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SUMMARY.
ERSONNEL CASUALLY STUDY

deas "“"]\

A computer simulation model for evaluating the cffective- =
5 ness 0f shelter Systems was developed under 0f£flce of Civil
Defense (OCN) Contract OCD-PS~64-50 Subtasks 1014-A and L125-A.
i i The Shelter Evaluatlon Program (5EP) permits shelter evaluation
>' - in terms of the casualtles produced from initial effects of
1 nuclear weapons. The model was divided into the following

components:

l e The propagation of nuclear weapon effects through
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Y @ The attenuation of the free-fiecld effects as they

interact with loeal obstructions.

‘ o : e The effects of the shelter on the transmission

of the weapon effects to the personmel within
the shelter. '

® The response of the personnel to each of the effects,

o Test of personnel response against casualty

e

of injury or death.

}° . This is the final report on Subtask 1125-A and deals
primarily with estsblishing quantitative data for use as

AJRHE I -

casualty criteria. - The following casualty mechanisms were
= ~ considered: ' '

» Primafy Blast - Experimental data collected

7 from animal experiments were extrapolated

ﬂ‘, ' : based upon weight of the species and resulted
" "~ in an estimate for LD50 of an overpreésure

; : equal to 62-64 psi. Detailed overpressure wave

forms were found to be relatively unimportant,

IIT RESEARCH INSTITUTE
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- & Debris Effects - Three debris mechanlsmq which
cause casualties were" identi;ied impulse loading
rolated to debris momentum (MV); crushing . or tearf
.ing related to debriS'energy,ﬂnvz);uand cutting or .-
penetration related to energy times the square of -
velocitymGEVQ). Wound data for human cadavers
and animals were reviewed, and casualty criterias
.were developed as a function of mass and velocity
of the debrls fragment.

: a4>Blast DlSplacement - The mean veiocity of impact
for 50 percent 1etha11ty of small rodents was.
36.4 feet/sec. This did not show a significant
variation with weight, as a result, this criteria
was applied to humans.

e Thermal Radlatlon - Second and thlLd degree burns
resu1t1ng from direct ‘exposure of the skin, re-
radiation from clothing heated by the thermal
energy, and ignition of the clothing and subse-
quent burning of the skin were considered.
Percentage of mortality was then related to
percentage of the body area burned. (Se2 Fig. S-1.;

e Initial Radiation - Radiation casualty criteria .
were determined by extrapolating animal data
based upon Hiroshima-Nagasaki results. Thre LD50O
for illness and death were set at 150 and 500 REM
recpﬂctlvely with a standard deviatton of 20 per-
cent.

The SEP code is described and sample application of the
code presented. The following conclusions can be made based
on the res&Lts of the computer code and the information
gained in cdnducting this study:
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¢ The computer code provides a means of evaluating
the protective capability of various shelters,
provided adequate information describing the
shelter is available.

¢ Many of the casualty criteria are studied estimates
and require further refinement.

e The interaction of free-field blast effects
and afructures is an important link in the
prediction of casualties, The present in-
formation on this subject is insufficient.

® The posture of personnel in relation to blast-
wave affects their survival probability. This
is shown by the differences in casualties for
persornel standing and lying when under blaSt
wind translation. The response during the
translation may also be an important factor
in lowering casualties.

11T RESEARCH INSTITUTE
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FOREWORD

This is the Final Reportmtowbe‘ggggisfed on Subtask 1125-A,
"Personnel Casualty Study'" (IITRI Project J6067), which is under
Contract OCD-PS-64-201, Subcontract Yo. B=70923 (4949A-24)-US.
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ABSTRACT

This investigation has resulted in the development of a
computer code (SEP - Shelter Evaluation Program) which predicts
casualties of personnel when .subjected to the initial effects
of a nuclear weapon. Conditions for both sheltered and un-
sheltered personnel were considered. Available casualty data
were analyzed and functional relationships between casualty
and appropriate weapon effects were approximated. Analytic
models relatinglthe weapon effects to these casualty functions
were also developed for SEP Code. A validation of the code
was performed using existing Hiroshima data. Finally, results
are presented for a range of constructicn and weapon parameters
to illustrate how SEP Code may be easily utilized to study
shelter effectiveness iu terms of added survivors.
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SECTION 1
INTRODUCTION

The rational development of a nationwide shelter system
must be based upon a tradeoff between the effectiveness of the
shelter system, as measured in terms of increased survivors, and
the cost of the system. Estimates of survivors in urban areas
subjectéd to a specified nuclear attack have been based upon
empirical casualty models which have been developed from
Hiroshima data. Even accepting the large extrapolations of
this data from the yield of the Hiroshima device to yields of
current interest, one still cannot reasonably alter the data
to incorporate structural mixes which vary from Hiroshima.
Certainly '"slanted" construction and designed shelters will dif-
fer in their response and protection level from the Hiroshima
buildings.

The objective of this study has teen to develop a casualty
model which admits a broad range of shelter configurations and
attack conditions (i.e., yield and height of burst). The ap-
proach taken was to develop an analytical model which was then
to be validated with specific data points from the Hiroshima
detaonation. The development of such a model can be conveniently
divided into the following components:

e The propagation of weapon effects (air blast,
dynamic pressure, thermal radiation, and
ionizing radiation) through the free-field
(i.e., over an idealized plane surface).

e The attenuation of these free-field effects
2s they interact with the local obstructions
(buildings and/or natural topology) of the urban area.

o The effects of the shelter on the transmission of
the weapon effects to the personnel housed within
the shelter.

IIT RESEARCH INSTITUTE
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® The response of the personmnel to each of the
effects.

e Test of personnel response against casualty
criteria to determine the probability of injury
or death,

It should be noted that the term shelter is used in its
broadest sense in this text. The description of a given type
of shelter as used in this program defines the degree to which
the free-field nuclear environment is attenuated in passing
through the shelter. The types of shelters considered include
conventional construction where there is some attenuation of the
free-field effects, and shelters designed to resist given over-
pressures, with effects on unshielded personnel being included
for comparisons. The interaction and attenuation of the free-
field environment with a range of conventional buildings is
automatically handled within the computer code prepared during
this study. The code has also been prepared in a format so
that other shelter configurations may be considered by process-
ing the attenuation afforded by these shelters as input to the
code.

A product of this study is a computer code organized ac-
cording to the above five components. While it is recognized
that interactions may well occur between each of the above
phenomena, they are assumed to be uncoupled for this "first
order" model. 1If a better understanding of the interrelation-
ships become available, then the code may be easily modified
to include these higher order effects. During the development
of this code it has been our objective to produce an operable
code which could be checked against available data and used for
sensitivity studies. These applications hopefully will point
to specific facets of the code requiring further improvement.
The code has been so prepared that such modification may be
easily added as they become available. ‘

IIT RESEARCH INSTITUTE
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This study was performed in parallel with a companion
study, '"Parametric Study of Shelter Vulnerability'" (Subtask
1614-A) Ref, 45, The gross characteristics of the model were
developed during that study wanile this effort was concentrated
on the development of casualty criterie, As such the discussion
of casualty criteria is given a prominent place in the report
(Section II).
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SECTION II

CASUALTY CRITERIA

Rather extensive experimental data are available des~
cribing the susceptibility of animals to the effects of a
nuclear detonation. The purpose of this study was to construct
a computer model based upon these data for predicting the per-
centage of casualties resulting from a nuclear detonation de-
pending on the shelter configuration housing the populus. Two
interpretations of the data were required to achieve this ob-
jective. First, the animal data had to be extended to encom-
pass the human. Second, the condition inside a shelter had to
be related to the experimental configuration. It should be
noted that casualty criteria define levels of blast, shock,
thermal, debris and radiation exposure required to cause death
or injury to personnel. The propagation and attenuation of
these weapcn effects over the free field and interacting with
shelters are not considered as a part of the definition of
casualty criteria.

