81
3L..66
34.59
34. ibl
34.36
>.31
34.11
33.82
33.60
33.35

34

230 200

15.93
33.82
15.75
33.59
15.55
33.lb4
13.35
L3.28
15.09
l&.93
16.79
14.67
lb. m
I&. 51
l&.1.5
16. L3
14.40
U.38
13.90
18.47
18.44
18.38
18.33
18.32
18.27

3Wa

12.0+30
16. 00D
16.000
L8. oco
20.Oca
22. om
26. Oao
26. om
28. @Y3
YJ.000
32. Om
34. Oca
36. OQO
?a.000
L,o.000
42.000
u. 00D
46.o@3
48.000
50.000
52.000
5.000
56.000
58. om
60. OW

21.24
21.20
21.,2
20.97
20.84
20.83
20.81
20.80
20.79
20.78
20.77
20.59
20.38
20.35
19.12
‘35.45
25.37
7.S.29
25.22
25.16
25.06
25.00
‘X. 95
2&.76
26.59

8.61
8.59
8.48
8.!+0
8.U
8.34
8.36
8.31
8.21
8.13
8.05
7.99
7.93
7.88
1.s4
7.00
7.80
7.76
7.76
1.73
7.71
7.71
7.69
7.67
7.61

6.89
5.32
b.37
k.32
4.28
4.25
k.23
4.20
&.19
6.23
b. 08
4.06
11.04
4.00
3.97
3.97
3.95
3.95
3.95
3.92
3.93
3.91
3.91
3.89
3.89

—
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Ttik D-3.L2. U2nfmnn mick.ness of me-l lY r-red Glass Gl~iw and
Frame Oesign bad co Survive Incidenc Werpressure from
&,000 Pads 2N2 at Various Standoff Distances --

Place
Ohnsions

(2n. )

I

‘Ia
2.000 15. Ow
k. 000 17. 5@3
6.00Q 20.040
8.0 W 22. 5(X2
0.00D 25.000
2.0CU3 ’21.500
1$.000 30.000
6.000 32.500
8.000 35.000
0. Ow 37.50D
2.OW &o. ow
k. 00+2 62.500
6.002 &5.000
8.0C43 b7 .500
0.s430 50.000
2. Oal 52.500
k. 0s42 S5.000
6.00i2 57.5C4
8.0i3b 60. O@z
0.000 62.513D
2.KK2 65.000

AS~CC Satio, ail = 1.25

1

5!fnixum T3G Glazing micki-.ess (in. ) for
Star.doff Distance (ft) .f --

50

1.568
1.826
2.080
2.334
-----
. . . . .
-----
.--.-
-----
. ..-.
-----
. . . . .
-----
. ..-.
-----
-----
-----
. . ..-
. ----
. ..-.
-----

15

0.863
1.004
1.lU
1.202
3..420
1.558
1.695
1.826
1.955
2.083
2.211
2. 32a
2.464
-----
-----
-----
-----
. ----
. ----
. . . . .
. . . . .

I 100 I 125

[

0.476
0.553
0.631
0.707
0.904
0.992
1.079
1.163
1.21.5
1.327
1.408
1.489
1.569
1.6S1
1.735
1.819
1.902
1.986
2.069
2.2.33
2.236

[

0.313
0.364
O.lwl
0.464
o.sl&
0.563
0.610
0.656
0.703
0.865
0.918
0.973
1.028
1.0s4
1.139
1.194
1.249
1.303
1.358
1.U2
1.663r230

0.268
0.323
0.354$
0.397
0. b39
O.k81
0.521
0.560
0.599
0.638
0.677
0.832
0.879
0.926
0.973
1.020
1.067
1.124
1.161
1. 20s
1.235

200

0.223
o.2kS
0.282
0.316
0.350
0.383
0. &16
o. W7
0. k77
0.507
0.536
0.565
0.597
0.630
0.663
0.697
0.870
0.908
0.946
0.983
1.021

300

.

0.124
0.144
0. 16&
0.1%
0.204
0.7.2L
0.262
0.261
0.280
0.298
0.316
0.335
0.353
0.372
0.391
O.&lo
0.429
O.w
0.467
0.1$86
0.505

500
—

0. 10(
0.1C6
O.lx
o.lx
o,13!
0.1%
0.16!
O.lT
o. 19(
o.21x
0.214
0.2Z
0. 2bc
0.2%
0.26!
O. 27f
O. 29]
0.30:
0. 31(
0.32S
0.241

bz-l---
1’1 .150175

12.000 23.00D 732. D4 221.75
14.0’3 17.500 727.78 220.50
16. OWJ 20.003 724.59 219.19
18.000 22. SOD 720.80 217.69
20.0424 25.o@3 ---- 216.22
22.00D 27.500 ---- 233.03
w. 902 i6. 000 ---- 213.86
26. OW 32.500 ---- 2U. 48
28.000 35.00D ---- 209.02
30.000 37.500 ---- 206.70
32.000 40.0@2 ---- Zoh. 68
24.000 42.500 ---- 20’3.76
36. OW 65.000 ---- 200.85
38.000 47.500 ---- ----
40.OSCJ 50.00D ---- ----
&2.002 52.5W ---- ----
44. Ow 0 ---- ----
46. OC+3 0 -.. . -.. .
lb8.012a 0 ---- ----
50.000 5DD ---- ----
52. W.3 . Ow ---- ----L

Frame C!esign bad (pi) for
Stand.f f Discance ( ft) Of ‘-

lW

67.46
66.90
66.68
66.15
87.6D
87.17
86.66
85.79
8&. 77
83.89
83.01
82.23
81.44
80.93
80.67
80.42
80.22
79.92
79.66
79.50
79.28

29.17 21.39
28.98 21.16
28.71 20.99
28.109 10.88
28.32 20.70
28.08 20.56
27 . 70 2C. 31
27.29 20. Ob
27.03 19.81
35.6& 19.61
35.29 19.4.4
35.11 19.26
24.96 25.56
34.89 25.46
3k. 76 25.37
34.65 23.29
24.55 25.21
34.40 25.15
3&. 32 25. @E
34.19 25.03
33.94 21b.97

200

14.55
2.4.50
14.38
lb. 29
M. 22
14.10
14. Gi
25.85
13.69
2.3.55
13.40
33.26
13.23
L?. 22
13.22
2.3.24
17.30
17.25
17.21
17.14
17.10

—

3W

8.34
8.46
8.kl
8.36
8.33
8.30
8.L3
8.08
8.02
7.92
7.83
7.79
7.72
7.70
7.68
7.66

:::
7.61
7.59
7.58

—

500

5.7:
4.3!
6.24
&.24
4.2[
4.16
:.1:
&.of
4.04
3.9$
3.95
3.9?
3.9?
3.8$
3.85
3.88
3.8@
3.85
3.8s
3.84
3.82

335
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Table~3.&3.Minimum73icknessof211ermal19TemveredGlass Glazing and
Fram Oesign had c. surviveImidem O+erpressurefrom
&,0003wmds Zm sc various’SCandoff Distmcea --
-CC FWio, alb - 1.50

Mnfmm mt Glazing mickness (in. ) foz
Standoff Distance (ft) .f --

b a 30 75 100 123 230

0.299
0.348
0.396
O.&
0.492
0.53.9
0.583
0.627
D.672
0.826
D,877
0.934
0.983
1.036
1.088
1. Ml
1.193
1.7.46
1.298

2DD

T
303 5D0

0.355 0.100
0.179 0.107
0.203 0.121
0.226 0.124
0.226 0.151
0.2k3 0.164
0.261 0.178
0.280 0.192
0.298 0.205
0.316 0.219
0.335 0.233
0.355 0.247
o.37& 0.?.61
0.394 0.275
0.616 0.289
O.&% 0.303
D.U4 0.317
o.b7k 0.332
D.494 0.344

1.754
2.041
2.327
-----
.....
...-.
.....
.....
.....
.....
....-
...-.
-----
.....
-----
.....
.----
.....
.----

0.965
1.123
1.279
1.434
1.588
1. 7&2
1.892
‘2.037
2.161
2.333
2.467
. . . . .
. . ..-
. ..-.
-----
-----
. . . . .
. . . . .
-----

0.532
0.619
0.705
0.923
1.022
1.109
1.205
1.297
1.3s9
1. 48D
1.571
1.661
1.753,
1.846
1.939
2.033
2.127
2.220
2.323

0.350
0. !+07
0.463
D.519
0.575
0.628
D. 68o
0.845
0.905
D.96A
1.026
1.088
1.3.30
1.231
1.273
1.3?4
1.396
1.457
1.517

0.247
0.288
0.328
0.367
0.U37
0.446
0.4s6
0.521
0.558
0.594
0.630
0.665
0.702
D.857
0.901
0.944
0.988
1.031
1.014

Place
02meK#n8

R.ama Designbad (psi) for
Stantiff Distance (ft) of --

=T= 123 202

—

50‘1” 230 3cr3 5oa

‘30.82
127.02
,23. S5

1
221.21 67.23
220.10 66.07
218.58 66. U
217.10 S6. ol
215.65 87.41
214.47 86.92
212.59 86.23
209.97 85.12
207. % 84.18
?.05.46 83.25
203.31 82.45

.-. . 81.64

. ..- 80.93
---- 80.73
. . . . 80.34
..-. 80.15
---- 79.94
-.. . 79.67
. . . . 79.43

29.10
28.91
28. U
20.44
28.27
27.87
27.46
27.10
35. T4
35.32
35.17
35.03
36.91
34.74
34.65
34.51
3&43
34.32
34.17

21.24
21.14
20.95
20.81
20.70
20.46
20.19
19.89
19.70
19.45
25.69
25.59
25.50
23.b3
25.31
23.25
25.13
25.10
25.01

14. lb9
lb. 48
14.38
14.22
14.17
14.06
13.91
13.7k
13.59
ls. bl
13.28
13.15
13.lD
17.&O
17.36
17.28
17.25
17.18
17.13

7.69
7.66
7.63
7.60
7.86
7.81
7.76
7.72
7.69
7.65
7.63
1.62
7.61
7.60
7.57
7.55
7.53
7.51
7.!+9

5.00
1+.23
4.15
IL.lb
b. 14
4.W
4.00
3.96
3.90
3.88
3.86
3.8k
3.83
3.81
3.80
3.79
3.7a
3.77
3.74

----
..-.
----
..-.
..-.
----
. ..-
..-.
..-.
----
. . . .
----
----
. . . .
----
. . . .
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Table D-34.4. Min2mm mickness .f mermlly Tempered Glass Glazing and
Franc Design bad co Sum<.. Incident Werpressure from
6 .D@J2Pcunds TNT at Various Stmdof f Distances --
A&it Ratio,alb- 1.75

I
Place

Dimensions
(in. )

Minimm TIC GLaz%ns 21tickness (in.) for
Standoff Distance (ft) of --

:

500

0.100
0.120
0.126
0.140
0.3s5
0.169
0.183
0.197
0.212
0.226
0.241
0.2S5
0.270
0.206
0.299
0.323
0.327

2W 3SU‘1’ 50

1.863
2.168
2.471
. . ..-
. . . . .
-----
. ..-.
-..--
-----
. . . . .
-----
. . . . .
-----
. ..-.
-----
. . ..-
. . . . .

75 100 125 230

T
.Z. ooa 21. M13
.4.000 26.5U3
.6.OUJ 28.0D13
.8.00D 31.500
!O.om 35. oofJ
!2.000. 38.5(XJ
:4.000 1$2.000
!6.000 k5.50D
!8.00D &9.000
10.oW 52.5I33
12.oW 56.000
14.OCQ 59.500
16.OW 63.000
16.00D 66.5W
,0.000 70.000
.2.0C4 73.500
A.000 77,000

1.025
1.193
1.358
1.522
1.686
1.830
2.006
2.160
2.313
2.&6S
. . . . .
. . . . .
. . . . .
. . . . .
-----
-----
. . . . .

0.565
0.658
0.865
0.969
1.073
1.177
1.278
1.376
1.I.73
1.570
1.666
1.761
1.860
1.960
2.059
2.159
2.258

0.372
0.432
0.492
0.551
0.610
0.666
0.S33
0.897
0.960
1.023
1.089
1.155
1.221
1. .?86
1.352
1.617
1.U2

0.318
0.369
0.620
0.471
0.322
0.570
0.618
0.665
0.822
0.876
0.931
0.981
1.044
1.lDD
1.235
1.221
L. 267

0.263
0.306
0.348
0.390
0.432
o.&73
0.513
0.352
0.591
0.630
0.669
0.708
0.864
0.910
0.956
1.002
1. olb9

0.171
0.198
0.225
0.252
0.279
0.304
0.328
0.353
0.377
O.LO1
0.&26
0.452
o.&77
0.503
0.528
0.553
0.578

Plate
Di&fons

Frama Design bad (psi) for
Standoff Distance (fc) of --

125 230b 50

729.98
726.29
722.35

. ..-

..-.

.-. .

.-. .

. ..-

. . . .
----
. . . .
----
. ..-
. . . .
. . . .
..-.
..-.

75 100 2DD 13D0 ] 500

220.97
229.9Z
218.18
216.54
223.23
224.16
111.59
209.03
206.67
2C4. k7

----
. ..-
..-.
----
. . . .
. . . .
----

67.24
66.90
88.52
87.77
87.17
86.69
85.8S
S6.83
83.82
82.95
6i.. cl9
81.25
80.85
80.57
80.25
80.03
79.76

29.21 21.27
20.84 21.04
28.64 20.87
28.38 20.74
28.17 20.63
27.76 20.33
21.36 20.08
36.05 19.81
35.60 19.58
35.22 25.82
i5. m 25.64
34.95 25.52
34.84 25. I.7
34.69 25.38
3k. 60 25.25
34.k7 25.18
34.36 25.22
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Table B3.L5. Iiinimm 211icAness of llermlly Tempered Glass Glazing and
Frame Oesign bed to Survive Incident CWerpressure frm
k ,000 Pmnds 21f2 at Various Standoff Discmces --
Aspecc Ratio, ./b - 2.00

Place
D2mrision.s

(in. ) I 142nimmTIC Glazing 27hlmess (i.. ) for
Standoff Dimance ( ft) of --

IT
a. -50 75

‘X.. Ow 1.966 1.082
28.002 2.287 1.258
32.000 . . . . . 1.433
36. o0o ----- 1.606
&o.ooa ----- 1.779
ti. ow . . . . . 1.951
b8.00i2 ----- 2.U4
52.00D . . . . . 2.276
56.000 ----- 2.437
60. 00D ----- . . . . .
6&. 000 . ..-. . . . . .
68. OCO . . . . . . . . . .
72.000 . . . . . . . . . .
76.0@2 . . . . . . . . . .
80.000 ----- . . . . .
%.om . . . . . . . . . .

Place
D6men#ions

(b.)

a

100

0.596
0.694
0.912
1.022
1.132
1.262
1.346
1.k&9
1.552
1.654
1.755
1.856
1.962
2.067
2.172
2.277

125

0.393
0.4S6
0.519
0.S82
0.66’2
0.701
0.877
0.945
1.011
1.079
1. llt9
1.222
1.288
1.357
1.&26
1.69s

230

0.335
0.390
0.443
0.497
0.550
0.601
0.651
0.701
0.866
0.923
0.982
1.042
1.101
1.160
1.219
1.278

—

50

—

‘29.33
‘25.09

.-. .

.-. .

.-. .

.-. .

. ..-
----
.-. .
. . . .
. . . .
----
. . . .
. . . .
. . . .
..-.

75

0.277
0.322
0.367
O.&u
0.&56
0.&99
0.%0
0.582
0.623
0.664
0.7w
0.862
0.911
0.960
1.009
1.057

300

0.221
0.210
0.238
0.267
0.296
0.319
0.344
0.369
0.393
0.418
0.445
0.b71
0.697
0.523
0. SL,9
0.575

—

500

220.91
219.39
217.96
216.30
Zlk 99
213.69
210.82
208.22
205.83

----
----
.-. .
----
----
.-. .
.-. .

338

0.100
0.12A
0.129
0.M4
0.239
0.173
0.188
0.203
0.218
0.233
0.248
0.263
0.278
0.293
0.307
0.321

Frame DesigII bad (psi) for
Standoff Distance (f t ) of--

200

14.48
14.37
14.30
14.17
14.12
33,98
13.76
2.3.61
13. I.5
33.31
13.25
17.47
17.&o
17.34
17.29
17.21

300

6.54
6.50
6.43
6.61
6.34
6.23
6.13
6.07
5.99
5,94
5,92
5.90
5.87
5.85
5,83
5.81

504

4.22
6.04
3.97
3.91
3.86
3.78
3.75
3.73
3. n
3.69
3.68
3.66
3.65
3. 6k
3.61
3.58

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
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Table D-3.a.6. MLnimm mickr.ess of mermlly Tempered Glass Glazing and
Frame Design Load to Survive Incident merpressure fro.
4,002 P.nmda I?iT #c Various Standoff DiStaaCeB --
AsPeCt IWio, alb - 3.00

Plate
Dfx.amio”s

(5n. )

bls

Plate

(Sly)

I

bla

Klnimm TN Glazing mickness (in. ) fm
Standoff Distance (ft) of --

7
50 75

2.L51 1. 2s3
. . ..- 1.375
----- 1.565
----- 1.734
----- 1. 94a
. . . . . 2.12s
. ..-. 2.296
. ---- 2.471
. . . . . . . . . .
. . ..- . . . . .
. . . . . . . . . .
. ..-. . . . . .

Mu

0.652
0.875
0.996
1.117
1.235
1.349
1.462
1.574
1.685
1.796
1.923
2.027

125

0.429
0.498
0.567
: :;;

0.879
0.953
1.o26
1.103
1.179
1.255
L.32U

2.30

0.367
0.&26
o. w
0.542
0.597
0.652
0.707
0.870
0.943
L. 008
1.073
1.137 T

Zsa 300

0.343 0.204
0.352 0.237
0.401 0.269
13:3 0.301

0.332
:.$; 0.362

0.393
0:632 0.423
0.676 0.454
0.8?4 0.485
0.888 0.516
0.941 0.542

~

500

0.136
0.158
0.178
0.199
0.219
0.23s
0.259
0.280
0.3W
0.321
0. xl
0.362

50

726.17
-.. .
----
----
----
----
----
----
.-. .
----
. ..-
. ..-

75

329.65
23s.01
216.23
214.60
221.65
209.47
206 .%
2C4. Ill

-.. .
----
----
----

Frams cesim bad (psi) for
Standoff Dis2ance (ft ) of --

I
103 x23

66.72 20.6s
88.28 28.60
07.58 28.38
07.03 27.95
86.lS 27.45
w. 98 36.08
03.87 35.64
82.83 35.19
81.85 35.07
81.00 %.91
80.60 W. 76
80.33 %.58

21.14 1+.61
20.93 lb. 29
20.68 M.20
20.49 14.06
20.14 13.90
19.85 13.72
19.61 13.52
23.77 23.33
25.63 13.17
25.52 23.2.0
25.41 2.7.AO
25.27 17.31d3C41 500

6.53 3.19
6.1,6 3.17
6.39 3.09
6.32 3.06
6.23 3.01
6.12 2.96
6.06 2.95
5.98 2.%
5.94 2.91
5.91 2.91
5.88 ‘2.89
5.07 2.89
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Table~3.z7. ninfmno mickttess of 72mrma11YTempered Glass GIzing and
Raw Ocsign Load m Survive Incident Ovmpresmre from
&,OW Pounds 20’2 a Ve,ric,w Scawiaff Distances--
Aspect Sacio, a/0 - &.oo

P2ace
OimnsiOns

(tn. )

‘1”

T
2.DOO &a.000
,6.00056.00t1
6.c@ 66.000
,8.OCQ72.000
O.ODD 80.000
2.000 Ss.000
b.ODO 96.0~
6.0001D4.0C4
8.0002.22.000
O.OGO120.000

P2ate
Dfxem ions

(2n. )

’1’

!iininwm lTC Glazing mickoesa (in. ) for
StandoffDisCMee (ft) Of --

-----I L.6L6I 1.02:

50 15 102 125 2.30 200

2.223 1.223 0.67& 0.443 0.379 0.313
..... l.l+zo 0.904 0.51& o.&&o 0.366

0.504 0.500 0.414
..... 1.831 1.15; 0.651 0.s58 0.L63
..... 1.996 1.271 0.829 0.63S 0.510
..... 2.180 1.3s8 0.905 0.671 0.557

1.504 0.981 0.s4.0 0.6~
.060 0.906 0.650
1.139 0.913 0.698
1.217 1.040 0.’861

I \

. ----

. ..-.

. ----
-----

2.362 j.
...-. 1.619[ i
----- 1.734
..... 1.8%

300

O.’u.l
0.244
0.278
0.310
0.342
0.373
O.m
0.436
0.1+69
0.501

SW
—

0.342
0.165
0.286
0.207
0.228
0.230
0.272
0.2%
0.316
0.337

Frame wsign bad (psi) for
SCanOoff Dintunce (fc) of --

50

23.83
----
.-..
....
----
....
.-..
.-..
.-..
..-.

75 I 1s0

219.03 66.34
226.99 87.94
223.16 87.24
213.51 a6.5&
210.08 85.18
207,10 83.96
206.29 82.83
---- S1.78
.... 80.89
.... 80.36

123 I 230

20.75 21.04
28.43 20.83
2s.20 20.6D
21.59 20.7.7
27. IS 19. 9&
35.69 19.62
35.2’+ 19.3.9
35.06 23.61
34.90 25.61
34.71 23.35

2D0
—

lh.35
14.26
16.12
23.96
13.72
23.52
13.36
33.18
13.u
11.37
—
T
3W SW

6.52 3.02
6.41 3.@z
6.37 2.92
6.26 2.’66
6.17 2.81
6.06 2.80
3.98 2.78
5.93 2.77
5.92 2.76
5.88 2.73

I
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Table D-3.b.l. Mnimvm 2hickne88 of 2hemallY Te~ered Glass GlaZi.g and
Fram Design Load to S.Ivive Incident Cwerpres sure from
1,020 Pound. 2W2 at Various Standoff Distances--
AB9ect bti., ail - 1.00

Plate
Df.mons

M2nti TIG Glazing Thickness (in. ) for
Standoff Distance (fc) of --

b a 50 75 3.02
125 I ‘0. 200‘m500.

