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wave which can cause people to lose balance, be rotated,
translated terminating in impact on hard surfaces, and
2) debris produced by the breakup nf structural and ron-
structural components when interacting with the blast wave.
Casualties are divided in three categories, i.e., those prof
duced by debris impact, floor impact and ground plane im-
pact. The latter category includes personnel blown out of
the building. The purpose of results is to categorize and
rank casualty mechanisms and on this basis identify shelter
spaces which are most likely to offer protecticn against
them. Related copics include a classification of shelter
spaces, analysis of a fallout snelter against the effects
of blast, feasibility of using large limestone mines as
shelters and the analysis of an emergency operating center
against the direct effects of nuclear weapons.
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ABSTRACT

This report contains the resulrs of a study concerned with
prediciing the survivability}(relatiye-safety) of people located
in conventional buildings when subjected to the direct effects
of megaten range nuclear weapons. Tthe cmphasis is on impact
tles produced by the effects of hlast. Casualey-producing

eflects considered include 1) dynamic pressures associated with

“he passage of the hlast wave which can cause neeple ro lose
balance, be rotated, franslated terminating in Impaen on hard
surfaces,und ?) dehris produced by the breakup of structural and
nansiructaral ceapenent s when interacting with rhe hlast wive.
iisual:ie§ are divided in three criegories, 1 ., those produced
B debris impacr, Sloor impact and ground plane impact. The lat-
sercaresory inclmdes personnel blown out'of the building. The
PHERISC oL veaulrs Is to categorize and rank Castalty mechanisms
and emothis basis Ddentify shelter spaces which are most likely

Lo offer protection against them,

Relaved topies include a classificarion o® shelter spaces,
analvsis of a falleat shelter against the effecrs or blast, feasi-
bilivy of using large limestone miaes as shelters and the analvasia
ot an emergency aperaving center against the direct effects ot pu-
clear weapons.
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CHAPTER 1
INTRODUCTION

The emphasis of the study described in this report is on the
survivability of individuals located in conventional buildings
when exposed to the direct effects produced by megaton range nu-
clear weapons. The reason for the emphasis and the interest in
conventional buildings is that these structures, and especially
those which contain substantial numbers of people for significant
portions of the day, represent the only viable and significant
sheltering resource at the present time. It is therefore impor-
tant to have a clear understanding of their sheltering potential
not only apainst the prompt effects of nuclear weapcns but also

against the effects of natural disasters such as earthquakes,
hurricanes and tornadces.

The study described is subject-wise a direct follow-on to the
study described in Ref 1.1 in which an approximate, formal pro-
cedure for the evaluation of existing buildings on the basis of
people survivability was formulated. Although still greatly ap-
proximate, this study extends the procedure previously developed
to include a phenomenon not cnnsidered in sufficient detail.
Phenomenon rcferred to is impact which is the primary casualty
producer in a blast environment produced by megaton range nuclear
weapons . ] T .- 7

The -impact problem and the corresponding approach to its
solution are discussed in Chapter 2 which considers impacts pro-
duced in the upper stories of framed buildings when subjected to
the blast effects of nuclear weapons. Impact is divided into
three distinct categories, i.c., impact of building debris on
individuals impaer ot individaals with ripgid surtaces such as
Plocr, aad walle, wwaod dnpact of andividuals with rhe eround plane.
Sround plane impact is taken as a scparate catepory because it in-
volves those individuals who are swept out from the upper stories
by the blast wind.,

1-1
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The computational procedure developed is deterministic and
is capable of keeping track of the time dependent debris-people-

floor-wall-ground plane interaction process in a reasonably proper
sequence of the e@ent. Each upper story occupant is treated on

an individual basis keeping track of all impacts experienced by
him and the intensity of each. Impacts experienced by individu-
als are categorized both with respect to source and the portion

of body impacted. Each impact experienced by the individual is
treated as a separate, independent evant. The probability of
fatalicy is determined for each of the basis of casualty criteria.
The probability of fatality from combined impacts is determined

as a product of the individual impact fatality probabilities.

The major advantage of this analysis process over those used
previously (Ref. 1.1) is in the fact that it allows consideration
of several different impact categories as part of a single, time-
dependent event. It is capable of determining the relative im-
portance of individual impact categorier on survivability. It is
also capable of determining the relative importance (on surviva-
bility) of a variety of different debris producing upper story
walls in terms of initial crack patterns, incipient collapse
overpressure, time to collapse and window size. Although the
process has numerous limitations, it is nonetheless capable of
produéing credible and useful results.

The capabilities of this procedure are demonstrated by means
of an example- problem which considers 12 fiémed, four-story build-
ings and ‘determines people survivabilities for each. The build-
ings are identical exczpt that their enclosing walls have a range
of different window sizes and types, and therefore different
debris-size distributions. Results are analyzed using appropriate
statistical methods. ‘

Chapter 3 discusses the feasibility of developing a classi-
fication system for conventional buildings in terms of best avail-
able shelter space. A purely analytic approach is taken and a
table of results for framed buildings is produced. The results
are free field overpressures for 90, 50 and 10 percent survivability

1-2
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salues, and are expressed in terns of six building parameters
one or which 1s wall strenyth. Since wall strength is not a
commonly available parameter, the applicability of these resules
is limited

It is demonstrated that in order to be generally applicable,
such a clussification system cannot be developed without a tho-
rough exanination of field daza, i.¢., detailed survey data of
exiszing buildings. The redason for this is that in order to be
senerally applicable, the reiative protection afforded should be
expressed in terms of commonly known and commenly used descrip-
tors.  Incipient collapse overpressures for walls and basement
overhead slubs are no! comuenly available. By analyzing field
survey data, determining survivabilicies of corresponding build-
ings, and analyzing rveoules usingg statistical metheds, it is
possible to eliminigte insignificant building parameters and to
express survivability in tons of more commonly used descriptors
such as wall tvpe and =Iab type. A pilot analysis effort along
these lines has been performed and is described in Ref. 2.2.

An anclysis of an existing Emergency Operating Center is
described in Chaprer 4 Since this is believed to be the first
analysis of an E0C to consider Jdirect effects of nuclear weapons
on conmutiications, lifc support equipment and operating staff,
the analysis is fairly detailed. The attempt is to consider all
potentially critical iters and to develop a standard ranking pro-

cedure for this class of civit detense facilities.

In Chapter 5 a shelter desivned and constructed for fallout
radiation praotectisg is analvred to determine its protection ca-
pabilifries apainst prompt effects of nuclear weapons. This an-
alysis adds oae more shelter to e catalog of expedient and spe-
cial purpose shelters orivinally desipeed for fallout radiation
and analy o b oot diee r e Poowdons chrers aaatvzed

are Jdeseribed in Ref. Vo1

Other tasks completed in the ceurse of this study include a

revicew v ocurrendt ly avaiiable coanaai!

v coriteria relative ro
casualty mcchanisms manifested in shelters, i.e., upper stories

1-73




and basements of conventional buildings, development of an ar-
ticulated man simulation model, development of a procedure for
the analysis of lodd-bearing and combination buildings, complete
update and revision of the people survivability analysis computer
program described in Ref. 1.1, estimation of dynamic pressures
in a large, existing limestone mine complex. Results and con-
clusions based on these tasks are discussed in Chapter 6, which
also contains a set of recommendations for future studies.
Appendices to this report include a description of the com-
puter proyran uscd in generating results oresented in Chaoter 3
and a preliminary analvsis of limesteone mines 4s possible per-

sonnel shelters.

KEFERENCES

1.1 Lomginow, A., et al, People Survivatility in a Direct Effects
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CHAPTER 2
CASUALT1ES PRODUCED BY IMPACT.

2.1 STATEMENT OF THF PROBLEM

In the upper stories of buildings subjected to the direct ef-
fects of nuclear weapons casualties will be produced by:

Thermal radiation when window covering is not provided or

is inadequate and when people are in the direct line
of sight with the source.

Prompt nuclear radiation when the mass thickness between
the people and the source is not adequate or essentially

nonexistent as in the case of modern, highrise buildings
with large areas of window glass.

Dynamic pressure (high velocity winds) associated with
the passage of the blast wave will cause people to lose
balance, be rotated, translated terminating in impact

on hard surfaces (floor, walls, furniture) with various
parts of the body. 1In addition to setting people in mo-
tion, dynamic pressures will als> set loose or attached
objects in motion. Building components such as window
frames and glass, mounted equipment, walls and partitions
loosened or separated by the blast wave become moving,
lethal debris under the action of blast winds. These

can interact with people located in their paths producing
impact casualties.

People locaced in basements face similar casualty mechanisms
if windows are provided. 1In full basements, i.e., those without

"windows and with the overhead slab at grade, impact is the primary

casualty mechanism and is produced by the breakup and collapse of
the overhead flocr systemé. People can thus be impacted as a re-
sult of being set in motion by the blast winds; by sliding, air-
borne or falling debris or some combination of these.

‘mpact, blunt or penetrating, is an important casualty mech-
anism for people in the upper stories and in basements. In those
instances where thermal and prompt nuclear radiation may be ne-
glected (which incidentally represents a large number of practical
cases), impact is the only casualty mechanism.

In previous studies (Ref.2.l) dealing with people survivability,

the_impact problem was analyzed in two part.. First, carualties
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produced by impact with floors, walls and ground surface were de-
termined. The'resulting probability of survival was then modified
by introducing approximate debris effects using results from Ref. 2.2.
This approach ignores the interaction of debris and peopie as each

is being translated by the blast winds and is therefore only weakly
defensible. This approach considered in this study, although still
approximate, takes into account the various impacts described and
does so in a reasonably proper sequence of the event.

The objective of the effort described in this chapter was to
develop a procedure capable of determining the importance of de-
bris as a casualty producer when compared to other types of impact
experienced by people in upper stories. The emphasis is on debris
which would be produced by the breakup of external (peripheral)
walls in framed buildiugs. No consideration is given to window
glass fragments, furniture items, equipment or interior walls. It
is recognized rhat window glass, furniture, certain classes of
building equipment and debris from the breakup of interior masonry
walls can be as important in producing casualties as debris from
exterior walls. However, due to the complexity of the overall
problem it is felt that a more useful purpose is served by gaining
a clear understanding into the mechanics of people-debris interac-
tion before studying the effects of the entire spectrum of debris
sources. Debris as produced by the breakup of exterior walls was
chosen for this purpose.

The method used in predicting impact casualties is described
in the following section. Three types of impact are considered,
i.e., impact of debris with people, impact of people with the floor
and impact of people with the ground plane.

2.2 PROCEDURE FOR THE ANALYSIS OF IMPACT CASUALTIES

2.2.1 Summary of the Process

To determine the relative importance of the various categories
of impact to which people in the upper stories may be subjected
when exposed to the blast effects of nuclear weapons, the followihg
analysis method was adopted. The process is illustrated in Fig-
ure 2.1. ' '
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As indicated in this figure, for a given building portion and.
a given distribution of people within, the procedure makes use of
stored information, . i.e., a catalog of debris trajectories and a
catalog of people trajectories.

The debris trajectory catalog was generated by selecting a
set of representative debris sizes, assigning a set of initial co-
ordinates to each and computing trajectories for each piece of de-
bris at each initial coordinate. Overpressures used in the cal-
culations were for a 1 MNT weapon and ranged from 2 psi te 20 psi
in increments of 2 psi. A total of 47 debris size initial coor-
dinate combinations were used. This resulted in 470 individual
trajectories. Trajectory information stored includes time-
dependent center of gravity displacements, velocities and accel-
erations. Calculations wer: performed using the rigid block, three-
degree of freedom model described in Chapter 3, Ref. 2.1.

By selecting variovus debris size-coordinate combinations from
this catalog 1t is possible to pus together a wall (with or with-
ourt a window) which on failure produces the given number of debris
pieces. A fairly large number of 10 ft by 11 ft external, windowed
walls having different failure patterns and number of debris pieces
can be coustructed using this set of stored information.

People trajectories were calculated by first poéitioning in-
dividual, simulated people at specified cvordinates on a floor
level 11 ft wide and 100 ft long. People were simulated using the
three degrees of freedom, rigid block model described in Ref. 2.1.
Each simulated person was léaded by diffraction, drag and 1ift
forces. Magnitudes of this loading were computed by modifying the
free field loading at the position of the windward wall as a func-
tion of window area, ajerture produced by the breakup of the wall
and the distance of the personvfrom the windward wall. On this
basis 44 trajcctories were calculated for cach of three initial
body positions, window arca and overpressure level; one trajectory
for each 2 ft interval from the windward wall for a lengrh of 68 ft.

The three initial body positions includud stauding, prone (parallel




to the direction of blast), and prone (perpendicular to the direc-
tion of blast). Window percentages were 15, 50 and 100. Overpres-
sures used were for a 1 MT weapon and ranged from 2 to 20 psi in
increments of 2 psi.

Since the trajectories are for individual penple, this set of
calculated informastion allows one to define a fairly large number
of different building or room population distributions.

Referring back to Figure 2.1 the overall anmalysis process can

now be described in terms of a typical application illustrated in
Figure 2.2.

The process allows for the analysis of individual building
bays. Building data are specified by providing the following in-
formation: bay length (30 ft to 100 ft in increments of 10 ft),
floor level (story height), sill height, window percent and wall
failure overpressure. Floor to ceiling distance is taken as 10 ft,
and bay widths, 11 ft. These va.ues are built in the computation
process. Wall data are specified by identifying a set of debris
sizes and their center of gravity coordinates on the wali. People -
data are specified by providing the following information: number
of people, body position, and coordinates for each person.

-

Designations provided by these data allow the program to iden-
tify the correct debris and people tréjectories in the two data
catalogs. Respective trajectories are then cbmparéd at each time
step to determine if interactions occur. 1f interactions occur,
poirts of contact are de@ermgped and relative velocities between
the person and debris at the point of contact are'computéd. This
is done for each person and each piece of debris providing that
impact occurs within the building (bay) length. By the location
of the contact point, threc types of impact are identified, i.e.,
head impact, thorax-abdomen impact, lower limbs impact. Relative
velocity values for each impact and person are compared with casu-
alty criteria to establish the level of casualey.
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Having completed the debris interaction analysis, the process
goes to determine floor and ground planc impact velocities. These
are determined using people trajectory data. Results are compared
with casualty criteria and corresponding levels of casualty are
combined with Ehose determi "ed for debris impact.

Probabilities of survival for individual people are dctermined
using the following relationships.

i=n

Sjl = igl a- fli) | (1)
i=o
i=p '

S5 = 121 (1-1£4)) 3)

In these equations sjl' sz. and Sj3 are individual probabilities
of survival of person "j" due to debris impact, floor impact and
ground plane impact respectively. fli' £21' and E3i are probabili-
ties of fatality (levels of casualty) corresponding to computed
umpact velocities in the three impact categories. Since in any

imsact category an individual can be impacted more than once, the

"wete

index "i" is used to keep track of the number of impacts received

in eacn case. Un the basis of these relationships, the probability
of survival of person "j" with respect to the three types of im-
pa:t (k=1,3) is determined using the following expression:

;_ -k§3s' :
Spe 0 Sy %)

The average probability of surviva® for an Atbitrary individual in
a given population of "m" persons becomes -

i

m
L

n

S =

(5)

=™




Similarly, the total average percent survivors for a population
of "m" persons is

j=m
_ 100
s, = 10 2: s, . (6)
71

On the basis of these equations the procedure for computing pecpl:
survivability can also be expressed in matrix form as follows:

Individual Probabilities Average Total,
probabilities of survival probability average
of survival for each of survival percent
for each per- person for an survivors
son and each arbitrary
impact category individual
Impact Category
1 2 3
Individual - N
S11 512 513 5
2 1821 Sz Sz |52

S S

m (S
™)

-

ml m2

2.2.2 Blast Loading of Building Occupants

“The loading is described in Figures 2.3, 2.4, and 2.5. 1In
any given room a person may be located in the shaded area, i.e.,
outside the blast jet, or in the unshaded area, i.e., within the
blast jet. Blast jet velocities, at any x-coordinate (see Figure
2.3) are assumed to vary such that they are zero at the jet bound-
ary. With this assumption, people located in shaded areas are
therefore "translation safe" as long as the windward wall remains
standing.
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Pressure-tire histories for unshiaded and shaded areas in a
given room are illustrated in Figure 2.4. At time t=0, the blast ;
wave is at the face of the windward wall. At any point in the un- i
shaded arzu the pressure is zero for the time (tl) required for
"the blast wave tc transverse the distance from the windward wall
to the point considered, at which time it rises to p(t1)==cpf(t1).
Coefficient "¢" is a pressure reduction factor (Ref. 2.2) which
is related to the ratio of window area to the total windward wall
area of the room under cunsideration. If the wall does not fail,
the pressure varies along the dash line labeled CPg- If the wall
fails pressure follows the solid line where t, is the time re-
quired for the wall to fail (time to separation of the individual
debris pieces) and ty is the time for it to be removed. In the
demonstration problem described in Section 2.3 all walls have an
incipient collapse pressure of 2 psi. For these walls t; was as-.
sumed to range from 100 msec at 2 psi to 55 msec at 20 psi. A
constant value of 0.8 sec is used for ty in each case. This is
the free-fall time of a piece of debris from a height of 10 ft
(room height). At the end of time increment "c3" the area occu-
pied by the windward wall is assumed not to provide any obstruc-
tion to the blast jet.

The pressure-time history at any point in the shaded area
is assumed as shown in Figure 2.4. Pressure is zero until the
wall fails and separation occurs, i.e., at the end of time incre-
ment t,. The pressure rises linearly to the free field pressure
during the time increment ty which ig}ggain the time required for -
the wall to be removed.

Pressure-time histories shown in Figure 2.4 are used in de- -
termining the loading experienced by individual room occupants,
This consists of diffraction followed by a drag phase. An ideal-
1zed diffraction loading is shown in Figure 2.5. 1In the drag
phase a person is subjected to drag (D) and 1ift (L) forces which
are computed as follows: ' |

D= Q(C) Ad(o) (8)




L = q(t) A, (6) (9)

where q(t) is the dynamic pressure of the flow and Ad(e) and AE(G)
are position dependent drag and lift areas which are expressed as

follows:
- . 2 %
Ag = Agpin * (Admax-+Admin) sin (9"7) ‘ (10)
A = Aimax sin(28 - n)

(11)

Agmin’ Admax and Aimax are respectively the minimur drag area, the

maximum drag area, and the maximum lift area of the translated in-
dividual.

As indicated previously, the velocity in the jet varies with
room position x (see Figure 2.4a) and at any x is maximum at the
centerline and zero at the jet boundary.

In this analysis process
such variations were not used.

At any given overpressure, the
loadine at any point within the blast jet was assumed to be the

same, with variation shown in Figure 2.4a. In this figure
.D- -

f p(t)-+q(c) where p(t) is the free field overpressure which
is used in the diffraction phase loading.

2.2.3 Debris Produced by the Breakup of Masonry Walls

2.2.3.1 Experimental Debris Data

The wall debris trajectories catalog described in the fol-
lowing section was assembled after a review of a number of ref-
erences iacluding that contained in Refs. 2.3and2.4. A brief dis-
cussion of this information is given in this section. Table 2.1
is a "summary of some basic expefimental data on full-scale masonry
walls subjected to blast loading. A total of 19 walls are sum- |

marized. Ten of these had simple beam support conditiomns, i.e.,

simple supports top and bottom. The remaining nine were simply

supported along their four edges with corners restrained against
displacement and rotation. This information is plotted in Figure 2.6.
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Figure 2.6 Variation of the Number of Wall Pieces
with Overpressure and Support Conditions

The simple beam support data is the wwst consistent. At low re-
flected overpressures.(3.0 to 3.5 psi) the walls fail, producing
two large (approximately equal) pieces of debris. At higher re-
flected overpressures (10.0 to 10.3 psi) three pleces are produced -

with the third piece located at about the center and being smaller
than the other two pieces.