2.1 PRIMARY BLAST

The response of personnel to primary blast involves many
complex interactions of the free~field blast with the shelter.
While these interactions are not per se of concern to the
casualty criteria they are significant in that they affect the
form of the criteria. For example, consider the problem of a
man sitting in the center of the room with a small opening to
the outside enviromment. The following event occurs:

e The free-=field pressure pulse reflects off

of the exterior of the shelter resulting
in an increase in pressure. The duration

of which is related to the clearing time
of the wave around the structure.

11T RESEARCH INSTITUTE




® The blast energy begins to bleed into the
room through the opening with the particle
velocity and rate of pressvre rise depen- B

dent on the size of opening, volume of the .,‘
t room, and outside pressure.
e Complex rcflectlouns occur within the room
as the pressure rises,
The man in the room ic¢ therefore subjected to a pressure - 13
pulse which rises in steps to a peak and then decays slowly in
time. The size of the steps depend on the room geometry, posi-

! tion of the man in the room and size of window opening; the

peak pressure depends on these same parameters plus the external
environment. The treatment of all these factors is clearly

impractical for the first order model being developed, and a

simpler formulation has been devised. o

Much of the work reported in the literature on blast
effects of nuclear detonations on animals and people has been
conducted by Dr. C. S. White and his co-workers at the Love-~
lace Research Foundation in New Mexico. Unless otherwise in- m
dicated, the information reported in this section was obtained
‘ frocm Lovelace publications and at a meeting with Dr. White.

Four experimental variables were examined in the Lovelace
sutdies of primary blast: (1) species of the animal; (2) dura-
tion of the pressure pulse; (3) orientation of the animal to
the wave front; and (4) onset of the pressure wave. Data for
eight different species of small mammals were used to extrapo-
late results to the weight range of man. Pressure pulse dura-
tions ranged from 3 msec to 20 sec in the various experiments.
One experiment had animals placed in four different positions
with respect to the onset wave. The onset of the blast was
i instantaneous, gradual (several milliseconds), stepwise, or
3 instantaneous (preceded by increased initial pressure) in dif-

ferent experiments. Only instantaneous onset was used with all
eight species.

14T RESEARCH INSTITUTE
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Extrapolation to the human weight range was performed.
Where tasic mortality data were available, probit analyses
were cowputed and estimates cof cverprescure for 50 nerecent
mortality (LD50) made. The pulse duration effect was corre-
lated with respect to body linear dimension (cube rooi of
weight). Experiments with stepped onset of the pressure pulse
were reexamined to determine the importance of reflected pres-

sure on the LD50.

Pressure adjustments over short time intervals are ana-
lyzed in detail. This bridges the gap between instantaneous
onset and pulses preceded by gradual or stepwise pressure in-
creases.

2.1.1 Instantaneous Blast Omnset

Table 1 shows mean body weight and LD50 for the follow-
ing experimental animals: mouse, hamster, rat, guinea pig,
rabbit, cat, dog, and goat., Estimates for humans were ex-
trapolated on the basis of linear dimension (i.e., cube root
of weight) because this scaling technique provided the best
fit to the experimental data. Other scaling parameters con=-
sidered werc log weight, two-thirds root of weight, and the
weight itself. There were no significant differences between
the data fits for other extrapolations.

All values shown in this table correspond to 12 psi am-
bient air pressure and 24 hr mortality. Extrepolation of the
LD50 based on linear dimension is shown graphically in Fig. 1.

2.1.2 Blast Pulse Duration

Duration of the pressure pulse is not a significant
variable in the range of body weights relevant for humans and
megaton range weapons. Although short duraticns (1 to 10 msec)
result in reduced mortality in human weight ranges, no great
reduction occurs in longer durations (in excess of 20 msec).

1IT RESEARCH INSTITUTE

il hnuuumw:mu Wil




i
H
4

Table 1
EXTRAPOLATION OF MAMMAL 1D50 TO HUMAN RANGE OF SIZES*

Mean Body Standard
Weight LD50 Deviation

Species (kg) (psi) (psi)
Mouse 0.022 30.7 T 0.5
Hamster 0.089 28.6
Rat 0.192 36.6 T 0.61
Guinea Pig 0.455 34.5 T o.64
Rabbit 1.97 29.6 T o.90
Cat 2.48 43.6
Dog 15.1 47.8 T 1.06
Goat 20.5 53.0 T .99
Estimated +
Mamma 1 %% 70.0 63.2 - 5,8
Child 20.0 50.9 LA
Average +
Woman 50.0 59.4 - 5.4
Large Man 90.0 67.7 T .1

Lz psi ambienct pressure, 24 hr. mortality.
*% LD50 for 70 kg mammal at sea level (14.7 psi)
would be 62-64 psi based on data from Ref. 1.

The short duration reduction is inconsequential since applicable
peak overpressures (less than 200 psi) have durations consider-
ably in excess of 20 msec. Even within shelters pressure change
will occur within a few reverberation times. Therefore for a

10 ft room and shock velocity of 1,000 ft per second duration

of at least 20 msec are to be expected.

2.1.3 Orientation to the Blast

The orientation of the animal to the shock wave was
found to be of minor importance. No significart differences re-
sulted in an experiment with guinea pigs in four different
positions with respect to a shock wave (Ref. 3). Orientation

does not seem to be an important factor when the position of

IIT RESEARCH iNSTITUTE
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Fig. 1 EXTRAPOLATION OF INSTANTANEOUS BLAST ONSET LDS0 TO HUMANS

9




o, Ty BOEET A O T o T T TS AL S RS e AN R SRR BRI e

SN

the animal does not change the waveform to which it 1s exposed,
or when the pressure does not significantly change cve
length of the animal's body.

» A
T oac

2.1.4 Stepped Pressure Pulse Effects

Variation in pressure time history introduced by a
complex structural environment may result in wide deviations in
probability of kill for persons. The reflection and diffusion
of shock waves so that the peak overpressure is reached gradu-
ally in a series of steps or pulses can appreciably change the
LD50 point from that of instantaneous onset. Specifically, the
latter probability of mortality is altered when the overpressure

onset 1s gradual, stepped, or instantaneous preceded by a grad-
ual pressure increased. "

Tests were conducted on dogs (Ref. 4) using gradual
pressure onseis to 170 psi over 30 to 150 msec (rate of rise
restricted to 4,000 psi/sec). The results are shown in Fig. 2.
No dogs died as a result of these tests. This is a large de-
crease in meortality compared to the 47.8 psi LD50 of Table 1.
Applying this to the human range, it is expected that if the
pressure rise is gradual the LD50 pressure of people will be
significantly increased over that shown in Fig. 1 and Table 1.
The dog lung pathology shows that pulmonary hemorrhage occurred
at the higher pressure levels. This correlates with the results
of previous tests with lethal doses of overpressure in which

pulmonary hemorrhage was identified as the mechanism of death. o

More quantitative results are shown in Fig. 3 which
shows mouse LD50 for 1 hr mortality with different preblast
initial pressures (Ref. 5). In this case the mice were initially
subjected to gradually increased pressure, held at that pressure
2 min, and then subjected to an instantaneous increase. Two re-
gression lines are shown: (1) for the case of mice held at pre-
pressure for 1 hr after the blast; and (2) for that of mice
dropped back to ambient after the instantaneous pressure rise.

11T RESEARCH INSTITUTE
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Neither case is a precise simulation of the nuclear weapon
produced blast environment.

The first case allows the mouse to recover in a pres-
gured environment which may aid recovery: the second subjects
the mouse to an unnatural drop from a pressured state to which
he has had 2 min to adjust (refer to Fig. 3).