12.Ow 12.Ooa 0.582 0.341 0.251 0.170 0.138 0.120 0.100 0.100
u+.000 lb.000 0.676 0.395 0.7.91 0.198 0.161 0.128 : :G& ‘0.1s0
16.000 16:00S 0.8s8 0.&so 0.331 0.2’23 0.182 0.1b6 0.100
18.0s0 U.osa 0.990 0.503 0.370 0.248 0.203 0.163 O:lM 0.100
20.000 20.000 1.091 0.554 0.407 0.272 O.zzl$ 0.179 0.127 O.loiz
22.000 22.’000 1.192 0.605 0.444 0.295 0.265 0.195 O.Isa 0.100
26.000 26.000 1.291 0.655 0.&81 0.320 0.265 0.222 0.230 0.100
26.OW 26.0M7 1.394 0.706 0.517 0.345 0.287 0.228 0.162 0:10s
28.000 28.000 1.498 0.876 0.S54 0.371 0.308 0.245 0.174 0.226
30.000 Zo.om$ 1.601 0.956 0.592 0.3% 0.319 0.262 0.186 0.123
32.000 32.000 1.7@4 0.996 0.6S0 o.&21 0.351 0.27S 0.198 0.131
3& Olm 54.000 1.807 1.057 0.66S 0.446 0.372 0.295 0.209 0.139
36.000 36.’0001.910 1.217 0.706 0.&69 0.39s, 0.312 0.221 0.147
38.000 Sa.000 2.03.2 1.176 0.873 0.491 0.433 0.329 0.233 0.1S5
60.000 40.000 2.107 1.235 0.918 0.512 0.k33 0.34 0.244 0.163
&2.0Gt71$2.oa2 2.200 1.290 0.961 0.532 0.452 0.359 0.255 0.2.70
W.ma 44.000 2.293 1.345 1.001 0.542 o.lb71 o.3711 0.266 0.177
46.000 U.m 2.386 1.399 1.042 o.5a 0.&92 0.389 0.277 0.1s4
b8.000 48.0012 2.470 1.I.53 1.082 0.56& 0.510 O.l?m 0.288 0.191
50.002 50.OCCJ .---- 1.507 1.122 0.585 0.529 0.&19 0.298 0.198
52.00U 52.000 ----- 1.560 1.162 0.606 0.5&7 0.433 0.S09 0.205
sk.om %.om ----- 1.633 1.202 0.626 0.s66 O.&&s 0.319 0.222
s6.000 56.C@ ----- 1.666 1.241 0.64s 0.585 0.462 0.330 0.219
58.om 58.000 ----- 1.720 1.279 0.665 0.603 0.476 0.340 0.226
60.mo 60.wo ----- 1.770 1.327 0.634 0.620 0.490 0.351 0.233

P1.te
Dfmmsions Fr.mw Oesi@ Lnad (psi) for

(in. )
Stmdof f Distance ( fc) of --

b , 50 75 I lm 123
‘012m13m 500

22.000 12.om 135.08 46.37 25. S3 13.80 12.06 7.98 6.89 6.89
II+.om 24.om 133.89 45.71 25.25 13.78 12.06 7.9A 5.32 5.32
16.004 16.0S+2 176.89 !+5.43 2s. 05 13.61 11.81 7.91 ib.lb5 4.23
lB. O.Y3 18. OW 173.72 44.86 24.77 13.&7 1.2.62 7.8L 4.39 3.&7
20.000 20.000 170.89 44.06 21+.35 13.32 11. k6 7.67 lb.34 2.91
22.000 22.003 168. S9 43.63 ‘lb. 00 13.15 u. 34 7.56 k. 25 2.ka
2k. Ow 2b. Oca 166.17 k2.77 23.71 13.09 11.16 7.k7 6.23 2.14
26. Om 26. OW 165.08 42.34 23.39 13.03 u. 15 7,bk 6.20 2.2.3
28. 00+3 28.000 16&. 37 56.21 23.19 13.02 U. 08 7.41 b.19 2.12
30.000 so. om 163.55 55.90 23.09 12.98 Z1. ol 7.39 4.17 2.09
32.000 32. om 162,8h 5S.63 22.99 12.94 11.02 7.33 4.23 2.08
2A.000 %.002 162.21 ;;.;: 2’2.91 12.90 10.96 7.32 Ib.11 2.08
36.000 36.om 161.65 22.84 12.83 10.92 7.31 I4.1O 2.07
38. OW za. om 160.99 55:00 30. S1 12.73 10.82 7.30 4.09 2.07
40. 00Q 40. om 259.34 56. 7k 30.25 12.63 10.74 7.22 k.06 2.c6
42. 0W3 42.002 737. S7 5k, 17 30.07 12.52 10.62 7.16 6.03 2.04
44. OW 44.000 I-55.96 53.66 29.72 12.52 10.51 7.10 k. 00 2.02
&6. OW 66.0S0 234.50 53.12 29.47 12. S9 10.45 7.0& 3.97 2.00
48. 0@3 L@.000 233,05 52.62 29.2.S 12.57 10.36 6.99 3.95 1.98
50. OW 50. OW ---- 52.17 28.92 12. L7 10.28 6.95 3.90 1.97
S2.0M7 52.000 ---- 51.68 28.68 12.37 10.17 6.88 3.88 1.95
;4. 000 34.000 ---- S1.24 2$.45 12.25 10.10 6.85 3.8& 1.9&
)6.000 S6.000 ---- 50.83 28.21 12.10 10.03 6.79 3.83 1.93
;8.0s.3 58.00L7 ---- 50.39 27.97 32.99 9.96. 6.73 3.80 1.92
;0. 00.3 60. OCMJ ---- &9. 98 27.75 11.86 9.82 6.69 3.70 1.90
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Table D-3.b.3. M3r&um ZBickuess of ‘hermally ~qred Glass Glazing and
Pram Desisu bad to SuI-Ji.e 3ncident Overpressure from
1,000 Pounds TNT at Various Standoff Distances--
~ct Ratio, alb - 1.50

rPlate
Dfu.enaions

(in. )

t4in2mm T2G Glazing 121ickness (in. ) for
Standoff Distance (ft) Of --

a 100 230 500123

1
0.86s 0.W3
1.008 0.531
1.l&2 0.579
1.273 0.646
1. ko3 0.822
1.532 0.897
1.666 0.976
1.800 1.053
1.924 1.231
2.067 1.209
2.201 1.207
2.333 1.364
2.458 1.441
----- 1.522
----- 1.583
----- 1.654
----- 1.723
----- 1.793
. ..-. 1.862

22.000
3A.000
16. wo
18. om
20. om
21.000
Zk. wo
26. OW
28. W2
30.000
32.000
3L. om
36.000
3s. om
u. m
62.000
44.000
66.000
48.000

ls.oof
21. 0C42
24. DW
27.00I2
30.000
33. am
36.000
39.00U
62.000
65.003
48.00D
51.00Q
54. ODD
57.000
60.000
63.000
66.000
69. OW
72.040

0.32.6
0.379
0.431
O.ao
0.529
0.577
0.626
0.676
0.839
0.897
0.955
1.032
1.070
1.124
1.177
1.229
1.281
1.333
1.304

0.221
0.255
0.288
0.320
0.352
0.305
o.k19
0.452
0.685
0. 53a
0.5A9
0.579
0.607
0.634
0.665
0.693
0.871
0.905
0.936

0.191
0.222
0.266
0.273
0.303
0.333
0.363
0.394
0.626
0.434
0.4S4
0.51S
0.3k5
0.575
0.605
0.632
0.657
0.682
0.706

0.127
0.3.46
0.165
0.1s4
0.203
0.223
o.2bz
0.262
0.281
0.301
0.319
0.337
0.355
0.372
0.390
o.bo7
0.IJ2S
0.442
0. h58

0.100
0.108
0.122
0.136
0.250
0.165
0.179
0.194
0.208
0.222
0.235
0.24S
0.261
0.214
0.287

~0.3G13
0.333
0.325
0.337

0.100
0.lm
0.104
o.lm
0.201
c1.120
0.220
0.129
0.139
0. M9
0.238
0.167
0.175
0.1%
0.193
0.201
0.220
0.228
0.226

I Plate
D2menaiom

(m.)

Prame Oesign Laad (psi) for
?,tand.f f Distance ( ft) of --

1
3m 5m

5.CX7 5.00
4.31 3.72
l+.21 2.99
&.14 2.&5
4.08 2.07
6.08 2.o4
4.04 2.06
4.04 1.01
L.m z.m
3.98 2.01
3.92 1.99
3.87 1.97
3.83 1.93
3.79 1.92
3.15 1.91
3.72 1.88
3.69 1.87
3.64 1.85
3.60 1.83I

50 75

178.97 4s.99
177.33 45.57
174.26 4A. 80
172..09 44.06
268.33 &3. 34
265. ss 56. S7
166.83 56. ?4
163.95 56.11
1.S3.20 55. s1
162.39 55.56
262.83 55.33
161.06 35.05
ls9.47 S4. 81

---- 54.16
---- 53.57
.-. . 53.05
. . . . 52.45
---- 51.97
..-. 51.47

lm

25.25
23.07
24.82
24.33
23.93
23.53
23.27
23.12
!3.03
30.58
30,47
20.31
30.22
29.93
29.62
29.29
28.99
28.73
28. UI

—

123

12.02
22.82
11.61
22. &o
11.23
22.13
11.09
22.02
10.96
10.91
10.81
20.69
10.53
10. U
10.31
10.19
13.40
13.27
13.10

250

—

9.66
9.56
9.29
9.18
9.17
9.16
9.16
9.17
9.17
9.16
9.16
9.17
9.16
9.16
9.16
9.12
9.05
9.00
8.94

—

2LM

—

7.67
7.62
7.52
7.39
7.29
7.27
7.20
7.19
7.l&
7.13
7.04
6.97
6.90
6.80
6.75
6.67
6.63
6.56
6.4S

—

●

2S. OW
21. om
2.4.000
27.000
30. Om
33. om
36.000
39. Om
U.00+2
65.000
u.om
51. om
54.000
57.000
60.000
63. OW
66. OW
69. OW
72.000[

12.000
14.om
16. W13
2s.om
20. cm
22. om
24.000
26. OW
7.8.000
30.000
32.004
34. om
36.000
30.040
60.004
U..om
44.000
46.000
&s. Ow
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TableD-3.6.4.Minimum~ickne.sof221erma11vIemc.eredGlassGlazimand

‘I”
;2.004 21.000
L4,000 24. 5m
16.000 28. NO
.8. OWJ 31. SW
!0 . O@m 35.000
t2. ooO 3S.5C0
!4. ODO 62.000
!6. ocO 45.500
!8.000 49.000
10.0130 52.5w
12.OW 56.000
%. 000 59.5SCl
)6. ow 63.000
18.@M 66. 5W
,0.000 70.000
,2.002 73. WJ3
*. OQo 77.000

Fram Desire L?ad to Survive incidk Overpres sure” f%m
1,00U Pounds TNT at Various Standoff Discances--
Aspecz Satio,.P - 1.75

(

50

0.922
I. on
1.23.1
1.330
1.4$38
1.626
3..769
1.922
2.054
2.195
2.337
2.k75
. . . . .
. . . . .
. . . . .
. . . . .
-----

HinZnum~ Glszimg rmi.knem (h. ) for
Standoff Distance ( ft) of --

75

0.667
0.542
0.63.3
0.685
0.877.
0.951
1.034
1.128
1.201
1.283
1.366
1. U9
1.527
1.603
3..678
1.752
1.826

100

0.347
0.402
0.457
0.S09
0.561
0.632
0.665
0.829
0.891
0.952
1.03.4
1.075
1.135
1.191
1.247
1.302
1.357

12s

0.239
0.276
0.313
0. Ma
0.385
O.bzz
o.&59
0.&96
0.532
0.569
0.603
0.636
0.669
0.701
0.84S
0.886
0.923

0.212
0.265
0.276
0.307
0.338
0.370
0.402
0.434
0.466
0.698
0.528
0.556
0.583
0.610
0.637
0.663
0.689

0.161
0.185
0.209
0.232
0.256
0.281
0,305
0.329
0.353
0.376
0,398
o.&19
0.439
0.660
0.I.78
0.k96
0.516

0.100
O.lzl
0.17.5
0.1110
0.155
0.170
0.2.85
0.200
0.214
0.228
0.262
0.255
0.268
0.282
0.295
0.307
0.320

0.100
0.100
0.100
0.100
0.104
0. 13G
O.lm
0.124
0.144
0.153
0.163
0.172
0.181
0.1%
0.198
0.207
0.226

l’1” 1’”

m12. @2i7 21.00d 178.79
w. 000 26. 5a7 177. Z&
16.000 28. (W3 173.50
18.000 31. S00 170.36
20.040 35.000 267.65
22. OW 34.S02 165.44
24. WM &2. OW 16&. %
26.0c41 45. SDO 163.61
28. OOO 49.000 162.98
30. o0o 52.5C42 162.13
32.0013 56.000 161. S3
~0~ ;.% 160.49

. ..-
3.9.000 66. S00 ‘---
40. ODO 70.000 ----
hz. ocm 73.5crJ ----
U.wo 77.0012 ----

75

45.87
45.39
U.75
k3. 86
57.57
56.59
56.22
56.00
55.72
55.39
55.19
55.01
54.k9
53.89
53.30
52.70
52.16

Frame Ocsign had (psi)for
Standoff L3iSC&i7C.(ft ) Of-- I

25.32
Zfb.97
Z&.71
24.22
23.83
23.44
23.25
23.09
30.67
30.50
30.&1
30.28
30.10
29.75
29.43
29.11
28.81

3.25

12.02
33.77
11.59
11.32
11.22
U.14
11.08
31.02
10.93
10.89
10.75
10.60
10.46
10.3A
10.21
13.48
13.33

130

9.63
9.48
9.26
9.09
8.96
8.89
8.83
8.78
8. 7b
8.70
8.62
8.51
8.40
8.30
8.21
8.11
8.02

=’FJ
6.68 6.58
6.56 4.16
6.!+7 &.05
6.37 &.01
b. 31 3.98
6.30 3.96
6.26 3.96
6.22 3.93
6.20 3.88
6.15 3.86
6.09 3.80
6.03 3.76
S.95 3.69
5.90 3.67
S.85 3.63
5.82 3.57
5.79 3.341

500

&.58
3.63
2.72
2.22
1.96
1.95
1.94
1.93
1.93
1.90
1.89
1.87
1.85
1.83
1.79
1.78
1.77
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Table !2-3.b.5. Mnimun 2hic6ness of 2hermlly Iewered Glass G18.?in6 and
Fraue -sign Znad t. Survive Incident Overpressure from
1,000 PoundsIN2 at VariousStandoff Distances --
ASwet P=3cio, E/b - 2.00

I Plate
Dimnsi.ns

(1.. )

lb a

IT
12.000 24000
llb. ow 28.000
16.000 32.004
18. OSQ 36.000
20.000 bo.000
22.000 ti. om
2L.0C4 48.000
26.0@3 52.0s0
28.000 56.000
30.002 60. OW
32.000 64.000
34. OCiJ 68. OW
36.000 72.004
38. OW 76. OW
40.000 80. OW
42.000 w. Ow

!52ni.mm TX Glazing Taiekneaa (in. ) for
Standoff Distance (ft) of --

T
50 75

0.973 0.493
1.128 0.S72
1.276 0.647
1.423 0.833
1.368 0.918
1.723 1.003
1.866 1.091
2.o16 1.179
2.166 1.267
2.316 1.334
1.465 1. U1
. . ..- 1.528
----- 1.608
. ---- 1.687
. ---- 1.766
----- 1.844

100

—

0.366
0.423
0.481
0.536
0.591
0.645
0.701
0.875
0. 9&0
1.005
1.069
1.134
1.195
1.234
1.313
1. 37?.

133

0.252
0.291
0.329
0.367
0.406
0.445
0.4s4
0.523
0.561
0.599
0.634
0.669
0.704
0.833
0.893
0.932

250

0.226
0.261
0.295
0.329
0.363
0.398
0.432
0.661
0.502
0.536
0.568
0.600
0.631
0.661
0.691
0.836

2W

0.168
0.192
0.216
0.262
0.269
0. 1%
0.322
0.349
0.376
0.&03
0.L28
o.k51
0.67L
0.497
0.520
0. 5b2

300

0.100
0.124
0.229
0.164
0.160
0.175
0.191
0.205
0.219
0.233
0.247
0.261
0.273
0.208
0.301
0.32A

500

—

0.200
O.lca
0.100
O.lW
0.108
0.119
0.129
0.139
0.148
0.158
0.167
0.176
0.186
0.195
0.206
0.222

-55--L
b

12. WD
lk. 000
16. WD
28. Ow
20.040
22. OCO
24. OW
26. oW
28. m
30.020
32.000
%.002
36.000
38. OW
Lo. 000
42.000I

a 50

Zb. ow 178.64
28.000 176.39
32.00u 172.81
36. OW 169.82
40.000 167.01
44.002 165.12
4S.000 164.26
52. OW 163.36
56. OW 162.60
60. OW 161.9&
64.OW 161.23
6$3.000 ----
72.WO ----
76.000 ----
80. OW ----
84.000 ----

Frame Desi@ Load (p, t) f.,
StandoffDi8mnee (ft)of --

75

65.86
45.36
4A.43
43.611
57.25
56.&8
56.).3
55.87
S5.U
55.35
55.10
36.88
S&.21
53.35
52.96
52.38

lW

25.28
25.O&
24.56
26.09
23.73
23.36
23.18
30.77
30.62
30.&9
30.32
30.23
29.9b
29.39
29.28
7.8.95

12s

11.98
U.lk
13..49
21.30
11.20
u. 12
11.05
10.99
10.91
10.83
10.67
10.52
10.39
23.69
13.Sk
13.3s

230

9.64
9.44
9.24
9.08
8.9s
8.89
8.80
8.77
.$.73
8.67
8.56
0.L6
8.36
0.25
8.L3
8.07

i 1500
200 ‘ 3C+2

5.97 b.22 lb.x
5.82 4.04 3.E
5.11 3.97 2.5(
5.68 3.91 Z.@
5.69 3.91 1.9?
5.69 3.86 1.94
5.67 3.87 1.91
5.67 3.80 1.89
5.68 3.7k 1.s5
5.68 3.69 1.84
5.65 3.65 1.81
5.59 3.61 1.78

3.58 1.77
?2 3.52 1.7s
5.66 3.47 1.73
5.41 3.43 I.7a

I
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Tablc13-3.b.6. )4infmm Snickaess of ‘lhenwlly Tempered Glaas Glazing and
Fraw LMsi@ tiad to Survive Incidenc Werpressure from
l,OCO Pounds ml at Vari’ws Standoff Mstancea--
Aspecc I&tio, ./b - 3.00

I I

k-l--
Plate

Di&~

ha 50

Mni.mm TN Glazing ~ickness (in. ) for
Standoff Di8cance (fc) of --

75 150 1o11 300

—

500

12. owl
14.000
16.000
18.000
20.002
22. Oml
24.000
26.000
28. OW
30.000
32. 0@3
54.o@3

36.003
42. OW
M. 000
%.ocd
60.000
66.000
72.000
78. OCO
84.000
90.000
96.004

202.000

1.062
1.225
1.386
1.544
1.708
1.873
2.038
2.202
2.365

0.538
0.622
0.703.
0.905
0.999
1.095
1.191
1.287
1.3s3
1.478
1.566
1.652

0.399
0.k62
0.522
0.582
0.642
0.706
0.884
0.955
1.026
1.097
1.164
1.22a

0.274
0.316
0.357
0.402
0.443
0.684
0.528
0.570
0.609
0.648
0.686
0.836

0.2W
0.283
0.320
0.358
0.396
0.434
0.472
0.510
0.346
0.580
0.623
0.669

0.1911
0.223
0.252
0.282
0.312
0.342
0.372
0.4S0
0.k27
o.b53
0.480
0.505

0.137
0.157
0.179
0.202
0.222
0.243
0.262
0.281
0.299
0.317
0.336
0.353

0.200
0.100
0.100
0.205
0.116
0.126
0.137
0.14s
0.239
0.169
0.179
0.190

-----
-----
.--.-

Pram Cesign k.ad (psi) for
Standoff Distance (ft) Of--

1300 500

3.23 2.06
3.13 1.81
3.12 1.7s
3.09 1.80
3.08 1.78
3.05 1.74
3.0+2 1.73
2.95 1.71
2.90 1.69
2.85 1.64
2.83 1.59
2.78 1.59

=-F-t=- 100 125 250 2m

—

75

11.78 9.50
11.51 9.23
11.25 9.W
21.16 8.96
11.09 8.86
22.03 8.80
10.94 8.74
10.86 8.70
10.69 ,0.59
10.54 8.45
10.39 8.35
10.25 8.23

12.000
M. om
16.000
m. om
20.000
22. Oca
zb. om
26. oOO
za. om
30.000
32. om
34.000

36. OQO 177.01
&2. ow 173.04
ba. ow 169.59
%. 000 166.29
60.003 26k.83
66. OM 163.81
72.000 162.97
78.000 162.11
86.030 161.24
90.000 ----
96. OW ----

lo2.om ----

65.43
44.61
43.63
57.13
56.39
55.99
55.66
55.38
55. I.4
~&.89

33.36

24.99
%.61
lb. 06
23.63
23.29
23.16
30.66
30.49
30.35
30.22
29.9D
29.48

5.91
5.75
5.*
5.39
5.34
5.51
5.I.8
5.L$l
5.33
5.24
5.ls
5.09
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Table B3.b.7. !3inimm ‘lhickmss of Thermally Tempered Glass Glazing and
Fraw Design Load to Survive Incident Werpressure from
1,0CJ3 Pounds‘2N2at Various Standoff O1scances--
Aspect Ratio, ah - 4.00

Plate
Dimensions

(in. ) i

U2nimm ~ G2azing ~ickneas (fn. ) for
Standoff Distance (ft) .f --

1

3T--l=- 75 100

0.43.2
0.475
0.531
0.599
0.663
0.839
0.9L3
0.986
3..059
1.128

125

0.282
0.325
0.369
o.&23
0.457
0.501
0.545
0.585
0.62S
0.665

I MOr200

0.199
0.230
0.261
0.292
0.323
0.355
0.385
0.413
0.441
0.469I

3@l

0.142
0.164
0.187
0.210
0.232
0.253
0.273
0.293
0.313
0.324

500

0.100
0.110
0.225
0.140
0.234
0.167
0.180
0.193
0.205
0.216

0.253
0.291
0.329
0.369
0.409
0.44S
0.461
0.52k
0.560
0.596

12.000 b8. OQO 1.093
lk. 003 56. OW 1.261
16.000 6&.000 1.&25
18. OCO 72.000 1.593
20.0011 80.0@3 1. 76k
22. OcKl 88.002 1.934
24.OCO 96. 0C4 2.104
26. OW lok. 000 2.273
28.000 222.000 2.&33
30.000 120.000 . . . . .

0.555
0.640
0.835
0.931
1.031
1.131
1.233
1.329
1.427
1.517

-

Place
Df.mnsims

(in. )

Frame Designhad (psi)for
Stmdoff Oistan.e (ft) of --

~

500

1.63
1.50
l.fbe
1.!+7
1.1$5
1.42
1.&o
1.37
1.35
1.31

50 75 100 .123 230 200 3W

17&. 98
171.12
167.31
165.20
16&. 08
163.00
162.2D
261.20
239.25

----

65.12
44.08
&3.08
56.43
36.05
55.74
55.&3
55.11
56.78
53.93

24.86
26.28
23.76
23.36
23.18
23.01
30.52
30.33
30.17
29.82

11.65
22.37
11.22
22.10
11.01
10.94
10.88
10.68
10.51
10.36

9.38
9.11
8.92
8.86
8.82
0.75
8.68
8.57
8.LA
8.32

5.80
5.69
5.61
3.55
5.50
5.49
5.43
5.32
5.23
5.15

—

3.02
2.96
2.95
2.9&
2.91
2.86
2.80
2.75
2.71
2.69

—
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Table B3.c.l. Uin2mm mickness of 13wr!nally T~ered Glass Gluing and
Fram OesiSn load to S.r$ive Incident C.#erpress.re from
30G Pounds2N2 at VariousStandoff Distances--
Aspect Saci. a, ail - 1.00

a

12. Oou
lL. Oca
16.00$3
13. oOO
20. oca
22.000
24.000
26. OW
28.000
50.000
32.003
%.003
36. OW
38.000
1$0.000
lb2.00D
44. o@3
66.000
68.000
50.003
52.000
54. Oco
56.0@3
58.000
60.000

Place

(in.)

