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Background

Civil defense nlanners require reliable criteria for the estimation
of nuclear weapons air blast damage to a wide variety of urban structures
for use in strike damage analyses, damage limiting studies, shelter cost
effectiveness studies and for other purposes. Such criteria, to be of

maximum use, should be available in numerical probabilistic form,

Currently, available structural dzmage inforaztion is limited to

(1) generalized information, (2) structural damage criteria prepared for
offensive planning purposes, (3) reports of full scale experiments in-
volving exposure of very limited structural types to low yield veapons,
2nd (4) laboratory and analytical work relating to specific structural
designs. Becauseof the very wide variability of strengths of existing
structures and components within a given defined type, the available in-
formation is considered to be severely limited, particularly from a

probabilistic standpoint.

Objective

The objectives cf this work were: (1) to develop a probabilistic
system of describing the variability¥ of s ructural failure criteria as
functions of nuclear explosion air blast parameters, (2) tc construct a
preliminary set of air blast failure criteria distributicn functions for
a cross section oi urban structural types and components, and (3) to
present failure criteria probability siatements, derived from the distri-
bution functions, in a readily usable numerical form for use by civil

defense planners.
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An associated objective mas to develop definitions of failure for

building components und complete buildings which Are mearingful Ior civil
defense casualty estimation, physical damage <stimation and recovery

pianning.

Failure Variability

Mzny factors serve to produce a relatively vide variabilaty in the
fiee field air blast environment at which a given structural type will
collapse or fail. The factors include:

Structural Variability

Apparent identical structures #ill exhibit a wide range of resist-
ance to air blast loads due to design differences, differences in mate-
rial strengths, age, quality of workranship, previous loading experience,
etc.

Air Blast Loading Variability

Considerable variabilities also exist in the air blast loading
experienced by similar structures located at equal distances fros a
nuclear explesion but in different atmospieric, topographical, and urban
environzments, The variations of size, shape, and degree of openings
also cause variabilities in loading. The yvield of an explosion zlso

affects loading at given air blast parameter locations.

Failure Definitions

The concept of failvre uatilized herein is onec of "incipient failur:
or collapse“ which signifies that a structure or component has been
loaded just to the point where it will fail or collapse without further
additions of load. OQccupants oi the various structures arc expected to
undergo substsntial translztion, to be subject to impact of high-velocity
debris, collapsing structural components and other processes resulting

in 2 kigh degree of casualties.
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Probabilistic Concept

In order to develop structural failure criteria ir probabilistic
form for thc population of a given structural type, it was first neces-
cary ¢c determine the form of the statistical distritution as a function

of an air blast parameter fo. the range of structural strengths repre-

sentad by the structural type as defined.

Since ve>r little empirical evidence is available to support the
determination of forms of distribution by regular statistical methods,

a subjective method was developed. This metkod is analogous to that used

in the Program Evaiuation and Review Techrnique (PERT), whkere experienced
judg=ent is used to estirate the most likely, optimistic and pessimistic

times {or costs, or resources) for accomplishment of tasks for which past

experience is lacking. 1In the present application, experienced judgsen*

is atilized to determine the most likely, highest reascnable, and lowest
reasonzble value of the air blast parameter causing fa'lure, taking into
acecunt ali of the pertinent variabilities.

The three values are used to

develop the approxirmate form of the distribution as illustrated in

Figure S-1.

The form of distribution developed from the above process Is of the
approxi=ate Beta type which possesses considerable flexibility as regards
skewsness, peaXedness, etc.

Through utilization of the mathematical characteristics of the Beta
distribution it becomes possible tu describe the range of probabilities
of failure as functions of an air blast parameter. The pain report illus-
trates this process in detail and presents manual and computerized
zethods.

Air Blast Parameters

Since some structures (diffraction sensitive) z2re primarily sensi-
tive to the overpressure characteristic of the blast wave, scaes (drag
sensitive) to the dynamic pressure, and others to combinations, there
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FiGURE S1 DISTRIBUTION FURCTION FOR FAILURE CRITERIA

can be no one air biast parameter that will serve as a unicue zeasure N

for the estabiiskement of failure criteria,

The concept followea herein is to use peak free field zir blast
oversressure as an index =easure. The "ingex free field peak overpres—
sure’ is that overpressure where the defined degree of failure occurs
even tkough failure =ay result fros= dynamic pressure forces or Iros com—

binations of uverpressuare and dynaz=ic pressure forces.

Air blast parameter charts for 2 5 megaton surfzoe burst angé for a
5 zmegaton air burst at 14,500 feet height of burst have been furnished
for ready conversion of air blast parameter vzlues to distaznce from the

burst.
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Building Types Ccasidered

it was necessary to establish a relatively limited set of structursl
fypes which are repiesentative of 211 structures of interest to civil

defense planners. The types to be evaluated were developed in coordina-
tion witk OCD stafi and include:

TYPE DESCRIPTION

1

Single-~story fra=e residence with or without basement.

2 Single-story =masonry, load-bearing wall residence with or without
basesent.

3 Teo~ or three-story fraze singie residences, rowv houses, apartse=is,
and m=otels =ith or without basements.

Wis

Tso— or three-story =masonry, locad-bearing wzll single residences,
rox houces, apartments, and =otelrs with or witbout basements.

(7]

¥ixed one- and two~-story “store front” and light coesercial masonry,
lgad-bearing =a2ll buildings.

6 ¥ixed two~ to four-story commercial, residential, ang office,
=asoisy, load-bearing sall buildings.

7 Hultistory, steel frame apartzent buildings., four to “en storics.
Ligat and heavy w21l covering variations.

8 ¥pitistory, reinforced concrete frame zpartment bujldings, four to
ten steriers. Light and heavy wall covering variations.

g tistory, steei frare office and institutional buildings, four fo
ten stories. Light and heavy wall covering variations.

1o Epitistory, reimforced concrete frame office and institutional

“uildings, four to ten steries. Light and heavy wall covering
variatiens.

11 Tz211 steel frzse office buildings, more than ten stories. Light
= heavy wall coveripg varisticns.

12 Tall reinforced concrete frame office buildings, m=ore than ten
stories, Light znd heavy w3211 covering voriations.

i3 COne—-story masocnry, load-bearing wall school and institutional
buildings.
14 Monu=ental mzsonry buildings, two to five stories, with and with-

cut frames.
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TYPE DESCRIPIICS

15  Masonry, load-bearing wall industrial buildings, one-story.
16 Light steel framc industrial buildings, sne-story.
i7 Heavy steel frame industrial buildings, one-story.

For each of the duilding tvpes listed, coeplete descriptions have
been prepared and are presentecz in the main report. Definitions cf fail-
ure for the components of eaci: zype and for the composite structure are

also presentec.

Probability of Failure Estimating Charts

A sepzrate Estiaated Probability of Failure chart was prepared for
each of the building types listed previously. Tke charts permit the
estimating of the probebility of failure of z component or the composite
; structure at 32 given index overpressure value, or conversely, the index

= overpressure: value can be Jetermined for a given probabilitr of failure.

= A representative chart appears hereafter.
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ABSTRACT

This report is one of a series covering research of a continuing
natuve in the evaluation of the air blast resistance of existing struc-

tures under sponsorship of the Office of Civil Defense, Department of

the Army.

The objective of the work was to apply probabilistic techniques to
estimates of air blast failure criteria for a cross section of urban
building types and their components, such buildings and components pos-

sessing a wide variability among types and within types.

The problem to be solved is one of describing the strength variability
and the form of its distribution function for the various building types
and their compoments in the light o¢f almost complete absence of experi-

mental evidence, particularly exposure to high yield weapons.

The approach used s based on an analogy of the Program Evaluation
and Review Technique (PERT) method of establishing the frequency distri-
bution of completion times for work elements. 1In the PERT application,
experienced judgment is used to establish most likely, optimistic, and
pessimistic completion times. An approximate beta distribution function

is defined from these three values from which a range of probabilities

of completion time may be calculated. The application of the technique
to the present problem uses the best available experienced judgment to

establish the most likely, lowest reasonable, and highest reasonable

iii
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failure c .'a for a given structural type or component. A beta distri-
bution function is constructed from these values, and other probabilities

are calculated therefrom by either manual or computer methods.

Results are presented in graphic form for each of 17 structural types

of iuterest and their components.
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Background

civil defense planning use:

o

-
Lo

Civil defense planners require reliabie

effectiveness studies and numerous other purposes.

cated elzctronic computer processes, it becomes imperative

I INTRODUCTION

criteria for the estimation

of nuclear weapons air blast damage to a wide variety of structures for

use in strike damage analyses, damage limiting studies, shelter cost-

As the nature of such

studies becomes more and more complex and as they incorporate sophisti-

¢ that the

soundesi possible damage criteria be available in numerical form.

tructural damage information for civil defense planners is limited

essentially to the following sources, all of which nave limitations for

Generalized structural damage information as contained in "The
Effects of Nuclear Weapons. **

Structural damage data contained

in this document are limited? by the types of structiures covered,
by the lack of varisbility information from which numerical

probability-cf-damage relationships can be derived, and by the
weakness of experimental evidence, pasrticularly from high-yield

- weapons.

flig
]

2. Structural damage criteria prepared for offensive planning

purposes. Such criteria necessarily tend to provide for a high
probability of damage to ensure attainment of damage objectives.

x

References.

3 +

ful document.

iy
Bt i

On the contrary, it is an extremely corprehensive
3 useful document for general civil defense planning pusposecs.

Superscripts refer to numbered references contained in Appendix A,

This is not to say the the 'Effects of Nuclear Weapcns” is not a use-

and

ar
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Reports of full scale experiments in which a few structural types
were exposed to lcw-yield explosions.

Results of laboratory experiments and analytical work relating
to a limited number of building types and components.

An associated problem is in the area of definition of damage or failure.
offensive planners are generally interested in total destruction of
structural targets to provide assurance against functional use, whereas

civil defense planners are more interested in determining the threshold

of structural failure and the effect on occupants.

The classes of structures of primary interest to civil defense pian-

ners are those associated with people, including structures in which people

live and work. They also include structures in which people are expected

to take shelter under threat of nuclear attack. This latter category re-

lates primarily to the designated shelter structures of the National

Fallout Shelter Survey (NFSS!. Since the major portion of the population

of the United States is located in urban areas, a cross section of urban
structures ranging from the single family residence of suburbia to the

high-rise commercial and office buildings of central business districts

must be evaluated.

Although most structures are designed in accordance with building
codes, there remains a wide varizability in both static and dynamic
strengths of given structural types and componentis. The variabilities
rcsult from many factors including load assumptions, design methods, basic
variatilities in the strength of construction nmaterials, workmanship, zage

of structures, and other factors.

The developrient of precise descriptions of the variability of failure

criteria for given structural types and compon 5 would require a sta-

tistical quantity of structures exposed Lo nctual nuclear blast situations.

Obviously,

this situation will not result and reliance must thercfore be

2




placed on the information that is available, no matter how limited,

including:

1. Information from the Nagasaki and Hiroshima events.

2. Data from limited exposure of a few building types and components
in planned nuclear weapon experiments.

3. Laboratory scale experiments.
= 4. Analytical work.

However, these sources of failure criteria have severe liritations

in application to present problems, for example:

Tt

1. The Nagasaki and Hiroshima events involved low yield weapons
against nontypical targets compared with U.S. urban areas.

= 2. XNuclear test exposures have been iimited to a few structural
; types, and they have mostly been exposed to low yvield expliosions.

E 3. Laboratory scale experiments have been limited to model siruc~
E tures, or at the maximun scale, to structural components.

4. Analytical work has for the most part been limited to deternmin-
istic solutions for individual structural designs.*
In view ¢f the limited experimental and analytical evidence, the
development of probability estimates must rely on a subjective approach

using the judgment of engineers experienced in nuclear air blast damage

experiments and analysis to establish the range of failure criteria and

to develop numerical failure probabilities through use of simplified

statistical technigues.

= At the present time, another portion of this program is concerned with
: the development of analytical procedures to predict the collapse of
= structures from air blast of nuclear weapons.

o ot s g SR




Qb jectives
The objectives of this work are to:
1. Develop a probabilistic systea of describing the variability of

structural failure criteriz as functions of nuciear explosion
air blast paraz=eters.