Results of walls with simple plate mounting are less consis-
tent. The data have more spread and form an envelope. Initial
crack pétterns (Figures 2.7 and 2.8) resemble classic yleld lines
characteristics of reinforced concrete plates.

In general, initial debris pieces are large. The number of
pieces produced increases with increased overpressure. Crack
patterns generally follow classic yield lines.
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Fi sure 2.7 Initial Crack Pattern for Wall 23

o

Figure 2.8 Initial Crack Patter for Wall 31
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2.2.3.2 Debris Trajectory Data

Debris trajectories were calculated for 47 debris pieces.
Each debris piece is identified by its height, width and initial
location (xg,yg) relative to a convenient reference point. The

debris selected are tabulated in Table 2.2. Their geometry and

initial location are referenced as shown in Figure 2.9. The debris
catalog allows for the assembly of a variety of different walls as
illustrated in Figure 2.10.

This wall was assembled using debris
pieces 6, 31, 32, and 33.

For the purpose of performing debris-
people interaction analyses, once the trajectories have been com-
puted. a wall is fully identified by the information given in
Table 2.3, which includes block number, its z-coordinate (center
of gravity), and debris designation.

The reason that the z-coordinate is missing from the debris
catalog (Table 2.2) is that the debris trajectory is a planar
(x,y) trajectory and therefore independent of the z-coordinate.

In performing debris-pecple interaction aualyses, the z-coordinate
becomes important. People can be randomly distributed behind a
given wall, and although the debris trajectories for a given de-

bris piece and overpressure level are identical at each z-coordi-
nate, perple distributions are not.

This approach for determining debris trajectories produced
by tie breakup of a wall when subjected to blast, rests on the as-
sumption that a given wall assembled from the various debris
pieces piven in Table 2.2 will fail along the surfaces (Ht and Wt,

see Figure 2.9) bounding the selected debris pleces. The debris.

pieces cataloged allow for the assémbly of walls having various
incipi~snt collapse crack patterns. Once a crack pattern has been
assumed no further breakup is allowed.

2.3 ANALYSIS OF IMPACT CASUALTIES

Procedure described in the previous sections was applied to
the analysie of people survivability in framed buildings when sub-

jected to the blast effects c¢f a single megaton range nuclear

weapon. A range of [:e2 field cverpressures from 2 psi to 20 psi

in 2 psi increments was used.
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Table 2.2

DEBRIS CATALOG

Initial Position

" Debris Height (H) Wideth (W) Weight

Designation (ft) - (ft) {1bs) xg Yg
1 1.33 1.33 . 68 0.33 0.67
2 1.33 1.33 68 0.33 0.67
3 1.33 1.33 68 0.33 0.67
4 1.33 1.33 68 0.33 0.67
5 1.33 1.33 68 0.33 0.67
6 1.33 2.67 136 0.33 0.67
7 1.33 2.67 136 0.33 0.67
8 1.33 2.67 136 0.33 0.67
9 1.33 2.67 136 0.33 0.67
10 1.33 2.67 136 0.33 0.67
. .75 1040 0.33 3.50

% 5_38 3.00 1128 0.33 2.25
13 4.00 9.00 1368 0.33 1.33
14 0.67 1.33 34 0.33 0.34
15 0.67 1.33 34 0.33 0.34
16 0.67 1.33 34 0.33 0.34
17 1.33 2.00 102 0.33 0.67
18 1.33 2.00 102 0.33. 0.67
19 1.33 2.00 102 0.33 0.67
20 0.67 '1.33 34 0.33 0.34
21 0.67 1.33 34 0.33 0.34
22 0.67 1.33 34+ 0.33 0.34
23 1.33 2.00 102~ 0.33 0.67
24 1.33 2.00 102 0.33 0.67
25 1.33 2.00 102 0.33 0.67
26 0.67 1.33 34 0.33 0.34~
27 0.67 1.33 - 34 0.33 . 0.34
28 1.33 2.00 102- 0.33 0.67
29 1.33 2.00 102 0.33 0.67
30 1.33.. 2.00 102 0.33 - 0.67
31 1.33 2.67 136 0.33 - 2.00
32 L.33 2.67 136 0.33 3.33
33 1.33 2.67 136 0.33 4.67
34 1.33 2.67 136 0.33 6.00
35 1.32 2.67 136 0.33 7.33

2-18




Table 2.2 (Concl)

Debris Height Width (W) Weight Initial Position
Designation (ft) - (ft) © (1bs) X "

. ' ' g 8
36 1.33 2.67 136 0.33  8.67
37 1.33 2.67 136 0.33 10.00
38 1.33 2.00 102 0.33 3.33
39 1.33 2.00 102 0.33 4.67
40 1.33 2.00 102 0.33 6.00
41 1.33 2.00 102 0.33 7.33
42 1.33 2.00 102 0.33 8.67
43 1.33 1.33 68 0.33 3.33
44 1.33 1.33 68 0.33 4.67
45 1.33 1.33 68 0.33 6.00
46 1.33 1.33 68 0.33 7.33
47 1.33 1.33 68 0.33 8.67

Note: fheathickness of each debris piece tabulated above
is in.
Table 2.3
WALL DATA |
(Sample Wall, Figure 2.10)
Block ~ 27C09T4182t€  pebris Designarion
1 1.33 6
2 4.00 &
3 6.67 6
4 9.33 - 6
5 1.33 ’ 31
6 4.00 , ' il
7 6.67 31
8 9.33 31
9 1.33 12
10 4.00 32
11 6.67 32
12 9.33 32
13 1.33 33
14 4.00 33
15 6.67 33
16 9.33 13
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‘the problem considers 12, four-story buildings having iden-
tical framing systems and frame geometries. Framing systems are
assumed not to fail for this range of overpressures.' Peripheral
walls consisc of masonry and in each case have an incipient col-
lapse overpressure of 2 psi. The difference between these 12
buildings is in the size of window openings and in the number and

weight of debris pieces produced when the walls collapse.

In each case the building arrangement is as shown in Figure
2.2. Story height (h) is 10 ft, bay width (w) is 11 ft and build-
ing length (2) is 100 ft. Windward and leeward walls are iden-
tical. The 12 walls are illustrated in Fizure 2.11 through 2.17.
They are divided into two categories by the type of windnws.
Walls in the "C" catcgory have centrally located windnws, those
in the "W" category have wide windows which span the entire width
of the wall (bay). The heavy, irregular lines shown on this set
of figures indicate fracture lines and thus delineate individual
debris pieces. Numbers along one side of each wall are debris
designations (see debris catalog, Table 2.2).

It will be recalled {see Section 2.2.3) that initial dehris
pieces produced by the failure of masonry walls with simple plate
supports are usually large and crack patterns ge1efally follow
classic yield lines (see Figures 2.7 and 2.8). These large pieces
break up when impacting the ground plane. Some of them may also
scparate along weak planes while in flight if the load duration is
sufficiently long. Thus, although people located-close ta a wall

. may interact with the large, i.e., primary piecés, thosa further

away are more likely to interact with secondary debris, {.e., de-
bris broken after sepafation from the wall. Since the computa-
tional process used does not consider deb.:irs breakup after initial
separation, the following approach was used. The number of debris
pieces in each of the walls (Figures 2.11 through 2.17) represents
approximitely an average between rhe number of initial and the
number of final debris pieces.
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Figure 2.17 Assumed Crack Pattern for Wall Breakup (Wall 7W)

The use of regular (rectangular) debris pieces instead of ir-
regular ones ordinarily seen when walls fail, is another approxi-
-mation. It is made nécessary by the two-dimensional debris
traﬁspbrt analysis (Chapter 3, Ref. 2.1) used in this study.

For this set of walls a delay time (time to separation) of
100 msec was assumed at 2 psi free field overpressure. This was
allowed to decrease linearly such that at 20 psi the delay time
was 35 msec. It was also assumed that 0.8 sec after separation
the plane area occupied by the wall is clear. For each of the
12 buildings three separate initial body positions are considered
for building occupants. These are

e Standing
e Prone, perpendicular to the windward wall
® Prone, parallel to the windward wall
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These body positions are illustrated in Figure 2.18. This figure
also illustrates the manner in which individuals are simulated in
the analysis process. With these arrangements of individuals,
each floor of a given building holds 100 standing individuals,

64 prone-perpendicular individuals and 50 prone-parallel indi-
viduals. With 12 buildings, four story heights and three initial
body positions, 144 sets of results (curves), relating surviva-
bility to free field overpressures are possible. Thirty-six sets
of such curves (first story) are given in Figures 2.19 through
2.54. In these curves, survival percentage is related to three
categories of impact, i.e., debris, floor and ground plane im-
pact. Total survival percentage, combining the three impact
categories is also included.

In examining these figures it will be noted that survival
percentage is not necessarily a decreasing function of overpres-
sure as far as the individual impact categories are concerned.
For toral survivors it is a decreasing function except for minor

fluctuations as shown in Figure 2.20. Reasons for this are dis-
cussed next,

Referring to Figure 2.19 it will be noted that debris pro-
duces few casualties up to 5 psi, significant percent casualties
between 5 and 10 psi and moderate thereafter. The floor impact
curve follows a similar pattern. Debris casualties are produced
by debris impacting people who at the same time may be subject
to blast winds. In the range of 5 to 10 psi the dynamic pres-
sures are such that simulated people rotate and impact the floor
and are in turn impacted by debris thus resulting in more debris
casualties. At higher overpressures floor impact is less sig-
nificant since most people are simply swept-out'tesulcing in
less interaction with debris.

The totzl survivors curve is a function of the other three
curves and for the most part decreases with increasing overpres-
sure. Variations such as those in Figure 2.20 are due in part
to the assumptions inherent in the people simulation model used,
casualtv criteria and numerical roundoff.
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Due to the large quantity of data generated, it is difficult
to draw conclusions from these results without recourse to syste-
matic, statistical analysis techniques. This is done in the fol-
lowing section in which 144 sets of results are analyzed.

2.4 ANALYSIS OF RESULTS

Analyses were performed on people survivability results de-
scribed in the previous section to determine the relationships be-
tween survivors and the three categories of impact to which build-
ing occupants would be subjected when exposed to the blast effects
of nuclear weapons. The first set of analyses seeks to determine
the importance of each of the three categories of impact in pro-
ducing fatality. The second seeks to establish relationships
between survivors and each impact category expressed in terms of
wall and building parameters. These analyses and corresponding
results are described in the following paragraphs.

2.4.1 Analysis of Impact Fatalities

This section describes probabilistic analyses whose purpose
was to rank impact categories in the order of importance in pro-
ducing fatalities. The following impact categories which include
the three main categories and their combinations were considered.

D - Debris impact
F - Floor impact
G - Ground plane impact
DG - Debris plus ground plane_impact -
DF - Debris plus floor impact i -
GF - Ground plane plus floor impact ‘
DFG - Debris plus floo}'plﬁs"grduhd ﬁiéﬁe impéct -

Other parameters considered in the analysis include three
initial body positions,‘fpur'floor levels (first through fourth)
and the following set of discrete, free field overpressure levels,
i.e., 4, 8, 12, 16, and 20 psi.
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For convenience, the following notation is used.

S -

v

O T o

" F

‘Survival

Fatality

Debris impact is a cause of fatality

Debris impact is not a cause of fatality
Ground plane impact is a cause of fatality
Ground plane impact is not a cause of fatality
Floor impact is a cause of fatality

F - Floor impact is not a cause of fatality

In the light of these definitions ‘and results described in the
previous section, the following probabilities are obtained.

P(D) - Probability that debris impact is not a cause

of fatality

P(F) - Probability that floor impact is not a cause

of fatality

P(C) - Probability that ground plane impact is not a

cause of fatality

Assuming that these events are independent, then the probability
of survival becomes

P(S) = P(D) P(F) P(B)

(12)
Probabilities corresponding to complementary events are:
P(D) = 1-P(D)
P(F) = 1-P(F) :
. _ - (13)
- P(G) = 1-P(G)
T P(S) = 1-P(S)
Wirh this

ties associated with various fatality causes.

information it is now possible to measure the probabili-

Seven such combina-

tions are possible (see Figure 2.55) and are defined as follows.
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Fipure 2.55 Venn Diagram (Combinations of Impact Fatality Causes)
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P(D F
P(D F

where
P(D F

P(DF

P(DF

P(D F

P(DF
P(DF

P(D F

It vill be noted that the above
value of one.

of events.

G|3)

GlS,

G1|8)

G115

GiS)

G|3)

P(D) P(F) P(G)
P(S)

P(D) P(F) P(G)
P(5)

P(D) P(F) P(G)
P(S)

P(D) P(F) P(G)
P(S)

(14)

P(D) P(F) P(C)
P(S)

P(D) P(F) P(G)
P(S)

P(D) P(F) P(G)
P(S)

Probability that only debris impact is the
cause of fatality given that fatalicy occurs

Probability that only floor impact is the
cause of fatality given that fatality occurs

Probability that only ground plane impact

is the cause of fatality given that fatality
occurs

Probability that debris and floor impact are
causes of fatality given that fatality occurs

Probability that debris and ground plane im-

Pact are causes of fatality given that-fatality
occurs - -

Probabilitv that floor and ground plane imoact

arce causes of fatality given that fatalicy
nccurs

Probability that all three impact categories

are causes of fatality given that fatality
occurs

seven probabilities sum to the

Hence, given the condition that fatality occurs
then it will occur as a result of one of the

seven combinations
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Results are presentedbin Table 2.4. For convenience, prob-
abilities were converted to percentages. The resulting percent
probabilities are tabulated fo. each of four story heights, and
forffive discrete free field overpressure levels. These results
apply to the 12 wall types-analyzed in the previous section and
represent average (percent)>probabi1ities of fatality for an ar-
bitrary individual from populations as indicated in the table.
They may be interpreted as follows. Referring to the first line
in Table 2.4; given a group of 12 buildings with walls as de-
scribed previously, then for initially standing people on the
first story at the 4 psi range, the average probabilities of fa-
tality for ar arbitrary individual against each of the seven pos-

sible impact combinations taken separately are the following.

1 Debris impact 0.012
2 Ground plane impact 0.535
3 Floor impact 0.289
4 Debris plus ground

plane impact 0.006
5 Debris plus floor :

impact . 0.003
6 Ground plane plus

floor impact 0.153

7 Debris plus ground
plane plus floor
impact 0.002

Total 1.000
In this- case the low debris impact probability is due to the fact
that initially standing occupants are swept out of the way before
wall failure in unshaded reglons and also faster than debrla
pieces after wall fallure in Lnltxally shaded reglonq

2.4.2 Discussion

The purpose of the analysis performed in the previous section
was to examine people survivability results and determine relation-
ships between survivors and the three impact catepories, i.e., de-
bris, floor and ground planc impact.
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un curves included in Section 2.3, the ordinates are labeled
as "Survivability Percentage". This label can be interpreted in
two different ways, i.e., total, average peréent survivors or
percent probability of survival for an arbitrary individual from -
indicated populations. Either definition is correct. Analysis
described in the previous section assumes the second definition.

This analysis identifies seven possible impact combinatiors
from the basic set of three and determines the probability of
fatality for each. Results are given in Table 2.4. These are
individual sets of percent probabilities (probability times one
hundred) which in each case assumes one, two or three combinations
of impacts as being fatal given that fatality accurs. - However,
in each case fatality is produced by one of them. For example,
in column labeled debris impact, debris is the only fatality
cause considered and the probability of fatality is 0.012 for an
arbitvary standing individual on the first story at the 4 psi
range. In the case of debris plus floor impact the corresponding
orobability of fatality is 0.003. In this case debris plus floor
impact are the only fatality causes considered. Fatality is pro-
duced by debris or floor impact but not in combination. Based on
these results, the following observations are made.

For an arbitrary, initially standing individual in the set
of 12 buildings with 2 psi walls, debris poses the least threat.
The maximum probability of fatality (0.012) is for the first story
at the 4 psi range. The largest threat is due to being swept out
of the building (ground plane impact). The probability of fatal-
ity is 0.535 for the first story at 4 psi and increases only'
slightly for higher stories. There is also a drop in the probé~
bility values at 8 psi followed by an increasé sd;h that at 20 psi
the probability is very nearly the same as at 4 psi. The reason
for the slight increase in probability of fatality for peopie on
higher stories is that most people who are swept out leave the
building at high velocities. The difference is primarily duc to
those individuals who are located close to the Ieeﬁard edge and
are thus swept out at lower velocities. This accounts for a small
number of people and thus the reason for the small differences in
the probabilities of fatality.
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It will be noted that at bigher overpressures the probability
of fatality due to floor impact is low and decreases substantially.
Individuals are simply swept out at high velocities and thus have
a low probability of interacting with debris or the floor. This
is evident by examining the results in the column under the head-
ing of debris plus floor impact.

The reason for thc decrease at 8 pei is that the mode of
translation is different at different overpressure levels. At 8 psi
the mode is such that initially standing individuals have escential-
ly an even probability of fatality due to striking the floor and
being swept out. |

People initially prone and parallel to the windward wall are
nnly a little more susceptible to debris impact than initially
standing people. With respect to fatality these two initial body
positions produce similar results. Reasons for this are as follows.
Although an individual who is prone and parallel to the wall ini-
tially presents an area (5.3 sq ft) to the blast which is approxi-
mately 60 percent of that presented by a standing individual (9.0
sq ft). This varies between the two extremes as he is being tumbled.
His mode of translation is alsu different, and although he has more
resistance to sliding, this advantage is quickly lost since in this
body positicn “e i> more susceptible to being tumbled, i.e., rolled
by the blast winds. Like in the case of the initially standing po-
sition, peoplé located in unshaded areas are quickly displaced from
the path of oncoming debris with ground plane impact becoming the
major fatality cause. Although debris affects people located in

shaded areas this casualty mechanism is minor and decreases with
higher cverpressures.

The situation is significantly different for people who are
initially prone and parallel to the direction of blast. 1In this
position the body area presented directly to the blast winds is
significantly smaller and greater resistance to sliding is provided.
Consequently the probability of fatality due to being swept out is
substantially reduced. However since individuals are not being
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translated quickly enough they interact with debris from the fail-
ing wall. Debris impact is the major fatality cause in this case.
Thus depending on the initial body position and relative location
to the debris source, debris can be the most important fatality
cause for people in upper stories.

Individuals located on the first story have an advantage over
those on higher stories. This advantage however appears to be
quite small Although this conclusioh is based on results for

- framed buildings with weak walls, it should hold for stronger walls
also. 1in buildings with strong walls, individuals and especially
those located in shaded areas will survive longer. However once
the walls fail thevy will be swept out at higher velocities and thus
differences in survival between story heights should be small.

Further, in strong walled buildings debris is expected to be.
a minor fatality cause for initially‘standing and prone individuals
located parallel to the windward walls. Individuals in unshaded
areas will be displaced prior to wall failure. When walls fail,
those in shaded areas will be displaced at high velocities thus
minimizing interaction with debris. For people prone and perpen-
dicular to windward walls, debris is expected to be a major fatality
cause though to a significantly lesser extent than in weak walled
buildings. In this case people located in unshaded areas will be
displaced prior to wall failure. Debris will affect primarily thoseé
who are-in’tially located in.shaded zones. The remainder will be
swept out. ' ' -

2.4.3 Analy.:is of Impact Categories in Terms of Building Parameters

This section describes analyses performed to determine rela-
tionships between survivors and the three impact categories ex-
pressed in terms of building parameters. Analyses were performed
using three survivors percentages, i.e., 10, 50 and 90 percent sur-
vivors; three initial body positions, i.e., standing, prone-
perpendicular to the windward wall; prone - parallel to the windward
wall; and four story levels, i.e., first, second, third and fourth,
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Each of the 12 windward walls considered previously was de-
scribed in terms of six parameters shown in Figure 2.56. These
are defined as follows:

L - Lower sill height

U - Height to upper sill

W - Width of side walls

NL - Number of debris pieces in the lower sill
NU - Number of debris pieces in the upper sill
NS - Numoer of debris picces in the side walls

The first stepwise regression analysis performed seeks to express
the free field overpressure at each survival percentage and initial

body position in terms uf floor heights and wall parameters de-
scribed above.