E
12.000 12.000
14. Osa 3.4.00D
i6. OCO iO. OCO
18.000 2S.00Q
20.000 20.000
22. OCU 22.000
24.000 Z&.ocu
26.00D 26.00D
28. OCQ Z8. OW
30.000 30.000
3?..00+3 32.0(k3
3A. 003 X;ooo
36.000 36.003
38. Ow 38. OW
&o.000 60. Ooe
L2.000 1.2.000
64.000 u. 000
46. OW 46.000
68.000 48.000
50.003 50.0C4
52. OW 52. OW
51b.000 54.0CK3
56.00D 56.000
Se. ow 58. OW
60.000 60. OW

U2nimun T2G Glazing micknem (in. ) for
Standoff Distance (ft) of --

I

50

0.276
0.33.8
0.362
0.L06
0.U9
0.493
0.333
0.571
0.609
0.667
0.606
0.835
0.876
0.923
0.955
0.993
1.032
1.069
1.107
1.141
1.172
L. 202
1.229
L. 254
1.278

75

0.187
0.223
0. 24A
0.273
0.302
0.331
0.359
0.384
o.l+09
0.434
0.459
0.683
0.506
0.527
0.547
0.567
0.586
0.605
0.623
0.640
0.655
0.654
0.651
0.667
0.683

100

0.131
0.231
0.171
0.191
0.212
0.232
0.253
0.271
0.290
o.3oa
0.327
0.345
0.363
0.380
0.397
O.ku
0.1$30
0.446
0.462
0.418
o.&94
0.510
0.525
0.539
0.552

125

O. Ill
0.127
0.11111
0.161
0.178
0.1%
0.213
0.229
0.244
0.260
0.275
0.290
0.305
0.320
0.333
0.347
0.360
0.373
0.386
0.399
0.1112
o.k211
0.437
O.&so
0.k61

150

O.lw
0.110
0.125
0.14.3
0.154
0.169
0.1s4
0.198
0.212
0.223
0.239
0. 2s2
0.265
0.278
0.290
0.302
0.314
0.326
0.338
0.349
0.360
0.371
0.382
0.393
0.4W

2W

0.100
O.lLM
0.102
0.114
0.126
0. 13s
0.150
0.2.62
0.173
O. IS&
0. 19k
0.205
0.216
0.226
0.237
0.247
0.256
0.266
0.275
0.285
0.294
0.303
0.312
0.321
0.330

3W

0.100
0.100
0.100
O.lw
0.100
0.102
0.111
0.120
0.128
0.136
0. lid+
0.152
0.160
0.168
0.175
0.183
0.190
0.197
0.2C4
0.210
0.217
0.224
0.230
0.237
0.2631

Soo

0.100
O.lw
0.100
O.lw
O.lw
0.100
O.lw
O.lCO
0.100
O.lm
0.100
0,1C6
O.zll
0.116
0,127.
0,127
0.231
0.1?6
0.3.41
0.146
0.3s0
0.155
0.U9
O.l&
0.168

Frame Oesign bad (psi) for
Standoff Distance (ft) of --

50

30. 3a
29.63
25.&O
29.22
28.94
28.8k
28.32
27.77
27.31
26.91
26.50
25.98
34.00
33.30
32.73
32.10
31.39
31.01
30.5h
29.91
29.17
20. k5
27.74
27.03
26.24I

75 lW

15.35 10.92
M. 97 30.67
I&.?; 15. G
lb. 65 10.24
lb. 60 10.32
14.55 10.21
W. 48 10.21
1.4.32 9.99
14.18 9.87
14.06 9.70
13.95 9.62
U.8b 9.51
13.71 9.40
13.55 9.27
13.38 9.13
U. 23 9.011
13.08 8.91
22.93 8.79
12.78 8.68
12.63 8.58
12.67 8.48
12.55 8.40
12.31 8.29
12.06 8.17
11.83 8.03

34

—

125

8.10
7.83
7.73
7.66
7.62
7.62
7.57
7.69
7.37
7.31
7.22
l.lk
7.06
7.00
6.88
6.80
6.70
6.61
6.53
b.t+k
6.37
6.27
6.20
6.14
6. C4

—

Uo

—

6.89
6.27
6.21
6.16
6.06
6.03
6.01
3.94
5.89
5.79
5.75
5.67
5.61
5.55
5.46
5.38
5.31
5.25
5.19
5.11
5.C4
k. 98
1..91
1..86
lb.81T

Zca 304

6.89 6.89
5.32 5.32
4.37 b. 23
4.32 3.&7
k. 28 7..91
4.25 2.56
4.23 2.35
k. 20 2.54
4.16 2.50
4.09 2.47
4.02 2.44
3.98 2.41
3.95 2.39
3.89 2.37
3.86 2.33
3.82 2.31
3.75 2.28
3.71 2.24
3.65 2.22
3.62 2.17
3.57 2.33
3.53 2.13
3.1.9 2.09
3.45 2.07
3.lbl 2.(34

—

500

6.89
5.32
J+.23
3.67
2.91
2.&O
2.14
L. a7
1.66
l.kl
1.32
1.32
1.29
1.27
1.27
1.25
1.22
1.21
1.19
1.18
1.16
1.U
1.13
1.12
1.10

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
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TableD-3,.2.Mtnt,zuMThicknessof tirmlly TemperedGlassGlazing and
Frame Oesign had co Survive I.etdent Gverpress.re from
300 Pounds ‘2K2 ac Various Standoff Dismnces--
As~ct Sacio, ./b - 1.25

I

Plate
Dimensions
(in.)

U2n2mm IM Glazing Zliickness (in. ) for
Standoff Distance (fc) of --

50 300
Ibis

75 330 2LU7 5042

12. 00(7 15.0D41
U+ 000 17.502
16.000 20.000
18. 00iI 22.500
20.000 25.000
22. OGO 27.5@2
26.000 30. OW
26. OW 32.500
28.0@2 35.000
30. Oca 37.5Ga
32..000 &o. 000
34. 0CH2 42.500
36.0W3 &5.000
38.002 47.502
40. DW 50.000
42.002 52.5W
44.000 55. OW
&6.002 51.500
L@.000 60.000
So.000 62.5W
52.000 65. oOO

0.318
0.367
0.43.8
0. k68
0.519
0.566
0.612
0.657
0.701
0.860
0.910
0.956
1.002
1.047
1.091
1.135
1.178
l.zm
1.256
1.290
1.323

0.207
0.237
0.269
0.301
0.332
0.363
0.398
0.&31
0.k65
0.498
0.530
0.557
0.383
0.608
0.632
0.656
0.680
0.7N
0.828
0.847
0.863

0.237 0.22s
0.179 0.2.37
0.201 0.255
0.222 0.174
0.243 0.193
0.259 0.232
0.276 0.228
0.293 0.245
0.308 0.262
0.328 0.279
0. 3?+8 0.295
0.366 0.322
0.384 0.327
O.imz 0.242
O.bzo 0;357
o.f$37 0.3?2
0.434 0.387
0.671 ~.:fi
0.4G8
0.506 0:434
0.519 0.U13

0.105
0.121
0.137
0.134
0.170
0.186
0.202
0.217
0.231
0.246
0.260
0.275
0.288
0.301
0.31k
0.327
0.340
0.352
0.364
0.376
0.388

0.100
0.100
0.112
0.123
0.139
0.152
O.lul
0.176
0.288
0. 2oa
0.211
0.223
0.2%
0.244
0.255
0.265
0.275
0.285
0.295
0.305
0.323

0.100
0.1s0
0.100
O.lw
0.103
0.123
0.122
0.131
0.140
0,lb9
0.158
0.166
0.175
0.183
0.191
0.198
0.206
0.214
0.221
0.229
0.236

0.100
0. lDD
0.100
O.lSQ
0.100
0.1s0
0.100
0.102
0.100
0. 1C6
0.112
0.128
0.2211
0.129
0.235
0.140
0.1&6
0.151
0.256
0.161
0.166
.

Place
Dtinsiom

(2n. )

Ram+ Design Load (Psi)for
Standoff Distance (fc)of --

—

500

—

3.72
k. 38
3.52
2.87
2.39
2.02
1. 7k
1.51
1.33
1.30
1.28
1.26
1.25
1.21
1.20
1.18
1.17
1.15
1.13
1.11
1.09

b ● 50 75 100 125 230 203

5.72
4.38
4.24
4.19
k. 20
&.16
6.08
4.02
3.97
3.93
3.86
3.82
3.77
3.69

:: E
3.52
3.47
3.&2
3.38
3.33

300

—

5.72
4.38
3.52
2.87
2.51
2.50

i:4t
2.39
2.36
2.34
2.29
2.27
2’. Z&
2.20
2.15
2.23
2.11,
2.07
2.05
2.02

12.000
16. OM
16. OW
18.000
20.000
22.000
P.4.OCM
26.0ou
28.004
30. OCO
32.000
%. OL-O
36.000
38. o@2
60.000
Ilz. 000
U.ooa
66. 0C42
48.000
50.000
52.000

2.3.000
17.5m
20.000
22. 5@3
25. DDQ
27.5Wl
30.ocr2
32.500
35.002
37.5W
40.000
42.5@3
&5. OSQ
47.5W
50.000
52.500
55.000
57.500
60.000
62.500
65.000

30.22
29.46
29.26
2.9.98
28.87
28.38
21.G8
27.38
26.87
35.23
34.67
33.90
33.22
32.55
31.90
31.31
30.73
30.16
29.36
28.54
27.75
—

13.92
23.58
13.46
13.37
13.24
33.23
13.23
23.22
13.25
23.24
13.21
23.02
,12.83
12.63
12. b3
12.25
12.07
32.90
10.43
10.19
13.24

9.95
9.81
9.19
9.19
9.78
9.76
9.72
9.68
9.63
9.51
9.L2
9.2k
9.07
8.93
8.80
8.65
8.52
8.39
8.28
8.14
7.99

7.76
7.69
7.55
7.51
7.49
7.&O
1.27
7.17
7.07
6.99
6.88
6.82
6.70
6.39

$:
6; 31
6.21
6.12
6.06
5.95

6.25
6.11
6.01
6.00
5.93
5.87
5.82
5.73
5.62
5,56
5.47
5.43
5.32
5.23

::%
5.01
4.92
L. 85
k.77
4.71

— —
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Ta,ble23-3.c.3. tlf.nimm 23iickuess of ~emally T~ered Clam Glazing and
Frame bsism bad co survive Incident merpress.re from
304JPounds 2?iT at Various Standoff Discauces--
tipeccSacio,ail. 1.50

1
Place

Dimccp

‘1”
12. OCQ 1s.000
14. 01X7 ’21.000
16.000 Z&.00D
18.003 27.000
20.000 30.000
22.003 33.000
Z&.000 36.040
26.0@2 39. OW
28.00+2 42.000
30. 0c62 65.000
32.00D 4s. 000
W.0U2 51. OMl
36. OW 56. Om
24.002 57.000
ko. om 60.000
kz.000 63.0co
44. Ow 66.’3DD
&6.000 69.000
48.om 72.000

I Place
D2mr&ms

K
12.0C42 lS.00D
111.000 22..000
16.000 2b.000
3.8.002 27.0cK7
20.DOO ,30.0L7D
22.000 33.003
24.000 36. OCU
26.000 39.00+3
28.om &2.0L12
30.003 Ibs.oon
32.000 4S.000
34. om 51.003
36.00D 5b.000
5s.000 57. oca
40.000 60. OWI
42.000 63. OCO
u.00D 66.00D
&6.000 69.01Y2
4S. ODO 72.00D

50

0.355
0.42.2
0.467
0.524
0.579
0.631
0.681
O.su
0.902
0.958
1.010
1.062
.1.223
1.162
1.222
1.260
1.307
1.347
3.. 3s5

50

29.94
‘29.6s
29.14
28.99
28.67
28.14
27.56
27.03
35.50
24.88
34.08
33.37
32.70
31.99
31.35
30.19
30.28
29.33
2S. U

M-3ni.mmT2C Glazing zliie~ess (in. ) for
Standoff Distance (fc) of--

75

0. Z&l
0.279
0.317
0.355
0.392
0.627
0,660
0.492
0.526
0.556
0.5S6
0.624
0.641
0.66S
O. 69&
0.860
0.893
0.923
0.951

100 125 2.30 200

O.lsz
0.222
0.241
0.270
0.298
0.324
0.349
0.372
0.397
0.421
0.444
0.465
0.485
0.505
0.524
o.5&3
0.556
0.502
0.509

0.125
0. 1*5
0.165
0.1s4
0.204
0.222
0.260
0.25S
0.276
0.294
0.310
0.327
0.343
0.359
0. 37k
0.390
0.405
0.420
o.&33

0.U2
0.128
0.146
0.164
0. 1s1
0.197
0.222
0.229
0.265
0.260
0.275
0.289
0.303
0.317
0.331
0.345
0.358
0.371
0.3s3

0.100
0.107
0.121
0.2.%
0.2s0
0.164
0.177
0.190
0.203
0.223
0.227
0.239
0.251
0.262
0.273
0.2%
0.295
0.305
0.314

30D

0.103
0. 10U
0.100
0.100
0.221
0.121
0.131
O.MO
0.230
0.159
0. 16s
0.177
0.185
0.194
0.202
0.210
0.219
0.227
0. 2?4

0.100
O.lm
0.100
O.lw
0.100
0.102
O.1OD
0.101
0. 10s
O.lu
0.221
0.127
0.233
0.139
0.=5
0.151
0.237
0.162
0.168

Frame oestsn Load (psi) for
standoff Distance (ft) of--

T
75 100

13.80 9.2S
23.59 9.17
13. U 9.12
13.32 9.09
13.20
23.00 ::E
12.76 8.85
22.52 8.72
12.31 8.62
12.3.3 S.52
11.92 8.4D
23.67 S.25
11.1$3 8.10
U.21 7.97
10.99 7.83
14. 3& 7.70
14.09 7.62
33. s3 7.76
13. !+3 7.67

1

123

7.61
7.5s
7.52
7.39
7.36
7.21
7.09
6.9S
6.89
6.S2
6.67
6.5S
6.k6
6.36
6.23
6.15
6.05
5.95
5.82

230

—

6.10
5.97
5.95
5.93
5.s5
$.73
5.64
5.56
5.49
5.39
5.30
5.19
5.09
5.01
4.93
4.86
k. 77
4..69
&.60I

20D 3CU2

5.00 5.03
4.23 3.72
4.2s 2.99
4. M 2.&5
4.08 2. bs
6.04 Z.&l
3.95 2.38
3.88 2.32
3.83 2.30
3.74 2.26
3.67 2.22
3.61 2.19
3.55 2.24
3.47 2.11
3.41 2.07
3.37 2.OL
3.32 2.02
3.27 1.99
3.20 1.94

500
—

5.00
3.72
2.99
2.65
2.04
1.72
I.&l
1.29
1. Ze
I. 24
1.22
1.23
1.18
1.16
1.14
1.U
1.11
1.08
1.01
-
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Table 27-3..4. Flinhnn Zhickness of Tnermally Tempered Glass Glazing and
Frame Eesign bad to Survive Incident Cwerpress.re from
300 Pounds 2X2 m Various Standoff Dtstanees --
Aspect Ratio, afb = 1.75

Plate
Dhensims

(in. )

‘1’
12.000 21.000
lb. Ow ’24.500
16. DOO 28.000
1s. OCMI 31. 5C13
20.800 35.000
22.003 38.50D
26.200 kz.000
26.0(0 45.500
28. OW b9. ow
30.000 52. 5C0
32.000 56.000
24. Oca 59. 5W
36. DJW 63.00D
3s.000 66.500
&o.000 70.00U
&z. oDo 73.5DD
44. oOD 77.00D

!tlnimm 21t Glaz2ng Zi3ickness (in. ) for
standoff !3iScance (ft) of --

0.376 0.256
0.436 0.2%
0.496 0.336
0.356 0.377
0. 611J 0.417
0.668 0.K4
0.833 0.L.91
0.895 0.527
0.955 0.563
1.023 0.598
1.069 0.631
1.2.23 0.664
1.176 0.695
1.229 0.839
1.280 0 .87k
1.331 0.909
1.377 0.943T

100 125

0, 19& 0.239
0.224 0.184
0.234 0.209
0.204 0.234
0.314 0.257
0.340 0.279
0.365 0.303
0.391 0.322
0.1$3.3 0.342
0.438 0.361
0:1.58 0;376
0.483 0.390
O.szl O.LQ
0.540 O,lbcm
0.%8 0.403
0.591 0.410
0.622 0. m9

150

0.120
0.137
0.235
0.173
0.190
0.206
0.212
o.23a
0.253
0.267
0.280
0.294
0.308,
0.322
0.336
0.349
0.361T

2(Y3 304

0.100 0.100
0.110 0. lSCI
0.125 0.100
0. 1U7 O.lw
0.234 0.224
0.168 0.125
O.lm 0.2.35
0.195 O.UA
0.208 0. 15&
0.220 0.163
0.232 0.177.
0.144 0.181
0.255 0.189
0.267 0.198
0.27s 0.206
0.289 0.214
0.298 0.222

I Place
Oimmsims

(in. )
I

Fr~ WELW bad (psi) for
Standoff Di.sumce (ft) .af--

L-.l=.k 73

13.78
13.54
13.36
23.29
13.17
22.90
12.6.9

G:z
22.03
11.78
22.55
11.29
U.07
lk. 46
lb. 19
13.91

l@3

8.38
8.26
8.17
8.22
8.05
7.S8
7.71
7.60
7.45
7.32
7.17
7.11
7.10
7.11
7.22
7.04
6. !45

123

—

6.58
6.52
6.u
6.43
6.%
6.24
6.23
6.06
5.96
3.87
5.81
5.75
5.69
5.70
5.69
5.67
5.57

3-%0

—

5.68
5.61
3.66
5.64
5.56
5.45
5.37
5.30
5.21
5.11
5.OD
6.91
k. 82
4.73
6.65
4.55
4.4A

.

2DD

4.58
1$.09
4.05
b. 01
3.94
3.87
3.78
3.74
3.68
3.59
3.52
3.46
3.37
3.32
3.26
3.20
3.22
—

300

4.58
3.&3
2.72
2.38
2.32
2.31
2.27
2.21

;:Y3
2.09
2.05
2.DD
1.97
1.93
1.89
1.86
—

500
-

0.100
0.102
0.100
0.103
0.100
O.lLW
0.100
0.105
0.U2
0.119
0.125
0.132
0.2.38
0.1!+4
0.L30
0.156
0.162

—

—

500

4.58
3.&3
2.72
2.22
1.83
1.53
1.31
1.23
1.21
1.19
1.16
1. Zf
1.12
1.10
1.08
1.06
1.04
—
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Table D-3.c5. P32nimI0 mickness of Zhermlly Tempered Glass Glazing and
Frame Design load co Survive Incidenc Gverpressure frm
300 Pounds TNT at Various Standof f. Distances--

Place
Dim#ms

Aspect Ratio, ./b . 2.00

b a

P1.ce
DSmcnsion8

(in. )

b

50

0.396
0.460
0.S23
0.587
0.646
0.703
0.877
0.961
1.005
1.06S
1.123
1.180
1; 236
1.291
1.345
1.397

Mnimm 2X Glazing ~ickness (in. ) for
Standoff Distance (ft) of --

75 Mm 123 230 200 300 500

0.269 0.210 0.165 0. lks 0.100 0.100 0.100
0.322 0. 2&3 0.191 0.168 0.113 0.100 0.100
0. 35s 0.277 0.7.17 0.191 0.129 0.100 0.100
0.398 0.320 0.262 0.223 0.143
o.&39 , 0.342

0.107 0.103
0.269 0.234 0.238 0.13.8 0.100

0.470 0.372 0.296 0.!?53 0.172 0.128 0.100
0.517 0.1.o1 0.322 0.272 0.2.85 0.138 0.101
0.555 0.430 0.346 0.290 0.199 0.148 0.10s
0.592 0.458 0.369 0.305 0.212 0.1s7 0.116
0.629 0.486 0.390 0.320 0.224 0.166 0.123
0.663 0.311 O.&lo 0.333 0.236 0.176 0.231
0.697 0.536 0.429 0.345 0.269 0.1s4 O.lm
o.e43 0.561 0.448 0.356 0.261 0.193 0.ti6
0. S.91 0.582 :;:; 0. 3s9 0.272 0.202 0.153
0.918 0.602 0.353 0.282 0. 2Q9 0.160
0.955 0.622, 0:501 0. 3s3 0.291 0.217 0.167

50

29.59
29.33
29.03
28.90
28.35
27.76
36.28
35.67
35.01
34.24
33.&6
32.73
32.03
31.36
30.72
30.06

fia@x Desire Laad (~Si)f.?
Standoff Distance (ft) of --

75 100 123 230 200 300 500

13.65 8.24 5.W Lh99 6.22 4.22 1$.zz
13.49 8.22 5.79 1..95 3.97 3.15 3.13
13.38 8.18 5.15 &.92 3.97 2. so 2.50
3.3.28 8,11 5.68 4.86 3.85 2.30 2.04
13.09 8.01 5.69 Lao 3.81 2.27 1.66
12.83 7,86 5.69 L,.70 3.74 2.21 1.39
12.61 7.70 5.67 4.63 3.611 2.17 1.20
3.2.38 1,56 5.61 Ihsg 3.59 2.13 1.18
12.15 7.42 5.55 lb.35 3.52 2.07 1.3.7
3L 94 7.30 5.46 Lhsl 3.42 2.02 1.12
11.66 7.12 5.36 4.46 3.% 2.OQ
u. &z b.91J 5.2.