2. Construct z preliminary set of air blast failure criteria
distribution functions for a ¢ross section of urban building types
= and components.

3. Present failure criteria probakriiity statements derived fro= such
distribution functions in 2 reaily usable numerical for= for
use by civil defense planners.

filtit

= In meeting the above objectives, it is necessary to establish defini-
tions of failure that are meaningful in ter=ms of civil defense casualty
: estimation, physical damage estimation, apd recovery planming. Also, it
is necessary to establish a relatively limited set of structural ta.s
that will be represeniative of all structures of interest to civil defence

= planners.

A limiting objective, or consiraint, is that the above objectives
are to be met with available infor=zation and without resort to additional
analytical or experimental structural failure analysis. As a result, the

criteria presented must be considered .o be of z preliminary nature, sub-

Rl

ject to refinement on further study.

Scope of Work

The research work perforaed under this project consisted of the
following substantive ite=s:
1. Identification, selectiion, and description of 2 cress section

of urban building types of interest to civil defense planners
and investigators.

e
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2 Review of the air blast structural daszmage literature and zssembly
of failure criteriz inforeation as a2 function of air blzsst paras-
eters.

Revier of practical statistical methods amd developzent of 2

method for describiny the variability and distribution functions
¢f a2ir bilast fzilure criteria for structural cozponents and

[

"

syste=s.

4. Developzent cf a system of nuzerical presentaticn of probapilis-
tic estimates cf Zailure criteria for selected siructures and

cosponeats.

5 Establishz=ent oi judgm=ents of the range and post likely values
of air blast failure criteria and, based on these judgsents,
developzent of failure criteria disiribution functions.

6. Presentaticn of dzta for each building type and co=poramt in ithe
for=at developed under 4 above.

7. Preparation and prescrtation, in readily usable forzm, of a set
of air blast parametler data 25 2 function of ground éistance to
-

serva as a2 basis for conversion of da=age criteriz froz= an air
blast para=seter base 0 a disiance base.

Yethod of Approach

tructaral types to be included in thie analysis were selected after

- discussions with OCD siaff and o reviews of a2 cross soction of the MNFSS

1)

1ist and other urban siructural types. An z2item! was m=ade 1o incliud

= a general cress section of 21l urban types with the highest degree of

3 association with peopie.
Structural dasage criteria were developéd for cach structural iype

ang compcnent through a2 systez including the foliowing steps:

i Review of the literature pertaining to the siructure or ¢ospo-

Representative sources are indicated by references 6 through

»
ool
o
[
b+

Appondix A,
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2. Develop=ent of preliminary values of failure criteria aand

varigbility.

3. Review of prelizminary values by associated engineers possessing
coz=prenensive and extensive experience in nuclear air blast
structural analysis arnd full scale structural test design and
evaluation.

4.

Adoption of reported values through discussicons among authors
and revicwers.

A concept entitled "Index Free Ficld Overpressure  was used to pre-
sent the air blast variable in 2 uniforz =anner in cases where drag

loading was either contributing or dominznt.

The syste= describing variability and probability of failure criteria

=as based on zpproximate m=ethods used in the Progra= Evaluation and Re-

wni

view Techniaue {PERT}.® A more rigorous procedure was developed to

rm

describe the beia distribiation function characteristics to account for

unbalanced {skewed] distributions. Beth =anual and cozputer analytical

syste=s sere developed and presented.

A simplified, unifornm system of graphical presentation of protability
of failure criteriz was developed to include =ajor building corponents

and a co=posite type for each structure.

Descriptions of each building type, iis variations, znd its cozpo-

nents were developed and presented for the

uidance of users.

The Dost up-to-date air blast parzzeler datz were odtained, and 2

graphic systex thatl is easy to use was developed for presentation. Data

~ v prasented for a 5-Xt surface burst and 2 5-Bt air burst at 34,560
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II TFAILURE VARIABILITY AND FAILURE DEFINITIONS

Introduction

Apparent identical structures will exbkibit 3 wide range of resistance
to both static and dynamic loading. This range of wvariability resvits
froz sany factors including variability in the strongth of cozponent
materials, the quality of wmorikmanship, s=all differences in design,
foundation differeuncas, and previous loazding experience. Age. design
loads and criteria, and alteration history also produce widely ranging

veriables for populations of given structural types.

Ir the case of loading resulting fro= nuclear air biast, ar addi-

tional set of variables is present. This set includes the vield of the

explosion, tke orientation of the structure to the direction of the tlast

wave, topography, proxismity fo other siructures, and the nature of the

structure iiseif.

In co=binatica, the foregoing sets of variables produce a situation

ir shich a given structural type or co=ponent ¥ill exhibit z considerzbie

range of ifailure criteria as related to air blast parasmeters.

Structural Variability

Basic structural rcaterials possess inherent variability in strength
as variousiy defined {clastic limit, vield point, rupturc). Hetallic
=aterials such as siructural steel are generally relatively narro¥ in

-
*

ariability, =ith concrete, sood, and masonry exhibiting considerably

Tider strength charactieristics.

®  Preceding page blank
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The basic variability of strength of structural m=aterials is further

affeci=d by the variability resulting from the construction prccess.
Potential strengths are strongly affected by the degree of attention
paid to proper construction practices. Typical practices advorsely

affecting the strength of construction matarials include:
1. Ezxcess water in concrete.
2. Failure tc consolidate concrete properly.
3. Fzilure to cure concrete properly.
4. Use of poorer quality tizber than specified.
5. Failure to nail tisber =e=bers properly.

6. Gross reduction of tisber sections by the electrical and
sochanical trades.

*. Lack of proper penetration in wzelding structura. stesl =e=bers.

8. iack of propc- steel placez=ent in reinforced concrete.

Failures of structures fresz conventional loads are not coi=oa, hosever,
since design methods include 2 sufficient factor of safety to offsel the
varizbilities of basic caterials and the construction process. Gn the
other hand, the population of a given structurail tyce could exhibit a2 wide

range of failure criteria if loaded to the ultimate by conventionzl methods.

An zdditional set of variables results froz the design process. Dif-
ferent desigaers use different methods vesulting in selections of different
structural systems. The behavior of boited or riveted joints will be
different from that of welded ioints. Different static load assus=ptions
=ill produce different structural mesber sizes. A considerable amsunt of
design is bosad on readily availabie sitock materials, thus a stock member

that is barely adequate in one case may be substantially stronger than

necessary in another.
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Building codes also have a strong influence on design and loading,

and allowable stress criteria vary widely among various codes. In some

areas, special loading couditions (e.g., lateral loading from earthquakes
and hurricanes) are specified in building codes. This results in stronger
buildings than those elsewhere.

Air Blast Loading Variability

The variabilities included in air blast loading are of three general
types: (1) those associated with basic air blast phenomena; (2) those
resulting from the structural environment; and (3) those caused by the

size, shape, and configuration of the structure.

Air Blast Variabilities

For an explosion of the giver yield, many factors affect the value
of an air blast parameter observed at a given distance. Together these
factors can result in a rather wide variakility. They include:
1. Meteorological conditions,.

2. Ground s.rface conditions
3. Topograpuy.

4, Height of explosion above ground.

Structure Environment Variabilities

The immediute environment of a structure has a definite effect on

the air blast., Variabilities may be caused by:

1. Other structures in close proximity.

2. Topographic features in the vicinity.

il
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Structure Configuration Variabilities

The structural loading resulting from a given air blast wave depends
strongly on the characteristics of the structure itself and its configura-

tions. Variabilities result from:
1. Orientation of the structure to the direction of the blast wave.
2. Variations in openings (doors and windows).

3. Strength of wall coverings (strong wall coverings will translate
heavier loadings to frame members).

4. Interior contents.

Yield Considerations

The yield of the explosion influences the relationship between the
value of peak overpressure/beak dynamic pressure and the duration of the
blast wave. The higher the yield the longer the duration for a given
value of peak ovepressure or peak dynamic pressure. This factor is of
considerable importance in the failure criteria cf certain structures

that are termed "drag sensitive” (i.e., affected by the drag or dynamic

pressure feature of the blast wave).

Summary of Variability Considerations

The foregoing discussion of the several sets of variabilities may
be summarized as being a situation ¢if a highly variable blast wave pro-
ducing highly variable loading on a structure with highly variable
strength, The situation requires a probabilistic approach to air blast

structural vulnerability programs such as that presented herein.

12
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Failure Definitions

As stated in the introduction, different definitions of structural
failure are used by different investigators depending on their interests.
The concept of failure used herein for both structural components and

composite structures is related to civil defense problems of injury and

death and to the problems of reconstruction. The concept of “incipient

failure or collapse" is used which means that a structure or component
has been loaded just to the point where it will fail or collapse without

further additions of load. Occupants of the structures are expected to

undergo substantial translation and to be subject to impact of high
velocity debris, collapsing structural components, and other processes

resulting in a high degree of casualties.

The concept also implies that a structure that has "failed" is

damaged to the point where repair is either impossible or grossly un-

economical. In another view, reconstruction, if attempted, would be

essentially on a ''brick-by-brick” basis.

This concept is also reflected in the definitions of failure con-

tained in the narrative material for each building type.

13
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111 PROBABILISTIC BASIS OF ESTIMATES

Introduction

Although there are large uncertainties and variables, civil defense
planners must be provided with the most accurate failure criteria pre-
diction method available. To be of value, this information should also
be presented in probability distribution form as a function of some air
blast parameter. Th=2se circumstances require thkat the most experienced

Jjudgment be used, taking into account the analytical and empirical data

available.

The situation is similar to that facing managers of complex new
enterprises who must make predictions as to activity duration {or costs
or required efforts) and to determine the probability of achieving those
predictions. Under PERT,2 most likely, optimistic, and pessimistic times
{or costs or efforts) are established by judgment based on experience.
Ordinarily, the most likely value is considered to be the mode, and the
optiimistic and nessimistic valwves are assumed to have probavilities of
% and 99%, respectively. It is necessary to assume a probability dis-
tribution function since no information erists as te the actual form of
the function. The three time {or cost or effort) values (most likely,
optimistic, and pessimistic} are used to establish the approximate form
of the distribution function and from this, other approximate parameters

{mezn, standard deviation, and variance} can be calculated.

The probabiliiy distribution function that results in the PERT situ-
ation is of an approximate beta form. The features of this distribution

as it applies to the PERT process are illustrated in Figure 1.

Preceding page blank
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FIGURE 1 PERT PROBABILITY DISTRIBUTION FUNCTION

In the PERT process, other probability values “in addition to the 1%,
median, and 99% are calculated under thke assumption that the distribu-
tion is normal. In the case of structural failure, it is known that dis-
tributions are more likely to be skewed mean to the right or left of the
mode ', and the assumption of a normzl distribation for calculation of
other probability values is not realistic. 2Also, with the normal distri-
bution, low and high probabilities approach infinity, whereas the beta
distribution possesses discrete end points related more to the structural
failure situation. It 1s therefore advantageous to apply the character-

istics of the beta distribution to the present problen.

In applying the PERT-beta distribution analogy to the present
problem of failure criter:ia prediction, the fundamental features of the
former system can be retained with some change in nomenclature and nota-

tion. These changes inciude:

16
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1. The Most Likely Time becomes the Most Likely Value {y,} for

incipient failure based on judgment and analytical and experi-
: mental evidence.

2. The Optimistic Time becomes the Lowest Reasonable Value {ya)

for incipient failure.

3. The Pessimistic Time becomes the Hignest Reasonable Value {yc)

for incipient failure.

in the prcbability of failure case, it is more useful to establisk

values corresponding to probabilities of failure of 10% (y,., and 90%

10’

{ygo) for the lowest and highest reascnable values rather than the usual

% and 99% used in the PERT process, since the latter values are more

difficult to establish in the absence of empirical evidence.

The distribution function as it appli s to the probability of

failure case will then appear as shown in Figare 2.