The weapon produced blast onset would be more of an in-
stantaneous one, even within a shelter. Therefore, embolism
(the bends) as a result of the ensuing decompression would be
less likely than for Case II. (The regression in Case I of
Fig. 3 will be used below for stepped pressure pulses to calcu-
late maximum possible adjustment to initial steps of blast waves.)
Case I in Fig. 3 is representative of the effect of different
ambient pressures because the pressure is held at a preset value
before and after the blast. Using the LD50 regression equation
in Fig. 3, the effect of different ambient pressures on human
LD50 rates can be estimated. Taking the value of human LD50
from Fig. 1 and Table 1, and applying the regression equation
for Case I, the LD50 for a 70 kg human is found to be 75 psi
at 14.7 psi ambient pressure. From Ref. 5,

log (LD50, psi) = 0.590 + 0.842 log(ambient pressure,
psi).

For human LD50 = 63.2 at 12 psi, we get
log(LD50) = 1log63.2 + 0.842(log(l4.7) - log(l2.0))
= 1.801 + 0.842(0.088) = 1.875.
Thus LD50 = 75.0 at 14.7 psi ambient pressure.

2.1.5 Probability of Mortality by Instantaneous Blast

T

The slope for log dose response to overpressure on a
probit scale for percent mortality varies in the experiments re-~
viewed from 13.0 to 30.0 for small experimental animals. The
slope in this case is that of a straight line as a probit scale
through the experimental points establishing the relationship ' ’W
between the dose (in this case instantaneous pressure) and the
response percent mortality. The homogeneity of these test

11T RESEARCH INSTITUTE
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animals compared with the heterogeneity of the human population
would suggest that a broader difference (from 1 to 99 percent
mortality) 1i.e., less slope, would be expected for humans. A
slope of 8.0 was chosen to represent the human relation. This
establishes the rate of change of the mortality for humans to
overpressure. Figure 4 illustrates this estimated mortality by
blast with instantaneous onset as a function of the peak over-
pressure for 14.7 psi ambient pressure.

2.2 MORTALITY AS A FUNCTION OF TIME

Probit analyses for guinea pig mortality at 1 hr, 2 hr,
24 hr and 30 days were given in Ref. 3. Human LD30 is taken
proportionally to these values as shown in Table 2. Figure 5
shows the resultant probit curves for mortality for various
times after exposure. The experimental guinea pig curves are
shown for convenient comparison.

Table 2

LD50 AS A FUNCTION OF TIME AFTER EXPOSURE TO BLAST

: Guinea Pig LD50%* Human LD50
Time After Exposure (psi) (psi)
1l hr 40.3 83.5%%*
2 hr 39.2 8L.2%%
24 hr 36.2 75.0
30 day 34.3 71.1%%

* Ref. 3

*%* These values are derived proportionally to guinea pig
mortality relative to the 75.0 psi peak overpressure which
was the 24 hr LD50 derived for man. That is

Human LD50(24 hr) _ 75.0 _ _ Human LD50%1 hg} - 83.5
Guinea Pig LD>0 (24 hr) 36.2 Guilnea Pig LD ir 50. 3

11T RESEARCH INSTITUTE
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Table 3 showing cumulative percent mortality is taken
from the graph showing movrtality as a function of time, This
table illustrates that tlume to deailh changes radically wich
level of blast exposure. It should be emphasized that cumula-
tive mortality over all levels of exposure is irrelant and mis-

leading. Those further away from the center of the blast and

thus expose to lower overpressures can be expected to take longer , \

R UL

to die and thus may possibly be treated. Death requiring 24 hr
may be averted by treatment such as bed rest which is not

IR

available to laboratory animals. However data on hospital treat-

é ment of blast injury is not available.

¥ Table 3

CUMULATIVE PERCENT MORTALITY

? (For Humans at 14.7 Ambient Pressure)

}; Qverpressure : Time After Exposure

i (psi) 1 hr 2 hr 24 hr 30 davs

40 0.5 0.7 1.4 2.4

¥ 50 4.0 5.0 8.0 12.0

ks 69 13.0 15.0 23.0 28.9

E 70 27.0 31.0 42.0 49.0

i 80 45.0 49.0 60.0 67.0
100 74.0 77.0 85.0 9.0

120 90.0 92.0 95.0 97.0
150 38.0 98.3 99,2 99.5

2.3 SUMMARY OF PRIMARY BLAST

Animal body weight was related to the level of mortality,
3 ' Specie to specie variation was rather large compared to the ex-
perimental error estimate within each specie tested. Extrapola-
tion of theses results to 70 kg mammals gave 63-64 psi as the
peint for 50 percent mortality. Esxtrapolation was made on the

basis of a linear dimension scale and the result was adjusted
1Y RESEARCH INSTITUTE

a
g
I Blast

17




to correspond to sea level ambinet air pressure. The pressure
rise in a shelter space will occur increments (depending on the
size of the onening) at times panal to the reverberation time
of the room. When the "gradual' rise is included, the LD50
value 18 raised to 75 psi. It is recognized that the occupant
may be exposed to reflected pressure greater than the incident
but this will occur near walls. This phenomena is neglected
but could be included in the model when reliable experimental
data became available. It should be noted that since the LD50
corresponds to the 62-64 psi overpressure point, it may be
concluded that primary blast is not important in that other
casualty mechanisms wiil take effect before blast.

Duration of the pressure pulse is not a significant .
variable in the study of survival of humans in a multimegaton
weapon environment, The orientation of the animal has not been
shown to be important where the form of the wave is not af-
fected by the animal's position.

The estimates for instantaneous onset for 30 day (total)
mortality from Table 3 were used to generate Fig. 6. Time to
death (Fig. 7) was handled in a way that shows how different
i distributions of time to death occur at different levels of
i overpressure.

Figure 7 was also obtained from Table 3 by forming the
ratio of the difference in mortality between specific time in-
tervals at a specific pressure level and the total mortality
for that same pressure level., Figures 6 and 7 are used in the "

computer code with the overpressure to determine primary blast
mortality as a function of time.

2.4 DEBRIS EFFECTS

Blast generated debris from buildings, furniture, etc.,
will be accelerated by the blast winds and may cause casualties
to people within the path of the debris. This subsection is
concerned with relating the effect of debris size and impact v

IIT RESEARCH INSTITUTE -
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velocity (within a range of body regions) to mortality and in-
jury. The actual impact velocity, or debris velocity displace-
ment history is estimated and described in Section III.

the effects of missiles on biological tissues wers re-
viewed using available experimental evidence and including
superiicial, incapacitating, and near lethal categories of in-
jury., Missiles consisted of glass, builets, balls, and blunt
objects., The parts of the body used were: skin, lower abdomen,
thorax, limbs, and skull.

Unfortunately, very little information was available re-
lating specifically to mortality. Consequently, many judgments
were made, rendering the results qualitative. It is the _
author's opinion that ¢ logical means of relating missile mass
velocity and mortality has been proposed. The task for future
experimenters will be to gather the types of data required for
casualty estimating. The method devised to integrate evidence
concerning effects under differing conditions and make possible
ex’ensive extrapolation and interpolation of experimental re-
sults was to develop dose functions consisting of mass M and
velocity V of missiles. Momentum MV, energy MV2, and energy
times velocity square MVA, depending upon the mechanism of in-
jury were assigned as the dose functions. The three functions
applied to injuries were primarily in the nature of: (1) impulse
loading for momentum; (2) crushing or tearing for energy; and
(3) cutting or penetrating for energy times velocity square.

This method makes possible digital computation of probable
biological effects in a diverse missile environment interrelating
the various kinds of experimental evidence available. The ‘
values estimated anc formulas proposed may serve as a hypothesis
for further experimental validation.  Application of these
formulas will reveal which mechanism of injury and missile en-
vironments are of greatest importance, How critical the assump-
tions may be can be revealed by variations of the parameters.