2..11
&.1$1 3.30 1.s4 L 08

3.1.17 6.82 5.17 4.36 3.24 1.90 1.07
l&.61 6.67 5.09 1..34 3.16 1.87 1.04
14.31 6.52 5.01 4.33 3.08 1.81 1.02
l&.05 6.40 tI.91 4.24 2.99 1.77 0.99
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Ta.ble D-3.c.6. 14iRlmm mtcknass of ‘rnemally Tcxper.d Glass G1azinB and
Frame kdgn Load m Survive Incident Gverpress.re from
3DD Pounds Tf72 at various standoff Distances --
Aspect kcio, a/b - 3.G@

‘Ia

T
12.000 36.0C4
16. OCQ 42.000
16.000 L8.00D
18.000 54. OW
20.000 60.00D
22. OCQ 66.00+3
2&. ODD 72.000
26.01X3 78.0C43
28.000 8&.000
30.000 90.000
32.0@3 96.000
3+000 1D2.000

Hinim.uo ~G Glazing ‘73ickness (in. ) for
Standoff Distance (ft) of --

=--F-l=
0. 1+33 0.293 0.229
0.502 0.341 0.266
D.571 0.387 0.343
0.636 0.433 0.339
0.699 0.475 0.371
0.878 0.517 0.404
0.948 0.559 0.437
1.013 0. 6DD O.&68
1.079 0.637 0.!+98
1. U+l 0.67k 0.527
1.202 0.821 0.555
1.262 0.862 0.383

0.192 0.165
0.223 0.192
0.253 0.217
0.202 0.241
0.309 0.264
0.334 0.287
0.362 0.309
0.387 0.329
0.410 0.249
;.:;; 0.368

0.387
o.k77 0.&06

200

0.3.36
0.157
0.177
0.197
0.23.3
0.233
0.250
0.266
0.281
0.296
0.313
0. 32b

30D

0.100
0.110
0.1211
0.136
Q.l&9
0.159
0.166
0.168
0.162
0.171
0.181
0.191

,500

0.100
0.1CJ3
0.104
O.lW
0.102
O.lzl
0.120
0.129
0.2.38
0.146
0.255
0.163

Plate
Di.m#as

I

7=-F
36.000
62. Ow
&8. ooD
34.000
60.000
66. OW
72. ODO
78.002
S4. 003
90.000
96.003

LO2.0GfJ

29. I.3
29.06
28.78
Z8.22
27.61
36.00
35.26
34.44
33.56
32.69
31.89
31.14

13. k7
13.41
13.22
3.3.08
12.75
12.48
12.26
lz. ofl
22.70
u. U
11.16
14.53

Frame Design Imsd (psi) for
Standoff D18tar.ce (ft) of --

lW 125 350 200 30D 500

8.23 5.79 4. u 3.19 2.06 2.OC
8.16 5.75 L.1$4 3.13 1.95 1.81
8.L3 5.68 k. 35 3.06 1.93 1.78
.7.97 5.59 6.26 3.01 1.89 1.55
7.78 5.k5 4.23 2.93 1.87 1. M
7.62 5.3b 1.. o7 2.86 1.82 1.05
7.lb9 5.23 3.98 2.79 1.79 1.02
7.32 5.11 3.86 2.72 1.77 0.99
7.33 4.97 3.76 2.64 1.77 0.96
6.97 4.85 3.66 2.50 1.72 0.91
6.80 4.72 3.s7 2.52 1.67 0.90
6.65 4.62 3.49 2.J+4 1.62 0.86
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ninhum T2t C1azin8 mickness (in. ) for
Standoff Distance (ft) of --

I

50

0.4A7
0.519
0.508
0.653
0.828
0.901
0.970
1.036
1.101
1.164

75

0.303
0.352
0.400
0.644
0.468
0.531
0.573
0.612
0.650
0.6.94

100

0.237
0.275
0.312
0.367
0.381
0.433
0.448
0.L78
0.508
0.537

Tablec-3.c7. lun2mM micknessof ‘lhermally ‘zenqered G1ase Glazing and
Frame lksign had co Suwive Incident Ouerpressure from
3C0 Pounds ~ at Various Standoff Dismnces--
Aspecc R2.tie, ail - LOO

E

Place
Dfmnaions

(in.)

ba

12.00+3 U.ooil
l&.000 56.000
16.000 6&.00Q
18.000 72.000
20.000 80.000
7.2.OW 88.000
24.000 96.000
26. OW 10+.000
28. WO U2.000
30. OW 120.000

125

0.199
0.231
0.261
0.290
0.319
0.367
0.374
0.399
0.424
0.448

I 230

0. L74
0.202
0.228
0.7.53
0.277
0.302
0.324
: ;g

0.387r200

0.142
o.16b
0.185
0.205
0.225
0.245
0.264
0.2s2
0.300
0.317r3ci7

0.107
0.122
0.137
0.152
0.166
0.178
0.191
0.203
0.213
0.222r500

0.100
0.100
0.100
0.100
0.109
0.119
0.129
0.136
o.l&7
0.136

I

Plate
Dtinaic.ns

(lIl. ) I

Prme Desi8n Load (psi) for
Standoff Distance (ft) of --

b a 50 75 lCO lzf 230 200 3@3 500

12.000 lb8. oCrl 29.27 13.45 8.23 5.80 6.1$6 3.02 1.81 1.63
14.000 56. OW 28.99 U.33 8.14 5.74 6.62 2.96 1.75 1.30
16. DW 64.000 18.49 13.18 8.02 5.61 4.31 2.89 1.70 1.12
18.000 72.090 27.76 12.83 7.W S.kl k. 20 2.81 1.67 0.97
20.000 80. OW 21. U 12.56 7.65 5.37 4.08 2.76 1.62 0.90
22. OW 88.000 35.38 3.2.29 7.51 5.25 4.02 2.69 1.56 0.87
24.000 96.000 3&.65 12.02 7.35 5.12 3.89 2.63 1.53 0.85
26.000 106.OW 33.49 32.69 7.13 4.97 3.78 2.56 1.48 0.81
28.000 LU. 000 32.61 11.37 6.9k k.8S
30. Om 320. Ocm

3.67 2.50 1.G5 0.78
31.75 2.1.09 6.76 4.72 3.56 2.&3 1.37 0.75
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Table W3.dl. Md!nuin ‘LMckr.ess of Zhennally Tewered Glass Glazins and
Fram Desisn Load to Suivive Incident 0verpres6ure from
102 Pounds TNT at Various Standoff Distances--
AsPect 811ti0, ail - 1.00

I

Place
D3mnsiom

(in. )

i

12.000 12.000
14.000 l&. OG.3
16. OGi) 16. oW
18. OC.3 18.020
20.000 20.000
22. OW 22.000
26.000 2&. Ooo
26. o03 26.000
28.000 28.000
30.000 30.000
32.000 32.000
34.000 34.004
36.00+3 36.0W3
38.0G6 58.0of2
60.000 40.000
&2. oal &2.000
44.004 44.000
46.0S0 46.000
l@.000 &8.000
50. om 50. om
52. WJO 52.000
54.000 34. Om
56.0013 56.000
58. OW 58. OW
60.000 60.000

Plate
Dimmsi.m.

(in. )

b

22. om
24. Om
16.WO
18.000
20.000
22. om
24.000
26. OW
28. COO
30.om
32. W2
36.000
36.000
38.003
&o.000
42.002
w. 000
k6. OWJ
Im.000
50.000
52.000
56. Ocu
56.000
58.000
60.000

●

12.000
14. om
3.6.O@
18.000
20. Om
22. Oca
24.000
26.000
28. OGU
30.OGQ
32. DQO
34.OW
36.006
38. om
&o.0s4
42.000
u. 004
I,A.osa
&8. OLW
50.003
52. ooO
34.000
56. OW
58.000
bo.000

Mink TX GlazinE mickness (in. ) for
Standoff Dis&ce (ft) of --

T
23 50

0.387 0.190
0.U9 0.220
0.505 0.250
0.561 0.278
0.616 0.305
0.668 0.331
0.829 0.356
0.8S4 0.380
0.939 0.402
0.992 0.&24
I. O&o 0.444
1.083 0.463
1.123 0.&82
1.161 o.lb97
1.197 0.508
1.231 0.&91
1.263 0.507
1.292 0.523
1.319 0.338
1.344 0.552
1.365 0.566
1.384 0.579
1.402 0.591
1. L17 0.603
1. b39 0.623

75

0.121
0.140
0.239
0.3.78
0.195
0.213
0.230
0.247
0.263
0.279
0.294
0.309
0.326
0. 33s
0.351
0.363
0.375
0.385
0.396
0.605
0.425
0.426
0.435
0.443
0.634

100

0.100
0.122
0.127
0. 3.&1
0.235
0.169
0.383
0.196
0.209
0.221
0.233
0.245
0.237
0.268
0.280
0.2W
0.300
0.309
0.32.8
0.327
0.335
0.343
0.351
0.359
0.366

125

0.100
0.100
0.108
0.121
0.i33
O. M5
0.256
0.168
0.178
0.189
0.199
0.209
0.219
0.229
0.239
0.248
0.256
0.265
0.272
0.2843
0.287
0.294
0.301
0.308
0.323

230

0.106
0. lm
0.100
0.106
0.116
0.226
0.137
0.147
0.236
0.163
0.17&
0.183
0.192
0.201
0.209
0.217
0.225
0.232
0.238
0.245
0.251
0.257
0.263
0.269
0.214

200

—

0.1043
o.lm
0.100
o.lm
0.10+3
0.102
0.220
0.12s
0.126
0.124
0.141
0.148
0.235
0.162
0.168
0.175
0.181
0.187
0.192
0.197
0.202
0.207
0.212
0.217
0.221

300

—

0.100
o.lm
0.100
o.lm
0.100
o.lm
0.100
o.lm
0.100
0.103
0.106
O.lzl
0.226
0.222
0.126
0.131
0.136
0.140
0.141$
0.14s
0.=2
0.2.55
0.239
0.162
0.166

Fram Desigmbed (psi)for
3candoff Diacance (ft) of --

23

—

59.73
59.07
57. )J
55.78
54.118
52.94
51.39
66.39
64.59
62.79
60.66
58.27
55.88
53.61
51.43
lb9.33
67.32
45.30
43.36
41.49
39.57
37.72
35.99
34.28
33.03

50

25.7a
23.58
15. k3
25.12
16.79
14.55
M. 37
14.28
13.96
13.7?
13.55
33.33
13.14
12.87
12.54
12.45
12.3.1
22.80
11. La
11.15
10.85
10.55
10.23

9.94
9.67

75

—

9.40
9.27
9.1)
9.09
8.87
8.77
8.61
8.48
8.32
8.18
8.01
7.86
7,73
7.60
7.45
7.28
7.13
6.94
6.79
6.60
6.45
6.32
6.15
6.02
5.88

355

lW

6.89
6.37
6.39
6.2&

H
3.96
5.84
5.7L
5.61
5.50
5.LO
5.32
5.21
5.14
5.02
4.91
lb. 79
1..67
4.37
i.. 1.5
4.35
4.25
!+.2.6
4.06

i25

6.S9
5.32
6.83
L.79
k. 70
4.63
4.52
4.k8
4.35
6.28
&.19
&.11
4.04
3.98
3.92
3.8k
3.75
3.69
3.59
3.52
3.43
3.35
3.28
3.22
3.16

-

i50

6.89
5.32
4.25
3.82
3.73
3.65
3.63
3.57
3.1.9
3.&l
3.35
3.29
3.26
3.20
3.13
3.07
3.02
2.95
2.87
2.81
2.76
2.68
2.62
2.56
2.50

200

—

6.89
5.32
4.23
3.k7
2.91
2.56
2.51
2.47

2.:1
2.35
2.31
2.26
2.23
2.17
2.14
2.10
2.06
2.00
1.95
%. 91
1.86
1.83
1.79
1. 7L

—

30L7
—

6.89
5.32
.6.23

3.67
2.91
2.U
2.14
1.87
1.66
1.47
1.66
1.42
1.39
1.37
1.24
1.32
2..30
1.27
1.2L
1.21
1.18
1.15
1.13
1.10
1.08

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
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T.bleD-3.d.2.U2nf.mum~icknessof~ermallyTeqeredGlassGlazingand
FrameDesign2m.dcoSurJiveIncidentOverpressurefrom
100POWV3S27+’2atVariousStandoffDiSCanC.tS--
Aspecc RAtio, ail - 1.25

1
Place

D2m:~
tUn2mu0 21C Glazing mickness (in. ) for

Standoff Dlscmce (ft) of --

b a 25 50 15 104 123 150 200 300

12. Oca 15.000 0.kk7 0.22.2 0.130 0.105 0.100 0.100 0.100 0.100
14.000 17.500 0.516 0.245 0.231 0.122 0.105 0.100
16.00Q 20.000

O.lW O.lca
0.581 0.277 0.170 0.139 0.229 0.103 0.100 0.100

18.002 22.5@7 0.645 0.306 0.189 0.154 0.132 0.125 O.lw O.lca
20.000 25.000 0.708 0.333 0.208 0.169 0.145 0.126 0.103 0.100
22. OCO 27.5WJ 0.834 0. 3s5 0.2’27 0.1s4 0.158 0.137
24.000 30.000

0.112 0.100
0.949 0.398 0.265 0.199 0.170 0.148 0.120 0.100

2s.000 32. SW 1.022 0.&31 0.262 0.213 0.181 0.158 0.129 0.1M7
28.000 35.000 1.076 0.461 0.278 0.226 0.193 0.168
30.000 37.5C43

0.137 0.105
1.132 0.486 0.295 0.239 0.2C4 0.2.77

37..000 ko. om
0.145 0.12.2

1.181 0.522 0.323 0.252 0.223 0.187 0.233 0.117
36.000 42.5@3 1.228 0.s% 0.326 0.265 0.225 0.196
36.000 &5.000

0.160 0.122
1.272 0.553 0.341 0.277 0.236 0. 20s 0.168 0.128

38. OW b7.5@3 1.32A 0.572 0.334 0. 2s8 0.245 0.214 0.175 0.133
Lo. 0in3 50.000 1.353 0.s89 0.367 0.298 0.253 0.222 0.181 0.138
&z. Om 52.500 1.389 0.60S 0.380 0.308 0.262 0.229 0.187 0.143
u. 000 55. o@3 1.&22 0.619 0.392 0.317 0.270 0.237 0.193 0.147
1+6.0@3 57.5m 1.&52 0.629 O.&of+ 0.326 0.278 o.2kk 0.199 0.132
68.000 60.000 1.b79 0.633 0.U3 0.333 0.285 0.251 0.205 0.236
50.000 62.5C0 1.503 0.626 0.426 0.343 0.293 0.257 0.210 0.160
52.000 65.000 1.523 0.585 0.437 0.352 0.300 0.264 0.223 0. 16k

Plate
D~ns ~

Fr.sm Design Load (psi) for
Standoff Distance (ft) of --

b ● 23 50 75 102 125 150 200 300

L2.00f2 15. 0C=3 59.49 14.33 9.35 6.25 5.72 5.72 S.72 5.72
Lk.000 17.500 58.24 M. 22 9.27 6.21 4.75 lb.38
L6. 040 20.000

4.38 4.38
56.34 13.98 9.01 6.17 k. 68 3.70

18.000 22.500
3.52 3.52

5s.05 23.65 8.80 6.00 6.57 3.66
20.000 25.000

2.87 2.87
53.73 13.30 8.64 5.86 4.49 3.57 2.51 2.39

22.0013 27.500 69.23 23.23 8.52 5.76 6.42 3.50 Z.&b 2.02
24.000 30.000 67. O-A 13.23 8.34 5.67 4.33 3. u 2.39 1.74
26. OCO 32.500 6k.96 23.22 8.24 5.53 4.21 3.35
28.000 35.000 63.08

2.36 1.51
13.22 7.91 5.41 4.14 3.28 2.30 1.&5

30. 0M7 37.500 61.05 12. all 7.76 5.28 &.05 3.19 2.25 1.41
32.0C13 40.004 58.40 12.60 7.59 5.18 3.97 3.13 2.21 1.38
w. OCO 42.5U3 55.93 12.34 7.ko 5.08 3.88 3.06 2.15 1.311
36.000 45.0S0 53.53 11.96 7.23 4.97 3.s2 3.00 2.12 1.32
38.000 47.500 52.27 !-2.61 7.02 1,.8& 3.71 2.94 2.07 1.28
40.000 50. OW 49.05 11.25 6.82 4.70 3.59 2.S6 2.01 1.25,
42.002 52.500 U.89 10.89 6.65 4.57 3.51 2.78 1.95 1.22
44.004 55.000 W. 78 10.52 6.L6 4.45 3.kl 2.72 1.90 1.18
46.000 57. 3ca 42.72 10. ‘lb 6.30 b. 33 3.32 2.65 1.85 1.2.6
1.8.000 60.002 1,0.71 10. C4 6.12 i.. 22 3.22 2.58 1.81 1.13
50.000 62.500 3s.74 9.79 5.95 L.11 3.15 2.51
52.0CX3 65.0@2

1.76 1.10
36.78 9.68 5.81 4.02 3.07 2.I.5 1.71 1.07
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TableD-3.d3,Hln2mmThicknessof21Mrm.sllyTemperedclassGlazingand
FrameDesignbad toSurviveIncidentI?ferpressureEra
100Pounds T5iZ at Varicus Scar.d.aff Discmces --
Aspecc 7&cio, ./b - 1.50

Place
Dimmims

(2%)

b

12.000
14. Ooc
16.00S
18. Ooc
20.000
22. 00s
24.000
26. OSd
28. OW
30.000
32. OW
3LI.000
36.000
Sa. ow
40.00D
42.0S0
4&. oQo
46. 0@3
48. OwT

a 25

28.000 0.500
21.0S0 0.575
Z&. 000 0.648
27. OOD 0.830
30.003 0,908
33. Ow 0.982
36.000 1. 05L
39.000 1.124
&2.00o 1.192
45.000 1. 14S
48.000 1.302
51. 0S0 1.352
Slhooo 1.399
57.002 1.443
60.000 1. 4S4
63.000 1.522
66.000 1.356
69.000 1.386
72.000 1.612

!4i.ti TX Glazing mickness (in. ) for
Standoff DiStallC. (ft ) of ‘-

50

0.246
0.285
0.322
0.357
0.391
0,&23
0.&52
0.&81
0.508
0.535
0.561
0.581
0.599
0.617
0.633
0.636
0.666
0.696
0.823

75

0.166
0.192
0.216
0,224
0.260
0.278
0.261
0.275
0.290
0,307
0.322
0.331
0.351
0.365
0.378
0.390
0.402
0. b24
0.1+25

10D

0.U2
0.12Q
0.167
0.2.63
0.2.79
0.2.94
0.209
0.223
0.238
0.251
0.265
0.277
0.288
0.300
0.310
0.321
0.331
0. 3U3
0.349

125

0.100
0.113
0.127
0. lQ
0.2.35
0.168
0.2.81
0.1%
0.206
0. 22s
0.229
0.239
0.269
0.258
0.267
0.275
0.282
0.29D
0.297

Place
D2w#ns

!

‘I”
12.000 1s .000
lb. 00D 21. Obo
16.000 24.000
18.00D 27. OW
20. OW 30. OQI
22.002 33. O(MJ
2f$.000 36. 00D
26. OMI 39. Oaz
2a. 000 42. OCJ3
30.00D U.ow
32.000 48. Ow
S4.000 51. 0s.3
36.000 36. 0S4
38.000 5’7. m2
40.000 60.000
42.000 63. L7C0
u. 000 66. !300
46. 0S43 69.000
IJ8.000 72.0DJ2

25

59.39
57.70
56.22
56.55
70. S1
68.15
65.97
63.93
61.99
39.20
56.63
54.09
51.66
k9.33
k7. 08
b. 92
$2.78
$0.66
38.58

50

2.4.38
14.18
13.85
13. k6
13.25
12.82
12.43
12.10
11.75
22.45
11.16
2.0.74
10.32

9.9s
9.57
9.2.7
9.16
9.16
8.10

250[200] 3001

0.100 O.lcm 0.100
0.100 0.100 0.1Q2
0.212 0.100 O.1OD
0.124 0.100 O.lDO
0.136 0.109 0.100
0.148 0.119 0.100
0.238 0.128 0.100
0.169 0.136 0.106
0.179 0. 2.&5 0.3.22
0.189 0.153 0.13s
0.199 0.2.62 0.123
0.207 0.169 0.2,31
D.216 0.176 0.136
D.22& 0.183 0. S.1
D.231 0.190 0.246
3.239 0;196 0.251
3.246 0.202 0.255
). 253 0.2W 0.16D
9.259 0.213 0.164

I I I

Frama 2hMign I..xd (psi) for
Standoff Distance (ft) of --

75

8.37
8.28
8.12
7.92
7.76
7.62
7.76
7.66
7.5s
7.41
7.17
6.97
6.75
6.56
6.36
6.2.3
5.96
5.79
5.61T

10D 125

6.21 5.00
6.15 4.70
6.02 4.55
5.86 ..44
5.73 lb.35
5.57 4.23
5.44 4.13
5.28 6.04
5.19 3. w
5.04 3.86
6.94 3.13
4.78 3.61
k. 62 3.50
&.50 3.39
l+.35 3.30
4.23 3.21
6.11 3.22
3.97 3.03
3.85 2.95T

250 2@3

5.DD 5.00
3.72 3.72
3.58 2.99
3.1+7 2.b5
3.39 2.37
3.36 2.36
3.23 2.’29
3.17 2.21
3.09 z, 17
3.03 2.11
2.97 2.08
2.07 2.01
2.80 1.95
2.72 1.90
2.62 1.06
2.56 1.80
2.48 1.75
2.kl 1.70
2.33 1.643

5.00
3.72
2.99
2.h5
2.W
1.72
1.k7
1.1$1
L. 36
1.32
1.31
1.27
1.23
1.19
1.16
1.13
1.09
1.06
1.03
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TableB3.15.4.nfniwm mlckr.essof tirmally Tempered Glass Glazingand
FrameDesignLoadtoSurviveIncidentmerpress.refrom
100Pcunds15iTat VariowsStandoffDistances--
Aspect Ratio, db - 1.15

1
Place

Dim&rrs
Minimum 2TG Glazing I! Mckness (in. ) for

Standoff Distance (ft) of --

!
3oa

0.100
O.lm
0.100
0.100
0.100
0.103
0.1o2
0.109
0.226
0.122
0.128
0.133
0.236
0.lb3
0.148
0.154
0.160

123 330b

lz. aoo
lb. Ow
16. OW
18. Ow
20. Ow
22.000
24.WO
26.OUl
28.OCQ
30.000
32.000
%. 000
36.OW
38.000
40.Ow
42.000
4$.Ow

25 50

21. Wo
w. 5W
28.000
31.5s43
35.OW
3S.5W
&2.Ow
&5.5w
69.000
52.5W
56.0S4
59.5W
63.00i7
66.500
70.030
73.5W
77.000

0.530
0.609
0.6S6
0.879
0.960
1.03a
1.3M
1. Ma
1.256
1.314
1.369
1.&22
1. L70
1.5=
1.557
1. 59s
1.628

0.261
0.303
0.341
0.378
0.423
0.&51
0.44
0.516
0.348
0.379
0.608
0.633
0.653
0.673
0.691
0.707
0.a53

0.173 0.225
0.199 0.140
o.22a 0.3M
0.256 0.170
0. 2a4 o. la6
0.307 0.200
0.328 0.214
0. 34a 0.227
0. 36a 0.241
0. 3a7 0.234
0.402 0.266
0.4s o.27a
0.42’2 0.289
0.423 o.3@3
0.396 0.310
0.399 0.320
o. boa 0.330

0.100
0.133
0.130
0.145
0.238
0.172
0.234
0.197
0.209
0.220
0.230
0.240
0.249
0.258
0.267
0.275
o.2a2

0.100
0.102
0.133
0.127
0.139
0.151
0.162
0.173
0.la3
0.193
0.201
0.2W
0.217
0.224
0.231
0.239
0.265

0.100
0.104
0.100
0.103
0.113
0.122
0.131
0.139
0.146
0.156
0.163
0.170
0.177
0.184
0.190
0.197
0.203

Plate
Dimr.r.ym

ham ksian Load (pSt)for
Scarutof f Distance ( ft ) of --

~

200 300

b.5a 19.5.3
3.L3 3.b3
2.72 2.72
2.34 2.22
2.29 I. a3
2.21 1.53
2.23 1.36
2.07 1.32
1.02 1.19
1.96 1.25
1.a9 1.21
1.83 1.16
1.11 1.12
1.72 1.08
1.66 1.05
1.63 1.02
1.58 0.99

1
125

&.58
lb.k5
4s.36
4.29
4.13
&.os
3.90
3.a2
3.71
3.59
3.46
3.35
3.23
3.12
3.03
2.93
2. a3

—

b

12.000
14. am
16.000
la.ow
20.000
22.000
24.000
26.000
2a. oc.3
30.003
>2. wlo
34.003
36. OW
3a. om
40.000
6’2.003
U).ow

25 50 75 3.30a

7.1.000
2L. 5m
2.S.OW
31. 5WJ
35.0s.2
3a.5G2
Ikz.ow
b5.5w
&9. ooO
52. 5W
56. IXJO
59.500
63.0S4
66.5@3
70.00+7
73.5W
77. Ow

59. oa
57.31
55.67
72.22
69.78
67.42
65.25
63.23
60, %
58.10
E.5,L3
5’2.90
50.50
&6.14
&5. 89
&3.68
Ill. 46

16.33
24.19
13.76
23.36
13.04
32,73
12.32
31.93
11.60
21.28
10.93
10.50
10.06

9.67
9.29
8.90

11.38

7.22
7.11
7.13
7.12
7.U
6.97
6.82
6.67
6.52
6.37
6.i7
5.96
5.80
5.69
5.67
5.56
5.38

5.70
5.68
5.65
5.51
5.LA
5.25
5.12
6.98
4..87
6.72
4.56
6.!+2
b.26
&.13
3.98
3.86
3.74

k.58
3.35
3.b6
3.35
3.26
3.19
3.09
3.01
2.92
2.85
2.74
2.6&
2.56
2.47
2.3a
2.32
2.23

——

358

Source: https://assist.dla.mil -- Downloaded: 2016-12-11T03:06Z
Check the source to verify that this is the current version before use.