Free field overpressures in each impact category are denoted
as follows.

D(P,B) - Overpressurcs associated with debris -
impact survivors, psi

FIP B} - Dvernrescsurcs associated with floor
impact survivors, psi

G(P,B) - Overpressures associated with ground
plane impact survivors, psi
T'(P,B) - Overpressures associated with total

survivors.

In these functions, P refers to percent survivors and takes on

values of 10, 50, and 90. B refers to initial body position and
ta~e3 on values of 1, 2, and 3. ’ '

kesults of the first regression analysis are giﬁen in Table
2.5 Cocfficients in this table are those corrésbon&ing to the
par..wters which were found to be significant in the analysis.
The - epwise regression procedure only includes thase parameter
val . which are sirnificantly related to each individual variable.
In tie table the symbol "C" corresponds to the constant value of
eah particular regression equation. FL refers to the floor level.

Thus, the first regression equation in row 1, Table 2.5 can be
written as follows.
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T(10,1) = 10.44 + 0.0605 NL + 0.1785 NS - 0.7390 FL, psi

Included with each equation is the correlation coefficient "R
and the sample size "n". If ever the sample size is zern then
of course no results are shcwn. Also, whenever no significant
relationship is found the symbol "NS" is listed in the correla-
tion column. To facilitate interpretation of results given in
Table 2.5, all parameters were ranked in the order of their im-
portance to the various regression equations.. In each row of
Table 2.4 these parameters (L, V, W, NL, NU, NS, FL) were ranked
on the basis of their significance values. These values are ob-
tained as part of the regression analysis but are not included
in Ta*le 2.5. The ranking is given in Table 2.6.

Based on results of this regression analysis a summary of

mean overpressures for the three survival percentages is given
in Table 2.7.

Table 2.8 lists the percent of ohservatisns en the basis of
which a given percent survivability value is determined (measured).
A zero entry indicates no observations for the particular percent
survivors. This implies that the particular condition is safe
.ith respect to survivability. Therefore the smaller the percent
the safer the condition. Table 2.8 is based on sample sizes
given in Table 2.5. - .=

The second stepwise ropgression analysis performed se~ks to
relate the free field overpressure at each of the three .urvival

percentages, initial body positions and floor levels to the set of
wall parameters defined previously,

Overpressures in each impact category are defined as follows:

G(P,B,FL) - Overpressures associated with ground
plane impact survivors

T(P,B,FL) - Overpressures asrsociated with total
survivors
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Table 2.6

RANKING OF SIGNIFICANT PARAMETERS

» . meters
Overpressure (Percent Survivors, Paramet

BOdy POSition) L U W NL NU NS FL

T(10,1) 3 2 1
T(50,1) 2 1 3
T(90,1) 2 o1

D(10,1)
D(50,1)
D(90,1) 2 1 3

F(10,1)
F(50,1)
F(90.,1)

G(10,1)
G(50,1)
G(90,1).

w ~N -
w
N N =~

T(10.2) 1 3 2
- T(50,2 : 3
T(90.2) . 2

NP Lol ¥

win

D(10,2) 2 1
D(5G,2) : 4 1 3 2
D(9G,2) 1 2 3

F(10,2)
F(50,2)
F(90,2) 1 3 2

_ : . G(10,2) _ 1- -
- - G(50,2) 3 2
- .- G(90,2)

T(10,3) 1
T(50,3)
T(90,3) 4

o~ N
IRYRY )

al” R Bl

D(10,3)
D(50,3)
D(990,3) ‘ 3 1 2

F(10,3)
F(50,3)
F(50,3)

W | b
w
()

G(10,3)
G(50,3)
G(90,3)

— e
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Table 2.7

MEAN OVERPRESSURES (psi) FOR INDICATED PERCENT SURVIVORS

Impact Initial Body Positions
Category
- {(Percent Standin Prone, Perpendicular Prone, Parallel
Survivo;s) N B to Windward Wall to Windward Wall
1 2 3
T(10) 9,7 7.9 9.5
T(50) 3.6 5.3 4.3
T(90) ,1‘9 3.5 2.4
D(10) - 10.2 -
D(50) - 5.9 7.9
D(90) 6.7 3.9 8.6
F(10) - - 10.0
F(50) 4.9 - 8.8
F(90) 3.4 4.0 4,0
G(10) 11.1 19.6 12.3
G(50) 5.0 7.8 5.3
G(90) 2.5 5.3 2.7
Table 2.8

PERCENT OF OBSEKVATIONS FOR INDICATED PERCENT SURVIVORS

Impact Initial Body Positions
Category .
(Percent o .. 1iae Prone, Perpendicular Prone, Parallel
Survivors) ° & (o Windward Wall to Windward Wall
1 2 3
T(10) 100 100 -100
T(50) . 160 100 190
T(90) 100 100 100
D(10) 0 33 0
D(50) 0 100 16
D(90) b2 100 30
F(10) 0 0 42
F{50) 0 0 100
F(90) 100. Lo0 igo
G(10) 1¢o- 13 100
G(50) 100 100 100
G(90) 100 100 100

?-R%




In these functidns, P refers to percent survivors and takes on

values of 10, 50, and 90. B refers to initial body position and L
takes on values of 1, 2, and 3. FL refers to the floor level and

takes on values of 1, 2, 3, and 4. Iadependent parameters used

with T(P,B,FL) include L, U, W, NL, NU, NS. Those used with

G(P,B,FL) include L, V, W. Since debris and floor impacts are

independent of floor level, they are not treated as separate cate-
gories in this regression analysis. Results are given in Table
2.9. . As previously, the table includes a set of coefficients which
are significantly related to various wall parameters. Together
with the constant terms "C" they form a set of independent regres-
sion equations which relate free field overpressure at various.
percent survivors, body position and floor level to significant
wall wall parameters. To facilitate interpretation of results,
wall parameters were ranked in the order of their significants to
each of these equations. Ranking results are given in Table 2.10.
Corresponding mezn overpressures for three survival percentages
and four floor levels are related to the three initial body posi-
tions in Table 2.11.

2.4.4 Discussion

Analysis described in Section 2.4.1 was concerned with estab-
lishing relationships between fatality and a corresponding set of -
possible impact fatality causes. This was done by considering the
wall parameters in an implicit manner. The analysiS-dégcribea'in i
this section attempts to relate:wall:parameters to impact cate-
gories explicitly and on this basis establish relationships between
impact and people survivability. As previously analyses performed
herein are based on 144 sets of results, 36 of which are given in
Section 2.3. v

Tahle 2.6 is a ranking of significant parameters for each im-
pact category, percent survivors and initial body position. This ‘
is based on a stepwise regression analysis (See Table 2.5) which -
considered wall parameters and story heights as independent vari-
ables.
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Table 2.11
MEAN OVERPRESSURES (PSI) FOR INDICATED PERCENT SURVIVORS

Impact Initial Body Positions
Category
(Percent Prone, Perpendicular Prane, Parallel

Survivors, Standing to Windward Wall to Windward Wall
Floor

Level) 1 -2 ' ' 3

T(10,1)
(50,1)
(30,1)

(10,2)
(50,2)
{90,2)

(10,3)
(50,3) -
(90,3)
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(50,4)
(90,4)

G(10,1)
(50,1)
(90,1)
(10,2)
(50,2)
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(10.4)

(50.4)
(90.4)
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Tt will be noted that debris is fairly 1n$ignificant for
initially standing individuals and for people initially prone-
parallel. 1In all three cases there are no observations for 10
and 50 percent survivors. For initially standing individuals

the significant parameters are related to wall geometry and not

to the number of debris pieces. In the case of prone-parallel

individuals the most significant parameters (NL and NS) are re-
lated to debris. Since thesc parameters enter the equation, then
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people in shaded areas interact with debris/ The extent to which
this interaction is significant relative to other impact cate-
gories cannot be determined from this analysis alone. This aspect
of the problem was treated in the previous section and results are.
given in Table 2.4.

People prone and perpendicular to the windward wall are most
susceptible to debris. This body position provides the least drag
area and the largest resistance to sliding. Since parameters such
‘as NL, NU AND NS are significant, then people in shaded and un-
shaded areas are not moved out fast enough and therefore interact
with debris. Again, the extent to which this interaction contri- -
butes to fatality can ge gauged from results given in Table 2.4.

Although wall parameters are significant in cases of debris
and floor impact, it will be noted that floor level (FL) is the
most significan* parameter for total survivors, i.e., with respect
to all three impact categories.

Table 2.7 lists mearn free field overpressure levels for three
survivors percentages and 12 body positions. These were obtained
from the regression analysis whose results are given in Table 2.5.
Results given in Table 2.7 may be viewed as representing 12 four-
story buildings with 2 psi walls. The walls are described in
Appendix A. In these results story height is an implicit parameter.

As far as total survivors are concerned, the second.body po-
sition, i.e., prone-perpen&icular provides” the best protection of
the three. However when walls. fail, this body position is the most
susceptible to debris effects. Debris is least important for ini-
tially standing individuals.

The second regression analysis considers wall parameters as
dependent variables. In this case floor level is treated as an
explicit independent variable together with percent survivors and
initial body position. While the first regression analysis treats
the 12 buildings as a whole, the second separates results by floor
level in addition to percent survivors and initial body position.
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Recults of the regression analysis are given in Table 2.9, the
ranking of significant parameters in Table 2.10. Results are for
total and ground plane impact survivors. Since debris and flour

impact are independent of story height these results are not in-
cluded. '

In the case of ground plane impact, i.e., translation and A ﬁ
sweeping out, the significant parameters are width of side wallsg

and sill height and mostly in that order. For total survivors

debris pa-ameters (NL and NS) dominate results. At each floor

-level and a given initial body position the significant parameters _
are essentially the same.

Table 2.11 lists mean free field overpressure levels for three
survival percentages and three initial body positions. These were
cbtained from the regression analysis results given in Table 2.9.
These results are similar to those given in Table 2.7 except that
in this case story heighﬁs are explicitly considered. It will be
noted that as far as ground plane impact is conperned, mean over-
pressures don'L change drastically from the first to the fourth
story. ‘As observed previously, differences that exist are due
mostly to those people who are located close to the leeward side
of the building and are swept out at low velocities. The remainder
are swept out at sufficiently high velocities such that scory
height at high overpressures is no longer an important parameter,

_ N
2.5 CONCLUSIONS AND RECOMMENDATIONS

The problem ot assessing and separating impact casualties in.
a blast environment or predicting debris-people interaction, is
a complex problem. Self-contained procedures capable of analyzing

this problem in all of its generality do not exist. The procedure

described in this chapter is a first attempt at the problem and

as such contains a number of gross approximations. These are due

to lack of available information and restrictions imposed by the

size and complexity of the problem. The following is noted.
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In this process, debris-people interaction is treated ap-
proximarely. When impact between an individual and debris occurs;
the trajectories of the two impacting bodies are assumed not to
change as a result of it. Also, their relative velocity is taken
as a measure of induced trauma. 1In those instances where the
relative velocity is sufficient to produce fatality, this approx-
mation is certainly acceptable. In those, where the relative ve-
locity is such that only minor injuries are produced it is also
acceptable since traiectories are not expected to change very much.
For values between these extremes unacceptable errors may occur.
However, a great deal depends on how wide or how narrow this
range is. Since debris sizes considered in this process are large,
and translational velocities high, theu the range between survival
and fatality is in all probability very narrow and therefore the
approximation made is considered to be acceptable in the light of
other assumptions.

It will be noted that although more refined models exist, the
"people simulation model and the corressponding blast loading rou-
tine used are fairly crude. The major reason for using these
rather than more refined models is due to the size of the resulting
computer program. 2oth in programming and computer running times
such a task was well beyond th> scope of this study. Also, although
the "articulated man" simulation model is operational, at the pre-
sent time it lacks a workable casualty estimation routine. A fair-
ly extensive casualty data review effort is required before such
a routine can be developed. Since the current casualty criterion
is based exclusively on impact velocities, the use of .these crude
models is considered acceptable. i '

This procedure for the analysis of impact casualties is an
operational computer program. Although it contains a fair number
of approximations, it admits of more detail zund is considered to
be more accurate than any other similar procedure available at
this time. From the debris catalog stored in this program (Table
2.2) it is possible to assemble a fairly large varicety of masonry
walls having different fracture patterns and incipient collapse
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overpressures. Individuals can be fairly randomly distributed.

In its present form this tomputer program can be used for the an-
alysis of a variety of different framed buildings for the purpose
of determiring people survivability and assessing the effactiveness
of different modes of evasive action. It ig recommended that this
'coﬁputer program be utilized for thig purpose.
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CHAPTER 3
CLASSIFICATION OF SHELTER SPACES

3.1 INTROTWCTION

This chapter discusses rthe feasibility of developing a classi-
fication system for conventional buildings irn terms of best avail-
able shelter space, relative to the prompt effects of nuclear
weapons.

Results are presented of a regression analysis used to rank
a number of building parameters and thus determine their signifi-
cance in contfibuting to people survivability. Resulting regres-
sion analysis equations were then used to generate a table of re-
sults relating free field overpressure to beople survivability in

. terms of six building parameters. This table forms a basic c¢las-

sification system for framed buildings.

It is concluded that a general classification system is feasi-
ble and can be developed. However, for it to be usable at any
civil defense level, the effort should be preceded by a field
data.analysis study. Its purpose would be to categorize all sig-
nificant building parameters and to establish the significance of
their variability on the final results, i.e., people survivability,

3.2 STATEMENT OF THE PROBLEM

In order to provide for the safety of the population in the
case of an emergency, the ciwil defense planner requires knowledge
on best available shelter'space in his community. Conventional
buildings constitute the 6n1y.significant, current sheltering re-
source. Each of them possesses some level of inherent ability
in providing protection not only against the effects of nuclear
weapons but also against natural disasters such as tornados, hurri-
canes, and earthquakes. It is therefore important te have reliable
and readilyiusable knowledge n their prctective capabilities and
on the possible types of evasive‘svrion that can be taken by per-
sonnel so as to gain full advantage or these capabilities in an
emergency situation., -
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What is needed is a simple, reliable building classification
and rating system that can be quickly and effectively used at any
civil defense level [or the purpose of classifying individual
buildings in accordance with their overall protective capabilities
and for the rating of the various spaces within them using an easy
to apply rating prccedure. Such a system should have the follow-
ing attribu:es. It should be reliable, be easy tc understand and
apply, and should require the use of only the most commonly avail-
able building parameters as descriptors.

One way to cevelop a classification system for a given cate-
gory of buildings is to perform a series of analyses in which all
relevant building parameters are appropriately varied over their
respective ranges. This would result in a set of people surviva-
bility estimates for various modes of evasive action. Results
could then be grouped in terms of appropriate building parameter
categories and cust in the form of nomographs, curves and/or tables
for ready use. This approach to the problem is discussed in the
following section in which a simplified classification system for

framed ballidlog- is develupad,

3.3 CLASSIFICATION OF SHELTER SPACES IN FRAMED BUILDINGS

Table 3.1 is a set of free field overpressure levels for three
survivors percentages (90, 50, 10) and two initial kody positions,
i.e., standing and prone. Results in the table include the follow-
ing casualty mechanisms produced by the direct-effects of a singie
megaton range (1 MT) nuclear weapon, i.e., thermal radiation, prompt
nuclear radiation and three categories of impact-debris, floor and
grovr ' plane impact. Results were produccd using regression analy-
sis eyuations. These were develeped using a set of results gener-
ated by the usce of the BUILDINGS computer program described in
Appendix A of this report. Debris survivability data used are
those for three walls (1€, 2C und 5C) desceribed in the previous chap-
ter. Values in this table were rounded to the nearest whole number.
They apply to framed buildings and dre expressed in terms of six
building parameters.

.
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(Overpressures for 50 percent Survivors, Initially Standing People)
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WS - Exterior wall strength (incipient collapse over-
pressure), psi

AP - Aperture (window) percent
SH - Sill height, ft
FL - Floc: level (story height)

BL - Building length, dimension parallel to the direc-
tion of blast, ft

DW - Distance to the first interior wnall, dimension
parallel to the direction of bla:t, ft
The strength of interior walls was taken as 1 psi for all cases
considered.

Results given in Table 3.1 can be used for classifying periph-

eral spaces in framed buildings in terms of the six builuing param-
eters. For example, on the first story of a 70-ft long bnilding,
with a distance to the first interior wall of 30 ft, exterior wall
strength of S psi, interior wall strength of 1 psi, 25 percent
windows and a 1-ft sill; 90 percent of initially prone people are
expected to survive at 8 psi. In the same building and :n the

same story, 90 percent of initially standing people are expected

to survive at 5 psi. Corresponding values for 50 percent survivors
are 10 psi and 8 psi, and for 10 percent survivors, 13 psi and

10 psi.

Regression analysis equations used in 3enerating these results
are given in Table 3.2. Numerical values (without parentheses) are
coefficients which are associated with the various building param-
eters. Parameter "C" refers to the constant terms. For example,
using these results ;he equation for free field overpressure at
which 10 percent of initially standing individuals are expected to
survive is written down as follows:

S(10) = 6.40 + 0.0191 AP - 0.7570 FL - 0.0150 DW
+ 0.1955 SH + (.2190 W5 + 0.0083 (SH)(WS)
+ 0.0049 (PA)(WS) - 0.0042 (SH)(PA), psi

In addition to the six building parameters, several combinations
were used as indicated. Only those parameters which were found to
be significant in the stepwise regression analysis ave listed in
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this table. For example, BL (building length) was found to be

not significant for S(10) or S(90); Sh (sill height) was found to
be not significant for P(10), P(50), and P(90), etc. The level

of significance of the various parameters listed is indicated by
the numbers in parentheses. These are statistical "F"* values

and their magnitudes indicate the levels of significance of asso-
ciated parameters and parameter combinations. A ranking of build-
ing parameters based on the F values is given in Table 3.3. These
are individual rankings for cach of the six equations. It will

be noted that story height (FL) is the most significanf parameter
in three of the equations. Wall strength (WS) is shown to be most
significant in only one of them. This however is somewhat mislead-
ing oince WS is also used in two combinations, i.e., (SH)(WS) and
(PAYWY The Yuatrer parameter is fairly cignificant in all six

cquations.

1n addirion to parateter coefficients and F values, Table 3.2
also conrains the coriciation coefficients "R" and the standard
errors "S", which can also be vicwed as the_scandard deviations
Having anits of psi Since the size of the sample used in penera-
Lting these equitions was sufficiently large, magnitudes of S ob-
tyinad reflect on the variability inmherent in the analysis proce-

Jure. as currently formulated.

3.4 DISCUSSION OF RESULTS AND CONCLUSICNS

Referring to Table 3.1, it will be noted that although this
table has potgntial for applications, it also hds a serious draJ;
‘bapk. Out of six building parameters used, {ive are simple measure-
- ments which can be quickly estimatéd to an& degree of accuracy. .
however, the sixth parameter, i.e., wall strength, is difficult
to estimate cxcept by highly experienced personnel. This aoplies
to interior and exterior walls. Wall strenpth is not a commonly
available parameter. Because ¢: this, Table 3.1 would be dif-
ficult to use except on a rescarch level.