4

PROBABILITY

j=s—— LOWEST REASONABLE VALUE (10% Probastxlity)

F—— MOST LIKELY VALUE

j— MEAN VALUE (503 Probability)
|

{90% Probabiity)

——- S —— S — A —- Wo-P0 S B

f—— HIGHEST REASONABLE VALUE
!
|
|
]
]
|

AIR BLAST PARAMETER — gt

cly sy -
va 4y m yc .

APPROXIMATE EXPECTED MEAN VALUE = v, = 5 {3
Y.~ Y
APPROX!MATE STANDARD DEVIATION = Oy « = s 2 {4}
e
SA-5300-110

FIGURE 2

Not used in the following analysis

DISTRIBUTION FUNCTION FOR FAILURE CRITERIA
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Development of Beta Distribution Function Parameters

Althougn the 2a2pproximate beta distripution function znalysic is a
useful tool, it possesses some limitations and a more rigorous system is

desirable. Such a system is developed in the paragraphs below.

The approximate beta distribution process discussed earlier does
not consider diecrete end points and thus differs from a true beta func-
tion, which possesses such points. In the discussion that follows, ya

10 and y90 refer to

the probabilities at the lowest and highest reasonabie failure criteria

and y refer tvo the 0% and the 100% end points, and y
c

values, respectively.

The beta distribution is generally defined in the range 0 to 1.

However, it can be generalized to the range ya to yc by normalizirg the

variable ¥ to

The betz distribution on the range ¥ to ¥ 1is now given by the density
a <

function
r-i t-r-1
<j¥ - Fa y-5
; 1 a
ffy) = = 1 -
o 2ty ¥ ¥ -%
c a c a
or
. 1 JFr=1 t-r-1 N
'y } = v -y 1 {y -v¥) 5}
‘o . -2 Ya' Ye ° ¥
2y -5 ¢
c a

18
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where 3 (known as the beta function) is given by

Lt d A Y
Trir{t - r - . .
= 8 = "i'"gézj""l , where T is the gawma function {7a)

If t and r are integers, this reduces to

RIS

il

fr = 131{t = r - 1)1 ;
3 {t - 1) :

O

i

As can be seen, four parameters are required to define the beta

function—lower and upper end points ya and yc ard shape parameters v

and t. Three of these parameters can be derived froam the vzlues of Ylo'
FSO’ and ym. However, this still leaves the value of the fourth parameter

T
AU

undefined. One approach to this problem, and the one used herein, is to

T

select the vzlue of the fourth parameter arbitrarily. For this study,

the value of t was selected by judgment as
t = 8 . {8)

The value of the parameter t essentially controls the concentration
of the beta distribution about the mode, i.e., the higher the value of t,

the more concentrated, or neaked, the distribution becomes. The selected

= value of t = 8 represents a moderate concentration of the distribution

abkout the mode.
Values of the ratios {y =~ ¥. ¥/{y =~ y._ ) deternined from standard
= Yo T ¥107Yae T Y10’

tables of the beta distribution funciicn are plotted in Figure 3 for

= t = 8 and values of r from 1.5 to 6.5. This figure can be used to find

the value of the paraceter r py entering the chari at the bottom with the

v ‘v -y Wiy, -¥ i ing v
alue of the }5 ¥i0° ()90 }10§ and reading the corresponding value

of r along the side.
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The node for this beta distribution is given by

¥ode = ¥, =

I
o
W
*
L)
(o4
|
tw
o
1]
t
L
2]
L
'
o~y
©w
N

The value of 5§ - ya can be expressed in terzs of the knosn para=-
c

eters y and ygg by means of the following approximate relationships, the

i0
first of which is analogous to Eguation {2}, used in the PERT procedure,

¥ -5 = 6g {16}
c a ¥ )
¥ -3 = 2.57¢ {11}
90 10 ¥
= Thus,
E v - = 22330y -¥.) . {12}
e T ¥ Yoo ~ Y10 '
: Substituting this expression, along with t = 8, into Eguation {9 and
= solving for ya yields
= |
= \
5 ¥ = y_-90388{r-1}5__ -v Y} . 13}

= The valwe of y , zalthcugh not reguired for this anpalysis, can now be
c

1 determined frow Equation [12}.

A A

¥alues of the cunulative probability distribution, in ter=ms of the
standardized variable x, are given in Figure £ for ithe betz function w=ith

values of t = 8 and 1.5 < r < 6.5. These vzlues were derived fro: standard

21
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tables of the beta distributien.*

the variable x, shere 0 £ x < 1. Transformation of tne variable y{ya <

¥ S ¥ )} is accomplished by the following relationship
c

[N
(1]
[N
oy
[
I

Substituting Eguation {12}, ihis can be resritten as

= + 2.33{ -
¥ Fa .590 fzg

L

M
1]
-
7
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¥ethod of Application

In applying the foregoing concepts to the developzment of failure

probability esti=ates, the follosing steps are taken:
1. The =0st likely value of the incipient failure blast paras-~
eter (5,} is established

by judg=ent zand 2 review of experimental
and anzlytical evidence.

2. Tne wvalues corresponding to the 10%
abilities of failure zre

iy,

o

(v10) and 90% (§gq4) prodb-
clLosen by the saze seans.

Ay

ity of failure ‘v54; is determined from Fig-

Tables of the beta distribun

on =3y be found in:
J. R. Benjazin angd M. ¥. Xe

Tables of the Standardized Beta
5 Department of Civil Engineering,

t
istribution, Stanford Universit
Report No. 39, Jonvary 1965° znd

Xa2ri Pearsoz, Tables of the Incomplete Beta-Function, Biometrika

Office, London, 1934.°

These tables are expressed in terzs of

S

- ¥30) 'S calculated, and the correspond-

ol 10" 11
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Additional probability of failure values can be deter=ined in the sa=e

=anner as indicated in step 5.
The above procelure is illustrated by the exa=ple below.

The failure of a structure subjected to a blast is predicted to

occur at the following peak overpressures:

g

1. Failure is estirmated 25 =ost likely to occur at 4.0 psi, thus
¥, = 4.0 {most likely value).

. Faiiure is estimated t5 occur in 1 out of I0 cases at 2.5 psi,

tws ¥y = 2.5 {lowest reasonazble value}. Si=milarly, iz i out

of 10 cases, the structuze is estimated to be able to withstand
an overpressure of 6.5 psi, thus ygq = 5.5 {highest reasonable

vaiuel.

3. (55 7107 {5gp = 53¢} = (4.0-2.5%/(6.5 - 2.5} = 0.375

fro= Figure 3, r = 2.94.

: 4. Fro= Eguation {13)

"

: ¥ = 4.0 - 0.388/2.83 - 1.00}/6.5 - 2.5, = 0.99.

£3 £

= .
5. Fro= Figure 3, X3¢ = J.357

: ¥50 = 0-99 = 2.33{6.5 - 2.5¥{0.357} = 4.32.

6. Other probzbility values zre calculated in the saz=e manner as
11 step 3 with the foilowing results:

= ¥ = 1.0 ¥ = 3.8
— 0 60
= 2.5 =5.2

Y10 Y70 °°
Y = 3.8 5 = 5.
: Y90 =3 ¥go = >-8
- = 3.3 ¥ = 6.5
: *30 ‘o ~
= = 3.9 ¥y, =10.3
3 30 100

¥ = 3.3

h
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The above values are plotted in the exazmple cuzulative disiribution

function shiosn in Figure 5. The exasple probability of fzilure data

N Y A SO ) O R it 10 0 iy

ploted in the linear graphic forz usea for presentation in this report

aopezr in Figure 5.
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Extension of the Method

The Bayesian Approach

The probabilistic basis described earlier is closely associated in
an elementary way with an applied statistical philosophy introdvced by
Thomas Bayes and known as the Bayesian Theory. The Bayesian appréach
combines subjective and objective elements of statistical analysis. The
approach is to incorporate empirically observed data into a previously

developed (prior) distribution to achieve a new (posterior) distribution.

In the Bayesian approach the prior distribution may be based on
previous empirical da‘a or may be developed by judgment from related
processes., The distribution is then altered in the light of future

observations.

In iiie present case, the prior distraibution is based largely on
judgment and could therefore be classed as the initial step of a Bayesian
approach. As future failure data become available, the distributions

developed herein may be refined.

The mathematics of the Bayesian Theory are beyoad the scope of the
present study but may be found in several advanced statistical .oxts,

such as Reference 5.

Conmputer App®ications

Electrornic computer processes are easily applied to the approach
discussed. Inputs would in<lude the ylo, 590, and ym valuas, a value of
t, and elements of beta function tables in either tabular or algorithmic
form. The output would consist of tabular or graphic presentations of
the failure criteria values for designated probability steps. An example

of such an application is given in Appendix B, which uses the same initial

values as in the previous example.
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Other Shape Characteristics

The beta process developed herein uses only one value of the shape
parameter t relating to the 'peakedness” of the distribution., The
value of 8 was chosen as representative of average structural situations.

The range of structural situations would no doubt require the introduc-—

tion of other values.
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IV AIR BLAST PHENOMENA DATA

Introducticn

An earlier section discussed the yield-dependent phenomena (blast

wave duration) that contribute to the overall variability in structural

vulnerability problems. The presentation of failure criteria for a wide

range of yvields is beyond the scope of this study; furthermore, they

would not be useful to civil defense planners. The civil defense problem

is generally oriented to urban areas where large yield strikes wou.d be

expected. The yield, however, should be large enough to cause sufficient

blast durations to fully influence structures with long period fundamental
modes of vibration; these are generally tall framed buildings. Yields
of the order of 5 Mt are sufficient to accomplish this and are the basis

of the estimates given here. The 5-Mt yield is also sufficiently repre-

sentative of a range of yields from 1 to 10 Mt as related to blast wave

duration.

Index Free Field Peak Overpressure

Since some structures (diffraction sensitive) are primarily sensi-
tive to the overpressure characteristic of the blast wave, some (drag
sensitive) to the dynamic pressure, and others (most) to combinations,

there can be no oue air blast parameter that will serve as a unique mea-

sure for the establishment of failure criteria.

The concept followed here is to use peak free field air blast over-

pressure as an index measure. The index free field peak overpressure is

that overpressure where the defined degree of failure occurs even though

20 Preceding page blank
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failure resulvts primarily from dynamic pressure or from combinations of

overpressure and dynamic pressure.

Air Blast Parameter Data

The failure criteria presented herein use index free field peak
overpressure values as indicators of probability - ° failure for various
structural types and their components. Civil defense planners will fre-
quen:ly require the measure to be stated in terms of distance from agiven
explosion. For this reason, charts of all required air blast parameters
as functions of distance for both a 5-Mt surface burst and a 5-Mt air
burst at 14,000 feet HOB have been prepared and are presented in AppendixC.
Data from the charts can be "scaled” to other yields through the use of

procadures outlined in Reference 1.
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Introduction and Use

The probability of failure estimates presented hereafter in chart
form have been developed by the methods described in the preceding sec-
tions. Each chart (which applies to one building type) is preceded by a
narrative description of the building type and definitions of failure.
= Failure definitions are supplied for components as well as for the com~

posite structure.

The information supplied on the charts permits estimation of the

probability of failure at various index free field overpressure values

for ezch structural component {e.g., window glass) separately and for

& composite structure including all components.
The charts may be used in tzo ways:

= 1. The probability of failure of a compone..! or thc composite

3 structure at a given index overpressure value may be read by

= projecting a vertical line from the overpressure value upwards
] until it intersects the probabkility bar for the desired com-

= ponent. The point of the intersection represents the estimated
1 probability of failure of all structures in the population of
that overpressure. For example, from the chart of Building
Type 1, 90% of all windows in the buildings of this type would
be expected to fail at 0.6 psi index free field overpressure,

3 while 10% would not.

2. The index free fiecld overpressure value for a given probability
= of failure can be determined by reversing the above procedure.
= For exarmple, 30% of the composite of all Type 1 structures would
be expected to fail at 2.2 psi while 30% would not reach the
state of failure as defined.

= 31




Building Types

The page locations of building descriptions, failure definitions,

and estimated probability of failure charts for each building type are

listed below.