MIL-HDBK-lo13/l

Table D-3.d5. H2nf.m.m mickness of memally Tempered Glass C1azinS and
Frame Design Lad co Survive3ncidencWerpress.re frm
100 Pads ~ at Vari.msStandoffDi8caoces’-

rPlate
Dime;ons

b.

12.0C4 24.Ow
14.000 28.000
3.6.0@332.000
18.0~ 36.000
20.000 &o.os.z
22.Ocm U.000
26.000 68.012Q
26.000 52.000
28.000 56.OCQ
30.000 60.002
32.000 64.000
34.OCW 68.owJ
36.003 72.0@2
Za.oGu 76.Om
w. 000 80.000
47,.000P&.ooO

Aapecc LUci.a, @J - 2.00

I

2s

0.559
0.6&l
0.824
0.925
1.009
1.091
1.170
1.247
1.31&
1.375
1.&32
1.485
1.535
1.580
1.622
1.6EJ3

M.imm = Glazing ~ickaess (in. ) for
Starldof f D2stance ( ft) of --

50 75 lm 125 330

0.275
0.320
0.359
0.39s
0.437
0.673
0.508
0.563
0.576
0.609
0.636
0.662
0.686
0.709
O.w
O.S67

0.193
0.223
0.251
0.277
0.301
0.322
0.341
0.360
0.378
0.403
0.47.7
o.k43
O.&56
0.466
o.lt79
0.4=

o.3.4s
0.170
0.190
0.210
0.228
0.243
0.257
0.270
0.279
0.168
0.267
0.278
0.289
0. 3SU
0.310
0.319

0.108
0.120
0.133
0.167
0.161
0.174
0.3.87
0. 2CU
0.221
0.222
0.232
0.241
0.250
0. 2S9
0.267
0. 27k

O.Isa
o.10s
O.ns
0.131
0.142
0. 1%
0.165
0.176
0.185
0.194
0.202
0.220
0.23s
0.223
0.232
o.22a

I I I I

fit,
Df.m#ms

I

Fr6me 08s1s0Load (psi) for
standoff Distance (ft) of --

b .’ 123150

14.OW 58. % lb. 27
2s. Om 56.96 14.02
;::g 55.37 13.68

71.76 13.28
40. om 69.16 12.97
44.000 66.82 22.56
ks.om 66.58 12.3.7
32.0+30 62.50 3.2.’95
56.om 59. Sk 11.50
60. om 57.08 22.20
6k. om 54.&l 10.73
68.000 53..83 10.30
72. !3CU2 49. 4a 9.87
76. OW 46.97 9.h6
80. IMO U. 68 9.07
worn 62.4.5 31.38

75
—

7.22.
7.09
6.90
6.70
6.52
6.31
6.08
5.89
5.71
5.68
5.63
5.47
5.29
3.11
4.93
6.76

100

—

3.12
5.02
4.88
6.78
b.65
&,S8
&52
4.46
4.3s
lb.35
4.23
4.07
3,93
3.81
3.68
3.54

2.23
—

b.37
4.28
&20
&06
3.9s
3.82
3.71
3.62
3.k6
3.36
3.24
3.11
3.00
2.91
2.81
2.70
—

o.10+2 0.100
o.lm o.lm
0.1S4 0.100
0.105 o.lm
0.223 0.100
o.12Jl o.lm
o.133 0.206
0. l&2 o.121
0.350 0.228
0.158 0.12/$
0.165 0.2.31
0.171 0.13s
0.178 0.143
0.1% 0.151
0.190 0.2.58
0.196 O.ldk

T
230 200

k. 22 4.22
3.43 3.15
3.34 2.50
3.26 2.22
3.12 2.17
3.05 2.09
2.95 2.03
2.87 1.97
2.76 3..90
2.66 1, 8k
2.55 1.77
2.1$5 1,68
2.37 1.63
2.28 1.s7
2.20 1.51
2.11 1.k61

30Q

k.22
3.25
2.50
2.C4
1.66
1.39
1.27
1.24
1.21
1.16
1,11
1.06
1.Ob
0.99
0.97
0.92
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Table D-3.&6. U3nimm 2hickneas of Thermally Tempered Glass Glazing and
Frame OMign bad co Survive Ineldent Cwerpres sure from
100 P.nm4s2NTM V.rlcusStandoffD38tancea--
A#peccRatio,alb- 3.00

I
ba

12.”00036.000
M. Ow 62.002
16. CZ30 48.000
23.000 64.000
20.000 60.004
22.000 66.0cQ
24. om 72. DOO
26,000 78.000
28.000 84.000
30. OW 90. 0s73
32.0@2 96.000
34.003 202. OCQ

P3ate
D3.m&ua

T
“ba

.2.00036.0U3

.6.00042.000
L6.000 48.000
..5.Om %.000
!O. OfM 60.002
t2. OCO 66. OMI
!4. CW 72.000
16.000 78.000
L8.000 S4.000
)0.000 90.000
12. OCtl 96.000
14.0U2 202.000

n2ni0m ~ Glazing 721ickaes* (in. ) for
Standoff Distance (ft) of--

I

25

0.605
0.693
0.9oa
0.992
1.081
1.167
1.2b7
1.3211
1.377
1.436
1.&90
1.539 I

50 75

0.30L7 0.213
0.3LA 0.2&5
0.388 0.275
Ok-w 0.305
0.&69 0.333
0.507 0.360
0.34 0.386
0.580 O.&lo
0.612 0.430
0.640 0.447
0.667 0.U4
0.691 0.478 T

100 125

0.167 0.143
0.191 0.164
0.216 0.164
0.236 0.202
0. 2S6 0.220
0.276 0.236
0.295 0.250
0.331 0.262
0.332 0.273
0.347 0.285
0.361 0.196
0.373 0.306

150

0.123
O.v.o
0.2.36
0.172
0.187
0.202
0. 22k
O.zz&
0.230
0.235
0. MO
O. 2f+31

200 300

0.100 0.100
O.lca O.lco
0.21.9 0.100
0.129 0.100
0.135 0.103
0.127 0.U.2
0.136 0.220
0.145 0.12s
0.155 0.136
0.163 0.144
0.172 0.232
0.181 0.159

ham Oesi@ Load (psi)for
Standoff D2stanee (ft) Of --

z.

57.45
55.38
71.51
60.66
66.03
63.59
61.01
57.72
56.66
51.78
49.00
46.31

so.

14.13
33.65
13.29
12.90
12.43
12.00
22.61
22.25
10.80
10.29
9.82
9.24

75
—

7.12
6.92
6.68
6.69
6.27
6.05
5.85
5.65
5.1#1
5.12
b.89
4.63

lm

—

b.55
4.&o
&25
b.11
3.94
3.81
3.61
3.50
3.115
3.31
3.17
3.02

125

3.U
3.38
3.27
3.14
3.03
2.92
2.79
2.66
2.53
2.43
2.34
2.24

230

2.73
2.63
2.53
2.45
2.3a
2.31
2.21
2.12
2.03
1.95
1.88
1.81d200 304

2.06 2.06
1.92 1.81
1.86 1.78
1.81 1.55
1.77 1.13
1.77 1.09
1.68 1.02
1.57 0.96
1.53 0.91
1.&z 0.86
1.36 0.83
1.31 0.78
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TideD-3.d7. Mtnimu! mickneso of Thermally Tempered Glass ‘Glazing and
Frame ksim bad co Survive Lncident Cverpres sure fr..n
lSa Pounds 2N2 ●t Various standoff Mm.ar.ces--
Aapect 7uci0, ./6 - 6.00

r 1 1
I ,&Latem,

T-l-(in. )

,-
ba 15

i2. OIY3 48.000 0.621
l&. 000 56.000 0.83L
16.000 66.000 0.919
18. OM 72.0M3 1.022
20. ma 80.000 1.102
22. 0Q3 88.000 1.186

24.ooa 96.000 1.257
26.000 104. Ow 1.322

;28.000 LL2.000 1.382
30: Ow 220. OW 1.437

Minimum =G Glazing rnicb.. (in. ) for
Standoff Distame (fc) of --

50

0.308
0.353
0.39s
o.&39
0.479
0.517
0.555
0.587
0.616
0.644

75

0.219
0.251
0.282
0.322
0.2K7
0.367
0.393
0.623
0.436
0.464

10Q

o.17&
0.200
0.224
0.241
0.269
0.290
0.309
0.325
0.340
0. 3%

L25

o. L&9
0.170
0.190
0.209
0.227
0.245
0.262
0.276
0.289
0.301

230

0.131
0.150
0.168
0.1S4
0.200
O.ZM
0.225
0.236
0,245
0.253

I

P18te
DlmIs;ms

Ibl.

,12.000 48. OW
.16.0U3 56. OOO
16.0+3+2 64. Ow
18. Om 72. ow

:20.000 80.000
22.000 88. Ow
24.000 96.000

,26.0S0 Lo&.000
28.000 212. ooO
30.,000 Uo. om

I I

Frame 2esignbad (psi) for
Scaadoff Discm.ce (fc) of --

=--F--l
0.3.05
0.119
0.133
0.145
0.2.36
0.165
0.172
0.179
0. 1S4
o. 1s41

0.100
0.100
0.100
0. Mm
o. no
0.119
0. u?
0.1%
0.144
0.152

-1
23150

56.49 13.89
%.&o 13.41
69.58 13.05
66.67 12.55
64.04 3-1.10
61.30 31.65
57.86 11.28
56. s3 10.75
51.38 10.21
48.39 9.72

75 I ‘m I 125

IT
7.02 4.66 3.31
6.78 4.33 3.17
6.55 &.17 3.06
6.34 6.01 2.91
6.10 3.86 2.79
5.87 3.72 2.69
5.66 3.55 2.59
5.37 3.36 2.45
5. u 3.17 2.32
4.86 3.00 1.11

150

—

2.59
2.50
2.43
2.28
2.20
2.10
1.97
1.86
1.76
1.66

204

—

1.76
1.68
1.63
1.55
l.ka
1.60
L. 30
L. 24
1.17
1.10 1

1.63
1.30
1.12
0.97
0.93
0.87
0.80
0.76
0.71
0,67

. .
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Tible B3,c.1. ninimnn Tnicknes8 of ‘13erI&a11y Tempered Glass Glazing and
Frame rwign Load co Suwive 2ncfdenc Gverpress.re from
30 Pmmds ‘2N’2 at Variow Standoff DLstanc* s-- .
Aspect aatio, ail- 1.00

I

Plate
Dimceona

I

Mninnuo T2C Glazing ‘hickness (in. ) for
Standoff Dis;ance (ft) of --

i

12. DW 12.0042
lh. om u. 000
16.000 16.00D
18.000 26.002
20.000 20.000
22. OW 22. OCQ
26.003 Zk.000
26.000 26. OCO
28.0C4 28.000
30.ODO 3D.00D
32.000 32.0oo
%.oca Y+. OW
36.000 36. QOD
38.000 38.000
&o.000 60.000
42. OW fi2. oDo
U.000 419.000
46.000 46. OW
46.002 48.om
SO.0S+3 50.04W
S’2.000 Sz. ooa
shorn 34. om
56.lW2 56.ODU
58. Om 50. om
60.003 60.003

0.680
0.s95
0.998
1.098
1.185
1.261
1.330
1.393
1.U8
1.497
1.537
1.569
1.597
1.628
1.653
1.667
1.671
1.667
1.682
1.689
1.685
1. 66s
1.629
1.627
1.642

Plate
mlocasiarie

(b.)

b

Lz. om
w om
16. OSU
1.9. Oc!a
20.000
22. am
Zfb.octl
26. OW
28.000
30. ODO
32.000
34. 00D
36.000
38. Om
m. owl
1+2.OGO
44.000
i,6.000
1.8.000
50. om
52.000
54.000
56.oCM
58.0s0
60.00(

c25 50

0.’243 0.119
0.278 0.13s
0.312 0.234
0.342 0.170
0.372 0.3.86
0.409 0.201
0.k41 0.216
0.665 0.230
0.I.87 o. Z&z
0.508 0. 2%
0.527 0.264
0.544 0. 27fI
0.560 0. 2S4
0.572 0.294
0.578 0. m3
0.581 0.332
0.578 0.320
0.5&1 0.328
0.5S2 0.335
0.562 0.341
0.571 0.54s
0.579 0.353
0.586 0.358
0.591 0.364
0.596 0.370 ;

75 100

o.lm 0.100
o.lm O.lw
0.223 O.1OD
0.123 0.102
0.136 0.111
0.147 0.120
0.238 0.129
0.160 0.137
0.178 0. I&h
0.187 0.3.53
0.196 0.160
D.2C4 0.166
0.212 0.172
0.219 0.178
0.226 0. 19A
0.233 0.189
0.239 0.195
0.246 o.zm
0.251 0.204
0.257 0.209
0.262 0.213
0.267 0.226
0.271 0.2’20
0.275 0.27.3
0.279 0.226

I

123

D.ml
o.lm
0:100
D.lm
D.lm
0.101
0.108
0.116
0.123
0.129
0.135
0.140
0.146
0.151
0.155
0.160
0.164
0.164
0.172
0.176
0.260
0.183
0.366
0.189
0.192
—

150

D.100
o.lm
0.100
o.lm
0.100
0. 10D
0.100
0.102
0.108
0.113
0.118
0.123
0.127
0.132
0.136
0.140
0.144
0.147
0.131
0.134
0.157
0.160
0.162
0.165
0.167

4200

0.100
o.lm
0.100
o.lm
o.lm
O.lDO
o.lm
0.100
0.100
0.lm
0.100
O.lDD
0.104
0.107
0.3-21
O.lu
o.217
0.120
O.lx+
0.129
0.2.33
0.136
0.140
0.144
0.3.46

10

3W.40
234.70
223. k3
213.69
201.60
188.67
176.36
164.86
153.58
I&z. 99
232.48
122.29
313.01
105.4o

98.07
90.47
82.83
75.42
70.32
65.53
60.30
54.79
1+8.59
45.19
43.01

Fr.me Design bad (pni) for
Standoff Distance (fc) Of--

25

26.14
23.34
22.62
21.62
20.24
20.83
20.41
19. b8
18.56
17.72
16.89
16.07
15.31
14.56
14. CA
13.52
12.92
12.59
12.06
U.34
11.04
10.55
10.06

9.58
9.16

I I
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Tabl. C-3...2. H3rtti ~ic!mess of mermlly ‘2enpered G1ess Glazing and
Fram Eesim load to Survive Incidenc e?err.ressure fr.m
30 Pounds ti at Various Standoff Distance; --
A8pacc PAtio, alb - 1.7.5

Plate
Dbnensinrts

(in. )

M3nimm 7X5 GlazingZhickness (in. ) for
Standoff Distance (fc) .f --

100 125‘Ia 10 I 25 50 75 150 200

0.903 0.283
1.026 0.324
1.143 0.362
1.255 0.399
1.245 o.&33
1.628 0.665
1.503 0.&91
1.570 0.514
1.628 0.535
1.676 0.553
1.114 0.568
1.746 0.579
1.783 0.591
1.82,0 0.627
1.825 0.632
1.826 0.639
1.828 0.647
1.843 0.653
1.047 0. 6A6
1.837 0.564
I. ao7 0.560

0.127
0.145
0.163
0.180
0.197
0.22.3
0.227
0.241
0.253
0.265
0.277
0.288
0.298
0.307
0.316
0. 32b
0.331
0.337
0.243
0.s49
0.356

O.1OD
0.109
0.123
0.135
0. lk7
0.159
0.170
0.180
0.189
0.197
0.206
0.214
0.221
0.2’M
0.235
0.241
0. 2k7
0.253
0.258
0.263
0.268

0.100
0.100
O.lw
0.109
0.119
0.128
0.138
0.2.46
0.134
0.161
0.168
0.175
0.181

O.1OD
0.102
0.100
0.100
0.101
0.109
0.117
0.125
0.131
0.137
0. U+3
0.149
0.236
0.160
0.164
0.169
0.173
0.177
0.181
0.185
0.188

0.100
0.102
0.100
0.100
0. LOO
0.100
0.104
0.110
0.U.6
0.121
0.126
0.131
0.136
O.MD
0. 1&5
0.M8
o.132
0.136
0.239
0.162
0.164

0.2.07
0.193
0.198
0.203
0.2D8
0.212
0.23.6
0.220

I

1

Place
Dim;;ons Frame Design Load (psi)for

Standoff Distance (ft) of --

b 10 25 I 50 75 Isa 125 150

—

5.72
lb. 3a
3.52
2.87
2.39
2.02
1.86
1.78
1.72
1.64
1.57
1.31
1.46
l.ho
1.36
1.30
1.25
1.21
1.16
1.12
1.07

23.85 8.94
22.96 8.58
22..95 8.31
22.07 8.02
20.22 7.79
19.40 7.54
Lil. 35 7.LL
11.30 6.95
16.36 6.63
3s.65 6.36
l&. 5s 6.13
13.68 5.89
13.23 5.65
I.z.l& 5.42
12.43 3.21
22.80 6.99
11.22 4.78
10.66 4.57
10.13 4.39

9.69 4.23
9.X 4.10

!&Z. 78
L30. z7
!18 .81
!08. &2
;93.91
LEO.6&
,06. is
.36. S4
.44.94
.33.82
.23.01
13.07
.05.17
97.27
89.25
81.01.
74.00
68.82
63.46
57.87
51.17

5.72
5.08
b. 96
4.75
4.59
6.L7
k. 33
6.17
f.. DD
3.83
3.70
3.56
3.41
3.28
3.16
3.01$
2.92
2.82
2.71
2.61
2.52

5.72
4.38
3.32
3.33
3.23
3.11
3.05
2.92
2.82
2.70
2.60
2.51
Z.&l
2.32
2. Z1.
2.15
2.07
2.00
1.92
1.85
1.78

3.72
4.38
3.52
2.87
2.43
2.35
2.28
2.23
2.23
2.04
1.96
1.90
1.82
1.77
1.69
1.63
1.57
1.51
1.46
1.1+1
L. 36

5.72
h. 38
3.52
2.87
2.39
2.02
1.76
1.51
1.33
L. 18
1.13
1.08
1.06
1.01
0.96
0.9&
0.89
0.87
0.83
0.79
0.76
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T.blc L3-3.e.3. !+inimnz Tnick.uess of 72ier!na11y ‘km$-sred Glass Glazins and
Frame Oesign Load t. Sumive Incident CNerpress.re from
30 Pounds 3XT at Various Standoff Distances--
Aspect katio, ●il - 1.50

I , 1

Minhum 21t Glazing73 Mckness (in. ) for
Standoff Distance ( ft) of --

=--b 25 50 75 100 125 150

—

2001’
18.00D 1.004
21. Ow 1.139
24.040 1.268
27. 0@3 3..385
30.000 1.482
:$;3 1.571

1.650
39.003 1.720
L12.o@3 1.778
I$s. ocu 3..825
48.000 1.858
51. LmD 1.902
54.000 3..935
57.002 1.955
60.000 1.958
63. ODO 1.958
66.000 1.975
69. D(W 1.979
72. Osa 1.961L

12.000
16. ODO
16. 0S4
18.000
20. ODO
22. OWI
26. OCQ
26.000
28. OSQ
30.0C4J
32.004
34. ODO
36.000
38.002
40. ODQ
&z. ODD
44. OCQ
46.000
&8.oOD

0. 31.S
0.361
0.U13
0.443
0.482
0.516
0.5&6
0.573
0.59.9
0.622
0. 6U
0.655
0.662
0.666
0.672
0.677
0.670
0.696
0.703

0.239
0.181
0. 17k
0. 18S
0.205
0.220
0.2%
0.248
0.260
0.272
0.283
0.294
0.W4
o.313
0.321
0.329
0.336
0.344
0.351

0.101
0.116
0.130
0. 1b3
0.136
0.160
0.179
0. 1a9
0.198
0.207
0.215
0.222
0.229
0.235
0. Z&l
0.267
0.252
0.256
0.262

0.103
0.103
0.106
0.117
0.127
0.1%
o.145
0.3.53
0.160
0.167
0.1711
0.180
0.187
0.192
0.198
0.203
0.207
0.222
0.216

0.100
0.100
0.100
0.103
0.107
0.116
0.123
0.1?47
0.137
0.143
0.149
0.155
0.160
0.165
0.170
0.174
0.178
0.182
0.185

0.100
O.lcm
0.100
0.100
0.100
0.103
0.109
0.116
0.121
0.127
0.132
0.137
0. I&l
0.146
0.130
0.234
0.157
0.160
0.163

0.1oo
O.lDO
O.loa
O.lw
O.lDD
0.1C?3
0.100
0.100
0.101
0.105
0.109
0.124
0.127
0.122
0.127
0.132
0.136
0. lb2
0.145

—

Frans i?esign kmd (psi) for
Staad.ff Distance (ft) of --

‘1’
10

39.45
26.42
14.84
02.52
87.82
74. lb3
61.64
k9.70
37.93
26.59
15.32
07.05
90.83
90.5&
81.96
7J..34
68.92
63.31
57.44

25

—

23.57
22. 7k
11.70
20.72
19.87
18.82
17.70
16.61
15.60
14.66
13.73
12.86
11.99
31.16
10.67