IfT RESEARCH INSTITUTE
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2.4.1 Discussion

Four groups of Jdata based upon experiments were considered:
peaetration of the lower abdomen ot dogs by glass (Ref, 8), ef-
fects of missiles on human cadavers (Ref. 9), data on skull
fracture (Ref. 10), and e€ffects of missile impact on the chest
(Ref. 11). There were considerable differences in the scope
of these data groups and in the availlability of raw observations
for independent estimations of parameters. The probability of
penetration or laceration by glass was related to the mass and
velocity of the missile by MVQ. This statistic was then used
to attempt to consistently account for other biological effects
of missiles regarding injuries which primarily involve pene-
tratiag wounds. Some results using larger missiles with bio-
logical effects primarily involving bones did not £fit this
pattern, Especially the data on skull fracture proved the
necessity of another statistic. Mass times velocity square,
satisfied the requirements to explain crushing or tearing
wounds such as most bone injuries or passage through regions of
tissue. These injuries could be incurred with or without
penetration of intervening tissues as in the case of skull frac-~
ture, bone breakage, or rib fracture complicated by internal
lacerations. When the tissue has been penetrated, energy is
the determining factor for estimating the probability of com-
plete passage through a limb. It was found that even these two
statistics did not correlated well for unilateral lung hemorrhage
and simple rib fractures. It appeared from the data available
that mass times velocity alone could be used to predict the
occurrence of these injuries.

The data and the resultant mass, velocity, and probability
of each effect occurring are provided in Appendix V. It is
again called to the attention of the reader that the values
shown are indications of levels of injury and not mortality,
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Table 4 summarizes the mass-velocity relationships ob-
tained foxr the data from Appendix V. The dose relationship col-
umn indicates the criteria employed to relate biological response

e et .

ced At an o~ -
with missile chavacteristics at the time of impact. The last

- three columns in Table 4 present the value of the missile-

veloclty dose for 10, 50 and 90 percent probability of the
specific effect occurring. For optimistic and pessimistic
estimates of the 50 percent probability values indicated in
Table 4, 70 and 140 percent of the values provided are sug-
gested, based on the uncertainty of the data for the MV4 doses,
and 80 and 125 percent for the MV and MV2 doses. Different
probability values can be determined from Table 4 by the fol-
lowing relation

2 - (oz P90 - log P50

2
1.282 )

X

fe—(t—logP(50)2/252)dt

1
P; {x} = Py
-0

where Pi is the probability of the effect occurring.

Figure 8 is a graph of 50 percent probabiiity thresholds
for each effect in Table 4. The curves of Fig. 8 are obtained
by applying the specific relationship of Table 4 between M and
V to obtain the 50 percent probability of the effect occurring.
For example, for rib fracture (MV relationship) the 50 percent
probability is 31 x 103 gm ft/sec. Therefore, for a 1,000 gm
mass, the missile velocity must be about 31 fps for 50 percent
probability of rib fracture. If the mass of the missile is
100 gm, the velocity must be 310 fps. In a similar manner, the
50 percent values of the other effects at various velocities
and ranges were determined.
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Table 5 provides an estimate of total body projected
areze, ac well a5 vulnerable areas ol variovus budy regions.
This data will be useful at a later date when complete con~-
sideratjon of debris areas and characteristics and body areas
are used in making casualty descriptions, However, for this
report it was used in making qualitative estimates of mor-
tality based on the injuries reported in the data of Appeadix
V and summarized in Table 4. Of course the type and size of
missiles has a definite effect on vulnerable areas. Future
research on missile casualties might consider some of these
effects when reporting data.

Table 5
BODY TARGET AND VULNERABLE AREAS (RE¥. 6 AND 7)

Vulnerable Area

. Area % of Total Area % of Region % of Bod
Region fti ° 7e2 S8 > A
Head and Neck 0.5 12 0.15 30 3.5
Thorax 0.67 16 0.65 97 15.5
Abdomen 0.46 11 0.45 97 10.5
Upper Limbs 0.92 22 0.19 20 4.5
Lower Limbs 1.65 39 0.38 23 9.0

Kneeling presents approx. 55% of field projected area
Sidewise presents approx. 45-50% of field projected area
End of prone presents 25% of field projected area.

2.4,.2 Probability of Mortality and Time to Death

Only limited data were available concerning mortality and
time to death relative to mass and velocity of missiles. To
make use of the injury data which were available, estimates of
mortality based on severity of the wound were made. In addi-
tion, time to death based on the mortality probability was
estimated. These estimates are judgements of the scientists
involved in the s*tudy, and are based upon general considerations
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of the types of injuries and estimation of the environment which
might be available for recovery. They are shown in Table 6.

2.4.3 Incorporating Mass-Velocity Relations

The goal of this study was to isolate casualty criteria
which could be used to analyze the effectiveness of shelters,
A series of functions have been developed relating missile
characteristics to probability of injury. The severity of in-
juries and associated probability of mortality based on severity
have also been estimated. However, even at this stage func-
tions are of limited value. Therefore, the effects of severity
and probability of occurrence for each effect have been com-
bined, averaged and extrapolated as necessary to obtain one
continuous relationship covering the complete range of missile
masses and velocities which might be of interest where data were
available, For example, in Case 1 of Table 4 the effect of
penetrating glass is classified as a superficial wound, these
are estimated at 10 percent mortality, The probability of a
glass fragment missile mass-velocity combination producing
mortality can subsequently be determined by multiplying the
probability of its producing the effect by the mortality
probability. If the probability of producing a superficial
wound is 10 percent, then the probability of producing mor-
tality from the same missile mass-velocity combination is only
1 percent. In a similar manner, each of the effect relation-
ships was changed to mortality and plotted on one graph for
each applicable body region (head, thorax, abdomen and limbs).
These relations marked ''general' were applied to each graph,
while those indicated for a specific region were only used when
that region applied. An example of the former is the category
of skin laceration, which can be used for each region. Three
graphs resulted similar to Fig. 8 with almost as many lines,
Effects requiring the least velocity were selected in each
mass region, and then various relations ware averaged visually
(at this point it hardly seemed worth the effort to do more).
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Table 6
ESTIMATES OF PROBABILITY OF MORTALITY AND TIME TO DEATH

+alie
hu‘-&\—]
Severity Representing percent

Superficial Glass and other 10
lacerations

Unilateral lung
hemorrhage

Rib fractures

Glass and other missile 30
penetrations

Incapacitating

Bone abrasions and
cracking

Internal lacerations
from fractured ribs

Near Lethal Bilateral hemorrhage 70
Skull fracture

Passage through abdomen
or other lethal areas

Fractures large bones

Lethal Fatality within 1 hr 100

Probability of Mortality
percent Time to Death

0 - 10.0 1 mo
10.1 - 50.0 1 wk
50.1 - 90.0 1 day
90.1 - 100.0 1 hr
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ity. These were made continuous by using the lowest velocity
curves for each mass and cutting off the curves at the inter-
section points. The only remaining problem was the low end of
the velocity scale for high mass objects. It was decidad that
this point should be determined by the results of the trans-
lation casualty criteria, discussed in the next section. The
results of these inquiries are shown in Fig. 9, 10 and 11. As
an afterthought, the casualty criteria employed in World War II
was plotted on each of these figures, and the similarity was
gratifying. It is highly recommended that future research in
the areas of casualty criteria and mortality be aimed at
covering the full range of mass and velocity of interest to
civil defense problems, and further that an attempt be made to
verify the estimates made in conducting this study.

Figures 12, 13 and 14 represent the debris impact
casualty criteria as it is employed in the computer code.
Specific sizes otf debris were selected and the corresponding
impact velocity--kill probabilities were estimated from Fig. 9,
10 and 11.

2.5 BLAST DISPLACEMENT

_ Overall blast displacement effects for small rodents
were available. This data did not show a significant effect
with respect to weight. The cverall mean velocity of impact
for 50 percent lethality of small rodents was 36.4 ft/sec, and

-90 and 10 percent mortality point averages are approximately
- 41 and 31 ft/sec respectively. Time to death was based on

mortality probability, the same technique employed for debris
impacts.