Page
Type Description Number
1 Single story frame residence with or without basement. 35
2 Single story masonry, load-bearing wall residerce with
or without basement. 39
3 Two- or three-story frame single residences, row houses,
apartments, and motels with or without basements. 43
4 Two- or three-story masonry, load-bearing wall single resi-
dences, row houses, apartments, and motels with or without
basements. 47
5 Mixed one- and two~story "store front” and light commer-
cial masonry, load-bearing wall buildings. 51
6 Yixed two- to iour-story commercial, residential, and
office, masonry load-bearing wall buildings. 55
7 Multistory, steel frame apartment buildings, four to ten
stories. Light and heavy wall covering variations. 59
8 Multistory, reinforced concrete frame apartment »uildings.
four to ten stories. Ligh! and heavy wall covering varia-
tions. 63
9 Multistory, steel frame office and institutional buildings,
four to ten storiesg. Lignt and heavy wall covering varia~
tions. 67
10 Multistory, reinforced concrete frame office and institu-
tional buildings, four to ten stories. Light and heavy
#all covering variations. 71

32
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Page

Type Description Number
11 Tall steel frame office buildings, more than ten stories.

Light ané heavy wall coverirg variations. 75
12 Tall reinforced concrete frame office buildings, more than

ten stories. Light and heavy wall covering variations. 79
13 One-story masonry, load-bearing wall school and institu-

tional buildings. 83
14 ANonumental masonry buildings, two to five stories, with

and without frames. 87
15 Masonry, load-"earing wall industrial buildings, one

story. 91
16 Light steel frame industrial-type buildings, one story. 95
17 Heavy steel frame industrial-type buildings, one story. a9
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TYPE 1

Building Description and Failure Definitions

Building Ty
Single-story, wcod-frame residence with or without baserent.

General Description and Variations

This building type includes all one-story, single-fazily or duplex resi-
dences with or without basements constructed with wood stud walls, wood ioist
floors and ceilings, and wood rafter roofs.

Various types of post and bea= and
panel construction are included.

Structural, space, and wall opening configurations are considered to be in
general accord with =unicipal building codes.

Variations in size range from= 1,000 to 2,000 square feet, or from tao to
five bedrooms.

Exterior wall coverings include sood, composition, stucco or metal siding
(ver insulation boaid, and brick or sione veneer over insulation board.

Recof variations include different slopes and shapes of peaked roofs with

sood or composition shingles and flat roofs of asphalt and felti built-up con-
struction with gravel topping.

Interior wzlls are primarily wood stud with gypsus= board or plaster cover-
ings.

Foundation variations include slab-on-grade. footing and foundation w=all
%ith crawl space and partial or full basements.

This type also includes one and one-half story and spiit-level residences
and different types of prefabricated designs.

The large bulk of single-family wood frame residences builti since ¥World
war ii fall in this category, as do sany residences built earlier.

Because hurricane-reinforced residences arc mo-s resistant than those <o

scribed herc, they are not included in this categery; however, iliiey ace not too
prevalent.

Failure Definitions

Doors and ¥indoss

¥indow glass--cracked, holed, or shattered.
Doors--tlosn off hinges or panels shattered.

Windos and door frames--split, shatiered, or substantially resoved fros
walls.,
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Exterior %¥alls

T
e

Face exposure—-foundation aznchorage sheared and wall displaced or collapsed;
75% of siding removed.

Side exposure—sare as for face exposure. Front sall failure will contrib-
- ute to failurc of side salls.

Rear exposure--saze 2s for face and side salls.

Interior Partitions

50% or =ore covering resoved froz =ajority of =alls.

Roof

s e el

—

75% or =ore of raiters failed for peaked roofs, and saze for joists cf
flat roofs; gross displaceseni of roof sysiexm,

Floor over basezment

75% or =ore cf floor joistis faileu; collapse of floor systiez= asmounting to
one half of basement height,

1 Miscellanesus

Chizneys——blosn over; =ajor shear and dispiacesent.
Open carpori roof--collapse or a2ajor displace=ent.

Cozposite Siructlure

The composite structure is defined as ihe average structure among the
various iypes of residences included in the general description, iaking into
account sariznces in age, orientiatlion, and environzent., Fallure is defined as

= dazage that precludes use for residential purposes sithout major reconstruction.
Salvage and reconstiruction zould be on z board-by-board basis and sould probably
not be cconoxzical in ordinary times butl =ight be necessary because of a iack o1

nex zmateriais in ihe recovery period. Failure includes any one >r counbinations
E of the follozing:

= 1. Hoof collapse or gross displacement.,

g

ilapse of walls,

W
N
~)

3% or =Dore of siding resoved,
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TYPE 2

Building Doscription and Failure Definitions

Building Type

Single-story masonry, load-bearing wall residence with or without base=ent.

Generzl Description and Variations

i

his building type includes 21l one-story, single-family or duplex resi-
deaces with or xithout basenentls constiructed with brick, stone, concrete block,

or co=bination w2lls. The =asoary w21l supporis zll ve-tical loads without b
assistance of studs or other frazming.

Structurzl, space, and xail opeaing coafiguratioas are considered to be in
general accord with municipal bailding codas.

Yzriations in size range fro= 1,000 to 2,000 sgquare feet, or fro= txo to
five bedroo=s.

Extericr =all wzariations inciude: {1} solid brick: {2} brick cavity =all:
{3} prick facing on concrete block, with or mithout cavity: {4} stone facing &

brick or concreie biock: and {5° solid stone.

RBoof variations iaclude ¢ifferent slopes ang shapes of peaZed roofs =itk
xo0d, composition, slate, or tile coverings and fiat roofs of asphalt and felt
built-up coastruciioca witk gravel iopping.

nterior v21ls =ay be ecither situd fraze vith gypsuzm besrd or plaster cover-
ing or =asonry xith plastier covering. The inside finish of exterior =alls ==y
be either directly plastered or furred with gypsu= board.
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xith craxl space zng partial or ;ﬁ;i Sascmerts.,
Fioor and ceilling 0ist sysiems are usually of nor=al =ood construction.

Thi< iype also intludes one- zand one-half story and =31it level desigas.

The large bulk of single family =msoary, lozd-bearing =z=1! residences built
since Torid ¥ar II {2} §in 1Ris caiegory 2% well as many residences built carijer.

This type does aost include reinforced brick or reinforced concrets block
a

Fajlure Definitions

Doors and ¥indoss

®i = glass--cracRed, holed, or shattered.

Doorz--blown off hinges or pzaneis shattered.

indow and door frames——splii, shatiered, or substantially re-mcved fro=
==lls.
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Exterior ¥zlls

Face exposure--xall shattered or at least 71z collzpsed.
Side exposurc--same as for face exposure; f -onil wall failure #ill con-
tribute to failure of side wxalls.

Rear exjosure--same as for face and side =1:1s.

Iaterior Partitions

50Z or =ore covering re=oved for majority »f ==ils_

Hoof

75% or =ore of rafters failed for peaked roofs and sacse for joists of
flat roofs; gross displacezment of roof sryste=.

Floor over Basezent

75% or more of floor joists failed; collapse of floor syste= amounting
to one-half of hasement height.

¥iscellaneous

Chizneys--blosn over; sajor shear and displace=zeant.
Open carport roof--collapse or zaior displacezment.

Co=posite Structiure

The coxposite structure is defined as the average structure among the vari-
ous types of residences included in the generzl description, taking into account
variances in age, orientation, and environment. Fzailure is defined as damrage
precluding use for residential purposes without =a:or recomstruction. Salvage
and reconstruciion sould be on 2 brick-by-brick basis and sould probably not be
econoxnical in ordinary tizes but =ight be necessary because of a lack of ner
=aterials in ithe recovery period. Failure includes either one or a cusbination
of the follozing:

1. HRoof collzpse or gross displacezent.

2. Coilapse of =alils.




TYPE 3

Building Description and Failure Cefinitions

Building Type

T=0- or threc-story =ood frame single residences, rox houses, apartments,
and motels, with or without baserents.

CGeneral Description and Variations

This building type includes all two- or three-story residential structures,
xith or without basements, constructed =ith zood stud wolls, mood joist floors
and ceilings, and wood rafter or wzood truss reof franing. The framing systex
ray be either baliocon” or “plziform  or any wvariation.

Structural, space, and ¥21l opening configurations are considered io be in
general accord with muaicipal tuilding codes.

Size vzriztions raocge up to 3,000 sguare feet for single residences angd
roz 830 to 1,500 sguare feet in multiple residences.

x{erior sall covering variations include sood, composition, siucco or =etal
siding over insulation board, and brick or sionc veneer over insulation board.
Roof variations include different slopes and shapes of peaked roofs =ish
Tood or co=position shingles and flat roofs of asphalt and felt built-up con-

struction =itk gravel topping.

Interior =2:ls ar. primorily =ood siud with Dypsun board or plaster covering.

Foundation variations include slab-on-grade. footing and foundatioz =uli
with crasl space =n3 partial or full basesments. There the basement is used for
parking, the first floor wxill be of reinforces concrete.

This iypec of building includes “acuplexzes,” “rox houscs,” and “garden

Hurricane reinforued residences are more resisiant and are rot included in
this category.

izsSs-—Crackesi, holed, or skatiiered
Doors—Bblosn off hinges or pancis shziiered.

¥indox and door irames--splii, shattis
=zlls.

7
]
AL

subsiantially removed fros=

Exierisr ¥a2lls

ure-~f--  -iion anchoraze sheared and s=lls displaced or cool-
- ~ Femoved,

2s for face exposure. Froanl ¥=11 failure will con-
ure of side w2lls.
same as for face and side =miis.

o
[
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Interior Partitions

50% or more covering removed for majority of walls.

Roof

75% or more of rafters failed for peaked roois and same for joists of flat
roofs; gross displacenent of roof system.

Floors

Upper floors--faiiure .cneraily depends on wall foilure.

lapse the floors will drop.
Floor over basement--75%

If two walls col-

or nmore cf floor joists failed or collapse of

floor
system amounting to one-half of basement height for wood joist

floors. For
reinforced concrete floor, failure is defined as any deflection amounting
to 1/20 of longest span.

Miscellaneous
Chimneys~-blown over; major shear or displacenent.

Compesition Structure

The composite structure is defined as the averase structure anong

the
various types of buildings included in the

zoneral description, taking into

account variances in age, orientation, and environment., Failure is defined as
damage precluding use for residential purposes withoutl major reconsiruction,
Salvage and reconstruction sould be on a board-by-board basis and would probabl;
not be economical in ordinary times but mig
new materials in the recovery period. Failure includes any one or combinations
of the following:

1t bhe necessarv because of a lack of

Roof collapse or uross dispiacement,
2., Collapse of walls.
757 or more of siding removed.

4. Gross deflection from the veriical.




TYPE 4

Building Descrirtion and Failure Definitions

Building Type.
Two- or three-story masonry load-bearing wall single residences, row houses,
apartiments, and motels, with or without basement,

General Description and Variations

This building type includes all two- or three~stor;y residential structures
with or without basement, constructed of brick, stoue, concrete block, or combina-

tion walls. The masonry wall supports all vertical loads without the assistance

of wood, steel, or concrete framing.

Structural space and wall opening configurations are considered to be in

general accord with municipal building codes.

Size variations range up to 3,000 square feet for single residences and from

800 to 1,500 square feet in multiples.
Exterior wall variations include: (1) solid brick; (2) brick cavity wall;
{3} brick facing on concrete block, with or without cavity; (4} stone facing on

brick or concrete block; ani (5) solid stone.

Roof variations include different slopes and shapes of peaked roofs with wood
or composition shingles and clay tile or slate und flat roofs of asphalt and felt
buiit-up construction with gravel topping.

Interior walls may be either stud frame with gypsum board or plaster covering

or masonry with plaster covering. The inside finish of exterior walls may be

either directly plastered or furred with gypsum board.

Foundation variations include slab-on-grade, footing and foundation wall
with crawl space and partial or full btasements. Where the basement is used for
parking, the first floor will be of reinforced concrete.

This type of building includes "duplexes,” “row houses,” and “garden apart-
ments.” It also includes some older four-story structures not now¥ generally per-
mitted by building codes.