9.8k
9.21
9.16
8.90

—

50
—

7.%
7.70
7.76
7.67.
7.43
7.09
6. 7S
6.47
6. ls
5.87
5.60
5.36
5.13
4.89
L. 65
4.44
4.23
1..O6
3.89

—

75

—

5.09
&.9fl
b.76
4.56
4.43
k.23
6.04
3.85
3.05
3.40
3.33
3.19
3.07
2.9&
2.82
2.71
2.59
2.46
2.38

—

Isa

—

5.042
3.72
3.26
3.11
3.06
2.96
2.84
2.71
2.58
2.46
2.36
2.26
2.18
2.07
2.W
1.91
1.82
1.76
1.68
—

125
—

5.DD
3.72
2.99
2.I.5
2.30
2.24
2.13
2.04
1.96
1.87
1.79
1.72
1.65
1.58
1.52
1.!+5
1.39
1.34
1.28

—

150
—

5.243
3.72
2.99
2.k5
2.04
1.81
1.71
1.66
1.57
1.51
1.U
1.3’3
1.31
1.21
1.21
1.17
1.3.3
1.06
1.02

—

200 I

T
12. OfJO 18.000
W Oca 21. 0W3
16.0017 2&.0U3
18.002 27.000
20.000 30. ooa
22.000 33. Om
24. WO 36.00D
26.0CK3 39.000
28.000 42.000
30.002 &5. OCCI
32.000 b8.000
3LOO0 51.000
36. OW 5&.00D
38. OCQ 57.0@3
&O.OWl 60. OW
&2. OCQ 63.000
44.00D 66. OW
46.034 69.000
48.0@3 72.00D

+

1
5.00’
3.72
2.99
2.45
2.04
1.72
1.67
1.27
1.13
1.07
1.02
0.99
o.%
0.91
0.87
0.%
0.78
0.76
0.71

I I
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TableD.3.eA. Minimm lhickness of ~ermlly Tempered Glaes Clazing and
Frame Cesign toad c. Suiwive Incident Werpressure from
30 Pounds 2?zC at Various Standoff Distances --
Aspect Raci., alb - 1.75

I

Place
D2!ncns;ons

(b.)
I

f4tn2mumT2C Glazing mickness (in. ) for
Standoff Disc.snce (fc) of --

I

]blal10

N
12. ODD 21.000 1.062
14. oLm 26. Son 1.20G
16.000 28. OOO 1.341
18.000 31.500 l.k%
Zo. ooa 35.0C4 1.559
22. ODD Za. sco 1.651
24.000 k2. ow 1.732
‘A6.0D41 IJ5. 500 1.802
28.004 &9. oOo 1.859
30.00D 52.5C0 1.903
32.00D 56.000 1.963
34.oGi3 59.5m 1.98b
36. O(KJ 63. Om 2.013
3s. om 66. 5CQ 2.023
40. OCCI 70. Om 2.016
bz. om 73.5aI 2.036
1#8.om 77.000 2.0k7

I 1 1 I
25 50

0.333 0.171
0.3.91 0.198
0.426 D. 219
0. k60 0.239
0.509 0.258
0.5113 0.273
0.514 0.2.92
0.607. 0.266
0.628 0.266
0.651 0.275
0.671 0.282
0.688 0. 7.9D
0.702 0.299
0.823 0.307
0.839 0.325
0.852 0.323
0.860 0.330

75

0.103
O.lls
O.lzz
0.145
0.158
0.169
0.179
0.189
0.198
D. 206
0.23!+
0.220
0.226
0.231
0.236
0.243.
0.267

0. 10+3
o.lm
0.109
0.119
0.229
0.13s
0.245
0.153
0.160
0.167
0.173
0.179
0. 3.SA
0.190
0.195
0.199
0.2D4

0.100
0.100
0.100
o.lm
0.109
0.117
0.324
0.131
0.137
0. lk3
o.l&9
0.155
0.160
0.164
0.169
0.172
0.177

3.30

O.lcm
o.lm
0.100
0. lm
0.100
0.104
0.110
0.117
0.122
0.128
0.233
0.137
O.l&z
0.165
0.1&9
0.1%
0.3.59 [

200

0.200
o.lm
0.100
O.lDO
0.100
0.100
0.100
0.100
0.103
0.109
0. US
0.12D
0.126
0.131
0.136
0. Wl
0.246

rb12.000
M. om
3.6.000
xs.om
20.000
22. om
26. Oi30
26. om
18. DOO
30.003
3i. GoG
34.Om
36.000
38.0@3
40. ODD
kz. om
44. om

a

zl. om
34.5m
28.000
31.5m
35. om2
5s.5m
kz. ow
ks. sm
k9. om
52. 5m
56.000
59.5m
63. om
66. sm
70. Om
73. sm
77. ooa

10

237.21
224.00
222.75
198.71
3W. 03
170.37
357.73
165.48
333.50
3.21.87
21.1.00
103.13

94.70
86.01
76.93
71.17
65.55

25

23.32
22.43
21. k7
20. ib7
19.62
18. b5
17.32
16.24
Z5. zb
14.26
13.32
L2.bo
11.52
10.65

9.99
3.2.66
11.57

Frameoeaignbad (psi)for
StandoffDiscarJce(ft)of--

50
—

7.13
7.07
6.83
6.60
6.37
6.00
5.81
5.70
5.56
5.31
5.(M
lb.79
L. 55
4.31
4. U
3.93
3.76

75
—

b.a5
4.68
4.69
&.29
&.13
3.92
3.73.
3.54
3.36
3.19
A.&
2.87
2.76
2.60
2.47
2.35
2.26

100

—

4.5a
3.43
3.14
2.98
2.86
2.73
2.57
2.b6
2.X
2.23
2.U
2.01

k:
1.74
1.66
1.59

123

—

4.58
3.43
2.72
2.7.2
2.14
2.G5
1.94
1.85
1.76
1.67
1.a
l.sb
1.47
1.39
1.34
1.27
1.23

150
—

4.58
3.L3
2.72
2.22
1.83
1.63
1.36
1.51
1.lJ2
1.37
1.30
1.23
1.28
1.11
1.06
1.02
0.96

k,.38
3.43
2.72
2.22
1.83
1.53
1.31
1.13
1.03
0.98
o.%
0.88
0.85
0.80
0.75
0.72
0.68
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MIL-HDBK-lo13/1

Ta61c+3.<5.Minimumzhicknesaof21mrmallyTemperedGlassGlazing and
Frnm nesign Load t. Survive Zncident LWerpressure frm
30 paunds ‘2NT at Various Standoff Di8tanees--
Aspcc nati., sill = 2.00

t 1 I

I

Plate
Dk#;oo$

I

t-
b

12.000
14.000
26.000
18. OIYJ
20.000
zz. om
24.om
26. Om
za. om
30. Om
32.0JX7
34. om
36.Om
38. Om
&o.om
&2.00o

26. om 1.216
28. om 1.265
32. Dou 1.40S
36.0o0 1.525
&o.000 1.630
44. Om 1. 7?.3
m. om 1.805
52.000 I. 875
56.000 1.931
60. Om 1.971
6&.000 2.018
68. om 1.056
72.Om 2.079
76.000 2.0.92
80.000 2.085
S4.000 2.102

Uini.udm ’22G Glazin8 micknesa (in. ) for
Standoff Distance ( ft ) of --

25

0.351
0.1$o1
0.U7
O. &92
0.534
0.56-9
0.6W
0.629
0.655
0.678
0.698
0.82S
0.839
0.856
0.871
0.882

50

0.285
O.zoa
0.228
0.267
0.269
0.290
0.304
0.316
0.326
0.329
0.325
0.293
0.294
0.303
0.311
0.338

7s

0.121
0.126
0. 12A
o. Ml
0.3s9
0.169
0.180
0.189
0.197
0.205
0.212
0.22s
0.223
0.228
0.233
0. 23s

-
100 I

0.1043
o.lm
0. Ill
0.132
0.230
0.139
0. l&6
0.233
0.160
0.166
0.172
0.177
0.3B2
0.187
0.192
0.197

U5

o.lm
o.lm
0.100
0.102
0.110
0.227
o.12b
0.131
0.137
0.1&3
0.148
0.134
0.158
0.162
0.167
0.173

3.50 --l200

0.U2D
o.lm
0.100
o.lm
o.lm
0.105
0.111
0.117
0.122
0.128
0.133
0.139
0.1&5
0.151
0.3.37
0.163

I

Place
Dim#ns

I

Prme Design Load (psi) for
Standoff Distance ( ft ) of --

IIT
ba m

12.MM 24.000 235.01
14.00D 28.01Y3 221.811
16.000 32.0c4 320.42
18.000 36.0Ct3 195.04
20.000 &o. owl 380.48
22.00) 4A.000 166.66
26.000 68.030 2S3.69
26.000 55.. OM7 2A1.31
28. OOO 56.000 1.39.23
30.000 60. 0@3 3.17.29
32.000 64.000 108.06
34. OfKI 68.002 99.36
36.0@3 72. OCU 90.62
%.000 76.000 81.57
&O.000 80. OW 73.83
hz. om 84.003 68.06

I , 1

35

—

23.23
22.29
21.21
20.30
19.37
3.s.11
16.98
3s.90
lk.87
13.88
12.93
12.00
U. 07
3.3.79
12. m
Il. 98II

so 7s 104

6.72 4.U! 6.22
6.42 k. 37 3.15
6.10 4.23 3.oa
5.83 4.06 2.86
5.69 3.86 2.68
5.55 3.61 2.53
5.29 3.45 2.39
5.02 3.25 2.26
6.77 3.07 2.14
4.56 2.92 2.02
4.61 2.77 1.91
4.29 2.62 1.80
4.06 2.47 1.70
3.88 2.33 1.61
3.70 2.22 1.34
3.52 2.11 1.48

13s
—

k. 22

;: z
2.11
2.00
1.87
1.77
1.69
1.60
1.52
1.44
1.38
1.34
1.23
1.19
1. lb

250
—
6.22
3.15
2.50
2.Ob
1.66
1.s2
1.44
1.37
1.29
1.24
1.18
1.11
1.04
0.99
0.94
0.90

1
0.100
o.lm
o.lm
o.lm
o.lm
0.lm
0.100
0.103
0.109
0.116
0.122
0.121
0.3.33
0. lx
0.144
0.149

42m

I
4.22
3.13
2.50
2.04
1.66
1.39
1.18
0.98
0.91
0.89
0.S4
0.77
0.74
0.69
0.67
0.63
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Ta61eD-3..6. FUnimm ZMcknes. of 2hen@ally Tempered Glass Glazing end
Frame hSiSTI Load co Survive Incidenc merpressure from
30 Pounds 3W2 at Varicus Standoff Distances --
Aswet Sacio , ./b - 3.00

I I I

‘l-i-l-
Plate

Dimensions
(in. )

b. 10

12.000 36.000
Uk. Ow 62.000
16.0Di3 48.000
18.002 S4. OCQ
20.000 60.000
22.000 66. OW
24.000 72.000
26.00D 78.002
28.00+2 Ek. Ooa
30.000 90.003
32.000 96.003
3&.ooG 102.000

2..195
1.353
1.4s2
1.595
1. 69&
L. 170
2..S46
1.S96
2..944
1.987
2.010
2.007

ninimm !ZC C1a2ins mic~ess (in. ) for I
Standoff Distance ( ft) of --

I

25

0.379
O.bza
0.678
0.523
0.S60
0.5%
0.624
0.650
0.673
0.691
0.704
0.831

so 75 100 12s 150 200

0.204 0. l&3 0.225 0.100 0.100 0.100
0.231 0.165 0.130 0.104 0.100 0.1s0
0.258 0.2.SA O.LM 0.101 0.100 0.100
0.280 0.198 0.153 0.102 0.100 0.1Q3
0.298 0.209 0.138 0.2L2 0.105 0.100
0. 3L& 0.219 0.164 0.121 0 .Ilb 0.1C4
O. 32S 0.228 0.2.40 0.129 0.121 0.22.1
0.339 0.237 O.llbs 0.137 0.129 0.12s ~
0.348 0.2k5 0.2S6 0.145 0.136 0.225
0. 3S6 0.2141 0.1% 0.153 0.14A 0.132
0.370 0.262 0.172 0.160 0.151 0.138
0.378 0.223 0.180 0.167 0.157 0.14

k
Place

DiM&w

b. 10

226.2.2

222.09
193.90
177. b6
162.16
1!+7.62
133.71
120.19
1::. ~

89.17
78.75

fi~ kSi~ Load (pSi) fO1
Standoff Distance (ft) .f --

2’2.34 6.53
21.32 6.23
20.17 5.sa
19.08 5.52
17.72 5.12
16.&8 6.75
15.28 k. 41
16.13 k.07
13.06 3.74
LL.99 3.46
10.94 3.31
10.13 3.09

—

75

3.4s
3.61
3.’27
3.03
2.81
2.62.
2.k3
2.29
2.25
1.99
1.89
1.80

=77=
2.47 2.04 2.06
‘2. 35 1.86 1.81
2.24 2..78 1.78
2.09 1.68 1.55
1.96 1.60 1.24
1.87 1.&9 L. 17
1.80 1.36 1.05
yg 1.25 0.99

1.17 0.91
l:bs 1.10 0.86
1.36 1. OL 0.81
1.28 0.95 0.74

—

200

2.06
1.81
1.78
1.55
1.02
0.81
0.74
0.69
0.65
0.62
0.56
0.52
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TableC-3.C.7.14fnimnaThicknessof2heno.411yTemperedGlassGlazingand
Fr&aa Caaign Load w SuI-Jive Incident Werpressum fr.m
30 PmmdS TtP2 at Various Standoff Distances --
Mpect Ratio, alb - k. 00

II Plate
D2mensi0ns

Minimum T2G Glazing 271ickness (in. ) for
standoff Distance (ft) of --

1.219
1.368
1.&91
1.598
1.689
1.762
1.8U

,1.865
1.907
1.927

0.387
o.Ii38
0.1+87
0.527
0.563
0.s94
0.622
0.6&5
0.664
0.677

I I I I

0.208 O.lsl
0.2% 0.171
0.263 0.IS8
0.2.84 0.202
0.303 O.zls
0.320 O.zm
0.334 0.240
0. %6 0.266
0.356 0.250
0.362 0.255

0.124 0.102
0.139 0.114
O.lsl 0.123
0.162 0.130
0.170 0.3.35
0.177 0.137
0.281 0.235
0.183 O.lw
0.185 0.332
0.179 0.159

130

0.100
0,100
0.102
0.104
0,223
0.119
0.127
0.135
0.143
0.1s0

Plate
Dimnaions

(in. )

‘1’

Fram Oesign had (psi) for
Scandof f Distance ( ft) of’-

tt

10 33 50

217.65 23..94 6.24
201.39 20.64 5.99
1.83.16 19.34 5.70
266.24 26.08 5.25
UO.62 16.71 4.85
135.30 33.38 4.49
120.63 14.17 4.12
108.53 22.98 3.78

97.84 11.86 3.k7
87.02 ?.0. 74 3.14

75

3.ko
3.21
2.98
2.73
2.58
2.38
2.20
2.00
1.81
1.6.9

100

—

2.33
2.17
1.99
1.83
1.68
1.55
1.61
1.28
1. la
1.07

123

—

1.68
1.58
1.45
1.32
1.21
1.11
1.02
0.96
0.89
0.81

230

—

1.63
1.30
1.16
1.04
0.97
0.s7
0.80
0. 7L
0.69
0.64

200

—

o.2no
O.lm
0.100
0.100
0.102
0.109
0.117
o.12&
O.lsl
0.137

—

200
—

1.63
1.30
1.12
0.97
0.69
0.62
0.58
0.53
0.69
0. w
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Table B3. f.1. Ii2nimm ‘Lhickness of ~emally Rmpered Glass Glazing and
Fram tmaign Load co Survive” Incident O#erpressure from
10 Pounds 2?+T es Variom Standoff D2scances--
Mpecc Ratio,ail- 1.w

Plate
Dtinsions

(20.)

I

iUni.mm UC Glazing mickness (in. ) for
Stmdoff Distance (ft) of --

10

T
125 150

0.100 0.100
O.lSU O.loa
0.100 0.10+3
O.ms 0.2.02
0.100 0.100
O.lw O.lca
0.100 0.100
0.100 O.lw
0.100 0.100
0.2.00 O.lca
O.loa 0.100
0. 1s9 0.100
0.100 0.100
0.100 0.100
0.103 0.100
0.107 0.101
0.220 0.105
0.124 0.10s
0.2.28 0.222
0.121 0.125
0.123 0.118
;::: 0.17.1

0.125
0:135 0.128
0.138 0.131

200
—

0.100
0.100
0.100
0.1Q3
0.100
0.100
0.100
O.lCQ
0.100
0.102
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.102
0.101
0.104
0.107
0.12D
0.23.3
0.126
0.118

25 50 75 100

0.100 0.100 0.100
0.100 O.lCO 0.1Q3
0.109 0.10+3 0.100
0.120 0.100 0.12Q
0.2.30 O.loa 0.100
0.139 0.104 0.100
0.147 0.2.20 0.100
0.155 0.116 0.1M3
0.162 0.221 0.100
0.169 0.126 0.101
0.176 0.131 0.2.05
0.182 0.135 0.108
0.267 0.139 0.22.2
0.192 0. lbz o. llk
0.196 0. 1&6 0.227
0.200 0.149 0.119
0.205 0.231 0.122
0.209 0.255 O.lzb
0.213 0.237 0.126
0.216 0.160 0.130
0.219 0.3.63 0.134
0.222 0.3.65 0.137
0. 22f4 0.167 0.141
0.226 0.168 0.144
0.227 0.169 0.147

bl’
12.000
34.000

“16.OW
2B. OW
20.000
22.000
2&.000
26.000
18.000
30.000
32.000
34.0s0
36.000
38.003
&o. 000
62. 0U3
44.024
b6 .020
68. Om
50.003
52.000
64.003
56.000
58.003
60.090

o.&22
0.475
0.518
0.556
0.588
0.624
0.634
0.652
0.671
0.684
0.685
0.681
0.603
0.700
0.692
0.676
0.686
0.689
0.683
0.667
0.601
0.609
0.619
0.62S
0.635

0.160
0.178
0.186
0.203
0.219
0.233
0.266
0.259
0.270
0.281
0.290
0.297
0.304
0.310
0.317
0.323
0.329
0.333
0.336
0.3447
0.245
o.3m
0.353
0.357
0.360

Plate
DfmemioIIs

(Zno)

Frame ksign bad (psi) for
Stand.aff Diacc.ace (ft) of --

I

I
-

12s50 T

1
150 200

6.89 6.89
5.32 5.32
6.13 4.23
3.47 3.47
2.91 2.91
2.48 2.48
2.14 2.14
1.87 1.87
1.66 3..66
1. kl 1.47
1.32 1.32
1.20 1.20
1.09 1.09
0.99 0.99
0.82 0.82
0.71 0.68
0.68 0.56
0.61, 0.47
0.63 O.&l
0.59 0.39
0.56 0.38
0.55 0.36
0.52 0.35
0.50 0.%
0.4s 0.32

33‘1’ 10

12. Coo
lb. ocm
16.004
18.000

12.000
M.orm
26.000
3s.000

71.02
66.11
60.19
34.79
49.64
44.73
&o. 07
36.11
32.98
29.85
26.57
7.3.69
21.57
20.50
18.39
16. ‘M
15.37
lb. 49
13.86
13.10
12.18
U.62
11.28
10.75
10.29

13.09
22.56
12.31
22.62
LO. 98
10.30
9.67
9.21
8.71
8.28
7.82
1,40
7.03
6.67
6.37
6.05
5.76
5.L$5
5.14
4.89
4.68
4.50
4.29
&.12
3.95

—

6.89
5.32
4.90
4.72
4.52
4.31
4.08
3.90
3.71
3.55
3.41
3.26
3.10
2.96
2.81
2.68
2.58
2.48
2.38
2.28
2.28
2.10
2.00
1.92
1.82

—

6.89 6.89
5.32 5.32
4.13 &. Y.,
3.k7 3.47
2.91 2.91
2.65 2.48
2.51 2.14
2.l+o 1.87
2.2a 1.66
2.17 1.50
2.08 1.44
2..98 1.36
1.89 1.31
1.79 1. 2L
1.72 1.19
1.64 1.12
1.55 1.08
1.50 1.03
1.43 0.99
1.38 0.96
1.33 0.93
1.27 0.87
1.22 0. S5
1.17 0.80
1.23 0.76

6.89
5.32
lb.23
3.47
2.91
2.48
2.16
1.87
1.66
1.&7
1.32
1.20
1.09
0.99
0.93
0.89
0.82
0.80
0.77
0.72
0.70
0.67
0.65

20.000
22.000
24.0G13
26. OW
28.000
30. O@2
32. OW
34.000
36.000
38.003
&o. Ow
&z. Ooa

20.000
22. owl
2&.Ooa
26.000
28.003
30.000
32.000
34.002
36.00Q
3a. mu
&o. 000
4.2.000
U. Orm
66.0S0
&8.000
50. OW
52. OW
54.002
56.0c4
58. om
60. om

M%
fb8.Om
50.0Ci3
52.0w
54. OW
56.OCJI
58.0C6
60.000

0.62
0.39

— I I
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Table L5.3,f.Z !tinfmm ~ickness of Zhermllj. Tapered Glae.s G1.szins and
Pram De4ign k,aa to Survive Incidenc Cverpresmre from
10 Pounds PN2 ac %riow Standoff Distances--
‘Aspcc 8aci0, dD - 1.25

Plate
DLmr;ons

I

Minimm ~ Glazing mickness (in. ) for
Standoff Distance (fc) of --

b

3.5.000 0.M3 0.3A6
3.7.500 0.539 0.209
20.000 0.586 0.231
22.5W 0.627 0.265
25.00Q 0.661 0.236
27.5DD 0.687 0.239
30.000 0.705 0.2s2
32.503 0.838 o.26k
35.000 0.852 0.276
37.500 0.834 0.283
b,o.000 0.859 0.293
42.5CU 0.86k 0.302
&5.000 0.856 0.309
lb7. 5ci2 0.826 0.316
50.000 0.706 0.321
52.500 0.703 0.325
55.000 0.839 0.329
57.552 0.829 0.335
60.000 0.803 0.339
62.5W 0.708 0.342
65.0S.3 0.706 0.345

I 1

Place
DfmeOsi.ms

(in. )

a

Z5.osa
17.500
20. ODD
22.5m
25.DD13
27.503
30. ODD
32.5m
35.0D4
37. 5D0
40.000
42.5m
L5. ODD
47.5m
90. OW
S2.5S0
55.000
s7.5oa
60.00D
62.300
65.000

T
50 75 100

0.100 0.100 0.100
0.106 o.lm O.li!a
0.12,8 0.100 0.100
0.128 O.lDO o.lm
0.138 0.103 0.100
0.146 0.11o 0.100
0.134 0.3.16 0.100
0.162 0.122 o.lm
0.169 0.127 0.103
0.175 0.132 0.3.07
0.181 0.136 0.122
0.186 0.141 0.124
0.191 O.UA 0.227
0.1% o. 16s 0.120
0.201 0.231 0.123
0.206 0.135 0.12s
0.210 0.330 0.128
0.223 0.160 0.133
0.216 0.163 0.137
0.23s 0.165 0.140
0.220 0.166 0.14.4