The blast displacement data for small rodents was ex-
trapolated in Ref. 1 to humans and an LD50 value of 26.2 ft/sec
recommended. It was cautioned however that there was little
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basis for such an extrapolation in view of the limited data.
For this reason automobile accident data were reviewed. Based
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| was placed at approximately 33.8 ft/sec. While this refers to
| the velociiy of the crash, not the body impact velocity, it is
1 interpreted as lending support for an LD50 impact velocity

| greater than 26.2 ft/sec. The rodent data were therefore taken
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to apply to humans giving and LD50 impact velocity of 36.4
ft/sec. This certainly is an area requiring further study.

The injury probabilities were taken directly from

Ref. 12 since no adequate contrary or supporting data were

found. However the results of accidents and falls where people
i survive, and everyone has found such instances, make one ques-
l tion the validity of these numbers, It is because of these
; effects that a program of data gathering and tests is sug-
| gested to determine the actual initial impact velczities. The
data of Fig. 15 were included in the computer code for es-
timating the effects of blast translation.

; 2.6 THERMAL EFFECTS

Thermal energy burns of concern for casualty con-
siderations are second and third degree burns. These burns
may be inflicted by direct exposure of the skin to radiation,
by the reradiation of clothing heated by the thermal energy,

or by the ignition of clothing and subsequent burning of the
skin,

2.6.1 Effect of Therwal Radiation on Personnel

T+ Prtoh € U aLD P

It is estimated that 20 to 30 percent of the fatal casu-
alties of Hiroshima and Nagasaki were caused by flash burns.
Most, if not all, of the survivors exposed in the open at
: Hiroshima, had much less than 50 percent of the body surface
% burned. Even the lightest clothing gave protection by a

factor of 2 and in a few cases by a factor of 4., It was
determined that thermal radiation is capable of causing skin
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burns and eye injuries in exposed individuals at such distances
from the nuclear explosion that the consequences of blast and
of the initial ruclear radiation were not significant,

2,6.2 Burn Mortality

Since second and third degree burns for all practical
purposes involve infection, early therapy is essential. Clean
second degree burns usually heal by epithelization, but if in-
fection ensues, healing may take up to 6 weeks. Healing time

and symptomology for various burn situations is shown in Table
7.

Table 7
ESTIMATED HEALING TIME AND SYMPTOMOLOGY FOR BURNS

Degree Healing Time,

of Burn days Symptomology

1 8 Burning pain 24 hr, soreness and

redness 8 days.

2 8-16 ) Burning pain 24 hr, swelling.
(uninfected)

up to 42 Blistering 2 to 30 hr; ooze serum

(infected) 3 to 4 days; scar (scabbing) 6 to
10 days, aching and tenderness 8
to 14 days.

3 20-30 Brief intense pain; swelling up
(uninfected to 2 days; blistering 24 to 36 hr,
small burns) soreness 7 to 10 days,

20-40 Separation of destroyed skin 3 to
(larger burns 4 wk; ulceration; epithelization
scar formation) 4 wk.

Many months Scale formation 6 wk; plastic sur-
(skin grafting) gery required for burnt areas
0.8 in.
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Figure 16 from Ref. 44 illustrates the relationship in
which the percent of total body burned is related with mor-
ased on cver 1,800 treated burn cases. This figure
represents the most up to date data on burn mortality., The
effect of untreated burn cases has not been determined. How-
ever, the important of treatment on mortality in the case of
burns as well as in the other casualties is of great concern
for civil defense purposes. Another effect not illustrated in
Fig. 16 i1s the relationship between burn area, mortality and
age as shown in Fig. 17. TFigure 18 presents the relationship
between the energy deposited on the skin and the weapon yield
for first, second, and third degree burns. This variation oc-
curs because of the relative rates of release of energy by
various size weapons. Large weapons require more energy to be
delivered to cause the equivalent burn because the delivery rate
is lower. Small weapons release energy over a short period of
time and have a higher delivery rate, thus requiring less total
energy to affect the same injury,

2.6.3 Determining Burn Areas

Thermal radiation from a nuclear explosion, like ordin-
ary light, can be shielded by opaque material placed between a
given object and the fireball. The opaque material will absorb
the energy and act as a shield providing protection from thermal
radiation, unless reradiation or ignition occur. Transparent

materials such as glass allow some thermal radiation to pass
through.

Some of the most extensive and destructive burns result
from burning clothing; such burns are usually deep and circum-
ferential in extent, Reflectance and transmittance generally
play a more important role than the absorption which ultimately
leads to ignition. Obviously, dark materials with a low igni-
tion temperature are hazardous during nuclear attack. Trans-
mittance depends both on the color and weight of the fabric,
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Table 8 relates the estimated energy to cause ignition of
various materials. The results can be scaled to other yields.
Figure 19 i

energy delivered and the percent of the skin burned for a 1 MT
weapon, These curves were estimated from explosed skin areas,
thermal radiation energies necessary to cause burns, and the
thermal energies necessavry to ignite clothing. The curve was
extrapolated to 100 percent based on Hiroshima data.

Table §

VALUES OF ENERGY REQUIRED FOR IGNIIION OF CERTAIN MATERIALS
FOR A 1 KT WEAPON

Materials (Ref. 24) (cal/cmz)
Newspapers, dry 2.6
Dry, rotted wood 3.0
Dry deciduous leaves 4.5
Brown Kraft paper, dry pin needles 5.7
Trees, not ignited 5.6
Colored fabrics, not wool 5.8
Many combustible materials, weathered wood siding
(new wood charred) 8.9
White cotton, colored wool 11.8
Painted (white) wood siding, charred only 18.5

2.6.4 Time to Death

Figure 20 from Ref. 20 is an estimate of time to death
based on animal tests. The figure shows the probable time to
death as a function of the skin area burned. By no means is
this data significant to the problem since it represents only
one test. However, results of this type were necessary for

completeness of the analysis. Figures 16, 19 and 20 are incor-

porated in the computer code for determining mortalities, in-
juries, and time to death. The area burned is determined from
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Fig. 19 and the incident energy, which is scaled to 1 MI. This
is used with Fig, 17 and 20 to determine the probability of
death and time to death. Any buruns indicated are counted as
injuries, therefore the number of burn injuries is the differ-
ence between the number of people burned, and those dying.

2,6.5 Eve injury

Results from the detonations over Japan indicate that
eye injuries directly attributable to thermal radiation ap-
peared to be relatively unimportant. There were many instances
of temporary blindness occasionally lasting up to 2 or 3 hrs.
In no case, among 1,400 persons examined, was the thermal

radiation exposure of the eyes sufficient to produce permanent
opacity of the cornea.

Neither flash blindness nor retinal damage constitute
major hazards during the daytime because of the restricted
pupillary diameter which limits the amount of light entering
the eye. Furthermore, the blink reflex, 100 to 150 msec, pro-
tects the eye from undue amounts of radiation, except in those
cases where the thermal impulse is delivered within extremely
short times. This is the case for low yield weapons on the
ground and for weapons of any yield exploded at very high al-
titudes. Permanent eye injury would be expected only in those
persons who were looking directly at the fireball,

Indicated Areas of Research on Thermal Effects

e No effort appears to have been directed to
the evaluation of thermal damage for more:
than one weapon on target.

e Configuration of the thermal-time pulse and
variations due to burst height and trans-

missivity of the atmosphere should be
determined.

o More needs to be learned about biological
and physical effect of hot gases entering
underground shelters,
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e Extent of protection afforded by various
types of clothing and shielding should be

HES-SAR- 38453 4

e Synergistic effects of thermal and
radiation energies are not fully known.