¥
F test for equality of variances.
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Table 3.3
RANKING OF BUILDING PARAMETERS

Overpressure

at Indicated

. Percent 51 Ap FL DW SH WS (SH)(WS) (PA)(WS) (SH)(PA)

Survivors, psi

§ - Standing

P - Prone
S(10) - 6 1 4 7 3 8 2 5
P(10) 46 2 1 - =~ 5 - 3 -
S(50) 9 8 4 3 5 7 6 1 2
P(50) 5 2 1 - - - 4 3 -
S(90) - 5 7 1 4 8 6 3 2
P(90) g8 6 3 5 - 1 4 2 7

Therc are several ocher significant drawbacks o a classifica-
tion sysrem develepment approach which is not backed by a field
data analysis effort. These are the following. '

Table 3.1 was capable of being constructed because large

- framed buildings are for the most part quite uniform. Framing
systems form regular grids. The strength of a framed building lo-
cated in the Mach region of a nuclear weapon is for the most part
dépendent on the structural integrity of peripheral walls and the
primary structure. For a given building these are generally quite
uniform, Such uniformity is not usually found in combination
framed and load-bearing buildings. Conseﬁuehcly a comparable table
for this class of buildings and one which includes all relevant
parameters is extremely difficult to construct at this time. Also,

there is the previously mentioned problem of the strength of ex-
terior and interior walls.

Basement spaces present a higher order of complexity. The
class of possible overhead floor systems is large and the incipient
collapse overpressure is not a commonly available parameter,

3-12




The development of a building classification system for best
available shelter 'space should be preceded by a field data analysis
effort. This should consider a sufficiently large and statistical-
ly valid sample of buildings, with each building adequately de-
scribed in terms of geometry, structural system, types of struc-
tural members, connections, nonstructural components, and material
properéies. The sample should be broken down into subsamples in
terms of all relevant descriptors. For example, steel framed build-
irgs arching wall buildings, wall types, etc. The field data an-
alysvs effort would seek to establish the follow1ng relationships.

o The influence of the variability of construction

on strength

o The influence of the variability in materlal
properties on strength .

e The influence of observation and measurement
errors in field data on strength

e The influence of all such variations on people
survivability results

Such information would be used to eliminate all insignificant
building parameters and provide the basis for ranking the remain-
ing parameters in the order of significance. It would also pro-
vide the basis for constructing statistical distributions for
various parameter classes. On this basis it would be possible to
express survivability {n terms of wall type (built-in masonry
wall for example) rather than explicitly in terms of wall strengtl
as was done in Table 3,1. <he objective would be to eliﬁidﬁte ex-
plicit parameters such as wall ;trength which are difficult-to

" determine, and to express them 1mplic1t1y in terms of parameters
which are commonly available. We believe that this is possible.

At the present time DCPA has a statistically valid sample of
219 buildings described in terms of numerous relevant parameter
categories (Rcf. 3.2). Fifty of these buildings have been ana-
lyzed (Ref. 3.3) and a preliminary classification system has been
formulated. In addition, Ref. 3.4 contains some sensitivity re-
sults on the behavior of walls. 1t is recommended that a study
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be initiated which would analyze the available field data so as to
generate the information necessary for the development of a bujld-
ing classification and rating system. Such a study is believed to
be timely, feasible and capable of producing usable results.
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CHAPTER 4

FUNCTION LOSS ANALYSIS
OF AN EMERGENCY OPERATING CENTER

Thi's chapter describes the makeup and functions of Emergency
Operating Centers (EOC's) and prcsents the results of an analysis
which was condicted v an existing EOC to determine its "function
loss™ and people survivability when subjected to the direct ef-

feers of a single megaton-range nuclear weapon.

4.1 CHARACTERISTICS 7 EMERGENCY OPERATING CENTERS

4.1.1 Functions of EOC's

The functions (Rels. 4.1 through 4.4) of state or local EOC's

are some or all of the folloving.

o Reccipt and dissemination of warning and warning in-
structicens

@ Dircection and control of emergency operactions of the
political jurisdiceion, including movement by people
oo =helter; eperation of rhe shelter svstem; opera-
tion of emcrgency services such as policey fire,
public works and health medical., ‘

e Maintenance of contact with support EOC's for coor-
dination ol ewergency activities within a political
jurisdiction, with neighboring jurisdictions, and
with other levels of government. Contact would also
be maintained with any military units assigned to
support the government concerned,

e Collectivn, collation, and analysis of radiation
menitering reports ’

e Provision of emergency information and instvuctions
to the public and teo nonvovernment “orpanizations

o Issuance of policies on t!e use of resources, in
some instances expediciog rescurces toe the point of
need, and requesting assistanee of other levels of
government to expedite deliveries of resources and
provision of services to meet urcent needs,

o Possibly in larver communities, and at later times,
the programming ¢f vesources, involving statements
of resource requirements and the making of siaple
progiam deterainat ions, :




In the event of an emergency an EOC it anned by a staff con-
sisting of support personnel and department heads of pertinent
local government depértments, e.g., mayor or town (village) mana-
ger; police chief, fire chief, manager of health services, etc.
Local emergency measures are coordinated and put into effect by
these pecple on the basis of existing contingency plans. The ex-
ecutive head of rk. j.urticular government, usually with his civil
cefense dirvector acting as coordinator, directs emergency operations,

4.1.2 Types of EOC's

EOC's are divided into two categories, i.e., qualified and
interim. Qualified EUC's are those which met the basic functional
requirements stipulated in pertinent "federal civil defense guides"
(see Refs. 4.1 through 4.6). 1Interim EOC's are those which met
some or none of these requirements.

Qualified EOC's are divided into two types, i.e., primary and
support. The types and number of each type reguired depends on
the nature and rvaluzftv of the emcruzeney functicns to he per-
formed. This in turn depends on the size, geography, population

distribution and other characteristics of the particular juris-
dicticn, '

Primary EOC -- A facilicy with fallout protection (mini-
mum PF = 100) and tic necessary staff and communications
from which essentially all emergency functions are di-
rected and controlled by the principal ofticials of rhe
government, A state EOC would be in this category.

Support EOC -- A facility with fallout protection (mini-
wum UF = 100) and the necessary staff and communications
to provide direction and control for one or more emer-

- pp——— - v
gency functions. For example, police, flre or public
works engincering. If properly corganized, equipped and
staffed, the Support EOC could serve as an alternate
to the Primary EOC shouild it become inoperable.

4,1.% Basic Elements and Requirement's for Qualified EOC's

The basic elements of an EOC inclade:
(1) Fallout radiation protection

(2) Trained personnel to carry out essential functions
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(3) Communications and warning capabilities
(4) Necessary equipment and supplies.

Requirements associated with each of these elements are described

next.

The primary nuciear weapon induced hazard that is considered
in the design of new EOC's and the refurbishing of existing build-
ings to serve as EOC's is fallout radiation although hardening
to direct effects has been incorporated recently. Minimum accept-
able protection factor (PF) is 100. This is achieved in a variety
of ways, not all of them necessarily structural. '

Recommended sizes of trained personnel staffs are discussed
in Ref. 4.4. The staff size is used as a guide in determining
gross floor area requirements. Eighty~five square feet per per-
son is considered adequate. The minimum is 50 sq ft per person,
For municipalities and counties of more than 300,000 population,
special determinations of staff sizes are made.

A separate communications area is a requirement for a quali-
fied EOC. Depending on the type of EOC, i.e., primary or support,
it may contain all or some of the following communications and
warning svstems.

State police radio

Sheriff's department radio

Citizens band radio

Loral government radio : ,
Local police radio - - ' )
Local fire department radio

Standard telephone

® © 0 ® & o O

The associated RX/TX (receiver/transmitter) may be located on the
site or elsewhere. If located elsewhere a remote access is pro-
vided in the EOC. A

There is no special provision as to the specific types of
communication equipment required. A great deal depends on the
function of the particular EOC and what the local municipality
feels that it requires for its particular needs.
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Other systems and equipment required by a qualified EOC in-
cludes power, fuel supply, emergency lighting, water supply, fil-
ters, heating, ventilation, sanitation and miscellaneous items.

Since commercial electric power might be knocked out, an en-
gine generator is to be included. Engine generator set(s) should

have the capacity to operate the following systems as a minimum:

Ventilation and heating system(s)
Lighting systems

®

(]

e Water supply systems

e Sewage ejectors (if required)

e Communications and warning equipment
0

Octher EOC equipment, as determined essential

Engines can be either water- or air-cocled. Fuel storage facili-

ties should be fire-safe and provide for at least a l4-day opera-

tion at full load. Supply of fuel through standard nnderground

distribution mains is not considered reliable.

Emervency zencerarors may be located irside or outside the

EOC. If located vutside, the gencrator need not be protected

against fallout radiation. - Protection against local weather con-
ditions is required,

Potable water, uvssential for an EOC, may be obtained from an
adjacent well, undeigreund storage tanks, trapped water available
in the building itsell, or water stored in drums. €utoff valves
are vequired in the delivery system.  Capacity of water storvage
is based on a minimun of 10 gallons per day per person for drink-
ing, sanitary purpesces, plus any requirvements for mechanical
equipment. 4 v .

Where natural ventilation is net éufficiunt, a mechanical
ventilation system capable of maintaining conditions necessary
for continuous operation is to be provided, At lTeast 15 ofm
of circulated air per person should be provided, of which 5 cfm
should be {resh air, Desirably, the environment in cccupied
spaces should be kept at 75°F and 00 percent relative huaidity.




Filters to protect against entry of radioactive fallout are

required. Outside air should pass through filters of the type
normally used in commercial ventilation systems.

It is recommended that a qualified shelter analyst be re-
tained in determining fallout protection requirements.

4.1.4 Structural Characteristics of Qualified EOC's

From a structural point of view it is very difficult to speak
of a typical EOC. An EOC may be in a new building, a por!‘on of
which has been specifically designed for this purpose, or a refur-
bished, older existing building. Such buildings generally house
alsc the local police department, sheriff's office, fire depart-
ment or some other pertinent, local government department. Build-
ings are designed to eftectively meet the essential functions at
least cost. A typicai structural system cannot be readily iden-
tified. However, judging by current construction practices it can
be séfely assumcd that new buildings in most local municipalities
will have one or two stories, Most will not have full basements.
hen basements are provided, a reinforced concrete foundation wall
will most likely exist. It is not expected to extend beyond the
ground surface. Structural syétems may include the following:
light steel frame, lighfféoncrete frame, flat plate system. load
bearing or some combination of these. Since concrete or clay
masonry still produce the cheapest general purpose wall, a great
deal of masonry, both for exterior walls and iaterior partitionms,
is expected. Since the current trend is to large window areas,’
windows on the order of 30 to 50 percent of gross wall area are
expected in upper portions but not in‘areas housing EOC's. _Opéh
web joists and precast concrete units are expected to dominate
roof systems. Floors over the EOC's are expected to be of rein-

forced concrete. Cast-in-place flat plates and precast "Flexicore

type units are 2xpected to be very common.
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Older buildings cuaverted to EOC's are expected to provide
a broad class of different structural systems. Apparently a
large number of such EOC's exist. The Illinois State EOC is
located in an old "waterworks" building which was refurbished as
an EOC.

4.1.5 Interim EOC's

As mentioned previously, in addition to qualified EOC's there
exist so-called interim EOC's which include those failing to qual-
ify in one or several of the requirements described previously.
There is a large number of these. For example, in the eight north-
east counties of Illinois there are 60 DCPA accredited communities
of 5000 or more population. Of these, 20 have qualified EOC's, the
remaining 40 have interim EOC's (Ref. 4.9).

4,1.6 Vulnerable Components of EOC's

In the light of the previously described functions of an EOC,
its vulnerable components can be categorized as follows.

(1) Building or enclosure
(2) Staff (pecple)
(3) Communication systems

(4) Life support systems

This tabulation is not necessarily in the order of impgrtance of
the various functions to an EOC., Subcomponents of these cate-
gories are given in Figures 4.1 and 3.2.

The principal components of an EOC are communication systems
and people. If people become casualties while the communications
system is still operable, it i{s conceivable that in some communi-
ties a backup staff may be available to man cemmunications. If
cnly rthe communications system is damaged, the sitaation may be
more serious since a vital function has been eliminated. Situa-
tions can be conceived where people and communications systems
are of equal importance.,

Casualties in an EOC can arise due to prompt effects of nu-

clear weapons, direct effects of natural hazards and secondary
effects.
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Prompt effects of nuclear weapons include:

e Prompt nuclgar radiation
e Blast effects

- Translation and impact due to the high velocity
winds entering the EOC

- Impacts with debris from the breakup of the EOC
structure ‘
For the range of overpressure of interest, 1 to 15 psi, primary
blast is not a problem. Also, since few direct apertures are ex-

pected, thermal radiation is not expected to be a problem.

Natural hazards such as earthquakes, local storms, hurricanes
or tornadoes will produce primarily impact casualties as a result
“of buil ing moticns and debris. In some regions floods may be
dominant.
Secondary casualty effects may be produced by failout radia-
tion, postevent firvs, louss of food and water stores. In the

light of primarv eitects the possible loss of food and water stores

Is consridered as verv sccondary,

Damage to the communications system (see Figure 4.2) can be

Cpreduced as oa result of the following failures.

Emersency Power =- Emergencv generators can be located withe

in an EOC or outside.  Special hardening provisions are not ex-
pected to be included. An engine gencrator will cease to function
when it is moved off its supports, experiences damage to its
leads, or internal conponents and luss of cooling capaéity. This
can be produced by debris, blast winds.or both. Loss of- fuel sup-
ply due to rupture of containers or supply lines will also elimi-
nate its fuiction until fuel can be rescored. - Loss of ﬁower can .’
alsu result due to broken leads at the junction box to the build-
ing or within. Loss of emergency power, unless backup penerators
or batterics are provided, will maske the communications system
ineperable. ‘

Communications System -« Other causes of communications sys-
tem loss can be due to damape to che control console, transmitter/

receiver, internal and external wiring, junction boxes,
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connections, antenna and antenna tower. F'gure 4.2 illustrates
a representative, though not necessarily typical, communications
system., Power is provided to the control console and the TX/RX.
Should damage be inflicted to the generator or its leads, the
system would be inoperable. The system would also be incperable
if IX RX was eliminated, or the leads from TX/RX to the tower were
severely démnged. This scheme has one redundancy, i.e., the re-
mate uccess console.  Should this be damaged, the main console
cortd still be used or vice versa. In typical situations such a
redundancy may or may not exist. Damage to, or total destruction
of , the antenna is not necessarily fatal. Makeshift or substitute
antennas v be used to bring the system up to some fraction of
irs J1pucitv previded that other components are operable.

Mijor causes of damage, aside from EMP, will be due to struc-
tural failure, debris and high velocity winds. In relation to
such failures four levels of structural response can be identified:

(1) Minor structural damage

(2) Moderate structural damage

{3 Majer structural dammsee

{4) Totral collapse

then blast overpressures are such that an EOC incurs only
minor or no structural damage, assoclatad building motions in-
curred by the blast impact are capable of displacing unattached
equipment which may impact hard surfaces. All such dropped
equipment. will experience some damage. This will include pulled
cords, damapged wires and cracked consoles. Solid state equip-
ment should incur trivial damage. Vacuum tube équipment is sub-
ject to breakage of tubes or having them pop out of their sockets.
A great deal of such damage can be eliminated by making an ef-
fort to secure (not recessarily shock-isoiate) all loose equip-
ment. At this level of strucrural response the probability of
communication system survival is hish.

When blast overpressures are such that an EOC structure ex-
periences moderate damage, i.e., failed entranceways, yielded but
not collapsed structural components; damage can be produced by
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associated dynamic pressures entering the EOC. Unattached equip-
weat will be blown off and will experience impact damage as de-
scribed previously. In.this case other unattached equipment such
as chairs, tables, ashtrays, etc. can become damage-producing
missiles. For overpressures of interest, much of this damage can
also be eliminated by securing all necessary equipment and person-
nel and removing all secondary equipment. At this level of struc-
tural response the probability of communications system survival
can be moderately high.

The bléstvenvironment wbich produces major damage to the EOC
structure is also cvapable of producing major damage to communica-
tions equipment. Major structural damage would include partially

cellapsed walls and/or overhead slabs and entranceways. In this
instance damage will be produced by gradual structural collapse,
loose debris and blast winds. Since electrical leads pass through
walls and/or ceilings, the collapse of these'COmpnnents can pull
out and/or break such leads. This however is not a hard and fast
rule. Cablinv can pull out during the gradual collapse of a wall
without causing major damage to the wiring system. -Also, since
structural members are generally not of equal strength, the col-
lapse will be random and not complete. At this level of struc-
tural response the probability of communications system survival
is expected to be moderately low. In some cases repairs may be:

pussible,

When an EOC experiences _total collapse, i.e., when no seruce

tural member remains on its original supports, the probability .
is very high that the communications system will he totally elim- -

B

¢t

inated.

4.2 FUNCTION LOSS AND PEOPLE SURVIVABILITY ANALYSiS
OF AN EXISTING EOC

4.2.1 Building Description

The Police Administration and Public Safety Bu{lding ana-
lyzed hevein is located in the villape mall which is a rela-
tively large, park~like area that contains several other municipal
buildings., A site plan for this building Is shown in Figure 4.3,

4-11
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in Figures 4.4 and 4.5.

The building is a two-story, combination load-bearing and
steel frame structure. It is rectangular and encloses approximate-
1y 13,400 sq fr of floor space. The four elevation views are shown
The main (frunt) entrance is located on
the east side (see Figure 4.4a) and leads directly into the upper

level. The upper level houses the police department; its adminis-

trative offices, communications center, squad room,

interrogation

rooms, prisoner cells, etc.

A plan view of the upper level is not

included herein. The lower level contains the EOC, garage, mechan-

ical equipment room and pistol range.

]

An elevation, section, view through the building is shown in

Fizure 4.6. As shown in this figure, the roof system consists of

open web steel joists supported on steel columns and peripheral walls.

It is overlaid with cedar shakes. Exterior walls consist of hollow
concrete masonry overlaid with face brick and or face stone. Inte-
rior partitions in the upper level are of concrete masonry and hol-

low metal constructicn.

1t will be

noted that the lower level is

partially below grade and partially

exposed.

It is essentially ful-

(Figure 4.4b) and parctially ex~

ly expused along the west elevation

posed along the ncrth elevation (Figure 4.5a).

The floor system over the lower level is not at grade. The
reinforced concrete (R/C) foundation wall on which it is supported
along three sides extends approximately 1 fr-2 in. past the ground
surface along the south vievation, 6 ft along the uvorth elevation,
1 ft-3 in. along the east elevation and 6 ft along the north por-
tion of the west elevation. Its thickness varies. It is 14 in.
thick along the south elevation, 9.5 in. althg the north and west

elevations,. and 12 in. along the east clevation., When extending

beyond the ground surtace, the thicknesa of the foundation wall is'
reduced by approximatelv 4,5° In. to accommudate a stone or brick’
facing. A typical section through the foundation wall and the lower
level overhead floor system is shown in Figure 4.7. The (loor sys-
tem over the lower level consists of precast prestressed conerete
unif§ identitied by tne trade name of SPANCRETE.  They are atl
40 in, wide. Two thicknesses, 0 in. ad 10 in. were used in this

building. A typical unit is shown in Figure 4.7.

b13
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\— Precast Cuncrete Unit
{SPANCRETE)

Figure 4.7 Section at South Wall First Floor

The units are also shown in Figure 4.8a and 4.8b which are two
views of the garage. Figure 4.8a is a west view and also shows

a civil defensce emergency vehicle. Figure 4.8u is an east view
of the same garage. The door on the extreme left (Figure 4.8b)
leads to the EOC. The wall containing this door is of R/C. The
other, larger door leads to the mpchgnicalLeduiphent room. .