It does not include reinforced brick cr reinforced concrete block structures,

which are generally more resistant.

Failure Definitions

Doors and wWindows

Window glass--cracked, holed, or shattered.

Doors--blown off hinges or panecls shattered.
Windows and door fruames--split, shattered, or substantially removed froz walls,

a7 Preceding page blank
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Exterior Walls

Face exposure--wall shattered or at least 75% collapsed.

Side exposure--~same as for face exposure. Front wall failure will ccntribute
to failure of side walls.

Rear exposure--same as for face and side walis,

Interior Partitions

505 or more covering removed for majority of walls.

Roof

75% or more of rafters failed for peaked roofs and same for joists of flat
roofs; gross displacement of roof system.

Floors

Upper floors--failure gencrally depends on wall failure, 1f the walls col-

lapse the floors will drop.

Floor over Basement

75% or more of floor joists failed or collapse of floor system amounting to
one-half of basement height for wood joist floors. For reinforced concrete
floor, failure is defined as any deflection z2mounting to 1/%0 of longest span.
Miscellaneous

Chimneys--~blown over; major shear or displacenent.

Composite Structure

The composite structure is defined as the average structure among the various
types of buildings included in the general description, tazking into account vari-
ances in age, orientation, and enviromment. Failure is defined as damage preclud-
ing use for residential purposes without major reconstruction. Salvage and
reconstruction would be on a brick-by~-brick basis and would probably not bLe econom-
ical in ordinary times but might be necessary because of a lack of new materials
in the recovery period. Failure includes cither one or a combination of the
following:

1. Roof collapse or gross displaccment.

2. Collapse of walls.

-




f

His T

i R T

i

Ul

i T

TYPE &

Builaing Description and Failure Definitions

Building Type

Mix>d one- and two-story "store front” and light commercial masonry, load-
bearing wall buildings.

General Description and Variations

This building type includes the large variety of small to medium structures
found in light "strip” and neighborhood retail and commercial districts. Typical
locations are in the urban fringe, suburban areas, "strips” along major highways,
and smaller towns,

The type is characterized by rather narrow frontages, more or less continuous
siructures with occasional service alleys, coowmon walls in some cases, flat roofs,
and decorative "store fronts,” usually with a large glass area. A typical size
would be 40-foot frontage by 80-icot depth with 12- to 15~foot ceiling height,

wall veriations include solid brick, solid concrete block. or concrete
block with brick, stone, or tile facings.

“Store front” variations include various configurations and combinations
of plate giass, structural glass, metal panels, and decorative brick and tile.
The typical structure has a large expanse of glass on its front face,

Roofs are generally flat with "built-up” coverings sugperted by joists or
light trusses.

Second floors, if they cexist, are used for store purposes, offices, or
apariment-type residences. Wall openings tend to be smaller than those on
street floors,

This type does not include large "shopping center” buildings or older two-
to four-story, heavy masonry, mixed commercial, office and residential structures
found in older commercial fringes of larger cities.

Failure Definitions

L2

Storc fronts”

Glass holed or shattercd; other pancls substantially displaced.

Side and Rear ®alls

walls shattered or at least 755 collapsed.

or morc of rafters or roof trusses failed; gross displacement of roof

s1 Preceding page blank
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Interior Partitions

Frane-~50% or more of covering removed,
Masonry--shattered or at least 75% collapsed.

Floor over basement

75% or more of floor joists failed or collapse of floor system amounting
to one-half of basement height for wood joist floors. For reinforced con-

crete floor, failure is defined as any deflection a=mountinrg to 1.°20 of
longest span.

Cooposite Structure

W
Bl

The composite structure is defined as the average structure among the various
types included in the general description, taking into account variances in age,
orientation, and environment. Failure is defined as dasage precluding use for
i intended purposes without major reconstruction. Salvage and reconstruction would
be on a brick-by-brick basis and would probably not be economical in ordinary
times bul night be necessary because of a lack of nex materials in the recovery
period. Failure includes either one or a cozbination of the following:

1. Roof collapse or gross displacenment,

E 2, Collapse of walls.




TYPE 6

Building Description and Faiiure Defiritions

Building Type

Uixed tao~- to four-story cossercial, residential, and

office, masonry load-
bearing az1ll buildings.

General Description and Variations

This building type includes a =zide variety of two- to
load-bearing wall structures found
tial districts of iarger cities.

foar-story masonry

in the area betzeen the dozntown and residen~
Typical uses include secnll stores, professional
offices {such as phys:cians, dentists, arnd lazyvers}), and apartment-type residences.
The stores usually occupy the loser floor, and offices and apartsments occupy the
upper floors.

The period of construction for this building type is before ¥World
war 11.

This type is cheracterized by rather narrox frontages, core or less con-

tinuous structures iith occasional service allevs, comson %xalls in some cases,

and flat roofs. The front of the building usually has fairly large windowx areas,

= particularly on the ground floor, =hile the sides and rear have only small sindo=
= areas. A typical! individunl size zould be -10-foot {rontage by 80-foot depth sith
= 12- to 15-foot ceiling height on the ground floor and X to 10 feet for upper
= floors.

%aill variations include solid brick, cut or artificinl stone, concrete
block, siructural clay t

ile, or concrete block or structural clay tile aith
brick or stone facing.

Interior walls arc generally =asonry: brick, concrete block, or structural

AR

clay tile, sith plaster covering.

Floors are typically zood decking supported on svod beams and joists, al-
3 though, in so=¢ instanc <, pazonry f{lat-arch floors

i
floors =xy be used.

or concrete beam and slab

Roofs are generally flat with " built

:ilt-up’ coveriugs
to that for the {loors.

. Construction

Failure efinitions

boors and Windows

fraces--split, shattcred, or substantially removed

{ro=

Exterior Walls

¥alis <hnttered or at least 75 collapsed.

55
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Interior Partitions

Shattered or at least 75% collapsed.

Roof

75% or =ore of joists failed: gross displacement of rcof systen.

Floor over Basez=ent

75% or =ore of floor joists failed or collapse of floor system amounting
to one-half of base=ent height for wood joist floors. Collapse of f{loor

for masonry flat-arch fioors. For reinforced concrete floor, failure is

defined as any defleciion amounting to 1/@0 of longest span.

Cosposite Structure

The corposite structure is f-fined as the average structure acong the various

itypes included in the general descripticn, taking into account variances in age,
orientation, and environcent., TFailure is defined as damnage preciuding use for
intended purposes without =ajor reconstruction. Salvage and reconstruction
would be on a brick-by-brick basis und sould probably not be economical in ordi--
nary tizes vut =ight be necessary because of 2 iack of nex materiais in the re-
covery period. Failure includes either one or a coz=bination of the following:

1. Roof collapse or gross displace=zent.

2
-

Collapse of =alls,
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TYPE 7 )

Building Description and Failure Definitions

Building Type

¥ultistory, steel frarme apartment building, four to ten stories. Lignt
and heavy wall covering variations.

General Description and Vzriaticns

This building type includes all four- to ten-story apartz=ent buildings,
dorzitories, and hotels of steel frame coamstruction. The elevator and stair-
=ell core, generally of reinforced coacrete or w=asonry construction, is assumed
to help carry the vertical and lateral load.

The pricary period of steel fra=e construction in zultistory apastreent
buildings is before World War 11, with reinforced concrete fra=e construction
cozming into prevalence since that time.

A typical larout consists of a room—corridor—roo= type of arranges=ent.
Coluzn spacing is generally about 20 feet in the long direction, zhile in the
skort direction spacing depends on the length of the builiding.

Exterior wall variations include both light und heavy coverings. Light
wall coverings consist prircarily of alusinuz or steel paneis. lieavy wall cover-
ings include =asonry curtain or panel walls, with or without veneer. These =ay

be constructed with or without a cavity. Precast concrete ele=ents are gaining
in popularity.

Interior parti
gypsuz wal.board. °
plaster.

t } =ood or steel studs with plaster cr
72} mypsu= block, and {3} clay tile or concrete block xith

ions are pri=arily 1

Floor construction includes _1' open web joists with stesl decking and

thin [2- to l-inches thick} concrete covering and ‘2} reinforced concrete slabs
=ith or without support bea=ms.

2
=
-

Roofs are flat with “built-up’ coverings, usualiy of the sace type of con-
struction as the floors.

Faiiure Definitions

Glass Doors and ¥indows

Cracked, holed., or shattered.

Exterior ¥alls

At least 755 of wall blowxn out or collapsed.

interior Partitions

Frame--50% or =ore of covering rez=oved.
Masonry-—coelilapsed or at least 75% blosn out.
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Rool

Failure is defined as any deflection a—mounting t¢ 1720 of longest span.

Floor over Basenment

Failure is cefinad as any deflection azounting to 1°20 of lomgest spen.

Structural Fra=e

Severe distortion of the frame, with flocr-to-floor displacements azounting
t0o 1/20 of the story height. <Collapse of the frame is imminent.

Vertical COE

Severe cracking and distortion of sz2l1is. Coliapse is irminent.

Cozposite Structure

The composite strurture is defined as the average structure azong the
various types included in the generai doscription, taking into account vari-
ances in age, orientation, and envirom=ent. Failurc is defined z2s dzmage pre~
cluding use for intended purposes without z=ajor reconstructicon. Salvage and
reconstruction sould probzbly not be econo=mical in ordinary times, but =night

be necessary beczuse of 2 lack of new =zaterizls in the recovery period.
Because 0f differences in the resulting load on the frz=e, tso categories
of conposite structure zare defined:
1. Steel fra=—e with light wall coverings.

2, Steel {race with heavy wm2ll coverings.

Failure in either of these categories is defined as the cocurrence of

cozbinations of the folloming:

All exterior malls and interior partitions blowxn out.
2. Severe distortion or coilapze of the frazme.

3. Severe cracking andé distortion of vertical core ==lis.

It is expecied that faijiure of the ligh: wm2ll compwsite stiructure will be
controlled by the first of the a2bov

e ¢criteriz, while faiiure of the heavy wmail
cozposite structure wiil be controll

el by the last two criteria.
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TYPE 8

BUILDING DESCRIPTION AND FAILURE DEFINITIONS

Building Type

Multistory, reinforced concrete frame apartment building. four to ten
stories. Light and heavy wall covering variations.

General Description and Variations

This building type includes all four- to ten-story apartment buildings, dor-
mitories, znd hotels of reinforced concrete frame construction. The elevator
and stairwell core, generally of reinforced corcrete or masonry counstruction, is
assumed to help carrv the vertical and lateral load.

Altnough some reinforced concrete frauwe apartment buil-lings were constructed
before World War II, the primary period of this type of construction has been
since that time.

Typical layout consists of a rocm-corridor-room type of arrangement. Spans
may vary from 18 to 36 feet.

Exterior wall variations include both light and heavy coverings, Light wall
coveri igs cousist primarily of aluminum o: steel panels, Heavy wall coverings
E include: (1) masonry curtain or panel walls with or without veneer and with or
without a cavity, (2) precasi concrete panels, and (3) reinforced concrete bearing
o wails,

Interior partitions include: (1) pl..ter or gypsum wallboard on wood or metal
studs, (2) gypsum block, and (3) clay ti:. or concrete block with plaster. Re-
inforced concrete bearing walis may a:so serve as partitions.

Floor construction for spans up to 26 fcet is primarily flat plate for the
period after VWorld War II. For longer spans and for construction before Vorld
har 11, slab with beam and girder framing is prevalent, Variations of these
systems include 1ift slabs, precast planks and channels, and "waffle” slabs. Many
of the earlicer waffle =labs are formed with structural clay tile, shich is left
in place, wecoming the ceiling surface.

Roofs are flat with “built-up” coverings, usually of the same type of cob-
struction as the floors.

Failure Definitious

Doors and Windows

Vindow glass--cracked, holed, or shattered.
Loors-=-bloun off{ hinges or panels shattered,

Window and .Jdoor frames--split, shattercd, or substantially removed (rom walls,

Exterior Walls

Walls shattered or at least 75% collapsed.
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Interior Partitions

Frame--50% or more of covering removed.
Masonry--shattered or at least 75% collapsed.