I I

2.23

0.100
o.lm
0.100
0.lm
0.100
O.lza
0.100
0.100
0.100
0.1C4
0.100
0.100
0.103
0. 10s
0.U2
0.116
0.120
0.124
0.128
0.131
0.235

150

0.100
O.lcm
0.100
O.llm
0.100
0.103
0.100
0.100
0.100
0.100
0.100
o.lm
0.100
0.102
0.3,06
0.110
0.114
0.138
0.121
0.125
0.1281

200

0.100
O.lw
0.100
0.lm
0.100
o.lm
0.100
0.UY3
0.100
0.103
0.100
O.lm
0.100
O,lco
0.100
O.lca
0.103
0.106
0.220
0.133
0.126

20
—

69.&6
63.55
57.51
52.02
66.83
L1.81
37.00
33.40
39.70
24.74
30.90
27.69
26. 2b
35.27
M.42
13.39
12.23
11.18
10.03
10.62
10.17

Frame Oesigm bad (psi) for
standoff Distance (ft) of --

25
—

L2.32
U.47
10.93
Lo.21
9.76
9.1$0
8.80
8.26
7.69
7.18
6.80
6.43
6.C4
5.7D
5.35
5.02
4.73
4.52
1..31
4.D9
3.90

50
—

5.72
4.83
&.61
4.35
b.lf
3.90
3.68
3.50
3.31
3.12
2.96
2.79
2.65
2.52
2. Ill
2.31
2.20
2.09
1.99
1.88
1.78

7s

—

5.72
4.38
3.52
2,87
2.51
2.39
2. 2.Li
2.16
1.01
1,91
1.80
1.72
1.62
1. S&
1.66
1.&l
1.34
3..27
1.22
1.16
1.09

10D

5.72
k. 36
3.52
2,87
2.39
2.D2
1. xl!
1.51
1.40
1.32
1.26
1.19
1.13
1.07
1.02
D.97
D.92
0.90
0.85
0.79
0.76

123

—

5.72
6.38
3.s7.
2.87
2.39
2.02
1. ?6
1.51
1.33
1.18
1.05
0.95
0.86
0.86
0.79
0.15
0.71
0.68
0.65
0.61
0.58

150

5.12
6.38
3.52
2.87
2.39
2.02
L. /4
1.51
1.33
1.18
1.05
0.95
0.77
0.67
0.63
D. 61
0.58
0.36
0.37.
0.50
D.47

—

200

5.72
4.3s
3.32
2.87
2.39
2.02
1.74
1.52
1.33
1.18
1.05
0.95
0.77
0.62
0.30
D.&l
0.39
0.36
0.35
0.34
0.32
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Tatde B3.f.3. 16infmn! Thickness of Zherr,ally Teqer.d Glass Glazing and
Fram Oesisn tiad to Survive IncidentCWerpressurefrom
10 Pmmes TN2 at Varic.u.Standoff DistanctS--
~pect Saci., aib . l.jO

I
fflnfmtm 2W Glazing micknesa (in. ) for

standoff Distance (ft) Of --

1
200

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.1S0
0. lDO
0.U32
0.100
O.lGO
0.100
0.100
0.103
0.1C6
O.zlo
0.133
0.3.16

loo 125 150

0.100
0.lG.2
0.100
0.100
O.loiz
O.1OD
0.100
O.lCQ
0.100
O.lw
0.100
O.lcu
0.105
0.109
0.2,23
0.117
0.121
0.125
0.128

b 10

0.536
0.5%
0.645
0.687
0.833
0.861
0.887
0. 90s
0.916
0.917
0.926
0.923
0.894
0.896
0.906
0.910
0.905
0.883
0.887

7.5

0.203
0.3.28
0.265
0.273
0.290
0.300
0.261
0.265
0.275
0.285
0.294
0.301
0.307
0.3=
0.319
0.326
0.331
0.335
0.338

50 75a

L8. 000
21.002
26.000
27.0S0
30.000
33. o&2
36.000
39.000
bz.000
b5.0@3
U.000
53..OC13
54.000
57. O@z
60.000
63.00D
66. mm
69. OW
72.000

0.100
0.122
0. lzk
0.135
0.244
0.153
0.161
0.167
0.173
0.179

;:%
0.196
0.199
0.203
0.207
0.210
0.232
0.216

0.100
0.100
0.100
O.lrsz
0.107
0.1111
0.120
0.126
0.131
0.135
0.139
0. 1k3
0.3AS
0.151
0.235
0.157
0.160
0.162
0.164

0.104
O.lw
0.3.00
O.lcm
0.104
O.lw
0.100
0.103
0.107
0.12.2
0. 2M
0.117
0.121
0.12&
0.128
0.132
.0.137
0. Ml
o.1b5

0.100
0.100
0.100
0.3.02
0.100
0.1M3
0.100
O.mz
0.100
0.102
0.101
0.106
0.221
0.12s
0. U9
O.lz&
0.128
0.131
0.3.35

IPlate
D-

Re.me DcsisII had (psi) fOr
Stsndoff Oiscance (fc) Of--

100 123

1
150 200

5.00 5.00
3.72 3.72
2.99 2.99
2.65 2.&3

::% H
1.47 1.lb7
1.27 1.27
1.XI 1. U
0.98 0.98
0.82 0.82
0.6k 0.64
0.62 0.51
0.58 O.bl
0.53 0.3s
0.52 0.35
0.49 0.34
0.47 0.31
o.&3 0.29

‘1 ●

18. Oca
22.OW
24.000
27. om
30.Om
33. om
36.000
39.om
bz. oco
bs. om
b8. om
51. Oca
5&. ODD
57.0w
60.00D
63. OW
66. OW
69.0!20
72.000

10 25 50 75

68.25
.61.58
55.59
69.83
*.50
52.39
66.72
41.72
36.61
31.96
28.6k
25.10
21.10
2.9.02
2.7.55
16.06
3.4.67
12.79
12.08

LO.58
9.99
9.26
9.18
8.82
8.22
7.76
7.35
6.85
6.4,2
6.02
3.61
5.22
k.06
4.59
6.36
4.22
3.86
3.62

—

5.m
4.62
4.35
&.08
3.78
3.53
3.33
3.12
2.94
2.78
2.60
2.66
2.33
2.21
2.09
1.98
1.87
1.76
1.68

5.00
3.72
2.99
2.45
2.30
2.17
2.04
1.97.
1.8L
1.68
1.50
1. fb9
1. L3
1.35
1.29
1.21
1.25
1.08
1.03

S.Da
3.72
2.99
2.65
2.06
1.72
1.&7
1. 3k
i. 26
1.19
l.lz
1.04
1.00
0.95
0.90
0.8b
0.81
0.76
0.71

R
2.99
2.&5

:::
1.47
1.27

::&
0.85
0.81
0.78
0.72
0.67
0.65
0.61
0.56
o.5&

I
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Table 13-3.f.4. Hub ZSiickr.ess of 2hem.aUy T-red Glass G1azins and
Frame 2is#ign load co Sumiv& lmidenc Gverpressure from
10 P0un13s ‘m2 at Varims St8nd0ff OiacOnee*--
Aspect Ratio, I/b - 1.75

Plate
D3mensimw

Hinimm T2G G3a2ing micmess (in. ) for

(ti. )
Standoff Distance (ft) of --

b a 10 23 50 7s 100 123 150, 2C0

22. om 21.000 0. S66 0.223 0.100 0.100 O.1OQ 0.100 0.100 0.100
lb. 002 2h. 5m 0.623 0. 2s1 0.123
16.0s0 28.000

O.lWJ 0.100 0.1S0 0.100
0.677

O.lm
0.272 0,234 O.lW 0.10+2 0.100 0.100

18.000 31.5m 0.832 0.287
0.100

0,135 O.lw 0.100 o.lm 0.lm o.zm
20. om 35.000 0.871 0.297 0.3.44 0.107 0.100 0.100 0.100 0.100
22. om 38.5m 0.897 0.322 0.L32
26. om 1$2.000

0.123 :::$. o.lm o.lm
0.926 0.326 0, 3s9

o.lm
0.229 0. lm 0.100

26. OW 45.5cll 0.% 0.329 0.165
0.100

0.124 0.103 0.3J30
28. WO 49.000 0.946

o.lm O.lca
0.328 0.170 0.129

30. oCa 52.5W
0.106 0.lm 0.100 o.lm

0.953, 0.286 0.175 0.133 0.111 0.103 o.lm
32.000 56.000 0.957 0.288 0.180

0.100
0.138 0.1.16 o.uza 0.103 0.100

34. om 59. 5m 0.944 0.290 0.185 0.142 0.122 0.123 O.1OL7
36. OQD 63.OW 0.920

0.M2
0.297 0.2S9 o. M6

ss.om 66. Soo
0.126 0.23s

0.933
0.102

0.304 0.192 0.149 0.131 0.123 [ kti
40.000 70. om 0.940 0.309 0.196 0.351 0.136 I 0.127 ~ 0.1,20 ::;%
kz. om 73. 5m 0.939 0.333 o.zm 0.1% 0.l&3 j 0.131 ~ 0.12& 0.U3
44. OLM 77.000 0. 9Z6 0.3U 0.204 0.160 0.345 “, 0.2.35 0.128 0.226

Plate
D2ueIuiMu

Rsme kaiga had (psi) for

(Q.)
Standoff Diw,ance (fc) of --

b , 10 25 50 75 100 125 330 ‘ 200

22. om 21. OWJ 67. X 10.46 Ihsa k.S8 4.58 k.5s 4.S8 4.S8
kern Z&. soa 60.36 9.87 4..31 3.Uf 3.$3 3.43 3.63 3.&3
16.000 2a. 000 54.22 9.95 3.98 2.72 2.72 2.72 2.72 2.72
18. OCCI 31. sm 6s.53 8.22 3.74 2.22 2.22 2.22 2.22 ,2.22
20. om 35. om S7.44
22. om sa. sm

7.47 3.4s 2.07 1. S3 1.83 1.83 1.S3
SO.3S 7.12

24. Om 42.002
3.22 1.92 1.s3 1.53 1.53 1.53

4s. 09 6.77 2.99 1.80 1.31 1.31 1.31 1.31
26.OW 6s. 500 39.92 6.22 2.78 1. 6S 1.3.9 1.13 1.13
za. om b9. om 34.57

1.13
5.s0 2.S9 1.57 1.10 0.92

30. om 52.5m
0.92 0.92

30.56 5.5s 2.I.3 1.&7 1.05 0.78 0.7.0
32.002 56.000

0.70
27.09 5.18 2.27 1.39 0.97 0.73 0.61

36. om 59. sm 23.33 &.79 2.13 1.31
,0.54,

36.000 63.0C12
0.91 0.69 0.57 0.42

19. 7s 6.69 2. oil 1.24 0.85 0.65 0.s3 0.36,
3s. om 66. sm 3.S. 26 6.23 1.86 1.17 0.80, 0.62 0.49 0.33
40. W3D 70.000 16.73 3.96 1.76 1.09. 0.15 0.57 0.46 0.31
42.003 73. 5m 35.14 3.70 1.67 1.02 0.70 0.53 o.lb3 0.30
44.000 77. Om 13.4.1 3.44 1.59 0.99 0.67 0.50 O.ko - 0.27’
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Table B3.f.5. !linfnnm ZMckuess of Thermally T-red Glass G1~inS md
Frame Oesign tiad co Survive Incident Dverpress.re from
10 Founds TNT ac Various Standoff Mstance.9--
Aspect Utio, *lb - 2.00

Plate
Diwe~

I

W.* T2’t Glazing 3Mckness (in. ) for
Scsndoff Distance (ft) .f --

I

I b a 10 I 25’ 50

0.592
0.634
0.701
0.866
0.9C4
0;932
0.960
0.9711
0.971
0.9S4
0.982
0.955
0.933
0.964
0.968
0.960

0. 2%
0. 26S
0.289
0.309
0.325
0.335
0.329
0.344
O.*9
o. 3&9
0.326
0.283
0.289
0.294
0.297
0.297

0.205
0.114
D.L25
0.135
0.3A3
I&g

0:162
0.168
0.172
0.177
:: ;:;

0.187
0.191
0.195

.

Ed
Fhte

D2meepns

b ● .

3.2.00U
16.020
16.042
18. Om
20.000
22. Oco
14.000
26.000
2S.O+XI
30.000
32.0&2

., %. Wo
36.000
38.000
W&ma
62.000

24.000
2a. 000
32.000
36.000
&o.000
u. 000
48.000
52.OM
56. oW
60.000
6&.00D
60.003
72.0S0
76.000
80.0C4
SA.000

T
75 10D 125

0.100 O.ma O.1OD
O.lca 0.100 O.1OD
0.100 0.100 0.100
O.1OD O.1OD 0.100
0.107 0.100 0.100
0.133 0.100 O.li?z
0.12s 0.100 0.100
0.122 0.103 O.lcm
0.127 0.3.LL 0.1C4
0.132 0.117 0.109
0.136 0.122 O.LU
0.140 0.128 0.119
0. l&6 0.332 D. 124
0.I.31 0.137 0.128
0.237 0.142 0.133
0.162 0. l&7 0.13a

2.30

O.lw
0.100
0.100
o.lm
0.100
o.lm
0.100
o.lm
0.100
0.104
0.108
0.113
0.118
0.122
0.126
0.1311

200

0.100
O.lm
o.lm
o.lm
0.100
o.lm
0.100
o.lm
0.100
o.lm
0.100
0.102
0.106
O.lzn
O.LM
0.126

Lo

66.2.3
59.29
53.05
62.89
55.51
4S.76
k3.47
38.13
32.66
29.23
25.59
11. IA
19.04
17.69
15.91
14.20

—

23

—

LO.33
9.74
8.86
8.06
7.33
6.62
5.82
5.57
5.26
6.76
6.L2
&.2L
3.93
3.66
3.39
3.10

F?aIM Dcsign tied (psi) fO?
Scmdoff Distance (ft) of --

TTY
I

b. 31 k. 22
4.04 3.15
3.73 2.50
3.k5 2.D4
3.16 1.90
2.9k 1.75
2.71 1.61
2.69 1.48
2.33 1.39
2.16 1.31
2.02 1.23
1.80 1.14
1.72 1.01
1.61 0.99
1.53 0.9&
1.&5 0.88

Im

4.22
3.15
2.50
2.04
1.66
1.39
1. M
1.06
0.98
0.92
0.%
0.80
0.72
0.67
0.63
0.60

123
—

4.22
3.13
2.50
2. Ob
1.66
~.

0.87
0.16
0.69
0.64
:.::

0.51
0.6’9
0.66

—

230
—

4.22
3.23
2.50
2.06
1.66
1.39
1.18
0.87
0.65
D.57
0.51
O.u
0.46
0.42
0.39
0.38

200

—

4.22
3.33
2.30
2.04
1.66
1.39
1.18
0.87
0.65
0.49
0.3a
0.32
0.30
0.28
0.26
0.25
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TableD-3.f.6.Ifinimmmicknessof 23mma11yT-red GlassGlazing●nd
Frame oesign bad t. S.rfive Incident Werpresmre from
10 Pauads IX2 at VariounStandoff Discances--
&pect RAcio, ● - 3.00

P2ate
Dim?. nsimn

(in. )
)liaimm ~ Gluin. 22tickmeas (in. ) for

1WO

0.100
o.lm
0.100
o.lm
o. ml
o.lm
O.lw
O.rm
0.100
0.105
0.109
0.12A

Sundoff 0i9~anee (ft ) ei --

T
b.

12.000 36.000
worn 62.000
16. OW 4.9.000
morn worn
20.DW 60. OW
22. ODD 66. OW
26.~ 72.040
26. OW 78. ocm
28. W S4.000
30. om 90. cm
32.000 96.000
34. om zoz. om

la

0.621
0.6S0
o. abcl
0.8s0
o.931
0.935
0.9U3
0.9.48
0.949
0.922
0.923
0.933

25

0.251
0.278
0.501
0.322
0.337
0.5M
0.356
0.358
0.355
0.356
0. %3
0.357

50

0.239
0.I.52
0.241
0.170
0.178
0.177
0.171
0.14s
0.236
0.16A
0.171
0.178

7s

o.lm
o.lm
o.lm
o.lm
0.108
0.126
0.123
0.130
0.2.37
0. l&3
0.150
0.236

Im

o.lm
o.lm
o.im
o.lm
o.lm
0.105
0.212
0.128
0. 12b
0.130
0.I.36
o. lk2 T

123 350

0.102 o.lm
o.lm o.lm
O.lw 0. lm
o.lm o.lm
o.lm O.lw
o.lm o.lm
0.105 o.lm
0.110 0.105
0.2.26 0.220
0.122 0.116
0.127 0.121
0.132 0.126

1Place
D3Ee?#ns FrameIksign lad (psi)for -

Standoff Distance (ft) of --

20

—

23 =7=50 75 10.3 2m I

Z. 06
1.81
1.78
1.55
1.02
0.69 I
o. b9 I
0-3-:\

0. Z&
0.22
0.22

36. OW
42.000
68. ODO
%.om
60.000
66. om
72.0U7
78.DW
W.’mo
9Q. om
96.040

202. om

60.53
53.32
46.72
64.02
46.89
40.82
34.61
30.05
25. %
21.30
18.80
17.02

9.89
8.91
8. m
7.19
6.&2
5.68
5.03
b.47
3. m
3.66
3.20
2.03

3.32
2.97
2.65
2.41
2.22

L8
1.71
1.57
1.45
1.33
1.22

2.06
1.81
1.78
1.55
1.28
1.26
1.22
1.02
0.93
O.M
0.79
0.72

2.06
1.81
1.78
1.s5
1.02
0. m
0.77
0.69
0.63
0.57
0.53
0.50

2.06 2.06
l.m 1.81
1.78 1.78
1.55 1.53
2..02 1.02
0.69 0.69
0.60 0. k9
0.52 0.43
O.@ 0.39
0.45 0.36
0.40 0.33
0.37 0.31
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Table D-3.f.7, Ufnf.mm Z2iic!mess of Ihemslly Tempered mass Clazing and
Pram Design ti.d co Survive Incident OverprewJre frm
10 pads 22+2.C v.rims standoff m8cuue---

‘la
12.000 ka.000
l&. 000 56.000
16.000 6&. OW
18.000 72.02A3
20.000 80. OW
22. om 88. om
24. mo 96.000
26.0’0 1C4. OW
28. ma uz.orn
30. om 120. om

Plate
Df&~

10

0.623
0.678
0.831
0.863
0.893
0.901
0.908
0.908
0.076
0.887

M2n2mm3X GlazingThickness (in. ) for
Staw30f f Distance ( ft) of ‘-

23

0.253
0.279
0.301
0.319
0.332
0,363
0.351
0.353
0. 3s3
0.355

50

0.162
0.156
0.169
0.178
0.2.32
0.186
0. 2S6
0.183
0.181
0.168

7s

0.102
0.320
0.224
0.2-=
o. U.3
O.lm
0.127
0.135
0.162
0.14s

lm

o. lm
o.lm
O.loa
O.lm
0.102
0.109
0.336
0.123
0.129
0.124

123

o.lm
o.lm
0.100
o.lm
o. lm
0.102
0.108
0.133
0.3.2.0
0.126

250

0.100
O.lm
o.lm
o.lm
o. lm
o.lm
0.103
0.109
0. llb
0.119

zm
—

0.100
o.lm
0.100
o.lm
0.100
o.lm
0.100
O.lti
0.103
O.lm

20

S6. 85
k9.47
&2. 67
6a. k8
&z. 05
35.38
30.19
35.12
20.55
3a.44
—

Ram Omip Load (psi) for
Staudoff D1scance (ft) of --

I

9.36
8.38
7.116
6.62
5.81
5.13
4.53
3.93
3.L)l
3.02

3.02
2.69
7..1$3
2.16
1.87
1.67
1. b7
1.28
1.3.3
I. m

75

2.68
1.50
1.29
1.2A
1.02
0.90
0.s0
o.71a
0.6s
0.60

—

=F’F-Fi
1.63
1.30
1.12
0.97
0.64
0.LA
0.31
0.22
0.19
0.17
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Table D-4. Actual Design ~ickness and Traditionally Designated
Glass Thicdess*

Actual Glass Tbickmesa
for Design (t)

(in)

0.149
0.180
0.200
0.219
0.292
0.355
0.469
0.594
0.719
0.844
0.969

Traditional
Designation

(m)

5/32
3/16
7/32
1/4
5/16
3/8
1/2
5/8
3/4
7/8
1

Metric
Designation

.4.0
5.0
5.5
6.0
8.0
10.0
12.0
16.0
19.0
22.0
25.0

*Glazing over 1 inch thick is laminated from the thicknesses
contained in this table.

“ Table D-5. Coefficients for Frame Loading

a/b

1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
3.00
4.00

CR

0.065
0.070
0.074
0.079
0.083
0.085
0.086
0.088
0.090
0.091
0.092
0.093
0.094

Cz

0.495
0.516
0.535
0.554
0.570
0.581
0.590
0.600
0.609
0.616
0.623
0.664
0.687

c
Y

0.495
0.516
0.533
0.551
0.562
0.574
0.583
0.591
0.600
0.607
0.614
0.655
0.685

Note: Linear interpolation may be used for aspect ratios,
a/b, not presented.
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Table D-6. tlinimumClearance and Bite Requirements*

2.5 3/32 1/8 1/2
3.0 ‘. 118 1/8 1/2
4.0 5/32 3/16 1/2
5.0 3/16 3/~6 1/2
6.0 114 1/+ 1/2
10.0 3/8 5/16 1/2
12.0 1/2 3/8 1/2
16.0 5/8 3/8 lf2
19.0 3/4 3/8 1/2
22.0 7/8 1/2 5/8
25.0 1 1/2 3/4

,, ,,c
Hinimum ,

Face.
Clearance

(in) .

.,1/16
1/8
1/8
l/8
1/8
3/16
V4
1/4
5/16
5/16
3/8

,,
*For thicknesses greater than 1 inch, use the clearance and bite
requirements required for 1 inch.
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Table D-7. Statistical Acceptance and Rejection
Coefficients

Number of Window Acceptance Rejection
Assemblies Coefficient Coefficient

n a. P.

2 4.14 .546

3 3.05 .871

4 2.78 1.14

5 2.65 1.27

6 2.56 1.36

7 2.50 1.42

a 2.46 1.48

9 2.42 1.49

10 2.39 1.52
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● Design Manuals.
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Specifications and Standards.

Federal Specification: Padlock, Changeable
by Manipulation and Surreptitious Attack).
Service Administration.

Combination (Resistant to Opening
FF-P-lIOF, Amend-2, General

Military Specification: Aluminum Alloy Armor, 2219 Rolled Plate and Die
Forged Shapes. MIL-A-66118G (MR), Department of the Army, Watertown,
Massachusetts.

Military Specification: Armor Plate, Aluminum Alloy, 7039. FIIL-A-46063E,

Amend-4, Department of the Army, Watertown, Ffassachuse%ts.

●
Military Specification: Armor Plate, Aluminum Alloy, Weldable, 5083 and 5456.
MIL-A-46027G (MR), Department of the Army, Watertown, Massachusetts.