The lower level plan is shown in Figure 4.9, The area desig-
nated for civil defense (EO) purposes is shown shaded. Room
designations are given in Table 4.1, Partitions in the lower level
are mostly of unreinforced concrcte masonry, Twe R/C walls sepa-
rating the EOC from the garage area are provided (Figure 4.9).
These are only lightly reinforced. Dboors leading inte the EOC
are of standard hollow metal construction,
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(a)

(b)

(R

Figure 4.8 Garage Interior
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Table 4.1
LOWER LEVEL AREA DESIGNATIONS (Ref. 4.7)

Room » Designation

101 Stair No. 1
102*  Corridor .
- 103 Security Garage
. 1N4 Garage
105 Bicycle Storage
106 Mechanical Equipment Room
107+ Civil Defense Office
108 Civil Defense Communications
109% Women's Toilet
110+ Men's Toilet
111+ Civil Defense Kitchen
112%  Photography Laboratory
113% Executive Office
114* Electrical Center
115*% Training Room
116* ~Janitcer Closet
117 Vestibule

118 Control Room
. 119 Pistol Range
i 120 St rage

* .,
Civil Defense Area Rooms

Figure 4.10 shows tune framing system for the lower level.

Member sizes are indiceted.. Spancrete units designated by letters
A through D span as shown. Their sizes and ultimate flexural
capacities for -a uniform:load are given in Table 4.2. In this o
table under  'Type', the first number refers to strand cover which
in all four types is 0.75 in. The next set of numbers refers to
the thickness ouf the given unit. The A uait is 6 in. thick, )
while the other three are 10 in. thick. The next number refers

-, to strand diameter in number of sixteenths of an inchk. Thus A

, and B units have 4/16 in. prestcessed strand diameters, while C
and D have 6/16 in. strand diamcters. The last digits refer to

; . the number of strands used, Units A and C have 8 and 12 strands

: respectively, B and D have 10 strands. Prestressing strands con-

sist of gseven helically wound high strength wires, ASTM AS2-06.

4-20




)
3 ued - Sujwedy [2a37 Jamol (L' 2in31d

0= 111 A . . - . nrlvl’lJ

€£dM8

-\

tiamle

. . e

. 8
: ) ~

Sy

r

Jedmg qm,&,m/_, A
SciMIg /T I EATA

T 05dMel _

(v

. <.
]
o

w0= ) 19

hao




. ey

They have an ultimate strength of 250,000 psi and are stressed to
65 percent of capacity. Also under 'Type' in Table 4.2, 'T' indi-

cates that a minimum of 2 in. of structural topping concrece is

required with these units. Flexural capacity given was computed

on the basis of increased thickness. The ultimate compressive

strength of concrete used in the precast units is 4,000 psi. The
units contain no shear reinforcement.

Table 4.2 ‘
SPANCRETE UNIT DESIGNATION (Ref. 4.8)
Symbol Type Flexural Capacity (M, )

(See Figure 4.8) yp kip-ft/fc
A 0.75-6408T 11.11
B 0.75-10410T 21.86
c C.75-10612T 54.97
D 0.75-10610T 46.47

The ulitimate compressive strength of the concrete used for
the fcundation wall, iuterior R/C walls, etc., is given as

3,000 psi (Ref. 4.7). Ultimate strength of structural steel is
taken as 36 ksi (AST A36).

Types of masonry used in the building
are described as fcllows:

e Fice Brick - ASTM C Z16- 66,-urade SM, Type F3S, )
_ “Fine Art Velour", 8x3.75x2.25 in.

e Concrete masonry -~ Hollow Joad-bearing units ASTM
C90-66T, Type 1 .

Solid load- bearing.units ASTM
C145-66T, Type 1

Roof Construction:

® Cedar shakes
e 2-in. lightweight insulating concrete

e 7/8 in. depth corrugated mrtal deck 24 ga
(minimum three span)

© Open web stecl joists, 2086 and 2045
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4.7.2 Emercency Operating Center

The EUC is located In the lower level as shown in Figure 4.9
and occupies 1785 sq ft of floor space. As far as fallout radia-
tion protection is concerned, it is effectively isolated and has
a protection factor of over 100. No deliberate blast protection
was included in the design. The EOC was designed to operate sep-
arately from the upper level. Thus its life support and communi-
cation systems are separate frem thav of the upper level and op-
evate usir: conventional pover under noermal conditions, and

CTerHeneyY pewer when normal power fails)

An emergency power generated (35 KV Diesel, water cooled,
Ref. 4.9) is located outsid~ the EOC as shown in Figures 4.3
an¢ 4.9, It is at prade and is fastened to a R/C slab. Aside
from conventional sheet metal, shielding ordinarily used for
oxaernnily located cquipment, deliberate blast protection is
provided. Fuel supplv is located as shown in Figure 4.3.

Communicaticns cquipment contained in the police portion of

tiis huildios . is the folloving:

(1) Lovasi police radio

(2) Lucal fire department radio

(3) Local covernment freauency radio

(4) Citizens band (2% channel) radio

(5) Stare Police radio receiver

(6) Shesifr's department radio receiver _
AL the prosent tine onlv some of this equipment has been dunli-
Ceated in the EOC. In the near future the entire svstem k& exX-
pected 1o be duplicated: . - 7 e e - T

«

The antenna tower (on which a local povernnent and a citi-
zens band antenna is located) is approximately 19 fr tall and
is locared as indicated in Figures 4.3, A4 and 4.9 Ant e
were desipned to withorand approsinately a 199 moh wind.  Aax-
iliary antennas are aot provided at the present time but are

in the budper for the coming yoar,
4-23
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A view of the communications room is shown in Figure 4.lla.
It will be noted that communication equipment; consoles, micro-

phones, etc. is simply located on the shelves and not attached
in any manner.

A view of the EOC kitchen is shown in Figure 4.11b. This
photograph provides a deseription of typical masonry wall construc-
‘tion, suspeaded ceiling system and air supply registers.

4.2.3 Blast Respense Analysis

A blastestiructure response analysis was performed on the sub-
ject building with the purpose of determining:
o the probability of function loss for the EOC

¢ survivahility of people located in selected portions’
of the tower level vhich contains the EOC

As Jdescribed in the previous section of this chapter, the
upper portien ot this building consists of 1oad-bcarinngalls and
a light intericy steel Frame. it has, on the average, 30 percent
windew openines.  Uxterior masonry walls have an estimated resis-
tas e f et P il Ve gome aton ot ab the rarse of 2ot
3 psi, the communicicion system in the upper level is expected
te lose i~y function due to high velocity winds and debris {rom
the breakap of the huilding and contents. This will also bring
down exterior clectrical lines and fail the antenna,

Resistance capacities of selected lower level walls are
given in abls 4.3 Sheir location is as dusigthud in Figure
4.12. Numbers viven in this table are free-field fallure over-
pressures.  These are uppvf bound values and will hold as long

as the indicated beandary conditions are mafatained. Resistance

cangeities of the overhoad (loor svitern are vlven in Table 4.4,

Corresvondine roores vo et they apnly are also indicated in

Ficure A1 Nedrine these gre o upeer bound valoes and i 1 hold
s dons as Droert Connlitions e catained. Howe sinee
most wills ey Touer Vi hare avernresiares . nortion of 1% ¢ loor
Sfeten in nroxsoit s to thewe ualls vill alse fail ot

the wall Fait o v e
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b. EGC .Kitchen-

Figure 4.11 EOC Interior
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Table 4.%
OVERHEAD FLOOR SYSTEM FAILURE OVERPRESSURES

: Estimated
Number Description ' Free Field Failure
‘ Overpressure, psi
102 EOC Corridor 25.0
103 Security Garage 4.0
104 Garage ' 2.0
105 Bicycle Storage 5.8
106 Mechanical Equipment Room . 13.5
107 Civil Defense Office 13.5
108 Civil Defense Communications 13.5
109 Women's Toilet 13.5
110 Men's Toilet 13.5
i1l Civil Defense Kitchen 25.0
112 Photography Laboratory _25.0
113 . Executive Office k 13.5
114 Electrical Center ' 13.5
115 Training Kooa 4.0
116 Janitor Closet _ 25.0
117 Vestibule ; 7.5
114 Contrel Room 7.5
119 Pistol Range ¢ 7.5

126 Storage ' 7.5

- The strength of the'floor system over the main gaiage area
is dictated by the strength of the wall containing the garage
deors. This is expected to fail at about 1,2 psi. Whea this

happens the majority of the floor over the garage will come down
and will thus preclude the use of the emergency vehicles should
they ke located within, ’

The wall enclosing the mechanical équipment room (wall 5,
Figure 4.12) is cexpected to fail at about 1.7 psi. The estimated
probability of mechanical equipment function loss is 10 percent at
this overpressure level. At 2.5 psi this wall {s expected to fail
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catastrophically. The wall directly opposite to it (wall 3, Fig-
ure 4&12) will be at. the point of incipient collapse. The failure
of these two walls will also bring dovm a portion of the overhead
floor system. Mechanical equipment is expected tu be badly damaged.
Function‘loss is estimated to be 99 percent at 2.5 psi.

Tiie antenna is expected to be lost at 2.2 psi. However, since
an emergency antenna can be implemented, function 'oss is estimated
at 10 percent.

Hulluw‘&ctal doors leading into the EOC are expected to fail
and collapse at about 2.5 péi. Since the door leading into the
communications room (room 108, Figure 4.12) opens inﬁérd, it pro=-
vides no resistance to the associated blast winds. Communications
equipment is unsupported and will most probably be blowvn off the
shelves and tables. The probability of conmunications system func-
tivn loss ar 2.5 psi is estimated at 50 percent.

Emeryency power is ‘expected to be lost at about 3 psi due to
rupture of the fuul line connection leading to the generator which

is lecared outside and is wnshiclhded, Prebabilicy of function loss

at this overpressure is estimated at 90 percent.

The people survivability analysis is based on the aﬂsumptiun'
that peopl: arc uniformly distributed in all EOC rooms including
room 119, i.,e., the pistol range. .rimary casualty mechanisms con-
sidered include debris and translation due to blast winds. gResults

of the analysis are simmarized in Figure 4.13. -

4.3 THE EMP PROPLEM

Under the proper circum#thnccsinréiguifichnt portion of the
encrgy released during a ouclear detonation can he made to appear
as an ElectroMasnetic Pulse Chence, EMP) having the sime frequens
cles or vavelenpths as those caployed by most of o commercial

radio and military system cquipment,
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Two unique properties of EMP are of crucial significance --
its extremely great 'killing range", EMP being capable of dis-
abling electrical and electronic systems as far as 3000 miles from

the site of the detonation; and the fact that EMP can cause severe

disruption and. sometimes damage when other prompt weapon effects
such as nuclear radiation, blast, thermal radiation, dust and de-~
bris are all absent at the location of interest. This means that
a high-yield nuclear weapon, burst above the atmosphere, could be
used to knock out improperly designed electrical and electronic
systems over a large area of the earth's surface without doing any
other significant damage. The range of EMP is greatly diminished
if the weapon is detonated within the atmosphere..

A typical high-~level, high-aititude nuclear burst can produce
an EMP which it about ten million times stronger than all the elec~
trical fields in a typical metropolitan area. The voltages and
currents induced in conductors by the EMP can burn out equipment
and compcnents or cause temporary malfunctions. Semiconductors
are much more susceptible to EMP than vacuum tubes.

4.3,1 Communications

The facility's communicati~ns systems are extremely vulner-
able to EMP because no EMP pro.:ction has been incorporated. There

is no all-encompassing metal shield, therefore the transmitters,
receivers, coaxial cables, power cables, etc. are subject to having
large volrages and currents induced into them from the EMP. In
addition, the transmitting and receiving antennas can .pick up . -
large amounts of EMP energy vhich can be fed directly to the
transmitters and receivers. - Special filicrs in the antenna trans-
mission lines could prevent this part of the problem. Since most
of the facility's communications equipment uses semiconductors
rather than vacuum tubes, the system is very susceptible to
antenna-coupled EMP enerpy.
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4.3.2 60 Hz Electrical Fower

Most of the 60 Hz electrical power system is less susceptible
to EMP than the communications system. However, even such items
as the generator could be damaged if enough energy is coupled
into it. '

For the electrical power system, the cables are subject to
high EMP-induced voltages and currents. Semiconductor control
elements are extremely susceptible to damage. Relays are less so,
but can have their contacts welded or burned out by EMP energy.
For example, the zutomatic change-over relay, which automatically
shifts input power from commercial power lines to the standby diesel
generator, is subject to all the EMP energy picked up by the commer-
cial lines. Since the amount of EMP energy picked up is a function
of line length, the long lines between the facility and the com-
mercial generating station can collect great amounts of energy.

4.3.3 Life Surport : ' | —

The life support items, such as . iter and sewage lines, air
intakes and exhausts, gas lines, etc. are also subject to EMP. If -
conductive, they can gather EMP energy and conduct it to sensitive
equipment.

4.3.4 Telephone and PBurglar Alarm Lines

The telephone lines enter the building through conduit. Cir-
cuit protection is provided by the telephone company primarily to
guard against the effects of lighting., Ungrounded or poorly-grounded
conduit can permit EMP to be coupled to sensitive equipment. The

lightning protection circuitry may or may not provide sufficient
EMP protection. ' :

The butglar alarm lines also enter the building through con-
duit but no EMP protection devices are provided; therefore, these
lines are also subject to EMP plckup. '
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4.4 PROTECTION DESIGN ALTERNATIVES TO MINIMIZE EMP DAMAGE

The performance of civil defense mission responsibilities by
the typical emergency operating center depends on continuous
availability of electrical power (whether from the utility company
or the emergency diesel gemerator) to operate essential com-
munication equipment. With the present electrical and communica-
tion system arrangement, the operational survivability probability
after exposure to a nuclear detonation (assuming that equipment
survives blast effects) is quite low. The utility electrical ser-
vice will most likely cease. Normally operated communication
transceivers (police equipment) which are of recent, solid state
design (MM «ill undoubtedly sustain EMP damage. Available
civil defense communications equipment is of the vacuum tube de-
sign which is inherently less wvulnerable to EMP damage and has a
higher probability of survival. Incoming telephone lines are con-
nected to carbon surge arrestors to protect circuitry from tran-
sient voltages induced by lightning. A5lthough response times of
normally employed lightning arrestors -are not fast enough to limit
the peak voltage that can be expected from EMP to the lightning
design breakdown voltage, some mcasure of protection will be
realized. Whether this protection is adequate cannot be ascer-
tained without appropriate tests.

Since telephone lines are provided with surge arrestors which
may be adequate to meet the level of protection desired for such a
facility as this, no reference to telepbone”finesvwill t2 made in
the discussion on EYP protection.

Tu increase the piubhblfftyuofLépeféfiénaf survivability of
the facility, three practical alternatives of varying levels of
protection are available. The first involves the incorperation
of a shielded shelter and protection components (surge arrestors
and filters): the use of surge arrestors, filters and disconnect
switches is the second alternative. The third makes use of just
protecrien components, A
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4.4.1 First Design Alternative

The first alternative which employs the use ¢f a shielded
shelter (room) offers the highest level of EMP protection practi-
cal for this facility. The shielded shelter which could be
installed in the existing lower level communication room or
other suitable area would be used to house all commnication trans-
ceivers. Within this enclosed shielded environment, the trans-
ceivers will be much less vulnerable to EMP. For the shielded
room to be effective, all cables (antenna, electrical power and
control) entering or leaving the shielded room should be connected
to properly installed protection components, surge arrestors and
filters. Surge arrestors (amplitude limit) and filters (frequency
limit) serve to attenuate any EMP that is coupled on these cables
to tolerable levels:. Also, shielded room apertures, doors and
air vents must be designed so as to ma‘-tain electrical continuity
and not degrade the shielding performance.‘ With the proper treat-
ment of cables and shielded room apertures, a shielded environment
is achieved in which the probability of survival of transceivers

is increased by orders of magnitude over the present arrangement.

Survivability of communication transceivers is of no mission
value {f electrical pover is not available for their operation.
Therefore the increase in probability of transceiver survivability
should be matched by an increase in survivability of the 60 Hz
powér_system. SurvfvabiLity of the 60 Hz power system from EMP
can significantly be increased by the effective installation of
surge arrestors and filters on the primary side of the utiiity
input transformer, ' ‘

The protection design alterrative just outlined provides the
best probability of survival that can practically be considered .
(relative to econemy and facility mission) for the facility.




e

4.4.2 Design Altérnative Two

Whercas ia the first alternative a volume of protected space
was provided to protect communication transceivers, the second al-
ternative is to protect all or selected transceivers individually.
Protection of individual transceivers would involve the use of
surge arrestors and filters on entry cables (antenna and electri-
cal power) to prevent conduction of collected EMP to sensitive
circuit components. This protection could take the form of junc-
tion boxes, containing the necessary protéction components, prop-
erly adapted to transceiver connectors.

In addition to surge arrestors and filters, suitable antenna

disconnect switches caa be provided so that if an attack alert is

given, switches of selected transceivers (those not being used to
carry out necessary communications) can be opened to minimize
coupling of antenna collected EMP.

The 60 Hz electrical power system under Alternative Two would
also employ surge arrestor/filters on all input lines (transformer
primary side) to minimize damage to sensitive circuit components.
As with the antenna disconnect switches, if an attack alerf is
given, an additional measure of protection can be provided by the
use of a suitable disconnect switch (possibly the use of surge
arrestors also) at the utility feeder pole. Upon receipt of an
attack alert, the procedure followed would be to oben the discon-
nect switch at the feeder pole and switch to diesel generator power.
With the opening of the discornect switch at the feeder pole, the
facility's electrical system is isolated from €he public.utility

- network which can be a large collector of EMP energy. Thus, with

the proper use of surge arrestors, fil:ers and discennect 4witches,
probability of operational survivability is significantly increased
over the present existing system configurations, ’

4.45.3 Desipgn Alternative Three

The third aiternative caploys the use of surge arvestors and
filters as In the second protection alternative but deletes the
use of disconnect switches, This arrangement offers somewhat of
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a lesser probability of operational survival than the second al-
ternative because of disconnect switch deletion. However, this
second alternative protection advantage only exists because a
warning prior ro an attack is assumed which provides the necessary
time to ovpen discennect switches. The validity of such an assump-
tion is a matter of conjecture and given scenario. As a result,
if no warning is given, alternatives two and three offer the same
probability of operational survivapiliry, The best apprcach to
the EMP problem is to acsame no warning and wakc the EMP protec-
tion design scenario independent.

4.4.4 Lightning,Aspécts

The incoming telephone lines incorporate standard telephone
company Llightaing protection devices., It is assumed that the com-
mercial 60 Hz power lines are similarly protected as standard prac-
tice by the utility cempany, The diesel emergency generator does
rot require lightniny protection since is powur.lines are short
and will not pick up much encrgy.

Lightning protection should be incorperated inrto the antennas
by vasuring tnai tae-autenna towers are grounded properly to the
earth and that sparn-gap type lightning arrestoers are installed at
points where antennas cosnect te their transmission lines.

4,5 CONCLUSTONS AND XECOMMENDATTONS

(L) The'typical police administration and public service
buildiny that was chosen is a well designed and “a~ very fanction-
al structure for the purpbse intended. The EOC is located in
the lower level and both prysicallv:uuifunétionally it 1s fairly
well isolated.  I€ fallout radiation {s the brimarﬁ and only
threat then this EOC should perform its function with a high
degree of confidence. However, when it concerns blast this struc-
ture is expected to provide very little protection as discussed
previously and illustyrated in.Fiﬁurv 4.5 A building concept in
which the basement is purtin!lQ below and partially above grade
if a very poor chojce tor o blast envivonment. Lt is especially
poor {t the wall enclosing the evpoued portion of the lower level
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is weak. In this particular case the wall enclosing the exposed
portion of the lower level contains five overhead garage doors.
These, by the nature of their construction are very weak when sub-
jected to blast pressures. Had the basement been designed to be
entirely below grade the situation could have been greatly improved.