2.7 BIOLOGICAL EFFECTS OF INITIAL RADIATION

The primary damage which causes radiation death is
damage to the hematopoietic system which consists of the bone
marrow, lymphatic system, and the spleen. Comparable patterns
of hematopoietic response are showvn by small animals and man
but the response 1s at an accelerated rate in the animals be-
cause of their shorter life span. Each species tested, and
possibly man, can tolerate a chronic dosage of only five times
the acute LD50 dosage.

Blair (Ref, 15) stated that radiation injury is
proportional to the dose rate, A part of this injury is re-
paired spontaneously at a rate proportional to the magnitude
of injury, and an irreparable fraction is present which is
proportional to the total accumulated dose. Death following
an acute dJdose is due primarily to excessive reparable injury
(injury for which there has not been enough time or the proper
conditions to recover); whereas life-shortening following chronic
radiation is due to irreparable injury.

There is essentially no difference in effect of a given
dose delivered over a few seconds, a few minutes or a few hours.
However, a comparable dose delivered over several days or weeks
would be much less effective for some effects. The lethal dose
for a mouse given over 4 wks is five times the single acute
dose, whereas for the dog it is only 1.5 times. However, Blair
postulates that extrapolation to another species may be made
on the basis of the normal median survival time for that
species.
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2.7.1 General Effects of Radiation Doses on Humans

As with biological effects, the shape of the mortality
versus dose curve is not know for man. Reliable information on
man has been obtained for radiation doses up to 200 rem. As
the dose increases from 200 to 600 rem, available data from
exposed humans decreases rapidly and must be supplemented more
and more by extrapolations based on animal studies. However,
the conclusioas drawn can be accepted with a reasonable degree
of confidence. Beyond 600 rem, relationships between dose and
biological effects on man must be translated almost entirely
from observations made on animals exposed to ionizing radia-
tions. Figure 21 presents representative quantitative values
postulated for humans (Ref. 18).

The effect of nuclear radiation on living organisms
depends not only on the total absorbed dose but also on the
rate of absorption and on the region and extent of the body
exposed. Different portions of the body show different sensi-
tivities to ionizing radiations, also, there are variations in
degree of sensitivity among individuals. 1In general, the most
radiosensitive parts include the lymphoid tissue, bone marrow,
spleen, organs of reproduction, and gastrointestinal tract.

Gerstner (Ref. 16) notes that in the dose range from
150 to 200 rem the acute radiation syndrome becomes noticeable
in the majority of an exposed population, and it may reach
clinical significance in a few highly radiosensitive persons.
Approximately 200 rem will be the clinical tolerance dose, or
the threshold dose, beyond which an appreciable number of per-
sons can be expected to develop significant complications re-
quiring hospitalization and intensive medical treatment. At
these levels the physical fitness and work capacity of the
patient will return to normal about three to four menths fol-
lowing exposure. Up to about 500 rem the clinical course of the
acute radiation syndrome is largely determined by radiation
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effects on the lymphoid tissue and the bone marrow. At doses
t

grankav- than 80N vom Adire
ran 200 rem  dire

-

[}
-

adiation damage tn the enithelium
of the gastrointestinal mucosa becomes a decisive factor. Thus,
in a'wide dose range (up to 500 rem) those individuals who sur=-
7sive can overcome the acute radiation syndrome and return to a
useful life., With doses larger than 700 rem, death usually
occurs in a few hours to a week. Table 9 illustrates the pre-
dicted clinical course for humans exposed to acute dosages of
penetrating radiation., In general a median lethal dose of 450
rem is postulated for man. The 39 percent fatalities given for
a dose of 400 to 500 rem would appear to be low in light of
subsequent information.

Another study (Ref, 17) provided related data based on
the assumption that human populations behave in the same way
as animal populations, and the fatality versus dose curve is a
normal distribvtion with a standard deviation of about 20 per-
cent of the LD50 value. With 500 rem as the LD50 dose, the
standard deviation is thén 100 rem. The perceni fatalities
versus dose curve in this case is shown in Fig, 22. The time
to death and incapacitating illness curves are shown in Fig.
23 from Ref. 15. These two cases represent the data employed
in the computer simulation., Actually, the LD50 for man still
is a matter of speculation and the estimates made in Fig. 22
must be regarded as tentative. However, the radiation casualty
criterion constitutes one of the better defined criteria in the
author's opinion.

2.7.2 Effects of Acute Radiation Doses

Table 10 (Ref. 15) is presented as the best available
summary of the effects of various whole-body dose ranges of
ionizing radiation on human beings. Below 100 rem, the response
is almost subeclinical, although changes may be occurring in the
blood. Between 100 and 1,000 rem is the range in which therapy
will be successful at the lowerend and may be successful at the

upper end. The earliest symptoms of radiation injury are nausea
11T RESEARCH INSTITUTE
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and vomiting accompanied by discomfort, loss of appetite, and
fatigue, The most significant effect is on the hematcpoietic
tissue. An important manifestation of the changes in the func-
tioning of these organs is leukopenia, that is, a decline in
the number of luekocytes (white blood cells). Beyond 1,000 rem,
the prospects of recovery are so poor that therapy may be re-
stricted largely to palliative measures. In the range from
1,000 to approximately 5,000 rem, the pathological changes are
most marked in the gastrointestinal tract; above 5,000 rem it

is the central nervous system which exhibits the major injury.

Individuals exposed in the lethal range can be divided
according to symptoms and signs into groups having different
prognosis. These may be condensed into three groups in which

survival is, respectively, probable, possible, and improbable
(Ref. 18).

Group 1 - Survival Probable

This group consists of individuals who may or may not
have had fleeting nausea and vomiting on the day of exposure.
There is no further evidence of effects of exposure except for
hematologic changes. The lumphocytes reach low levels early,
within 48 hr, and may show little evidence of recovery for
many months afer exposure. The granulocytes may show some de-
pression during the second and third week. Platelet counts
reach the lowest level on approximately the 30th day, at the
time when maximum bleeding was observed following the Japanese
explosions. It is well known that all defenses against infec-
tion are lowered even by sublethal doses of radiation and thus,
patients with severe hematological depression should be kept
under close observation and administered appropriate therapy
as indicated.
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Group 2 - Survival Possible

"Awi"‘\“n may ncour anY1v hut will be af short duration
followed by a period of well-being. However, marked changes
are taking place in the hemopoietic tissues. Lymphocytes are

profoundly depressed within hours and remain so for months.

Signs of infection may be seen when the total neutrophile count

has reached virtually zero (7 to 9 days). The platelet cound
may reach very low levels after 2 wk. External evidence of
bleeding may occur within 2 to 4 wk. 1In the higher exposure
groups of this category the latent period lasts from 1 to 3
wk with little evidence of injuries other than slight fatigue,.
At the termination of the latent period, the patient may
develop purpura, epilation, oral and eutaneous lesions, infec-
tions of wounds or burns, diarrhea, and melena. The mortality

will be significant, Wit' therapy the survival time can be
expected to h~ . a

Group 3 - Suvvival impropdr:'::

If vemiting occurs promptly or within a few hours and
continues and is followed in rapid succession by prostration,
diarrhea, anoreria, fever, the prognosis is grave; death will

almost definitely occur in 100 percent of the individuals with-

in 1 wk. There is no known therapy for these individuals.