Roof

Failure is defined as any deflection amounting to 1/20 of longest span.

Floor Over Basement

Failure is defined as any deflection amounting to 1/20 of longest span.

Structural Frame

Severe distortion of the frame, with floor-to-floor deflections amounting
to 1/20 of the stery height. Collapse of the frame is imminent.

Vertical Core

Severe cracking and distertion of walls. Collapse is imminent.

Composite Structure

The composite structure is defined as the average structure among the
various types included in the general description, taking into account variances
in age, orientation, and environment. Failure is defined as damage precluding
use for intended purposes without major reconstruction. Salvage and reconstruc-
tion would probably not be economical in ordinary times but might be necessary
because of a lsck of new materials in the recovery period.

Because of differences in the resulting load on the frame, two categories
of composite structure are required:

1. Reinforced concrete frame aith light wzll coverings.
2. Reiaforced concrete frame with heavy wall coverings.

railure in each of these rategories includes any or combinations of the fol-~
lowing:

1. All exterior walls and interior partitions blowu out.
2. Severe distortion or collapse of the frame.

3. Severe cracking and distortion of vertical core walls.
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TYPE 9

Builaing Descyiption and Failure D2finitions

Building sze

Multistory, steel frame office and institutional buildings, four to ten
stories. Light and beavy wall covering variations.

General Des~ription and Varialions

This buxlding type includes all four- to ten-story office and institutional
buildings or steel frame construction, Institutional uses include schools and
hospitals., “he frame is generally of fireproof construction, with masonry, con-
crete, or more recently, spraved asbestos plaster being used as the fire proofing
medium., The elevator and stairweli core, generally of reinforced concrete or
masonry construction, is assumed to help carry the vertical and lateral load.

Interior layouts are varied with muh more open space than in residential
structures.

Exterior wall variations in- Yade both light and heavy wall coverings. Light
wall coverings ciasist primarily of metal panels or curtain walls, often contain-
ing large window areas. Heavy wall coverings consist primarily of masonry cur-
tain or panel walls with brick or stone vencer, constructed with or without a
cavity. Precast concrete wall and swindow units are becoming popular. The height

of the first floor is generally greater than that of the upper stories, and the
walls often consist of large areas of glass.

Interior partitions are gererally of light construction, coasisting of:
{1} plaster or gypsum wallboard on wood or steel studs, {2) gypsum block, {3)

metal or wood movable partitions. and {4) clay tile or concrete block wit: plas—
ter.

Floor construction includes: {1} open wseb joists with steel decking and
conrrete covering and {2) reinforced concrete slabs with or withoui support
beams, Suspended ceilings are gencrally used in conjunciion with these systems
to provide a flat ceiling and to hide lighting and ventilation systems.

Roofs are flat with "built-up” coverings and arc usually the same type of
construction as the floors,

Failure Definitioans

Glass Doors and Windous

Cracked, holed, or shattered.

Exterior Walls

Al lcast 75% of wall blown out or collapsed.

Interior Partitions

Frame--50% or more of covering res=oved.
Masonry--collapsed or at least 755 blown out.
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Roof

Failure is defined as any deflection amounting

Floor over Bzsement

Failure is defined as any deflection amounting

Structural Fraze

to 120 of longest span,

to 1°20 of longest span.

Severe distortion of the frazme, with floor-to-floor displace=ents amounting

to 1 20 of the story height. Collapse of the frame is imminent.

Vertical Core
. :vacking and distortioa of walls. Collapse is izm=inent.

Comp =ite 3°ructure

I... composite stiructure is defined as the .verage structure a—ong the various

types included in the general description, taking into account variances in are,

orientation and cnvironzent,
tended purposes without =0 jor recoanstruction,
probably not be cconozmical

2 lack of newx mate. ials in the recovery period.

Because of difierences in the resulting load on ti
coxposite structure are defined

=all coverings,
%n1il coverings,

ither of ihese catlegories i1s defined as

i. All exterior sails and inter:or partitions

blown out,
2. Severe distoriion or collapse ol the frasme.
3. Severe cracking and distortion of veriical core walls.
1 is expecied that failure of ithe =2l composite sStruciure =ill
trolled Ly the first of ihe above criteria

. #hile fajlure of the &

couposiic Siructure <ill be conirolled by the last tse criter:

i
.
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Failure is defined as damage precluding use for in-
Salvage and reconstiruction aould
in ordinary times, butl =ight be necessary because of

he ccecurrence of any or
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TYPE 10

Building Description and Failure Definitions

Building Type

Muitistory, reinforced concrete frame office and institutional buildings,
four to ten stories, Light and heavy wall cuvering variations.

General Description and Variations

Tnis building iype includes all four- to ten-story office az¢ institutional
buiidings of reinforce¢ concrete frame construction. Institutional uses include
hospitals and schools. The elevator and stairwell core, generally of reinforced
concrete or masonry construction, is assumed to carry part of the vertical and
lateral load.

Interior layouts are varied sith much more open space than in residential
structures.

Exterior wall variations include both light and heavy wall coverings. Light
wall coverings consist primarily of zetal panels or curtair w211ls often containing
large window areas. Heavy wall coverings include: {1} masonry curtain and panel
walls, with and without masonry veneer and with and without a cavity; (2) precast
: concrete panels: and {3} reinforced concrete curtain or bearing walls. The height
= of the firsl story is generally greater than that of the upper stories, with the
= walls often containing large areas of glass.,

: {1) plaster or gypsum wallboard on wood cr
cetal studs, (2} gypsu= block, {3} movable wcod or metzl partitions, and {4}
= clay tile or concreie block with plaster.

Interior partitions include

Floor construction is recinforced concrete of one of the following types:
{1) flat plate, {2} one-way joisis, {2} tso-way grids or "=affle slabs,” {4}
1ift siabs, and {5 precast siabs. Suspended ceilings arce generally used in
conjunction with these systems to provide a flat ceiling.

Roofs are flat with "built-up” coverinzs, usually of the sa=e type of con-
structiion as the {loors.

= Failure Definitions

Doors and ¥indowxs

%indos glass--~cracked, holed, or shattered,
= “oors-—-blosn off{ hinges or pancls shattered.

®indow and door frasmes--split, shattered. or substantially recoved fro= salls.

= Exterior walls

¥alls shattered or at least 75% cellapsed,

nterior Partitions

—

] Fraze—=307 or =ore¢ of{ covering recoved.

7 preceding page blank
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Masonry--shattered or at least 75% collapsed.

Roof

Failure is defined as any deflection amounting to 1720 of longest span.

Floor over Basenment

Failure is defined as any deflection a=ounting to 1-20 of longest span.

Structural Frace

Severe distortion of the fraze, with {loor-to-~floor deflections amounting
to 1.°20 of the story height., Collapse of the frace is icminent,

Vertical Core

Severe cracking and distortion of walls. Collapse is imminent.

Cozposite Structure

The co=posite structure is defined as the average structure ascng the various
types included in the general description, taking into account variances in age,
orientation and environment. Failure Is defined as damage precluding use for
intended purposes without nmajor reconstructicn, Salvage and recconstruction would
probably not be economical in ordinary tices butl zight be necessary because of a
lack of new =aterials in the recovery period.

Because of differences in the resulting load on the frame, two categories of
cozmposite siructure are required:

1. Reinforced concrete frame wiih light wall coverings.

2. BReinforced concreie f{rasme with heavy wall coverings.

Failure in each of these categories includes any or cosbinations of the follosing:

1. All exterior =malls and interior partiiiions blown out.

t

. Severe distertion or collapse of the fraze.

W
)

Scvere cracking and disiertion of vertical core sails.
It is expected that failure of the light =all composite structure w=ill be
ter i

co=posite structure =ill be controlled by ihe last two criteria.




TYPE 11

Building Description and Failure Definitions

Building Type

Tall steel frace office buildings, more than ten stories. Light ancé heavy
wall covering variations.

General Description and YVariations

This building type includes all steel frame office buildings of more than
ten stories. These are generally found only in the dosntowsn areas of large
cities. The frame is of fireproof construction, with =masomy, coacrete, and,
oore recently, sprayed asbestos plasier being used as the fireproofing medium.
The elevaior and stairzell core, gererally of reinfo-ced concrete, is assumed
to help carry the vertical and lateral load.

Interior layouts are varied <with relativcly large open spaces.

Because of the height of the building, exterior walls are usually of light-
weight construction, such as aluminu= or stainless steel pzanels or curtain =zlils.
Large window areas are usually prevalent. In somc cases, relatively heavy cover-
ings, primarily masonry or precast concrete units, =ay be used.

Interior partitions are also generally of lightseight construction, in-
ciudirg: (1) plaster of gypsus =allboard on steel studs, {2} gypsuz block,

and -3} =etal or =ood movable partitions.

&

Floor construction includes.
lightseight concrete covering and 2

open Teb oists with steel decking znd 2
reinforced concrete slabs, with or without
support beams. Suspended ceilings are generally usez to provide a flat ceiling
and to hide lighting and ventilation systems.

Ronis are flat with “built-up” coverings and are usually of the same ty
of construction as the {loors.

Failure Definitions

Giass Jdoors and ¥indoss

Cracked, holed, or shattered.

Exterior ¥alls

Al least 75% of =all bloxn out o~ collapsed.

Interior Partitions

frase--50% or =orc of covering reooved.
¥asonry--collapsed or at least 73% blowxn out.

Roof

Failure is defined as any deflection amounting to 1 20 of longest span.

]
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Floor over Bascment

Failure is defined as any deflgction acounting to 1!%0 of longest span.

Structural Frarce

Severe distortion of the frame, with floor-to—floor displacerents amounting
to 1/20 of the story height. Cosllapse of the fraze is irminent.

Vertical Core

Severe cracking and distortion ci walls. Collapse is imninent.

Conmpusite Structure

The co=posite structure is defired as the average structure asong the
various types included in the gencral description, taking into account variances
in age, oriendation and environmeni. TYailure is defined as damage precluding
use for intended purposes withoul =ajor reconstruction. 3Salvage and reconstruc-
tion would prabably not be econozical in ordinary tizmes, but might be necessary
because of 2 Iack »f nex materials in the recovery period.

Because of differences in the resulting load on the frame, tzo categories
of composite structure are defined:
1. Steel frase with light =211 coverings.

2. Stee! frz=c with heavy w21l coverings.

Failure in either ol these categories is defined as the occurrence of any or coz—

binations of the following:

i. All exterior wails and interior partitions blosnm out.

2. Severe distortion or coliapse of the frape.

3. Severe cracking and disiortion of vertical core =alls.

It is expected that iailure of the light w2l] cozmposite structure wili: be con-
trolled by the first of the above criteria, while failure of the heavy =all cox-
posite structure will be controlled by the last tzo criteria.
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TYPE 12

Building Description and Failure Definitions

Building Type

Tall reinforced concrete frame oifice buildings, —ore than ten stories.
Light and heavy =all covering variations.

General Pescription angd Variatic

7

This building type includes zll reinforce¢ concrete frame office buildings
of zmore than teu stories. These are generally found only in the doantosz areas
of i1arge cities. The elevator and stairsell core, generzi:y of reinforced con-

crete, is assuzmed to help carry tke vertical and lateral load

Interior layouts zre varied = th relativeiy large cpen spaces.

Exterior 3zil coverings include Loth light and he:ey coverings. Light =all
coeerxugs consist primaril. of =zetzl panels or curtain =alls often containing

v =al ‘1‘ masonry curiain or panel

zalls, =ith or =ithout vencer and =ith or z=ithout a cavity: . 2! precast concrete

r Teariag =alls, The heigh
of the upper stories, =i

plaster or gypsux 32§¥bo rd on sood or

- LAY

or metal pariition

s, and

concrete of one of the follozing

. tzo-zay grids or =zaffle” slabs,
and "% precast s=labs. Cocposiie sicel and concrete slabs =ny 3l1so e used,

these systes=s

the sanme type of con-

¥alls shattersg or at least

interior Partitions
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Roort

Failure is defined as any deflection amounting to 1/20 of longest span,

Floor over Busement

Failure is defiuned as any deflection amounting to 1/20 of longest span.