The lower level exposure along the west elevation (Figure
4.4b) is the major weakness of this structure. Very little can be
done at this time to enhance its strength without resorting to a
major building retrofict effort. One apprvach would be to replace
masonry walls 3, 4, 5, 11 and 12 (see Figure 3.12) with R/C walls,
and replace the three doors leading into the EOC with more sub-
stantial, blast resistant doors. ' It world also be necessary to
increase the strength of the floor system over room 115 (see Fig-
ure 4.12) by cutting the span, provide proﬁection for emergency
power, secure all communications equipment, remove the suspended
ceiling, and provide an emergency antenna. This is obviously a
cestly undertaking.

in a crisis period the survivability of this EOC may be some;
what enhinced by providing baffles in the entrance area, securing
commpunicstiong equipaent, rrmoﬁing.the suspended celling, providing
an enclosure for emergency power and obtaining a backup antenna.

It may also be useful to cut the span length of the overhead sys-

tem in room 115 by the use of timher beams and columns. These

measures will help in extending the communications function though

not necessarily the life support system, TheABasic problem {s taat

this EOC has too many-structural weaknesse§ for any hastily imple- -
mented measures to be very effective.

- (2) ‘There are mavy areas 15.khighvrel}hhlc-infprmég{ontls re-
quired for the plamning of cffective civil defense options in a
crisis pericd.  Two basic areas include EOC's and personnel shele
terse  For purposes of planmning the continuity of povernment and
community the clvil defense planner needs to know bow edach of the
EOC's In his area is cipected to function and survive when expose

to a probakle attacy condition, At the S time fer the purpose
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of saviug lives, he needs to know what shelter spaces exist in

his area and what their life saving capabilities are. The problem
of classifying shelter spaces in terms of their life saving poten-
tial has been considered. At the present time, at least basic
information on . the protective capabilities of conventicnal build-
ings is available. Some of this is discussed in the preceding
chapter of this rencrt. When it concerns EOC's, parallel informa-
tion does not exist. This EOC is the first to be analvzed in anv
detail relative to orompt effects of nuclear weapons.

The civil defense planner at any level knows, or at least has
acces: to, information as (o what functions £0C's in his area are
capable of performing, what equipment they contain and what level
of fallout protection exists in each., He has no knowledge on hew
long and how etffectively these EOC s will function when subjected
to direct effects produced by nuclear weapons.. Without such in-

formation it is extremely difficult to plan and assign functions to

the various EOC's without introducing costly redundancy in the sys-
rem s a vhele,  There exists a need for technical suidance capatle
(1(

e predicting the survivahllity of EOC s when subjected
to a ranse <! nuclear weapon environments

e providing basic information on how existing EOC's can
be strengthened (retrofitted) in a crisis period at
little or no cost

e providing information on how EOC's can be designed

and equipment implenented so that functional survival

to some acceptable level is assured,
before guidance in anv one of these arcas can be developed it is
cur opinton that a field survey of existing EOC's is required.  The
purpose of such-a survey would he to establish the chavacteristics
ot evistine EOC's, i.e., structural parameters, life support equip-
ment, commundeat fons equi pment o stath functions, Once the resalts
of sucn g survey becese avai bable, technical pillill.m(t' in cach ot

he three areas can he developed,
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The field survey should consider approximately 100 EOC's
appropriately distributed in, and representing each DCPA region.
"Data collected should include the following categories.

EOC_EVALUATION DATA REQUIKEMENTS

(1) General lnfurmatinn

Location of ftacility in which EOC is housed
Late bullt

. {
Tvpe of facilicty (police station, fire depart-
ment , EOC, etce.)

Single - dual purpose

Location of EOC in facility (basément, upper
stories)

Number of stories in facilicy
Fallout proiection factor

(2) Building Vicinity

A sketch fplan view) describing the immediate
site on which the EOC is located. This should
fnclude pertinent neighboring buxldxnga. types
and plan dx reasions; obicets that can be turoned

Lalo Lasais s Jdebrisy trees, LLL., and sup.na-
tion distanu-s‘.

(1) Building Geovactry

Numsber of steries and average height per story

Plan of parent building (appropriately dimen=
dlened with wajor building components identified),

Plan of EOC Cappropriately dimensioned with ma=-- = -- T
for structural components fdentif§ed)

Elevation views (d:awlngs and phurur nphs)
Apertuie siz. 3 in eac h t'l('\'clti-'l\. \

(o) Structural

“Typets) ot structural svstem(s)

Aatevials o construction amd wWier e sed

vverhead floor wostem(si: tvpe, thickness, '
aspeet patios, auapport eomditions, refotorce.
Rt pepoent ogies C :
he39 '
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(5)

(6)

(1)

Reinforced concrete members (beams and columns):

sizec, spans, support conditions, reinforcement
ratios

Steel members (vpen web joists, beams, columns):
sizes, spans, support conditions, steel types

Walls (exterior and interior): materials, sizes,
thicknesses, hollow or solid, reinforcement ra-
tios, support conditions

Doors (overhead or standard, exterior or interior):
materials, sizes, thicknesses, hollow or sclid,

is door window provided? If standagd, iadicate

it the door vpens in or out.

Types of suspended ceilings in EOC area

Emergency Power

Location of unit(s) (indicate on plan sketch or
drawing)

Type of unit (size,
scription)

Supports {mounting) - number of bolts, bolt size
and spacing. Indicate if shock-isolated. -

Location of fuel supply (indicate on plan sketch
or draving).,

capacity, trade name, de--

Prpes 0 el contadiner- ot fuel deiivers sy toem.

Communications and Warning System

Provide a sketch of the communications network
superinpesed on the EOC floor plan and site plan
if applicable. Include a list of communication

svstems, i.e., local police radlo, citizens band
radio, ete.

Hdentifv and describe the physical units and .-
indicate sfunting conditfons,

Describe antenna and antenna tower.,

Life Support Systems

Frovide a sketch of the major components of elece
trical, ventilation, water supply and sanitation
svstems superimposed on the BOC floor plan and
parent building plan 1 applicable.  Brictly de-
seribe the major physical units (water storape
tanks, ete.) and thelr Yocation,
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Much of the information indicated abuve will be available
in the regional offices for qualified EOC's. However such infor-
mation may not be complete for the following reasons.

e In cases where an EOC is part of an older building,

necessary information on the parent building may -
not be available in the regional office.

¢ Many of the EOC's were constructed some time ago,
and since then changes could have been implemenced
which may or may not be reflected in the original
nlans.

o In cases where the major components df the communi-
cation system are located in buildings other than the
EOC, information on these buildings may not be avail-
able in the regional office.
For these reasons, and probably others can be cited, a field data
coullection effort is not ocnly desirakle but necessary.
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CHAPTER 5

ANALYSIS OF A FALLOUT SHELTER
AGAINST THE DIRECT EFFECTS OF NUCLEAR WEAPONS

5.1 INTRODUCTION

The purpose of this‘chépﬁéf is to determine how much direct
effects protection is provided by a 50-person, gable roof shelter
primarily designed for fallout protection. This analysis focuses
on how the structure succeeds or fails to withstand the effects
of blast. An estimate of occupant survivability is made on this
basis. Direct effects of a single megaton range weapon are as-
sumed.

5.2 SHELTER DESCRIPTION

The shelter (Figures 5.1 and 5.2 (Ref. 5.1) is approximately
- 49 ft long, 19 ft wide and 12 fr high. It is of wood framed
construction with sloping rafters supported on a center ridge
beam and at ground level. The actual floor elevation is 2 ft
below grade. Ventilation is provided by a stack type vent at the
rear. The shelter was designed mainly for the long range effects
of radiogctive fallout. Eavth mounding on the shelter and a sand-
bag or concrete block wall in front of the door provide the neces-
sary shielding. ‘ '

5.3 ANALYSIS ASSUMPTIONS

Since the shelter is closcd and mounded, thermal radiation
is not expected to produce casualties. Also, since the structure
is expected to fail at low overpressures and we are acalinp with

a megaton range weapon, prompt nuclear radiation is not expectod .

to be a significant casualty produce Thesu cffects arc there-
fore neglected. Effects considered include diffracticn and drag
loading on the structure, dynamic pressure and debris (from the
breakup of the structure) on the shelter cecupants.

In analyzing the shelter with ropard to the sipgnificant in-
direct blast effects the stroctural tategprity of the shelrer
becemes important. Structurally the shelter was desipned with
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commonly used allowable stresses. These often provide large fac-
tors of safety against failure. Any extra stresses produced by
the blast will have to be absorted by the difference between the
allowable stress and the maximum or rupture stress of the material.

The shelter is mostly a timber structure. This makes the de-
termination of maximum stresses hard to obtain since wood has
widely varying properties dependent on moisture, defects, type
of wood, locality, etc. Pine is the most likely type of wood to
be used. Southern pines were shggested for the construction of
the shelter and are alsc assumed in this analysis. (It should be
noted though, that Southern pines are stronger chan mos: othcr
types of pine; lower values will be obtained with substitution
of other pines.) Failure values for Southern pine were obtaired
from material handbooks (Refs. 5.2 through 5.5). Samples that
were green (moist) with defects were used for a lower bound, and
samples that were clear (no defects) ard dry were used for an up-
per bound. Chances are the wood actually used will not be at
either extreme, but rather somwhere in between. Therefare, an

average value based on the two extremes was used in this analysis
Table 5.1).

5.4 ANALYTiC PROCEDURE AND STRUCTURE RESPONSE

The first stepbfollowed was to obtain an idea of the order
of failure of individual structural members. To this end, pri-
mary members were eacg;analyZed to determine overpressures that
they could withstand assuﬁfng none of the supporting members fail..

This is good four a -irst approximation which is later modified to
account for supporting members. '

For the initial step in the analysis the following members
and modes of failure were investigated. Rafters failing in bend-
ing and longitudinal shear. columns buckling and crushing, ridge
beam failing in tending, rafter notch failing in compression and
front «nd back walls failing in longitudinal shear and bending.
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- Table 5.1
ULTIMATE STRENGTH VALUES FOR SOUTHERN PINE, PSI
Compri?sion Compression Shear
e . Parallel Perpendicular Parallel
Bending """ to to
the Grain - the Grain the Grain
Lower Limit
Full size, green
with ordinary
defects 4600 3300 ) ) 440 360
Upper Limit
Small, dry, & -
- clear specimens 13750 7650 1075 1350
Average Value 9175 5475 760 855

Simple strength of materials relationships were employed such
as the flexure formula, horizontal or longtudinal shear formula,
Hankinsan's fordula (for compressizn at nateh) and Fongessor's col-
umn equation for buckling. All the maximum wood stresses were in-
creased 25 percent to account for the ahility of wood to absorb
impact. Sipgnificant dead loads were considered, and values ob-
rained were expressed in terms of maximum free field overpressure.

) Because the air intake vent has an area of approximately
10 sq ft, pressure is capable of building up within the shelter
during the passage of the blast wave. stng results from Ref. 5.6,
this influence on the response of [the structure cunstdcrcd wis
considered.. Tablc 5.2 lists fnilurc nvorprossurcs for indxvidual
members. '

Now it is necessary to look at the results in terms of people
survivability, remembering that most of the members Tistoed in
Table 5.2 interact with cach other, The shelter is intact and all
occupants arce siafe up to 1.5 pai when the door fails in Ulexure,
blowing into the shelter. A |
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Table 572

! FAILURE OVERPRESSURES FOR INDIVIDUAL SHELTER COMPONENTS

: Member - Failure Overpressure
Door (bending) ) ' 3-1/2
Notch in Rafters (compression) 5
Rafters (bending) : ]
Colunns (buckling) 8-1/2
Rafters (longitudinal shear) 8-1/2
Side Wall (bending) +8-1/2
Side Wall (longitudinal shear) . A 10
Ridge Beam (bending) ) 12 ]
Rafters (secondary failure, bending) 13

Debris effects initiate, objects or people may be translated (Fig-
ure 5.3a) and first casualties are expected.

Compression failure of the rater notch is not significant
since rafters are expected to fail at 6 psi. They are expected to
fail in flexure at midspan, collapse and leave relatively small
areas along the sidewalls as indicated in Figute 5.3b. Figure
5:3c illustrares the assumed final state of the structure indi-
cating secondary failures produced at approximately 12 psi.

5.5 PEOPLE SURVIVABILITY L.STIMATE

From these three primary failure_modes, i.e., door, initial
_ _rafter‘faikurv, and secondary rafter failure an estimite_of people
survivability is produced and is illustrated in Figure 5.4. " Casu-
alties are first expccted at 3.5 psi when the door fails. At 6 psi
the rafrers fail leaving approximately 33 percent survivors in
pockets along the side walls. The third point, 13 psi, is when
secondary failure of the rafters i{s expected to occur leaving no
survivors. It should be noted that althouph no survivors are ex-

| pected after 13 psi, fewer than expected or none may remain after

i 6 psi {f {ndividuals are trapoed or {f injured cannot he removed.




.a) Door Failure

%) Rafrer Failure

¢) Final Rafter Failure

Figure 53 Anticipated Failure “odes
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5.6 RECOMMENDAT10NS

1. The first recommendation is that neither a sandbag nor a
block wall be used to .shicld against radiation. The blast will
send pleces of the wall crashing throuph the daor causing more
casualtjes and at lower overpressures.  (The results of this an-
alysis were determined assuming the wall was not there.)

2. The door is mounted in the weak direction. Bv mounting

two nalf size panels with prain in the opposite dirvection on top

r)‘x




ol the existing door, it can be strengthened. 1t would also be
beneficial to add rop and bottea %upporcs to the door in addition
to the support provided on rthe sides.

3. Rafters can be strengthehed by mounting them closer to-
gether, .using 2 x 12's or doutling up on scme of ther:. Rafters
can also be strengthened by adding a bolt joining theu at the top
thus preventing their slipping ofi and taking load off the notch
ard columns, '

4. Columns should be sequreiy fastened to the flooring to
prevent slipping out when the blast is applied te the shelter.

5.1 Protective Structures Deveiopment Center, ot al, Expedient
Community Fallout Shelter Gahle hoof, for OCD), PSDC-TR-9,
February 1965, .

Y

Moore, o, Foo Materi sy of Enpine ring, Mefrae-HiTY Book Co.,
Taal, ‘

3 4 Heol, G. A Kinne, W. 8.3 Steel and Timber Structures, McGraws-
Hill Company, 1932,

Mantelly Engdnecring Materials Handbook, McGraw-Hill Book Co.,
1958,

F

.5 Miner and Seasteney Handbheok o Encineering Materials, John
Wiley and Sens, Dwe,, 1YH6.

Longinuw, A., et al; Civil Defense Shelter Options: Deliberate
Shelters Vol 1L, For O, Contract DAHC-68-C-0D126 vesrk Lttt
<TOTAD, TIT Kesvarch Institute, December 1971, ) ’
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

The study described herein has been useful in the following
respects:

1. Casualties Produced by Impact -- For the first time the
"impact casualty" problem is capable of being examined in reason-
able detail. This has resulted in a clearer understanding of the
relative importance of the various blast induced impact casualty
mechanisms that would be produced in the upper storles of framed
buildings located in the Mach region of megaton range nuclear
weapons. The effort is described in Chapter 2.

A significant portion of the impact analysis task was devoted
to developing the impact analysis computer program, generating de-
bris and people trajectories ond selecting appropriate statistical
methods for interpretation of results. Although the problem to
which the analysis method was finally applied is fairly large, it
was not poassible to perform all of the necessary parameter varia-

.
Flars

This study was limited to debris produced by exterior walls.
For a thorough understanding of the impact problem, it i{s neces-

sary *to consider exterior and intericr wall debris, furnishings

and vertically mounted ecuipment for a reasonably large range of
sizes and wolights. 1In order to assign reliable modes of evasive
action to individuals, it is also nccessary to consider a reason-

ably -large range of pcople d’..ributions and infitial (preparatory)
body posftions. '

It ie worth mentioning that the debris interaction process
devtribed (sce Chapter 2) has wider applicability than the par-

ticular problem for which {¢t was developed. The basic approach

can be coffectively used fn blast-fire interaction studies

, deter-
mination of debris vulnerability of military tarpets, casnalties
and damage produced by accidintal detonattons of stored explosives,

ete.
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2. Classificacion System for Conventional Buildings -- The

teasib1lity of developing a classification system for conventional
buildings in terms of best available shelter space was explored
(see Chapter 3). It is concluded that a reliable classification
system is feasible and timely. However to be generally applicable,
the effort should be preceded by a statistical analysis of avail-
able field data which currently exists. Such an analysis would
seek to categorize all building parameters, eliminate insignificant
parameters, rank significant parameters in their order of impor-
tance and express the influence of commonly unavailable parameters
(wall strength, for example)'in terms of those which are generallyl
available i.e., wall type. The significance of building param-
eters would be judged on the basis of their influence (positive

or negative) on people survivability. Stepwise regression analy-
ses may be used for this purpose. '

3. Casualry Criteria-- A lirerature search of currently avail-

able casualty criteria and data was conducted to determine if the
eriteria used in performing people survivability studies relative
to prompt effects of nuclecar weapons are sufficiently within the
Slate-ul-tav-ait. Oa the basis of the limited c1fort is is con- ’
cluded that although several different methods. for estimating casu-
alties exist, they are not necessarily superior to the "impact
velocity' approach considered hercin. .

Readily available impact casualty criteria are very limited.
The current emphasis in the open literature Is on impact casualties
produced in automobile accidents. The nppfnach taken by most in-
vestigators is one which is problem orjented. 1In a problem‘qriented
approach to automohile ncduéant?sufviﬁabilLty:rhﬁﬁémphust§'wnh]d be
on practical methods capable of reducing the acceleration or motjon
(forward or rearward) cxperienced by the vehicle occupant during
collision to tolerable levels. Thiy is done by prcvcntjng-sént
collapse, and proviling iupact attennators, # havdess, hackrest and

a soft frontal head impact surface. Tolerable levels of motion and

fmpacr .are determin d on the basis of provioas aceidents, full
scale crash experiments with Instrumented wrrhropromorniie dunmieo
h-2
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or computer simulation of the process. Casualry criteria based on

generaiized impact are of limited applicability and are therefore
seldom used.

When used, the application is to very specific situ-
ations which are difficult to scale to remotely related problems.

Casualty criteria which are spacifically oriented to casualty
mechanisms prevalent in rhelters (NFSS upper stories and basements)
are for the most part nnnexistent. The majority of currently used
criteria were derived on the basis of a great deal of engineering
judgment on so-called reluted exneriences such as scaled animal
data, war related bomb data, military aircraft pilot ejecrion stud-
ies, etc. The extent oa pplicability of these criteria to indi-
viduals in shelters beyond the two categories, i.e., survivors

and fatalities considered in this report, requires further study.

SeparuL ionof affected individiaals in only two categories can and

ofren will produce misleading conclusions on the sheltering poten-

tail of buildings. As defined in this study, survivors include

injured and uninjured individuals. However, the number of each is

not evaluated. Thus when comparing individual buildings on the
basis of expected percent survivors, the comparison may or may nct
Lo vaird. For csauple, casualty iechanismus produced in the upper
stories of framnced buildings will include thermal rkdiarion,'prompt
nuclear radiation and hla-t effects, i.¢., dynamic pressures and
debris.  In closed bascments the primary casualty mechanisms would

be debris from the breakup of the overhead slab. It is intuitively

clear that a comparison of the sheltering potential of basements and
upper stories is not valid on the basis of percent survivors in
each, since survivors in the upper stories are expected to include
more injured individuals than their cnuutérparts in basements,
Comparisons on this basis are valid only if we compare shelters
which arce physically similar, i.e.. the class of steel
ings, the (lass of Joad-bearing buildings, ete.
of all shelter space.

framed build-
Fo- a comparison
with confidence, a more detailed hreakrdown
of SUrvivor, is necessary.

Althouph cxisting canualty criteria are crude, Lt is hc‘.icﬁed

that a further cateporfaation of sprvivor. in twe groos i .