2.7.3 Special Shielding Considerations

Shielding of the spleen has been found to afford
protection against radiation. The LD50 for mice exposed to

total body X-radiation with lead shielded spleen is nearly twice

that for mice with spleen exposed (Ref. 19). The data shown
in Table 11 emphasizes the importance of shielding as a pro-

tective measure. Data obtained subsequent to that shown in the

table indicates that with the spleen protected, about 78 per-
cent of the mice exposed to 1,025 rem survived.
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Table 11

INCREASED RADIATION TOLERANCE BY
LEAD SHIELDING OF THE SPLEEN

Dosage Spleen Number Number . Survivors
(rem) Shielded of Mice of Survivors (percent)
700 Yes 27 26 96.3
No _ 11 0 0.0
900 Yes 60 41 68.3
No 44 3 6.8
2.8 COMBINED EFFECTS

An examination of the comparative weapons effects data
confirms that it is not possible to realistically dissociate
the integrated input effects for other than empirical con-
siderations. However, for purposes of studying combined ef-
fects a situation can be conceived in which no single type
injury is lethal or seriously incapacitating, but where a com-
bination of two or more may be so, or where survival probability
is reduced because of an exposure to two or more effects. Com-
bined ionizing radiation effects are particularly important
because those exposed to fallout radiation may have many types
of injuries. In addition, combined thermal-ionizing radiation
effects are of particular interest because of the wide range
of thermal radiation and burn injuries which might be
experienced.

Alpen (Ref. 20) reported that for each level of X-irradia-
tion the death rate is higher when a burn is also applied.
Conversely, for every burn level studied, mortality increased
with increasing X-irradiation. He concluded:

1. Thermal trauma increased the lethality
of the ionizing radiation.
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2. The protective devices of animals against
infection are so depressed by irradiation
that the animal is unable to cope with the
infactioue nrocesses arising as a result
of the burn.

3. Combined trauma may unmask or accentuate

lesions which, although present in the
animal receiving either burn or X-irradiation
alone, are usually of less consequence.

Valeriote and Baker (Ref. 21) working with rats found
that a primary '"shock" from thermal trauma potentiates the
effect of X-irradiation. One series of rats were given
second degree burns from which 100 percnet survival was ob-
served for the first 30 days after trauma. Another series were
exposed to 650 rem and 700 rem X-irradiation from which 94
percent survival was noted by 8 days following irradiation.
The most significant increase in mortality occurred when the
thermal trauma was superimposed on the series that received
700 rem of X-irradiation. A decrease in survival from 94 to
approximately 40 percent was obtained in the 0 to 8 days period
after combined injury. This period coincides with injury to
the gastrointestinal tract. During days 8 to 20, which is the
"bone marrow' phase of radiant injury, superposition of the
thermal trauma on X-irradiation was found not to produce any
statistically significant decrease in survival. A slight in-
crease in mortality was found between days 20 to 30. This
effect was attributed to infection of the animals from the
burn area where a marked sepsis was seen to occur.

In all the X-irradiation groups, exposure to increasing
severity of burn trauma resulted in increased mortality. Anti-
biotic therapy was found to be ineffective in combating the
synergistic effect of combined burn and X-irradiation injury.
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Bond (Ref. 22) reported a synergistic effect between a
pulmonary infection and X-irradiation., An otherwise nonlethal
pulmonary infection combined with doses of X-irradiation pro-
duced a markedly increased incidence of the pulmonary disease
and a sharply increased mortality rate above that expected from
the radiation alone. Working on the combined effect of burns
and X-irradiation, Bond reported that 31 to 35 percent burns
combined with the radiation levels shown in Table 12 increased
mortality.

Table 12

EFFECT OF COMBINED BURNS AND X-IRRADIATION
(31 to 35 percent burns)

X~Irradiation Mortalit
(rem) (percentg
0 50
100 65
250 100

When 16 to 30 percent burns, which are not normally
lethal, were combined with 500 rem X-irradiation, mortality was
75 percent. Since 500 rem exceeds the LD50 value (450 rem) and
therefore may be itself cause about 60 to 65 percnet mortality,
the specific increase due to combined thermal (16 to 20 percent)
and 500 rem X-irradiation is apparently about 10 to 15 percent,.

Figure 24 relates the data reported herein on thermal
and radiation effects. This effect has not been incorporated
in the computer code. The entire relation between radiatiom,
thermal, and blast injuries requires further investigation. 1In
particular, the relation between ionizing radiation and each
other effect should be examined because of the fallout environ-
ment which may exist after an attack, as well as the effect of
a multiple attack.
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SECTION III
MODEL DESCRIPTION

Al

This section describes the various wodels developed for
the overall computer simulation of casualties resulting from
the initial effects of a nuclear detonation. The specific

casualty mechanisms included in this model were:

o e

<AL ok

(1) Primary Blast,

(2) Blast Translation,

(3) Debris,

(4) Thermal Radiation, and

(5) Initial Ionizing Radiation.

PRI

FRT| X

ey

This first attempt at a model specifically excludes other
important casualty mechanisms such as:

e

(1) Fallout Radiation,
(2) Fire, and
(3) Ground Shock,

tering effects of gamma and neutron radiation and being "buried
alive'" by debris. The model also is only operative in the mach
region inasmuch as only horizontal blast loading of people

and structures are considered.

It was the overall intention in developing this model to
provide a modular framework which could be easily updated when
appropriate additions and changes were warranted. It may be
noted that where parts of the model were uncertain provision
has been provided to treat these parts parametrically. For
example, in evaluating casualties from debris, the model
requires a mix of particle sizes. Here, one can get into the
problem of predicting structural collapse mechanisms and the
fragmentation of frangible plates. Instead cof letting the
model compute these mixes directly, the mix is specified

parametrically by particle size distribution or more generally
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by acceleration coefficient. There are, however, two areas
in which the model utilizes questionable techniques and as- o

sumptions in order to deal with problems which are the subject .
of current research., These areag are in desgcribing the geometry
of the shelter system and the interaction of the blast wave with
that geometry and also within a specific shelter., Although
special techniques, which will be described below, were devel-
oped to treat both these areas in an analytic fashion, they

could also be treated parametrically as input data as discussed
above.

- it Qs

Detailed description of the casualty criteria and the
way it was developed for each casualty mechanism was provided
in the previous section of this report.

3.1 CHARACTERISTICS OF NODE GEOMETRY

Most of the casualty mechanisms which develop on the
exterior of structures are highly dependent on geometric
properties associated with the structure's length, width, height,
spacing between contiguous structures and the orientation of
the structure to ground zero. A general representation of the
typical node geometry is illustrated in Figure 25. A particular o
structure located at the node is considered to have three struc-
tures contiguous to it. This results, in general, in affecting
five particular ground areas with respect to the reference
structure where personnel may be present. In special instances,
which deviate from the general representation, these five areas
may be both inconsistent and inapplicable. These special cases
may best be shown by developing expressions for each of the
five regular areas. These are:

A =S (4= Sy cot o)

5182 + 1/2 SZSZ cot o

A
2 (1)
A3 = S1 (S1 cot o= SZ)
A4 = Sls2 + 1/2 82 tan ¢
A5 = Sz(w - 82 tan g)
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where S1 and 82 are distances between structures as shown in

Figure 25 and m is the Anglp nf dincidence fram the rofarenca tn

ground zero, £ and w are structural dimensions. Corresponding

distances associated with the areas are:

B, = Sl/sin P

Dé =D, + Sz/cos ®
D3=Dl

D4=D2

Ds =Dy - D)

When ¢ = 0 or w/2. the five areas degenerate into a two
area representation consisting only of the area of the two
streets, These two areas are simply

A1 = SlSZ + 2 Slt
(2)
A2 = 7 S2 w

When 0 < ¢ < m/2, the area representation is developed dif-
ferently for each of the appropriate casualty mechanisms (i.e.,

translation, debris, thermal radiation and ionization radiation).