Structural Frame

Severe distortion of the frame, with floor-to-{loor deflections amounting
to 1/20 ~f the story height. Collapse of the frame is imminent.

-l -n1ng and distortion of walls, Collapse is imminent.

Composite Structure

The composite structure is defined as the average structure among the various
types included in the general description, *aking into account variances in age,
orientation, and euvironment., Failure is wefined as damzge precluding use “or
intended purposes without major reconstructicn., Salvage and recoastruction would
prcbably not be economical in ordinary times but might be - cessary because of
a lack of new materials in the recovery period.

Because of differences in the resulting load on the frame, two categories
of composite structure are required:

1. Reinforced concrete frame with light wall coverings.
2. Reinforced concrete frame with heavy wall coverings.

Failure in each of these categories includes any cr combivations of the following:

oy
.

All exterior walls and interior partitions blovn sut.

[

. ESevere distortion or -oilapse of the frame.

[
.

Severe cracking and distortion of vertical core walls,

IR

It is expected that failure of the light wall compcesite structure wiil be
controlied Dy thc first of the above criteria, while failure of the heavy wall
composite structyre wiil be cencrelled by the last two eriteria.




TYPE 13

Building Description and Failure Definitions

Building Tvpe

One-story masonry, load-bearing wall scheol and institutional buildings.

General Description and Variations

This building type includes all one-story masonr,, load-bearing wall schools
and institutional buildings, such as hospitals and rest homes. Construction »of
this building type has been primarily since World War II, with the large bulk
of schools constructed during this period {alling in this category. Exceptiong
to this might be schools built in congested areas oi large cities, where shortage
of space may make constiricticn of one-story structures impractical,

Typical layouts include both single and double rows of classrooms, with or
without a corridor, Typical room sizes are 30 by 35 feet, with 10-foot ceilings.
Large window arcas are usually prevalent at least on onc side of tho classroon.

Exterior wall variations include: {1} solid brick, :2} brick facing on
concrete block, {3 brick facing on structural clay tile, and {4) stuacco on wond
frame. Pilasters are often used at points where the roof framing bears on the

exterior walls. These also provide lateral support for the walls.

Interior partitions include: (1) stud frame with gypsum board cr plaster
covering and (9) concrete block or structural clay tile with plaster covering.

Roofs arce zererally relatively flat, and consist o1 a concrete, gypsum plank
or wood decking supported on concrete steel, or wood beams ¢r steel joists or
light trusses. Rool covering is generally of the "bualt-un™ type.

Schools designed for carthguake or hurricane fcorces ar: not included in Jhis
building type. These structires, which are of similar consiruction but are prev-
alent only in certain areas of the courtry, are more resistant. Also not included
are auditoriums or zymnasiums that may be adjacent to the above schools.

Frilure bDefinitions

Doors and Windoaxs

Window glass—-cracked, holed, or shattered.
Doors--blown off hinges or shattered.
window and door frames--substiantially reroved from =al's.

Fxterior Walls

At least 75% of wall collapsed.

Interior Partitions

Frame—--30" or more of covering removed.

Masonry-~coliapsed or at least 75% blown out.

»3  Preceding page blank
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Roof

Failure is defined as any deflection amounting to 1/@0 of longest span.

Composite Structure

The composite structure is defined as the average structure among the various
types included in the general description, taking into account variances in age,
orientation, and cnvironment. Failure is defined as damzge precluding use for
intended purposes without major reccnstruction. Salvage and reconstruction
would be on a brick~by-brick basis and would probably not be economical in
ordirary times but might be necessary because of a lack of new materials in
the recovery period. Failure includes either one or a combination of the tollow-
ing:

1. Roof collapse or gross displacement,

2. Collapse of the walls.




TYPE 14

Building Description and Failure Definitions

Building Type
Monumental masonry buildings, tuo to five stories, with and without frames.

General Description

This building type includes the large rarieiv of monumental buildings, =uch
a3 courthouses, government buildings, and banks. Thev are of tw. 10 five stories,
and generally asere constructed vefore World War I1.

This type is characterized by very thick masenry load-bearing walls. A
frase, the exterior columns of ahich are often imberided in the exterior =alls,
may also be present. Floors and interior ualls are similarly of massive con-
struction. Ofter the buildings are oraate in appearance.

Exterior =zall variations include: (1) brick, (2) varicties of stone, (3)
stone facing on brick, (1) reinforced concrete, and {3) artificial stone.
Interior walls are generally of construction similar to that of exterior

walls, although thev arc not often as thick,

Tvpes of floor construction vary zidely. Variations include brick and
terr cotta filat-arch floors with concrete fill and concrete slabs on reinforced
concretle or stecel bean girders.,

I

ither Tiat or sloped. Flat roofs are generally of constiruction
simplar to that of the floors. Sloped roofls generally consist of a wood, <teel,
or concrete decking «upported by woo:d or steel trusses. In some instances, donmes
made of wood, coucrete, tile, or =teel zay also ue present.

Structural {rames are oiften used in conjunction with the lo d-bearing wolls
as interior supports for the {locrs and roof, Tihcse conxist of wrought iron aund
cast 1ron member~ in many of the buildings constriucted bef 1200, with steel

[
xterior columnx ave

or
members generaily used in the remainder of the burldings. E

geneenlle imbededed in the exterior ma~onry walls, 1ith the interior columns fire-

1234 b

ironfed 31t ma~om v or concrote.

-

Fatiure Delinvtions

window glas~~—cracked, holed, zr <shattered.
Doors—-bloasn off hinges or shatterod

Window and stoer {rames--substantinlly resmoved irom walls.

sz Preceding page blank
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Exterior Walls

At least 753% of wall c.llapsed,

Interior Partitions

L]

blown out.

[3]]

Collapsed or at least 7

o

Roof

Flat--failure is defined as any deflection amounting to 1/20 of longest
span.

Sloped--75% or rore of roof trusses failed; gross displacement of roof
syvstem.

Floor over Basenent

Failure is defined as any deflection amounting to 1/20 of the longest span.

Structural Frame

Severe distortion of the f{ram~, with floor-to-flocr displacements a=ounting
to 1/20 of the story height. Collapse of the frave is imminent.

Composite Structure

The co=posite structure is defined as the average structure among the
various tvpes included in the general description, taking into account variances
in age, orientation, uand environment. Failure is defined o= damage precluding
use for intended purposes w=ithout major reconstruction., Salvage and reconsiruc~
tion would probably not be ecconomical because of outrmoded type of constructien,

Failure includes any or cozbinations of the following:
1. Hoof collapse or gross displacezent.
2. Collapse of exterior walls,

3. Severe distortion or collapse of the f{rame.
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g

T

ase for intended purposes without =zjor reconstruction,
tion would probably

Salvage and reconstruc-
not be econo=ical in ordinary tiz=es, but z=ight be necessary
becatse of a lzck of nex =aterials in the recovery period. Failure includes
either one or a cozbination of the follosing:

1. BHoof collapse or gross displacezent.

2. Collapse of the salls,

a3




Building Description and Failure Definitions

Building Type

Light steel fra=e industrial-type buildings, one-story.

General Description and Variations

This buiiding type includes the large variety of s=zll to nediu size, one-
story industrial type of buildings of light steel framse constructioa. Typical
uses inclede light industry, repair shops, warehouses, and soze types of retail
stores.

This type is characterized by iocng spans, up to approxisately 40 feet, and
tall story hcights, up to about 30 feet. Co=mon acong this type is the “package”
building prefabricated to sodular sizes,

Extorior salls are gencraliy of lightweight construction, consisting of
corrugated stecl, corrugaied asbestos, or aluzinum sheet panels attiached to
steel giris spanning beteeen exterior columns., In so=e cases. brick cr stone
facing =ay also be usecd,

Ronfs are gencerzlly sloped with corrugated =ctal or asbestos decking attached
russes or rafters, Variations in roof shapes anclude

to purlins spanning beiscen

b+
e

t
saxiooth roofs and the usc of Tonitors, primarily teo provide ventilation and 1

o

-
=4

ing.

The steel frazing is generally of the truss-on-column type, alibough zore

ru
recently, rigid fra=c construction has been gaining popularity.

Pariitions are generzally not used, except in soS¢ cases to provide a s=xll
£

ciuded in one-

es
. It also docs not
include the s¢ s

il
1ly less resistani, but are

Lo
.
)
e
g
ks
1]
A
o
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Jors
Yot
[N o]
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=
"
"
»
-
(L]
(1]
.
3]
o)
[t}
n
[¢]
o
[}

not prevalens.

Failure Definjtions

Panels disengaged froee fasleners: at least 75% of =all covering blosn off.
Roonf{ Covering
Panels ¢r:senrazed {ros fastenars: at least 75T of roonf coverins bhionsn off.
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Structural Frame

Severe distortion of the frame, with lateral displaresonts of the rooi on
the order of 1710 of the story height. Collapse of the frase is imminent.
Failure is generally a2 function of the column streng:ih, with the roof fram
ing experiencing oniy =inor dazage until collapse occurs,

Coz=posite Structure

The coxposite structure is defined as the average structure a=ong the various
types of buildings included in the general description, taking into account vari-
ances in age, orientation, and eavirom:ent. Failure is defined as da=age preclud-
ing use for intended purposes witihout major reconstruction, Salvage and recon-
struction =ould probabiy not be econe=ical in ordiszry times, but =ighi be neces—

o

sary because of a lack of nes z=aterizis in the recovery period. 3Because of the
relatively large distinction betseen failure of the wall and roof coverings and
ithe structural fraze, failure of the cozposite Structure is taken as being synoay—
2mus with failure of the siructural fra=e.




i

Building Description and Failure Definitions

Building Trpe

Heavy steel fraze industrizl-type buildings, one siory.

Geuerzl Description and Variations

This building type irncludes 21! one-story, heavy sieel frazme inSustrial
buildings with up to 10{~10n crane capzacity and also 2ll large multibay, muiti-
span, one-~story, hezavy steel frase .ndustrizi buildings without cranes. These
buildings are primarily used in heavy sanufacturing and are principaily located
in ingustrial areas of larger cities.

This type is characterized b7y one or =ore bays, each with oae or more spans
typicaliy 40 feet in length, and by tsll story heights, up 12 azbout 60 feet,

inciuded zmoag this trpe are the heavy fraomed package structure, prefabricated
=odular units, several of xhich =3y be cordized in 2 sipgle structure.

Exterior wzlls are generally of lightzeight consiruction, consisting of
corrugated steel, corrugated asbestos, ur zluminus= sheet panels attached to
steel girts spanning betlueen exterior columis. Ia scoe casgs, brick or sione

Roofs are generzily slopeZ =itk corrugaied zetal or asbestos decking at-
tached to purlins spanning betseen {rucses of rafters. Yzriations in { skapes
incivde saztoolh roofs and the use of xonitors., prizarily 2o proside ventilation

The steel frasing is generazll

ot
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:

recently. rigid fraze construction has been gaining popularity. Coluszs zre
used o support crine rails ané are therefore very heasy.
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Composita Structure

The composite structure is defined as the average stiructure among the
various types of buildings included in the general description, taking into
account variances in age, orientation, and environment. Failure is defined
as damage precluding use for intended purposes without major reronstruction.
Salvage and reconstruction would probably not be economical in ordinary times,
but might be necessary because of a lack of new materials in the recovery period.
Because of the relatively large distincticn between failure of the wall and roof
coverings and the structural frame, failure of the composite structure is taken
as being synonymous with failure of the structural frame.

o L
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Appendix B

Il

PROGRAM FOR EST{NATING CUNMULATIVE PROBABILITY OF
FAILURE AS A FUNCTION OF AN AIR BLAST PARANETER

L
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BETA

100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
t1 46
148
150
152
154
15€
158
160
162
154
166
168
170
172
174
176
178
180
182
184
1Ré6
188
190

Appendix B

PROGRAM FOR ESTINATING CLMULATIVE PROBALILITY OF
FAILURZ AS A FUMCTIOXN OF AN AIR BLAST PARAXETER

REMSEEESESEESTTEC LS LSS LRSS EE S EEEEREER RS LE LT EEREREEE
REM

REM BETA -- PRAGRAM FOR ESTI¥ATING CUYULATIVEZE PRZ3ABILITY
RFM 2F FAILURE VALUES USING THE BETA PRIBABILITY
REM DISTRIBUTION FUNCTIIN (T = %)

REM

REM PRAGRAMMED RY JAMES L. B3CAHIZLT

REM

REM JULY 1271

REM™

REM THIS PRIGRAM IS BASED ON THE PRICEDURE GIVEN
R=M IN SECTION 111 FO5 ESTIMATING THE PARAMETERS
REX OF THE BETA DISTRIBUYISY FUNCTI2N AND CALCU-
REM™ LATING THE C3RRESPIVDING CUMULATIVE PR3IBABILITY
REM OF FAILURE VALUES. LEAST-SGUARES PBLYNI2vIALS
REM WERE DETER™INED F3R THE CURVES IN FICGURES 3 AND
RE™ 4 USING STANDARD RECGRESSIAV ANALYSIS PR2GRAvS.
REM IN ADDITIZN, A RIUTINE ¥AS DEVELIPED T2 PLOT THE
RE™ CUMULATIVE PROBABILITY @F FAILURE VALUES VERSUS
REM THE AIR BLAST PARAMETER.