6-)
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injured and uninjured, is possible. The task which is expected to
lead Lu a reasonable categorization of injuries in a direct ef-
fects environment was initiated inm this study. To provide for a
better understanding of the response of individuals to blast ef-
fects, and thus of the type of injuries that would occur, a simula-
tion model was developed. This model represents the individual as
a seven-link (part) articulated man interconnected by exiensional
and torsional springs. Individual parts include the head, torso,
aim, forcarm, thigh, lower leg and foot. These are modeled by
means of rigid, elliptic cylinders. The formulation is two-
dimensional. The articulated man is capable of being impacted by
debris, and can also impact the floor, walls or the ground surface
with any portion of his idealized body. The computational process
keeps track of his motion, time dependent forces acting at his
joints, impact velocities and impact forces. The model provides
for a more detailed breakdown of the response of individuals in

a blast environment than does the rigid blodk model used in this

and previous studies

At the present time this simulation model is incomplete and
taerctore is not described tn detail in this report. It is de-
¢ribed briefly in Ref. 6.1. It is incomplete because At lacks a
fnrmal computational routing capable of relating response to a
corresponding level of casualey, i.e., injury or fatality. Such
a routine is expected to be developed in the study subs sequen: to
the one described '

h. BILLDINGS Couputvr Progiram -- One task of this study- was
devoted to updating the computational process (Simulation ™Model
uf “(nﬂlo Survivability in Conventional Huildznr%) d«#(finbd‘in

Appendix € of Ref. 6 3. This process was substantially rovised
and made inro 2 5uli-¢unrainad computer praogram ontit fed “HUILDINGS
which is deseribed in Appendix A. This program was us o in oener-
atiing resulrs discussed in Chapter 3 and these pPreceuted i Ret

6.4 The following revisfons were- incorporat ed.

b-4
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The program was restructured to provide for simplified usage
and more efficieat operation  Routines to read and check input
data were added  The subroutine which estimates debris casual-
ties was revised to include rvprcsvﬁ{arive debris-people inter-

action data based on those piven in Chapter 2.

Modifications were also malde to allow for automatic analy-
sis of tully load-bearing buildings and buildings with exterior
load-Yicaring walls,  In the case of fully load-bearing buildings,
the computer progran assuames that after the strongest exterior
or interior walls are breached no survivors are expected in the

upper srorics .

For buildings with extericr load-bearing walls and interior
frames it is assumed thar whea the peripheral walls fail, the

exterior rows of rooo. collavse leavine no survivors in the col-

ausedtrort b, o iaterier rocaed portion is treated as
¢ il Tracad bt b s i usaed ip more Jdertail in
frpenadiE A

s e e : P P T T T I ot

consi o the po-sible cotlano e ot framed buildings and the in-

Tlacrnce o tuis o e vl e uahi by e provides people sur-
ivasr bl wrin o b amper ctarte onlyl Batements are nof

con idered Prodoes e b cinudi b berween injured and uninjured
Jrere sonnel I e mmende Y orh g e e deficivncics be eHMminated.

Coaeamilrae s tor b venn s o T gt s e =

3 hnergeno s Doacratang Coatorn, -- e aegment of this study

wanh o Gt ottt ) l;:'.:‘. %) e oeal et 3."':: ‘:.";‘icdl CTOFCUCY -

erating centes fooc Uogneer ) e analyae s econsidered eqad paent
o tion Yoo and oneraring persosnel crvivahility in o hlast
chdbionient prodbiood B egaton rana e naclear weapon, A pro-
cedagre boyp by b s e EOCT O g, -

U i . . 1
e b aha b RO et b Saeraer
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6. Computer Program Update -- The people survivability anﬁly--

sis computer program described in Ref. 6.2 which is used on a
routine basis for the analysis of people survivability was revised
and updated. Revisions include simplified input and output options .
plus a routine which checks input data for possible errors. The
debris survivability routine was revised on the basis of results
obtained in Chapter 2.

7. Dynamic Pressures in a Large Mine Complex -- A limited task

of this study was devoted to determining dynamic pressures in a
large, existing limestone mine produced by a megaton range nuclear
weapon. It was concluded that where they exist, such mines provide
excellent direct effects and fallout shelter épaces for neighboring -
or evacuated populations. In this context they are significantly
superior to expédient community shelters and especially to the
"log-ditch" shelters recently analyzed by the Oak Ridge National
Laboratory civil defense group. Results of this task are given
in Appendix B. '

On the basis of the study described herein, the following
recommendations are wmade

1. Blast Generated Debris -- There exists a need to gain a
better understanding on ''recal world"” size distributions of wall
debris and their influence on people survivability. For this pur-
pose we need more data on the initial crack pactérns experienced
by masonry walls (with and without windows), having a variety of
different "real world" support conditions (simple, fixed, -arching,
etc.) when subjected to a range of different overpressure levels

and durations. These data should be capable of providing gstima;csf
on initial debris-size distributions as a function of inciplent
overpressure to collapse overpressure ratios,

This experimencal information should be used in a sensitivity
study to determine variations in people surviability produced by
varfations in debris size distributions, incident overpressures
and wall collapse nvcrprvﬂsuré;‘ The influence of debiis from in-
terfor furnishings ond vertically mounted equipment should alse he
included.
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. 2. Casualty Criteria -- As was mentioned previously, currently
available casualty criteria for people in shelters (NFSS upper
stories and basements) are very crude and the extent of their ap-
plicability with confidence is not known. There is a need tc sys-
tematically review all currently used casualty criteria in the
light of the current understanding of the overall prompt effects
problem. Special consideration should be giver to impacts produced
by debris. Since debris sizes can range from small window glass
fragments to large pieces produced by the breakup of masonry walls,
it is not clear that the same criteria apply for the entire rauge

‘of debris sizes and impact velocities.

The shelter casualry problem is significantly different from
that manifested in automobile accidents or by pilot ejections from
military aircraft. Since each of these two fields has been and is
being studies mostly in a problem oriented fashion, the response
of people in shelters relative to a prompt effects environment
warrants a separate investigative effort. Bioengineering studies
should he initiated to c¢xamine currently used criteria nd to de-
velop new criteria where deficiencies are found. '

Computer simulation studies (using computer graphics) of peo-
Ple in shelters subjected to blast effects should be initiated to
provide a better understanding of the complex phenomena. This

would aid in devising means for increasing people survivability
i @ problem oriented- fashion._:

Computer graphics provide a useful and powerful tool Zor
studying the problem of debris formation and distribution, trans-
lation and impact of pcople with hard surfaces and debris. For

civil defensc problems the potential of this tool remains largely
unexplored.

3. Blist Environment -- It {5 recommended that experimental

studies be conducted to determine the distribution of time-dependent

dynamic pressures in rooms having configurations similar to those

found ir the upper storfes of framed hutldings and basement spaces.
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Yielding and nonyielding walls should be used. Experimental results
obtained would aid in verifying the results determined hr means
of theoretical procedures.

4. Classification of Shelter Spaces -- As was menticned pre-
viously, a classification system for conventional buildings in
terms of best available shelter space is feasible and timely. It
is recommended that a study leading to its development be initiated
aleng the lines described in Chapter 3.
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APPENDIX A
DESCRIPTION OF BUILDINGS COMPUTER PROGRAM

A.1 INTRODUCTION

"This appendix contains a description of the computer pro-
gram entitled "BUILDINGS™. It was developed for the purpose of
predicting the survivability of people locaied in the upper
stories of conventional buildings of the National Fallout Shelter
. Survey (N1'SS) tvpe whoen subjected to the effects of megaton range
’ o nuclear weapons.  The program has evolved over several years of
. work for 2¢PA and has been used to predict the survivability of

people in ¢ auclear weapon environment in connection with two
studies (Refs. Al and AL 2).

ihis computer proyram is the revised and updated version of
taar previously aescribed in appendix C of Ref. A.3., The intent
ol this appendia s to acquaint the reader with its capabilities,
imitarlons and usase.  The basic computational algorithm is dis-
N A A S LT D T I ¢ LN SLT O !

. : 1. - . » - . .
e i tlluncrared Ly meansy

ol an example problem

Ficure A 1 presents o venceral flow chart of this program
which indicates the njor program operations and identifies which
routines are usad in vach Individual subroutines are briefly
desceribed in the follwing section, '

—

- A2 DESCRIPIION OF PROGRAT ROUTINES

This computer progyen consists of one main program and
Is sabprogram. . t ¢ , subroutines and functions. Manv of these

consist ot data statement: containing previous computed results
for a ranve of parascters

Thewe subproyrams are described next
in the order 1 which they appear in Fipure A L.

BRI, 4

U
U

Mis routine i~ called by MALEE to read input data
amed traneimir gt MAIN :
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" T

ERTES

This rourine exanines input data with the object ot
eliminatipry input errors and physically impossible
situarions in wodeling various problems of buildings.
1{ errors are found, an error message is printed and
the run is aborted  This routine is called by MAIN.

THER

Drteraines neople survivability estimates (percent
suUrvivors) easf ates against thermal radiation. This
routine is 4 siuplified version of that previously
used in the SE? code (Ref. A 4).  Percent occupants
exdosed to thermal radiation are determined by com-
pating an appr. ximate, unshaded area for' peripheral
(vutside) roots Perceat of hodv area exposed is

tien d\ivrﬁ:ntf a4soa tunction of sill heivhe,  Ex-
praed bode area urtdd is based on o quantity of radiant
ceosure which is then used to determine the burn mor-
tality and Uie worresponding percent survivors.

RAD

eoterainios poople survivability estimates avainst

R L O A S I L Previously computed re-
Sit e e taters ot ed v this routine tor particu-

Par ot aardoane ool s called by AN

Detornine. peroend Lurvivors rolative to wall debris
Propact s ot Jiosasan corprrted results

For the siven rae Jeneth and aperture (window) per-

¢t this routine dotornines rooa areas atfected by
bl hebhrio s ais iaitorsarion b returned .
tonbeR v e ol st e interpolation ot debris
SRy iy . -

i ‘-t\

ot by e done e dinpy Jdea 0 Nt
gt o prcisacery gntortation for TRANS which s
vallet by ThA P=a 1. called he MALN

lf-;'\'.
[T a0 e b P I KL {7 YRR O L
Pars enal et 0 e ) spanduaeed r denaniie pree .
Vare g the carven o b Grea TEAN s MADE,
Fletat p oo s Ao s i N

l.\— i
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SHADE

ldentifies room areas in which personnel are subject
to dynamic pressure induced translatioral effects.

KNOCK .

This function is called by TRANS to determine dy-
namic pressure intensity as a function of front wall
window area and specified weapon environment.

CLEAR

Provides people survivability estimates against being
cleared (blown) from the building area after walls
fail as a function of building length and story
height.

SURVIV

This routine is called by TRANS to provide percent
survivors (initially prone and standing) as a func-
tion of information provided by SHADE, KNOCK and
CLEAR. This routine provides the required estimates
by interpolating from previously computed and stored
results.

MALN

The main program initializes the problem and calls

Jerivir . . LN i : H : r‘ ‘. .l" -". \Y nx ll oy ¥ .
oot H [ A OO S 13 1 3 I ! P l‘ni st

on input data and calls ERTEST to checP the data for

errors. It coordinates the individual people sur-

vivability resculrs and modifies them according to

the type of building beiny analyzed, i.e., framed,

combinition francd and lead-bearing, fully load-

bearing. It combines survivabilities againse iodi-

vidual effects to pet total survivability in each

building arer and then determines weighted (combined)

peoplse survivability estimate for the building as a \ -
whole Ft calls suabroutine INTERP to determine
overpressures for 99, 50 and 10 percent survivors
from the final retults. MAIN alse conrdlnatcs the
printing and plotting of resules " o5 -0 o

A 3 PROGRAM CAPABILITIES

This computer propram cstimates percent survivors (injured
and uniniured personnel) in the upper stories of corventfonal
(NFSS type) haildings when subjected to the direct etfects of a
sinsle, 1 MT wurface harsr o The procran analeces iodividual
buildings which are nwnumod to be located in the Mach réninn of

the weapon,  Percent survivors e estinated by assuming that




baoilding vecapants are anitornsly distributed 1o selected portians
of the building in either initially prone or initiallv standing
positions.  Uhe follewing casuilty mechanisms are considered in-
dividually '

e Tranalariona! u!fucrw anroddueed b& dvramic pressure.
This inciudes fpet of personnel on portions of

the buildine ¢iteor b walls) and the ground plane
suen thew g B0 oo o ot the buildinge,

& Ueiris wltvcts) e, dmioet of Jdebris on neonle.
: et et
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to choose the attack divrection, i.e., the direction from which

- the blast wave is expected to originate. Usually this direction
is chosen as being normal to a vertical plane through the weakest
portion of the buflding. This generally results in a lower bound
estimate of people survivability.

Further informarion required by the program consists of
building characteristics and distribution of occupants. Building
characteristics include dimensions such as bay width, room length,
building width, window size, etc. Knowledge as to the type of
building construction, i.e., framed, load-bearing or a combina—_
tion framed and load-bearing, etc. is also necessary. Although
the program doés not require data on the collapse overpressure
for the building as a whole, it does require collapse overpres-
sures for exterior walls and interior partitions. It is also
useful io know how the building occupants are expected to be dis-
tributed in various portions of the building.

The actual modeling process is accomplished by breaking the
subject building into component regions (areas) each having dif-
ferent characteristics. Each such component region is assigned
a factor (a number less than or equal to 1.0) which indicates
its size and occupancy as a fraction of the entire building area
and total population. The number of personnel occupying each
region is estimated as a percentage of the whole building popu-
lation. Building characteristics along with region factors are
punched onto data cards with one card per component region. The
program computes percent survivors in each region described and
then takes a weighted average of these results (by the use of

region factors) for the building as a whole.

A.4.1 Component Areas

A component area in a building can be chosen as a story
having the same or almost the same characteristics. It must
rnass through the entire length of the building at whichever point
it is chosén, length being the distance parallel to the direction
of blast. The three types of component areas that this program
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can handle are Jdesceribed in the following paragraphs. A kn wldege
of the computational process is useful inchoosing component areas

and of avoiding extension of the propram beyond its limitations.

e Building Renion Type 1

This component irca is illustrated in Figure A.2 as a room or
a large portion or u building iu which the front and the rear
walls are of equal srrength, No interior walls are included.
When the blast loadins is oot hivh enough to fail the walls, cas-
dalties ave produced by Jdynamic pressure, prompt nuclear and ther-
aal oraodiaticn When che walls €411, then in addition to these
nechatiiame ., casualrics ore also produced by debris impacts on
people and impact o peonle with the pround plane, i.e., those
who are awept out of rhe baildine hy the high velocity winds.

@ il lin Werien Tonooe _
Thioo ocase iz Loorvated in Pieure A). Both exterior walls
Fabe 120 daie stres: noarddodre desumed Lo be stronger than the

. O o wapaal st At 1ow overpres-
sures dLo o, when o o wtb doror Yail o only area A (see Figure
AL ) experiences we o o1 fects. Areas B oand C are assumed to
have 1% poreent sursiv oo A hivher overpressure levels in-
cerior walls (0l (Fleace Ay and casualty mechanisms which
applicd 1o arca M previonsty now applv to areas A, B and C. In
Wlitien te these wo noew face denris effects produced hy the fail-
ure of the interior ~51i.. Wen the weapon environment is such
that a1l walls fuil £ are A Je) then the case is similar to

that desceribed previcegsty in eonnection with Figure A.2b,

o Building Kegion T7pe 3

In this cane, caterion walls are weaker than intevior walls.
At low overpressarces whien oo walls (with the exeeprion of windouw
wlassy tail, weapon ettects are considered in area A only (Fig-
ure A ha) and are it Yar to those Jdeseribed previously in connec-
tion with Fipures A 20 .md A da. Areas B oand € are assumed to
nave 10D percent suarcvisors ana the program computes a weighted
averape of survivors tor the total of arcas A, B and C.
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When the overpressure is increased such that the front wall fails
then debris effects are considered in area A (Figure A.4b) in ad-
dition to casualty mechanisms considered previously. Areas B
and C are still assumed not to experience any blast casualfies.
Finally. when the overpressure is sufficiently great tc fail the
interior walls (Figure A.4:2) then all areas are affected.

A.4.2 Special Considerat.ons

Streagths of intevior partitions and exterior walls are ex-
pected to be different and the program does allow for it. How-
ever, the program does not allow for differences in the strength
of tiie two exterior walls. Interior partitions must also have
equal strengths., This does not introduce serious problems in
most analysis efforts since exterior walls on any given story
of most buildings are very close to havinz the same strength.

The same holds true for interior partitions. Where differences
in the strength of interior walls exist, such as massive elevator
tower walls and light partitinns, problems can be avoided by judi-
civie selecrion of tadvidual resivas.  For this, knowiedge of

the computational process is very useful in avoiding errors.

Window dimensions are nét input but are instead compurted
using other input data such as room width, room height, sill
height, upper sill height (top of window to ceiling distance) and
percent apertures. Window height is automatically fixed by spe-
cifying room height, siii héfght and uvnper sill height. .Window
width is the variable in this process. One potentisl mistrake
that can result from this is illustrated i Figure A.5. in making
up input aota for a front wall with three windows we arbicrarily
choose the width WR, of the whole room as shown in Figure A.5a.
We also arbitrarily choose an aperture percentage equal te the
sune of the threce windows. When the propgram computes window di-
mensions based on these data, it places one large window in the

center of the wall whose area is equal to the sum ¢f the three in-
dividual windows. Ine problem as interpreted by tne program is ob-

viously nou corraect and somewhat different results will be produced.

A1l
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The correct way to model this particular situation is to choose
thc width of room (WR) such that each of the windows is individu-
ally considercd as shown in Figure A.5b. In the program the room
width parameter does not recessarily imply actual room width, but
what is chosen as the width of the component area.

1t is important to distinguish between three types of build-

ings, i.e., framed (stecl or reinforced concrete), combination
framed and load-bearing and fully load—bearing{ In the case of
combination framed and load-bearing buildings, i.e., buildings
with exterior load-bearing walls and interior frames it is as-
sumed that when the peripheral walls fail, the exterior rows of
rooms collapse leaving no survivors in the cdllapsed portions.
The framed portion is then treated as a typical framed building.
In the computational process the program subtracts twice the dis-
tance to the back wall from the length and width of the building.
Debris results (percent survivors due to debris impact) are mul-

tiplied by the ratio of this adjusted plan ‘area to the original
Cirea. T apprositetson g ogquite adeguate if the bailding is
rectangular, has load-bearing walls all around and the distance
to the first interior wall is also the distance to the structural
frame. If there are large deviations from this description, then
results will not be correct and adjustmants need to be made.

Fully load-beariny buildings are treated in a similar fashion. -
No survivor§ are assumed to exist once the exterior walls fall.

A5 LiPUT FORMT :

Input consfists of « title card followed by as many data carcds
as there are component areas comprising the glven bufiding. This
comprises one buliding set. Any number of building :ets can be
placed back to back and inserted as the data deck. No special
end ard i regquired  laput format ds deseribed in Table AL

and {llustrated in Fipure A.6.
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A.6 OUTEUT FORMAT

The fivst page of ».tput for a given building (building set)
consists of an echo printout of data with headings added. Re-
sults consist of percent survivors for two body positions as a
function of free field overpressure for the building as a whole
and are centained on pages 2 and 3. Page 2 contains individual
percenr survivors for .ich casualty mechanism considered. Page 3
iists total survivors. As an additional piece of information
the program prints out overpressures at 90, 50 and 10 percent

survivors. -
A.7 SAMPLE PROBLEM

This section illustrates the usc of BUILDINGS program in
analyzing a framed building for people survivability. The build-
ing considered is a ten-story office rype building. Typical
floor plans are given in Figure A.7. Building characteristics
required by the program are given in the following table.

dhe blast direccion was chosen as shown in Figure A.7.  Siance
building is very close to being symmetric in plan (especially.the
upper stories), the results should be representative as far as
the four directinns are concerncd.