Military Specification: Armor Steel, Roll-Bonded, Dual-Hardness.

MIL-A-46099B, Department of the Army, Watertown, Massachusetts.

Military Specification: Armor Plate, Steel, Wrought High-Hardness. MIL-A-
461OOC, Amend-1, Department of the Army, Watertown, Massachusetts.

Military Specification: Armor Plate, Stael, Wrought, Homogeneous (For Use in
and for Combat-Vehicles and for Ammunition Testing.) MIL-A-12656G (MI-?),
Amend-1, Department of the Army, Watertown, Massachusetts.

Military Specification: Armor Plate, Titanium Alloy,.Weldable. MIL-A-4’6077D,
Department of the Army, Watertown, Massachusetts.

Military Specification: Armor, Steel, Cast, Homogeneous, Combat-Vehicle Type
(1/4 to 8 inches, Inclusiva) MIL-A-11356E, Amend-2, (t-@~ De@r&d of the
Army, Watertown, Massachusetts.
!;

Military Specification: Armor, Steel, Plate, Wrought, (ESR) (3/16 through 3
inches, Inclusive) MIL-A-46173(,MX), Department of the Army, Watertown,
Massachusetts
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Military Specification: Armor, Steel: Sheet, Strip, and Fabricated FormS;
Rolled, Non-Magnetic; for Helmets and Personnel Armor Requirements. MIL-A-
13259B (14R), Department of the Army, Watertown, Massachusetts~ ●
Hilitary Specification: Glaaa: Laminated, Flat, Rullet-Resistant. lllL-G-

5485C, Department of the Army, waterto~, ~aaaaChUSettS.

Military Specification: Haapa, High Security Padlocks: General Specifica-
tions For. MIL-H-43905B, U.S. Army Natick Research and Development Conunsnd.
Military Specification: Metric UachinerylEquipment, Requirements For.
Ix3D-M-24680,Amend-1, Department of Defenae, Washington, D.C.

Military Standard: Metric Systsm, Application in New Design. IMD-STD-1476,
Department of Defense, Washington, D.C.

N-

a. Department of Defense activities may
and P-Publications from the following:

Commanding Officer
Naval Publications and Forms Center
5801 Tabor Avenue
Philadelphia, Pennsylvania 19120

Department of Defense activities must use the

Requisitioning and Issue Procedure (141 LSTRIP)

obtained from NAVSUP Publication 2002.

obtain copies of Design Manuals

Military Standard
using the stock control number ●

b. Commercial organizations may purchase Design Manuals and
P-Publications from the following:

Superintendent of Documents or Naval Publications & Forms Center
U.S. Government Printing Office Attn: Cash Sales Office
Washington, D.C. 20420 (see address above)

c. Military/Federal, and NAVFAC Guide Specifications are available to
all parties, free of charge, from the following:

Commanding Officer
Naval Publications and Form Center
5801 Tabor Avenue
Philadelphia, PA 19120
Telephone: Autovon (DOD only): 442-3321

Commercial: (215) 697-3321
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●
d. Technical society and technical association specification and ‘

standards are generally available for reference from libraries. They are also
distributed among technical groups and using Federal agencies.

e. For copies of non-Government pub1ications, centact the
agency/organization/publisherdirectly.

,.
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REFERENCES

American Iron and Steel Institute (AISI), New York, NY 10018.

AISI 1050 Standard Carbon Steel

American National Standards Institute/American Society for Testing and

Materials (ANSI/ASTM), New York, NY 10018.

ANSI fASTM A36 Steel, Structural
ANS1/ASTR A82 Wire, Steel, Cold Drawn for Concrete

Reinforcement
ANSIfASTN A497 Welded Deformed Steel Wire Fabric for

Concrete Reinforcement
ANSI/ASTM A627 Homogeneous Tool-Resisting Steel Bars for

Security Applications
ANSI/ASTM A629 Tool-Resisting Steel Flat Bars and Shapes

for Security Applications
ANSI/ASTM A750 Steel, Air Ventilating Grill Units for

Detention Areas
ANS1/ASTM F588 Standard Test Methods for Resistance of

Window Assemblies to Forced Entry,
Excluding Glazing

American National Standards Institute/UnderwritersLaboratories (ANSI/UL),
New York, NY 10018.

ANSI/UL 752-1980 Standard for Bullet-Resisting Equipment

American Society for Testing and Materials (ASTM), 1916 Race,Street,
Philadelphia, PA 19103.

ASTM A53 Pipe, Steel, Black and Hot Dipped, Zinc Coated
Welded and Seamless

Chief of Naval Operations Instructions available from Naval Publications and
Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

OPNAVINST 5510.lG Department of the Navy Information and
Personnel Security Program Regulation

OPNAVINST 5530.13 PhysicalSecurity Instruction for
Sensitive Conventional Arms, Ammunition,
and Explosives [AA&E)

OPNAVINST 5530.14 Department of the Navy Physical Security
and Loss Prevention Manual
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●
Defense Intelligence Agency Publication available from Naval Publications and
Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

DIAM-50-3A Physical Security Standards for Sensitive
Compartmental Information Facilities

Defense Nuclear Agency Publication available from Naval Publication and Forms
Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

Nuclear Weapon Storage Facilities Handbook

Department of Defense Publications available from Superintendent of Documents,
U.S. Government Printing Office, Washington, DC 20402.

DOD 5100.76M Physical Security of Conventional Arms,
Ammunition, and Explosivea

DOD 5210.41 Security Criteria and Standards for
Protecting Nuclear Weapons

Deuartrnent of State Specification available from Naval Publications and Forma

Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

SD-STD-0201 Vehicle Crash Barrier

Federal Stand-. Department of Defense activities may obtain copies from

●
the Commanding Officer, Naval Publications and Forms Center, 5801 Tabor
Avenue, Philadelphia, PA 19120.

AA-D-600 Door, VauIt, Security
DD-G-451 Glass, Float or Plate, Sheet, Figured

(Flat, for Glasing, Mirrors, and Other
Uses)

DD-G-1403 Glass, Float, Sheet, Figured, Coated
(Heat-Strengthened and Tempered)

RR-F-191/3 Fencing, Wire and Post, Metal (Chain-Link
Fence Posts, Top Rails, snd Braces),
(Detail Specification)

RR-F-191/GEN Fencing, Wire and Post, Metal (and Gates,
Chain-Link Fence Fabric, and Accessories),
(General Specifications)

RR-G-661E Grating metal Bar Type (Floor, Except for
Naval Vessels)

RR-G-1602 Grsting, Metal, Other 7*.I Bar Type
(Floor, Except for Naval Vessels)

!;

Illuminating Engineering Society (IES) of North America, New York, NY 10018.

IES Lighting Handbook, 1981.
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Military Standards. Department of.Defense activities may obtain copies from
the Commanding Officar, Naval Publications and Forms Centar, 5801 Tabor
Avenue, Philadelphia, PA 19120. ●

MIL-G-18014 Gratings, Metal, Bar Type Flooring, Naval
Shipyard

MIL-H-29181(YD) Hasp, High Security, Shrouded, for High
end Medium Security Padlock

MIL-L-15596 Locks, Combination (Safe and Safe I-mker)
MIL-L-29151 (YD) Lucks and Lock Sets, Exterior, Ordnance,

High Security
MIL-P-17802 Padlock and Padlock Sets, Low Security,

Key Operated, Regular (Open) Shackle
MIL-P-43607 Padlock, Key Operated, High Security,

Shrouded Shackle
MIL-P-43951 Padlocks and Padlock Sets, Key Operated,

Medium Security, Ragular Shackla

National Bureau of Standards (NBS), Department of COmmerce, NatiOnal Bureau Of
Standards, Washington, DC 20234.

NBS 837 Barrier Penetration Tests

Naval Civil Engineering Laboratory (NCEL), Port Huenem~; CA 93043.

CR 80.025 Testing end Evaluation of Attack
Resistance and Hardening Retrofits of
Marine Barrack Construction Types.tn Small
Arms Multiple Impact Threat

DRAWINGS:

6227000
6227001
6227002
6227003
6227005
6227006
6227007
6227008
6227009
6227010
6227012
6227013
6227014
6227015
6227016
6227017
6227018
6227019

W1 Installation
WI Assembly and Details
W1 Details
WI Accessories
W2 Installation
W2 Assamhly and Details .,

W2 Slider Assembly and Details
W2 Slider Details
W2 Sill Assembly and Details
W2 Accessories
W3 Installation
W3 Installation Details
W3 Barrier Assembly and Details
W3.Barrier Details
W3 Sill Assembly
W3 Sill Details
W3 Shield Assembly and Details
W3 Actuator Assembly
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,,,~,,.,. . ,-,., ::62217020’. ““ .-
‘.w:~: - 6~2”7021 ‘ .:’ :

6227022
6227023

; ‘“. “ 6227024.
6227025

:W6227026’ ‘
6227027 ‘ “’. “’ “:

~ ‘!~:’622~028 ‘ :
:’::r$’6227029:”’ ‘

6227030
‘~ .622.7031 .::’. ‘

6’227032 “. .’ ;
‘6227033 ‘; “.:! ~~

~~,go-oz >,.:. ~~.,

TM-56 -85L01: 5.. ‘
TM-56-86-05

:.:,,.,,.?:. hi. .... .. .... ,,, ,,’. .’ ”.,

TN-1508
User’s Manual

W4
w.’+
W4
U4
!a4
U4
W5
W5
W5
W5
W5
W5
W5
W5

Installation : .

Assembly and Details .,: !“..

Datails , ..}.>,::..

Assembly and Details

Slider .Detaila

Sill Assembly and Details

Installation” ,.,

Installation Details

As”sembly and Details

Details

Sill Assembly

Sill Details

Shield Assembly and Sill Details

Accessories and Details
,.,

Steel/Ply Attack-Resistant Wall Systems ?
Vehicle Barriers
Test Plan for Vehicle Crash Testing of
Commercial Perimeter.Barrier; -. %
Attack Resistant Walls - Preliminary’Tests. ‘
Terrorist Vehicle Bomb Survivability
Manual (Vehicle Barriers)

Naval Facilities ‘Engineering“Comman”dPublicat ions avaihble from Naval .
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

,:,,,.-:;,,,:, ..

● MIL-HDBK--iO08‘. ~~ ‘ Fire Protection for Facilities
.“~.1,:...:.-,..’”. -,,.. . . Engineering, Design, and Construction

NAVFACINST 1101-2:142 ~‘Securing of Emergency Exit Doors

Sandia NatiOnal Laboratories (SAND), Albuquerque, NM 87185.

SAND 77-077 BarrierTechnology Handbook, .1978
SAND 84-2593 Security,Vehicle Barriers, 1985

.,,

United States Marine Corps, Quantico,VA ; .. .,.
MCO P11OOO.11A

,

VSE Corporation, 2550

Report 11-RD-80

. Real ‘PropertyManual, Vol. 8.. Fire
ProtectionProgram

.,..
Huntington Avenue, Alexandria, VA 22303.

Evaluation of Reinforce,t,ent‘kCi_tliLqUeS for
Arms Rooms ~~

,,
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INDEX
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Access Control
.Entry Points

Acronyms . . . .
Attack Tools . .

H@d Tools .
.PowerTools
Thermal Tools . . . . . . . . . . . . . .. . . . .... . . . . . .
Explosive-Laden Vehicle . . . . . . . . . . .. . . . . . . . .

.
B

Barrier Penetration Time
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . .

Barriers, Exterior . . . . . . . . . . . . . . . . . . . . . . . ..
Fences . . . . .. . . . . . . . .: .. .. .:. :., :.... . .

Hardening . . . . . . . . . . . . . . . . . . . . . . . .. .
Penetration Times . .. . . . . . . . . . . . . . . . . . . .

Blast Walls. . . . . . .. . . . . . . . . . . . . . . . . . . . . .

.
L

.’:
Ceilings

(See Roofs)
ClearZone. . . . . . . . . . . . . . . . . . . . . . . . . .. ..
Closed Circuit TV (CCTY)

Deterrence.. .. . . . . . . . . . . . . . .. . . . ... . . . .
Display . . .. . . . . . . .. . . .. . ....”. . .. . . . . . . .,.
Intrusion Detection Systems . . . . . . . . . , . . . . . . . .
Lighting Considerations . . . . . . . . . : ,.; . . . . . . . .

Communications . . . . . . . . . . . . .. . ..... . . . . . . .....’.
Intrusion Detection Systems . . . . . . . . . . . . . . . . .

Concrete Construction
(See Construction, concrete)

Construction, concrete
Roofs and Floors... . . . . . . . . . . . . . . . . . .. . . .

Hardening . .. . . . . . . . . . . . . . . . . . . . . . . .!;
walls . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hardening . . . . . . . . . . . . . . . . . . . .. . . . .
Construction, masonry.

walls. . . . . . . . . . . . . . . . . . . . . . . . . . .. .
Hardening . . . . . . . . . . . . . . . . . . . . . . . . .

114
117
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● Cori$triitioti,’ mi$c.

Roofs’ .’ .: ’. ’:...... . . . . . . . .. . . . . . . .;.

Constiycti6ii, atiid/&it
walls ,..... .’.

Haiddniig’..
Condtriitition,tiood

. . . . . . . ...0. . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

Roofs ,iuid,Fl~r+
Hardening .

.’
. . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . :..

Co&t:,Factors ‘,
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Facility DelayTirnb. ..:. : . . . . . . . . . . . . . . . .
Planniiig.’.. . . . . . . . . . . . . . . . . . . . . . . . . .
Relatiyk C6$t Index,.. . . . . . . . . . . . . . . . . . . . . .
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CriminiilJustice ..;... . . . . . . . ...1.... . ...;
criticality . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D

Delay T~rne
CCTV, . . . . .. . . . . . . . . . . . . . . . . .. $.....
Utifinition’.. . . , . . . . . . . . . . . L . . . . . . . . . .
Fences. . . . . . . . . . ! . ~ . , . . . . . : . . . . . . . .
IDS., . . . . . . . . . . . . . . . . . . . . . . : . . . . . :
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Bairi&r Pen6trationTirn~ . . ; . . . . . . . . . . . . . . .
E@ssTirne” . . “. .1. . . . . . . . . . . . , . . . . .
FakilityD?layTimb . . . . . . . . . : . . . . , . . . . .

CostFactor$ .. ... . . . . . . . . . . . . . . . . . . .
.Deterr$mt$ ; . . . . . . . . . . . . . . . . . . .

,:IngresSTime .,.; . . . . . . . . . . . . . . . . . . . . .:.

Wotkih6et’I@trticti6ris. . . : . . . . . . . . . . . ~ . . . . .

Door Jambs
(5ee Dobrsi Hinges)

D66rk .:.
Construction . .. . . . . . . . . . . . . . . . . . . . . . . .

rnagezineDoers . . . . . . . . . . . . . . . . . . . . . . .
P&rsonnel Doorti. ..,.. . . . . . . . . . . . . . . .
V8ult Doors.....,:. . . . . . . . . . . . . . . . .
Vehicle Doors . . . . . . . . . . . . . . . . . . . . . .:

fi~rd~nirig. ... .. . . . .,:. .... . . . .. . . . . ~. . . . .

QoOr Surfaces....,.. . . . . . . . . . ...”.. . .
Door Ventilatokti..,... . . . . . . . . . . . . . . . .
Double Doors . . . . . . . . . . . . . . . . . . . . . . . .
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w

Hinges . . ... . . . . . . . . . ... . . . . . . . . . ..””82
LOciing Systems . . . . . . . . . . . . . . . . . . . . .. ’~”74
Roll-up Doors . . . . . . . . . . . . . . . . . . . . . . .
Sliding Doors . . . . . . . . . . . . . . . . . ...”. . .

Worksheet Instructions . . . . . . . . . . . . . “. . . . . .. . .

Double Door Systems
Hardening . . . . . . . . . . . . . . . . . . . . . . .

Ducts
.,

(See Utility Openings; Ventilation
Openings)

E

Egress Time
Definition. . . .. . . . . . . . . . . .. . .. . . . . . .“.

Entry Points. . . . . . . . . . . . . . . . . . . . . . . . .
Access Control. . . . . . . . . . . . . . . . . . . .

F

FacilityDelayTime . . . . . . . . . . . . . . . . . . . .
Cost Factors. . . . . . . . . . . . . . . . . . . . . . .. .’

Fences
Cost Factors . . . . . . . . .. . . . . . . . .’. . ..
Hardening . . . . . . . . . . . . . . . . . . . .“.
Penetration Times . . . . . .. . . . . . . . . . . . . . .. .

Floors
Construction

Metal . . . . . . . . . . . . . . . . . . . . . . . . .’.
Reinforced Concrete . . . . . . . . . . . . . . . . . . .
Wood. . . . . . . . .. . . . . . . . . .

Hardening
Metal . . . . . . . . . . . . . . . . . . . . ..
Reinforced Concrete . .. . . ... . . . ... . . . . . . . .
Wood. . . . . . . . . . . . . . . . . . .’. :.

Worksheet Instructions... . . . . . . . . ... . . . .. . .

H

Hand Tools. . . . . . . . .. . . . . . . . . . .. . .“.
Hardening
2 Ballistic Attack. . . . . . . . . . . . . . .

Doors
Door Hinges . . . . . . . . . . .. . .
Locking Systems . . . . . . . . . . . .

High Security Locks and Hasps . . . . .

152
152
32

152

:.

:2
12
18

259
258

129
130..
’130
....,,.

’58
52
57

.59
- 54
~‘“57
.20
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82
74
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Fences.. . . . . . . . . . . . . . . . . . . . . . . . . . .
Roof Ventilators . . . . . . . . . . . . . . . . . . . . . . .
Roofs and Floors

Metal. . . . . . . . . . . . . . . . . . . . . . . . . . .
Reinforced Concrete . . . . . . . . . . . . .. .. . . . .
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Wall Ventilators . . . . . . . . . . . . . . . . . . . .. . .

walls
Reinforced Concrete . . ... . . . . . . . .. . : .
Reinforced Masonry . . . . . . . . . . . . . ... .
Stud/Girt. . . . . . . . . . . . . . . . . . .

Windows . . . . . . . . . . . . . . . . . . . . . . .
High Power Rifle Threat, ANSI/UL

Definition. . . . . . . . . . . . . . . . . . . . . . . . . . .
Hardening . . . . . . . . . . . . . . . . . . . . . . .. . . .’

130
137

58
52
57
103
136

42
46
51
83

161.
163

I

Illumination
(See also Lighting, exterior)
Direct. . . . . . . . . . . . . . . . . . . . . . . . . . . .123”..
Indirect. . . . . . . . . . . . . . . . . . . . . . . 123

●
Intermittent. . . . . . . . . . . . . . . . . . . . . . . . 123

ResponsiveArea.. . . . . . . . . . . . . . . . . . . . 123

Ingress Time
Definition. . . . . . . . . . . . . . . . . . . . . . ... . 3

Intrusion Detection Systems (IDS)
Definition. . . . . . . . . . . . . . . . . . . . . 4
Performance . . . . . . . . . . . . . . . . . . . . . 254

L

Layout, exterior
Access Control . ...
Deterrence and Delay . .

Observation of Facility

Security Force Response

Light ing

CCTV and Surveillance .

Deterrent to Crime . .
Energy Considerations .

,,, Legal Issues . . . . .
Restrike Time . . .

Lighting Concepts . . . . .
Direct. . . . . .
Indirect illumination .

. . . . . . . . . ., .. . . . . . .. 114

. . . . . . . . . . . . . . . . . . . .. 114
. . . . . . . . . . . . ., . . . 114
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Intermittent Lighting . . . . . . . . . . . . . . . . . . . . .
Response Area Illumination . . . . . . . . . . . .“. . . . .

Lighting, exterior
Types . . . . . . . . .

Centinuous Lighting
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Controlled . . .

Emergency Lighting .
Moveable Lighting .
Standby Lighting . .

Lighting Specifications . .
Lockins Devices

Hi~h Security Locks and Hasps . . . . . . . . . . . . . . . . .
Iockand Lock Sets..... . . . . . . . . . . . ...’. .

, Shrouded Hasp . . . . . . . . . . . . . . . . . . . . . . .
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.(See Utility Openings)
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(See Construction, masonry)
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(See Construction, metal)
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Pipe Chases

(See Utility Openings)
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Relative Cost Index
Definition . . . . . . . . . . . . . . . . . . . . . . . . ...3

Roll-up Doors
Hardening . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

Roof Ventilators
(See also Utility Openings)
Hardening . . . . . . . . . . . . . . . . . . . . . . . . . . 137

Roofs
Construction

Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
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Reinforced Concrete . . . . . . . . . . . . . . . . . . . . S2
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Hardening
Metal . . . . . . . . . . . . . . . . . . . . . . . . 59
Reinforced Concrete . . . . . . . . . . . . . . . . . 54
Vood.. . . . . . . . . . . . . . . . . . . . . . . . 57

Worksheet Instructions . . . . . . . . . . . . . . . . . . 30

s

Sliding Door Systems

“o Herdening . . . . . . . . . . . . . .
Small Arms Multiple Impact Threat (SAMIT)

Definition. . . . . . . . . . : .
Small Arms Threat, ANSI/UL
, Definition. . . . . . . . . . . .

Hardening . . . . . . . . . . . . . .
Strongrooms . . . . . . . . . . . . .

Specific Construction Standarda . . .
Door. . . . . . . . . . . .
Locks . . . . . . . . . . . . . . .

. . . . . . . . . . . . . 152

. . . . . . . . . . . . . 159

. . . . . . . . . . . 159
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. . . . . . . . . . . . . 186

. . . . . . . . . . . . . 185

. . . . . . . . . . . 185

. . . . . . . . . . . . . 186

T

Tactics (Threat). . . . . . . . . . . . . . . . . . . . 247
Threat

Attack Tools. . . . . . . . . . . . . . . . . . . . . . . . . 13
Definition. . . . . . . . . . . . . . . . . . . ... . 10
Examples. . . . . . . . . . . . . . . . . . . . . . . 12,.,>, ANSI/ULSmall Arms Threat . . . . . . . . . 161
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Military Threat
Hardening .

Tactics . . . .
Timing . . . , .
Vehicle Barriers

Tools
(See Attack Tools)

Tunnels
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(See Utility Openings)
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Utility Openings
(See also Ventilation Openings)
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Hardening . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Velue at Risk . . . . . . . . .
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Cless A, B, and C Vaults . .
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Vehicle Barriers . . . . . . . .
Types . . . . . . . . . . .
Prices . . . . . . . . . . .
Aesthetics . . . . . . .
Vulnerability . . . .
Criticality . . . . . . . .

~.entilationOpenings
“ (See also Utility Openings)

Hardening
Door Ventilators
Roof Ventilators
Wall Ventilators
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(See Utility Openings; Ventilation $,.-.,,

,Openings)
Vulnerability . . . . . . . . . . . . . . . . . . . . . . . .. . .

walls
Construction . . . . . . . . . . . . .

Masonry . . . . . . . . . . . . .
Reinforced concrete . . . . . . .
Stud/Girt . . . . . . . . . . .’.

Hardening
Flasonry . . . . . . . . . . . . .
RsinfOrcsd concrete . . . . . . .
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Worksheet Instructions . . . . . . . .
Windowe
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