RE~

RE~ TH1S PRIGRAM IS wRITTEN IN AN ADUVANCED VERSISN
REM 3F "BASIC™ TIME-SHARING LANGUAGE. IT HAS RESN
REM CHECAED AS THIRJUGHLY AS P3SSIBLE, RUT THE USER
REM ASSUMES RESPANSIBILITY FIR ANY RESILTS 2RTAINTD.
RE™

REMESESEEEEEESE RS SEEEER LS E L AT REAEE S EERLEELECR LR E LSS E S S G e

REM™

DIM YL 1D00)>TE(25]

REM INPUT ESTIMATED FAILURE VALUES

PRINT LINCI)s"INPUT M3ST LIKELY VALUE 3F FAILURE'S

iNPUT Y2

PRINT "INPUT L3WEST REASGNABLE VALUE (103D &F FAILURE™:
INPUT Y1

PRINT "INPUT HICHEST REASINABLE VALUE (90%) 3F FAILURE™:
INPUT Y3

REM

REM CALCULATE VALUES OF R (USING LEAST-SQUARES P3LYNSMIAL
RFM OF CURVE IN FIGURE 3)

Ri=zY3-Y1

R2=(Y2-Y1)/R1

iIF R2>.5 THEN 188

R3=RZ

G273 190

R3=1-R2

RO=1.23243%. 719704¢R3+11.9325«R3r 2~ 4. 6069 7¢R31 3

109 Preceding page dlank
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IF R2>.5 THEN 198

R=RO

G2T2 200

R=B-RO

Ci=2.338R1}

YO0=Y2+.38B8s(R-1)IsR}]

REM

REM CALCULATE CUMILATIVE PR2BABILITY 3F FAILURE VALUES
REM (USING LZAST-SQUARES PILYNZMIALS 8F CURVES IN FIGURZ
YL10)=YO+L 18 (-~ 0ASTOS+ 4. 4623BE~O2¢ R+ 9. 06293E-03¢ReR)
YE2031=YD+*C18{~5.91302E~-02¢ 7. 7T3782E~-02%R+ 65 20046E-03R)D
YLR0I=Y0+C18(~5.83442E-0249.903I83E-C28 ¢+ 2. | 7249E-03¢RER)
YL A03I=Y0+C18(~5. 2423 75~02+.119166%R*1.97669E-03¢R*R)
YESQI=YOeCI16(~R.26911E~02+4+.135873¢R)

R4=B-R

YL 603=Y0+C18{1~(~5. 4423 7E-024.119168%R4+1.97669E~-03sR&¥74LI)
YL 703=Y0eC18(1~(~5.83482E-02+9.903835E~02%R4+ 4. 1 72495~ 02% R4 243)
YI803I=YO+C1#(1-(-5.91302E-02% 7. 7T3TR2E-02% R4+ 6. 20045 -0« 4=34))

Y{901=YO+C1%(1-(~. 0845705 4. 2623BE-02¢R&+9.0629E~03sR4®R 31D
Y(1003=y0+( 1}

REM

REM  GUTPUT BETA DISTRIBUTION FUNCTISN PARAMITERS AND

REM TABLE OF CUMULATIVE PRIBABILITY 8F FAILURE VALUES

PRINT LINC2),"BETA PREZBABILITY DISTRIBUTISN FiINCTI3N ANALYSIS™

PRINT "~ececceccccanas . B
PRINT USING 2603Y9
PRINT USING 2623R,YL 1001

PRINT LIN(2),"PRIBABILITY 3F FAILURE AIR BLAST PARAMETER™

PRINT SPAC9),7 ()", SPAC21), "(PSI)™

PRINT "=-==m cresemreccvenaaa B e e T -
PRINT USING 26430,Y0

Far I=1C¢ 72 100 STE® 10

PRINT USING 2643 1,Y(13

NEXT 1

IMACE 4X»™T = 8.00™»8X,»"LEWER EVD PAINT =", DDD.DD
IMAGE 4X»*™R =", DD.DDs8X> "UPFER END PIINT ="»DDD.DD
IMAGE 8X» 4D 21Xs DDD. DD

REM

REM

REM PL2T CUMILATIVE PPEBARILITY OF FAILUSE VALUES VESSUS
REM AIR BLAST PARAMETER (G33D FSR Y(100) <= 28)

PRINT LINCD

F3p I=1 13 22

READ TSCI)

NEXT I

DATA TP™, "R™, "85 "B AT, VB, UL, LY VI, T, Y™

z s___“. e

REM
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290 RKREM CALZULATE INTERMEDIATE VALUES 2F CLMWLATIVE
292 R3™ PRIBABILITY aF FAILURE USING SECBND-22DER

294 REM INTERPSLATISN Fep4a A

296 Fi1=Y[{101-Y0

298 F2=xY{201-2¢Y{101-Y0

360 TYLSI=Y0+.SsF1-.125%F2

392 F3R J=10 T@ 40 STEP 10

304 Fi=Y(J+103)-YCLJ2

306 F2sY[3+203~2¢Y[ J+103+YLJ3

308 YLG+5I=YLJI+.54F]~. 125¢7

310 NEXT J

312 FIR J=50 T8 1CO STEP 10

3di4a FI1=Y{J~103-Y(J}

316 F2=YUJ~201-2¢YLJ~10314Y[ I3

318 Y(J-531=Y[J1+.SeF1~. 125¢F2

320 NEXT J

322 RIm

324 Rt DETERMINE VALUFE 3F HSRIZINTAL INTERVAL (D1) AND
326 REM NUMERICAL INCREMENT FOR AXIS LABEL ()
328 1IF YL1931>2 THEN 236

33 D1=.05

32 N2

334 GAT2 254

336 1IF YUiI1C03I>S THEN 384

33s Diz.1l

240 N=)

242 GAT2 36a

348 1IF YLI0DI>11 THEN 352

34& Di=.2?

388 N=g%

350 62T 354

3 IF YL1801>1: THEN 360

354 D!:oas

356 N=2

358 G378 364

362 DilzeS

362 N=2

362 NIaNsINT(YL1001/78+1)

366 RtM
368 REM PL3T VERTICAL AXIS LABELS AND CimMULATIVE
370 REM PREBABILITY @F FAILURE VALUES
372 s=0
374 DEF FNGIXISINT(Y 7/D1+.5)+14
376 F@R I=10C T8 10 STEP -10
378 Y7I=v(13
38G 3=%e%
382 IF I=S0 THEN 388
384 PRINT T3 S,»S)3TABIA) ! I3 TABC 1L 7" T2 LCFNGIXII32ZS
Bs GIT8 390
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388 PRINT TSIS,S13™ (X3 TABIB)31: TABCi&); "+ 3 TAB(FNG(X2)3Z5
390 YI=YLI-5]

392 S=Se1

394 1IF FNGIX) <= 0 THEN 400

396 PRINT TSIS»SIiTABC14Y3¥e™3TABI(FNG(X))32S

8 GITA 08

4200 1IF FPNGX)<0O THEN 406

402 PRINT THS»S13TAB(14);:7ZS

404 G212 £08

ADE PRINT TS{S»SI3TAB(14)5™e™

&8 NEXT 1

410 REX

412 REM PLAT HIRIZENTAL AXIS LABELS

414 Y7T=YO

#/16 S=5+3

418 PRINT TS{S,S)3TABC10)3“0™3TAB(14)3 :
£20 IF FNG{XI)=D THEN 426 E
A22 PRINT C'$ 2
248 G312 «28 :
A26 PRINT ZS

A28 NZ=N17D1

2430 F3R 1=} T& N2

432 IF FNGEXd=Ie14a THAEN 438

434 PRINT *+*s

436 G273 K40

&£38 PRINT Z53

440 NEXT 1

£42 PRINT

4448 S=3e}

4886 PRINT 73{5,5)

443 F3R I=C T8 N1 STEP N

450 1IF I>9 THEN 458

&52 IMAGE #:D

458 PFINT USING AS2ITAB(1a#1I/Di)51

456 G372 460

4S8 PRINT USING 4523 TAB(14+17D1)5 INTCI/IC3

&#60 NEXT I

452 PRINT

464 IF Ni<1D THEN a7a

466 FBR 1=10 T3 Nt STEP N

468 PRINT USING 4523 TAB(14+17D12,1-10¢INT{1/10)
470 HEXT 1

472 PRINT

474 PRINT

476 PRINT TAB(Z25),"AIR BLAST PARAMETER (PSIOT™
478 PRINT LIN(S)

483 STRP

482 END
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MOVCE MNP NEB LemC=@POOND

INPUT M8ST LIKELY VALUE 3F FAILURE? 2.0

INPUT L8WEST REASONADLE VALUE C103) 2¥ FAILUREZ?2.5
INPUT HIGHESTY IEASSNABLE VALUE (S0Z) 3F FAILURE?S.S

BETA PRIBABILITY DISTRIBUTISN FUNMCTI2N ANALVSIS

- - - - - -- D T S - - - -

T = 800 LZEER END PIINT = 0.99
P = 2.54 UPPER END PEZINT = 1Ge31
PROBASILITY OF FAILURE AIR RAST PARAMETER
2> {LL1)
LH 059
13+ 252
20 3.0¢
30 3.50
&2 .51
50 £- 31
&% &« 73
70 S.19
80 573
90 6. 27
100 10. 31
on -
L 4 -
90 > -
L 4 -
80 +* .
» -
70 * .
+ -
&0 * -
+* -
50 . .
L 4 -
40 * .
L -
2D L 4 .
+* -
20 - -
L 4 -
i0 * -
* -
o G"’O‘. P T2 X2 2R T2 2Y IR 2 2222 RS2 L222 TR 2L R R RS2 S 2 2 L E 20
0 1 2 3 & s 6 7 .

AIR BLAST PARANETER (PSI
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Appendix C

AIR BLAST PARAMETER CHARTS FOR 3-Mt EXPLOSIONS
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USE OF AIR BLAST PARAMETER CHARTS

Exa=ple - 5-3t Surface Burst

Step 1 - Selcct desired value of pszk overpressure {1
Construct horizontal line {g} intersecting peak overpressure
curve. {Exa=ple - 5 psi}

Step 2 - Consiruct vertical line {é} from previous inter—
section, intersecting other para=zeter curves and cistance
scale. Read distance to Thich the value of peak over-
pressure exiends. fExasple - 1.5 =iles)

Step 3 - Froz intersection of vertical lime and reak dynasic
pressure curve, construct horizon:tal line {3) to left s=oale
and read value of peak dynamic pressure. {Example - 0.74 psi,

tep 1 - Fro= intercection of vertical line and peak wind
velocity curve. construct hor e
and read value of peak wind velocity. {Exazple - 160 =oh}

Step 5 - Fro= interscection of vartical line and positive
phase duration curve, construct horizontzl line ) to right
scale and resd value of positive phase duration. {Exazpie -
5.4 secs
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