At first the upper stories (2 through 10) were broken down

into thrgp vbmpnnent areas, {.e., ABC, DEE_qnd GHI (see Figure
- A 7b). However since the computer program only considers the

first interior wall, areas DEF and GHI are assuned to be essen-
tially the s»me, as far as protection is concernicd, and are com-
binced in this analysis to form a single area, i.é.. DEFCGHI. This
would not be done if the situation were less uniform, i.e., un-
equal strength partitions, lack of uniformity in window arrange-
ment, etc.  In such a case, more component areas would nced to be
considered.

Selection of component arcas on the first story is somewhat
easier than the upper stories and was done as showm in Fipure

A.7a. Again, two areas were considered, fe., ABC and DEFGHI.
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BUILDING DATA

a) Building Description

Number of stories 10
Floor area per story 8100 sq ft total
7200 sq ft occupied
Plan dimensions 90 ft by 90 ft
Building height 102 fr
Story height 12 ft, first story
10 ft, stories 2 through 10
Type of construction Steel frame, steel deck, masonry

wall and interior partitions

b) Exterior Walls

3 *
Story ' - Description Strength
1 - -
2 to 10 4-in. and 8-in. brick nonload .o
bearing walls, one-way arching 9.1 psi

c) Interior Partitions

' *
Story Description Strength
l to 10 8-in. concrete masonry non-
reinforced, nonarching 4.0 psi

d) Windows

Story  Aperture Size Sill Height
1 12 ft by 30 ft L0 fe - 7

2 to 10 7 ft by 30 ft S 3 ft

I3

The next siep in this process is to assign weighting factors
to each of the component areas selected. In this particular case
this is done by assuming that one-tenth of the building occupants
are located on each story. It is further assumer that under nor-
mal conditions few people would be located in the core area

¥ .
Strength relative to normal to the plane, nuclear weapon blast
induced loads

A-18
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arca E. Figure A.7a.b). Thus out of nine areas (A,B,C,D,E,F,G,
H,I), seven are assumed to be occupied on the first stery aad
eight on the upper stories. In each of the occupied areas
people are assumed to be uniformly distributed. Oune further
distinction is made. The computer program distinguishes between
the first, second, third and fourth story by virtue of aeight.
It does not distinguish between the fourth and higher stories as
far as free-fall survival is concerned. Based on this discus-
sion, the weighting factors are computed as shown below.

COMPUTATION OF COMPONENT AREA WEIGHTING FACTORS

Floor Component

Level Area Weighting Factor

1st ABC 1/10 of building x 2/7 of floor area = 0.028
Ist DEFGHI  1/10 of bﬁilding x 5/7 of floor area = 0.072
2nd ABC 1/10 of building x 3/8 of floor area = 0.038
2nd DEFGHI  1/10 of building x 5/8 of floor srea = 0.067
3rd ABD 1/10 of building x 3/8 of floor area = 0.038
3rd DEFGHI  1/10 of building x 5/8 of floor area = 0.062
4th ABC 7’10 of building x 3/8 of floor area = 0.262
4th DEFGHI 7/10 of building x 5/8 of floor area = 0.438

Sum = 1.000

A.8 SAMPLE PROBLEM RESULTS

An echo printout of data used in the sample problem is shown
in Table A.2. Survivcrs relative to the individual effects, i.e.,
debris, themmal radiation, translation and prompr nuclear radia-
tion are given in Table A.3, as a function of free field overpres-
sure. It will be noted that thermal and prompt nuclear radiation
effects as considered herein do not distinguish between standing
and prone personnel. Total (combined) survivors are given in
Table A.4 together with free field overpressures at 10, 30 and

90 percent survivors. These results are also plotted in Figure
A%
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s ECHO PRINTOUT OF DATA
ExambLE BLILDING NNy
ALl LENGT™ w1DTH FLOOK s INN0w SILL RUA™  ROO™ fuln wALL FAILURE PRES, FaCTOR UPPER
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Referring to Table A.3 it will be noted that no debris casual-
ties are produced prior to 4 psi. At 4 psi interior walls fail
producing the first debris casualties. Wall failure also contrib-

_utes ro translation casualties (standing personnel) since the

interior walls are cleared out. Additional translation casualties
(inicially standing and prone personnel) are produced after the
exterior walls fail; note the jump from 31.7 to 0 percent (standing
colunn) and 100 to 38.9 percent (prone colum) Table A.3.

The reader is referred to Ref. A.2 which conains results of
50 buildings that were analyzed using this computer program. A
data sensitivity study using_this program is discussed in Ref. A.1l.
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APPENDIX B
AIRBLAST ENVIkONMENT IN LARGE MINE SYSTEMS

The existence of very large limestone mines naturally raises
the question as to their suitability as personnel shelters dﬁring
a nuclear weapon attack situation. The answer to this question
lies, in part, in the nature and intensity of the airblast en-
vironment which will exist in these mines under nominal attack
conditions. Twc specific mines were analyzeéd and predictions of
blast environments were made. Details of these analyses are pre-
sented here and they show that the blast environmwents within
these mines are relatively mild with the exceptions of certain
limited regions, such as in or near the entranceways and in some
insrances ar the back end of long mine systems.

Two specific mines were examine; one which is referred to
as a large mine is illustrated in Figure B.1l, the other is a sub-
stantially smaller mine. The large mine, or mine network, is of
the "pillar and post" Lype and is thereby characterized by a com-
plex interconnection of passageways for air regions). This mine
system has a total floor area of approximately 10 million square
feet and a nearly uniform ceiling height of 15 ft. There are a
number of{ ertranceways or entrance tunnels which are approximately
40 fr wide (approximately 600 ftz cross-sectional area). The
passageways within the tunnel system are alse approximatel§ 40 fc
wide. The tunnel system is about 1 mi long and 1 mi wide.

The nuclear weapon threat created in this analysis was the

20 psi overpressure lecvel from the surface burst of a 1 MT weapon

or more specifically a 20 psi blast wave with a 3.3 sec positive

phase .duration. This represents a rather high overpressure range

‘and thus the evaluation can be considered as a somewhat worst

case condition. The blast wave will interact with the local topo-

graphy (considered to be somewnat hilly) and atteruate with in-

creasing range. Any mine system, such as the 'largme" mine, which
:-has many separated entrancewayé, will be exposed to a very cqmé'

plex blast input.
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This blast input will depend upan the burst direction as well as
topographical details and will manifest itself in that blast waves
of various intensities will enter the mine system at different
locations and at different times. Clearly the present analysis
- cannot treat the effects of all these variables, hence a near
worst case situation was identified and used.

~Before this worst case problem is discussed it will be sig-
nificant to discuss the restrictions and applicability of the
methods of analysis which are available. The simplest treatment
which is available is the quasi-steady cavity filling analysis in
which the mine is characterized by a volume and an inlet or flow
area. In such an analysis pressure gradients within the system
are assumed to be small. This analysis method is inadequate due
to the rather long flow pachs (approximately 5003 ft) within the
system. The ente ing blast wave system will be weak (i.e., near
sonic waves) and have a total length of approximately 3000 ft.
Thus significant pressure gradients will exist in the interior
. regions of the mine and a wave analysis must therefore be used.

The nearly uniform roof height of the mine system simplifies

the problem in that vertical pressufe gradients will be very small.

Thus a two-dimensional nonsteady analysis is indicated. Such an
analysis would be extremely costly and difficult to perform due to
the many interconnecting flow paths. Thus a one-dimensional non-
steady wave analysis must be used together with the use of certain
approximations to account fo;;ch?;complex system of the mine. The
.blast wave which enters the relatively narrow entranceways of the
- mine will spread-out as the number of pass‘geways or flow areas
increases. The blast wave disturbaace will also interact with

the pillars and many local shock reflections and rarefaction wave
systems will be generated. These disturbance systems will only
modify the pressure ficld in the immediate vicinity of the pil-
lars and their time averaged effect will tend to vanish. Thus

the most significant geometric characteristic of the mine system

is the effective flow arca as observed by the pressure disturbances.
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Lines of constant minimum propagation time (based on weak waves
traveling at sonic velocity) were determined for a variety of
blast wave entering conditions and were used to establish the
cross-sectional flow area of the mine as a function of a flow
distance; the spacial variable for the one-dimensional variable
area analysis used. These isochronal lines are illustrated in

Figure B.2 for the four entranceways clustered in the lower right-
hand corner.

The problem which is illustrated in Figure B.2 was considered
to be the worst case due to the fact that the maximum entrance
area condition is considered. This parameter is no~ th¢ only con-
sideration as the expansion area (ratio of flow area te entrance-
way area) is also a factor. HNonetheless this case is the worst

case and cthould represent the most severe blast environment occur-
ring within the mine svstem.

The expansion area, or area factor is presented in Figure B.3
as a function of distance from the entrance. A one-dimensional
variable area nonsteady wave analysis was performed subject to a -
12.3 psi overpressure blast wave condition at the entrance loca-
tion (x=0). This overpressure magnitude results from the inter- -
action of a 20 psi overpressure wave at the tunnel portals and
corresponds to a side-on wave orientation. Such a wave orienta-
tion is the most probable orientation. More severe orientation -
would only produce locally higher pressures which.would rapidly
decay due to clearing effects. _-These higher pressures would be
restricted to the entrance region (x< 500 ft) of the tunnel system.
The peak overpressure occurring within the mine is also presented
in Figure B.J for the case evaluated. The maximum overpressure for
the ceatral region of the mine is approximately 2 to 2-1/2 psig
and shovld be acceptable for personnel exposure. The pressure
reduction, when measured by the outside overpressure level is a
factor of approximately 20. '

The pressure history at two locations in the mine are pre-
sented in Fipure B 4. uite clearly the replon near the entrance-
way 1is unacceptable as is a narrow region near the back of the mine.
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The pressure in this ''rear region" is amplified due to large scale
reflection effects. This rear region can be identified in Fig-
ure B.2 as that region nrar the entrance at the left end. This
region would be considered an exclusion area for the case of a
blast wave entering the mine system from this entranceway. The
analysis does not bring out the fact that other semilocal reflec-
tion areas may also exist. It would be advantageous to eliminate
any rear regions which are somewhat confining such as that narrow

region wnich is at the very top of the mine as illustrated in
Figure B.2.

The second mine (the small one) which was examined is illus-
trated in Figure B.5. No cdetails of this mine were available,
however some conclusions about irs acceptability as a personnel

) perscnnel shelter can still be made. A quasi-steady cavity fill-
ing analysis would be applicable for this mine since the length
of the mine is considerably less than the wave length of the
free field blast wave (approximately 3000 ft) and in general the
pfessure gradients should be small. Some moderate pressure gra-
dients or shock eftfects will exist in and near the entrance tunnel.
The peak cavity pressure can be estimated by evaluating the value
“of the parameter, ‘

v

¢ = xji;ig - 30

where

. V = cavity volume (9.8x1.05 cu ft) ) ~
A = entrance flow area (96 sq ft)
¢, = sonic velocity (1130 fps)

t, = positive phase duration of blast wave (3.3 sec)

Such a largfe value indicates that the peak cavity pressure will
be equal to approximately 0.05 times tne free field uwrerpressure
or about 1.0 psig. A simple wave evaluation considering the area
ahlargement (approximately a factor of 100) of the mine tunnel
locaticn indicates a shock attenuation factor of approximately
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6'x8' Entrance
- Tunnels .

' Floor Area: 15 acres = 653,400 ft2
Ceiling Height: 15 ft
Total Volume: , 9.8x 196 ft3 :

Total Ent;anchrea: 96 ft:2

Figure 3.5 Small “ine
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0.02 hence the 12.3 psi wave which enters the tunnel will be re-
duced to approximately 0.25 psi. ' This reduction will occur
gradually hence an exclusion area in the vicinity of the sudden
area enlargement should be established. This region could be
defined by a radius of approximately 40 ft (- 5-/3).

Both of the mines examined should be adequate as personnel
shelters for large yield nuclear attack conditions when free
field overpressure is moderate (no greater than 20 psig) to low
in intensity. Certain regions in the vicinity of the entrance
_ tunnels should be excluded to avoid the locally higher blast
pressures which are associated with the inlet region. Further-
more, for long mines, a small region near the rear of the mine
. should also be excluded due to shock reflection effects. The
low intensity waves which enter the mine should be acceptable in
terms of the response of humans to such a stimulus. The strength
of the wave can be reduced'by further restricting the size of the
entranceway. It should be noted, that although the intensity of
the blast environment is sufficiently low ta render these mines
acceptable with respect to blast overpressure effects, other
shelter requirements must be considered. These mines may be
' unique in that rather large quantities of dust are potentially
available on the floor and other interior surfaces and the blast
wave will loft some of this particulate matter during the filling
phase. This dust environment could be rather severe unless the
mine surfaces are cleaned or stabilized. |

B-10




IR s e S G T T e 1 KA W« o smet W e s Pt AR A S PR ] CabRL R AT L AT T S R, e

SUMMARY
CASUALTIES PRODUCED BY IMPACT AND RELATED TOPICS
OF PEOPLE SURVIVABILITY IN A DIRECT EFFECTS ENVIRONMENT
Final Report

DCPA Contract DAHC20-73-C-0196
DCPA Work tmit 1614D

by

Longinow
Hahn
Wiedermann
Citko

vpm>

for

Defense Civil Preparedness Agency
Washington, D. C. 20301

August 1974

Approved for public release;
‘distribution unlimited.

DCPA Review Notice -

ie report has been reviewed in the Defense Civil
Preparedness Agency and approved for publication,
Approval does not signify that the contents
necessarily reflect the views and policies of the
Defense Civil Preparedness Agency.

| o “.DDC
. | B ) T O T
S-l | JUN 25 1915

IAUTASHTE D
D

PR




SUMMARY

CASUALTIES PRODUCED BY IMPACT AND RELATED TOPICS
OF PEOPLE SURVIVABILITY IN A DIRECT EFFECTS ENVIRONMENT

For the purpose of planning for the safety of the population
in the event of an emergency the civil defense planner requires
knowledge on best available shelter space in his commmity. Con-
ventional buildings constitute the only significant, current shel-
tering resource. Each of them possesses some level of innerent
ability in providing protection not only against the effects of
nuclear weapons but also against natural disasters such as earth-
quakes, tornados and hurricanes. It is therefore important to
have reliable and readily usable knowledge on their protective ca-
pabilities and on the possible types of evasive action that can be
taken by personnel so as to gain full advantage of these capabili-
ties in any emergency situation.

In line with this, the emphasis of this study is' on the sur-
vivability of people in the upper stories of conventional buildings
wvhen subjected to the blast effects of nuclear weapons. Specific-
ally it seeks to determine the relative importance of various types
of impact in producing casualties. This aspect of the problem is
described in Chapter 1. Subsidiary topics include classification
of shelter spaces, analysis of an Emergency Operating Center, an-
alisis of a fallout shelter against the effects of blast and the
feas‘bility of using mines as personnel shelters. A com;uter pro-

gram used (Ref. 1) in analyzing the survivability‘bf people in comn-
ventional buildings is also described.

Casualties Produced by Impact

Blast environment-people interaction in the upper stories of
conventional buildings is a complex problem. In this environment
casualties are produced predominantly by impact which results from
the following effects and casualty mechanisms.

Dynamic Pressure (high velocity winds) associated with
the passage of a blast wave will cause people to lose
balance, be rotated, and translated, terminating in impact
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on hard surfaces (floor, walls, furniture) with various

parts of the body. ‘In addition to setting people in

motion, dynamic pressures will also set loose or at-

tached objects in motion. Building components such as

window frames and glass, mounted equipment, walls and

partitions loo aned or separated by the blast wave be-

come moving, lethal debris under the action of blast

.winds. These can interact with people located in their

paths producing impact casualties.
To determine the relative importance of various categories of impact
to which people in the upper stories may be subjected when exposed
to the blast effects of nuclear weapons, an analysis methad capable
of approximating the=comglex environment was developed. It is
illustrated in flowchart, form in Fig. S-1. As indicated in this
illustration, the procedure makes use of previously computed and
stored information, i.e., debris trajectories and people (building
occupant) trajectories. Debris trajectories were calculated for a
range of free field overpressures, debris sizes, initial coordinates,
and times to separation. People trajectories were also calculated
for a range of free field overpressures, initial coordinates and
initial body pcsition, i.e., standing, prone and parallel to the di-
rection of blast, prone and perpendicular to the direction of blast.

This analysis procedure allows one to define a building area
in terus of physical parameters such as story height, bay width,
floor level, window percent, sill height and wall failure overpres-
sure. Building area occupancy is defined by specifying coordinates
at which people (in the taree initial bedy positions) are located.
Respective trajectories are then compared'g: each time step to de-
termine if interactions occur,: -If interactions ‘occur, points of
contact are determined and relative velocities between the person
and debris at the point of contact are computed. This is done for
each person and each piece of debris providing that impact occurs
within the building (bay) length. By the location of the contact
point, three types of impact are identified, {.e., head impact,
thorax-abdomen impact, lower 1imbs impact. Relative veloclty val-
ues for each impact and person are compéred with casualty criteria
to establish the level of casualty. '
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Having completed the debris interaction analysis, the procedure
then goes to determine floor and ground plane impact velocities for
each building occupant subjected to these casualty mechanisms. Re-
sults are compared with casualty criteria and corresponding levels
of casualcy are combined with those determined for debris impact.
This information is then used.to predict the combined probability
of survival.

Using the procedure described, people survivability analyses
were performed for a variety of different building areas character-
ized by bey width, building length, story height, wall failure over-
pressure, assumed wall debris and window size. Results indicate .
that debris produced by the breakup of building walls can be a sig-
nificant casualty producer for people in the upper stories of con-
ventional buildings. o

Classification of Shelter Spaces

This portion of the study was concerned with the feasibility
of developing a classification system for conventional buildings in
terms of best available shelter spaéé. 'An existing computer pro-
gram (described in Appendix A) developed for the purpose of predict-
ing the survivability of people in conventional buildings, was used
to generate results for ranges of building parameters. A regres-
sion analysis was performed to rank the building parameters and
thus determine their significance in contributing to people survi-
vability. Resulting regression analysis équations were then used
to generate a basic classification system in terms of six building
parameters. -

It is concluded that a generdl classification system is feasi-
ble and can be developed. iowever, for it to be usable at any
civil defense level, the effort should be preceded by a field data
analysis study. 1Its purpose world be to categorize-ail significant
building parameters and to establish the significnnce of their
variability on the final results, {.e., pedple survivability.
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Function Loss Analysis of an Emergency Operating Center

This portion of the effort was concerned with the analysis of
an existing Emergency Operating Center (EOC) to determine its
"function loss" and people survivability when subjected to the di-
rect effects of a single, megaton range nuclear weapon. A recently
constructed Police Administration and Public Safety building which
houses an EOC was analyzed. The probability of function loss was
determined based on the response of mechanical and communications
equipment to the effects of blast pressures and debris.

Analysis of a Fallout Shelter
Apainst the Direct Effects of Nuclear Weapons

The purpose of this effort was to determine how much direct
effects protection is provided by a 50-person, gable roof shelter
primarily designed for fallout -protection. The analysis performed
focuses on how the structure succeeds or fails to withstand the ef-
fects of blast. An estimate of occupant survivability was deter-
mined on this basis.

"BUTLDING3S" Compurer Procram

The simulation model for predicting people survivability in
conventional buildings against the direct effects of nuclear weap-
ons, previously developed and deserited in Appendix C, Ref. 2.,
was revised and made into a self-contained computer program. This
computer program is encitled "BUILDINGS" and is described in

" Appendix A. This appendix contains & brief discussion on the capa-

bilities and limitations of the program, a vser's manual and an
exsmple problem illustrating its usage.

Existing Mines as Perscnnel Shelters

A limited effort was devoted to the task of estimating dynamic

pressures on the interior of two large existing mines when subjected

o a 1 MT surface burst at the 20 psi range It is concluded that
at least as far as dynamic pressures are concerned, such mines pro-
vide very adequate shelter space.
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