Equation (2) is utilized directly in cases of translation
and ionizing radiation with no regard to the angle of incidence,
. The rationale here is that these effects are not influenced
substantially by the angle of incidence because they take place
over the entire exterior area. Exterior debris, however, is
highly dependent upon the angle of incidence with the structure
gererating debris. Exterior debris is distributed over the
area shown in Figure 26. This area is only a part of the en-
tire exterior area which consists of the sum of the two areas
of Equation (2). 7Thermal radlation is represented by a propor-
tion of each of the two areas. This proportion is dependent
on the shading which a neighboring structure affords another

structure. Equations (3) below cutline the altered Equation (2).
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To Ground Zero

Area Over Which
Debris is Considered

E Buildings

= £ sin ¢ + w cos ¢
L =38 si.nnS+S2 cos ¢
A=L

Fig. 26 SPECIAL GEOMETRY FOR OUTSIDE DEBRIS
CALCULATIONS
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A = 5, M
. e (3)
« P
A, = =— A
wnere
D, = (2T + 8,)/2
D, = (2w + Sl)/2

T,w = average length and width of a particular class
of structures at the node

\ Rx

D‘—'Dl"—h—o—b—-81ncp

and R
sk XO
D = Dl + Sl s L
ob
where

h = the height of the structure

hob= the height of burst

X, = the distance from ground zero
3.2 WEAPON EFFECTS

The purpose of the weapon model is to provide the free
field weapon effects which occur as a function of weapon yield,
height of burst, distance frow ground zero and in the case of
thermal energy, visibility. Weapon effects parameters which
are predicted include peak incident overpressure, positive
phase duration, time of arrival of the blast wave, thermal
energy, and the radiation dose due to the presence of initial
gamma rays and neutron flux. In addition to these parameters,
other blast parameters are developed utilizing the Rankine-
Hugoniot relationships. These include peak dynamic overpres-
sure, peak particle velocity, and the shock velocity. The ap-
proach in developiug the weapon effects parameters is to
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utilize Effects of Nuclear Weapons (ENW) (Ref, 15) data as
much as possible., However, other sources are utilized where
applicable. The computer code, which employs this model, has
been developed on a modular principle allowing for ease of up-
dating weapon effects prediction.

Figure 27 illustrates the overpressure-height of burst-
range relationship for a 1 KT burst (Ref, 15). Figures 28 and
29 illustrate a similar relationship for positive phase dura-
tion and arrival time respectively for a 1 KT weapon. The cube
root scaling law makes these curves applicable to higher yield
weapons. A linear interpolation scheme was utilized in obtain-
ing intermediate values from these contour curves.

Development and usage of this interpolative routine is
diagrammed in Figure 30 and consists of the following steps:

® Scaled heights of bursts and corresponding scaled
ground ranges for 25-ft increments in hob along
each constant overpressure curve are stored in the
interpolative program.

To obtain peak overpressure, given scaled hob and
scaled ground range-

e Each constant overpressure curve is followed from
hob = 0 upwards until the interval is found on
each overpressure curve, which contains the
given scaled hob'

¢ Linear interpolation is made within the chosen
intervals to obtain the ground range on each
constant overpressure curve corresponding to
the the given scaled hob'

e Interpolated ground ranges corresponding to given
scaled hob are read for each constant overpressure
curve.,
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® Overpressure interval containing given scaled
ground range is selected,

® Peak overpressure is finally obtained by linear
interpolation, based on given ground range and
interpolated ground ranges corresponding to given
scaled hob on constant overpressure curves,

The thermal energy from the weapon may be expressed in
the following functional form:

Q=L08 WL (car/en?) (Ref. 15) )
R
where
W = weapon yield (KT)
R = slant range (mi)
T = transmissibility of the energy in air.

The transmissibility factor T was expressed in functional form
utilizing

where
V = visibility (mi).

Figure 31 illustrates how this total energy Q is delivered as

a function of scaled time. Scaled time, in this case, is the
ratio of the time to the second thermal peak to the actual
delivery time, The time to the second thermal peak is approxim-
ated by

] 1/2
Cnax 0.032 W (Ref. 15)

Utilizing Figure 31, the thermal energy may be determined as a
function of selected discrete time intervals. This is useful
in evaluating the effect of evasive actions on reducing the
kill expectancy associated with initial thermal radiation.
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Equations (6) and (7) express the dosa of ionizing

radiation in rads due tn gamma ravse and the integratced acutyen
flux respectively,
n
109k . =R/360
R_ = :
Y _[-{T 3.2 W e (6)
9 .
Ry = lgz—‘i 15,50 e R/210 (7)
with
W= W for 1=W=20
W' o= 0.614 wrl®3  for 20¢w 2100
W' o= 0.485 w214 for 100ewg5000
W' = 0.005 w740 for 5000<W £1000
and
K=1 for h ,>180 wC-4
ob 4 0.4
. 0. .
K = 0.67 + 0.33 h, /(180W0*%) for h_, <180 W
where

RV and Ry are the gamma ray and neutron flux doses {(rad)
W 1s the yield (KT)

R 1is the slant range (yds)

hob is the height of burst (ft)

These relationships are not applicable fof slant ranges below
3600 ft and for weapon yields below 1 KT. Within the specified
ranges, Equations (6) and (7) are piecewise linear approximations
of the appropriate curves in Ref. 15 and have been previously
utilized in Ref. 24 . They also seaem to conform to the rela-
tionships set out by Brode (Ref. 25).
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3.3 INTERACTION EFFECTS

When free-field weapon parameters are developed for come
range of interest, height of burst and weapon vield, the results
must be interfaced with the structural environment that exists
at the point of interest. This interaction of weapon parameters
and structural environment results in a most complicated effect
often referred to as '"shielding." The most important interac-
tion effects include:

® Alteration of overpressure due tu close praximity
structures, This alteration may be either positive
or negative depending on the particular situation,

o Alteration of overpressure within structures due
to apertures,

® Reduction of thermal energy by shading caused by
other structures and window coverings.

® Reduction of ionizing radiation by the effects of
surrounding structures and the material within
the structure itself.

3.3.1 Blast Casualties Due to the Blast Alome

Review of the literature indicates that only a small ef-
fort has been made to determine the overpressure reduction due
to the structural shielding. At Nagaskai it was first observed
that certain groups of buildings which were closely spaced sur-
vived overpressure damage, while others of the same construc-
tion and at further ranges failed. This unorthodox observation
ied to a few shock tuve and HE tests (Ref. 26 and 27). Figure
32 (from Ref. 26) illustrates how shielding and protection of
buildings occurs. it may be observed that for a constant sepe-
ration ratio the shielding effect increases with increasing
positive phase duration. Once the separation ratio (i.e., the
ratio of structure spacing to structure height) is determined,
the overpressure may be reduced by the shieiding factor, Mg
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orientation of the structure to the blast but this is not con-
sidered herein.

The attenuated overpressure stemning from contiguous struc-
tures may be further reduced due to apertures on the structure,
Figure 33 illustrates the results of a shock tube study (Refs.

28 and 29 ) of the effect of window openings on overpressure
reduction, Summarizing, the free field overpressure Po is first
obtained., This is attenuated to pé by proximity to contiguous
buildings; pé is further attenuated to p; within the structure
due to the presence of apertures. Percent of blast casualties
for each time to death on the outside is calculated directly by
utilizing pé and Figures 6 and 7. These percentages are reduced
by the percent of people outside, 1In a similar manner casualties
sustained indoors and attributed to blast effects alone are
determined from pg and Figures 6 and 7. These qualities are
modified further by the percent of building type and the percent
of population indoors.

3.3.2 Whole Body Translation

High velocity winds, both inside and outside of structures,
cause persons to translate into surrounding rigid surfaces (in-
cluding the ground) resulting in casualties due to the associ-
ated impact. The translation. analysis considers a standing,
sitting or lying man as a rigid body that can pivot at one point
on the ground, Simultaneously this point can also translate
horizontally as in a slot. The associated equations are sum-
marized: (Ref. 42)

) (BC-E)/ (AC-D)

, (8)
x = (BD-EA)/D-AC)

il
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where

A = 1 cosp T wl sind
B = (F{t)- HW)}/m + réz ( wcosp - sinB)
C =1 cos
D =J/m
E = (F(t)d - Wr sin3 )/m

where
. = coefficient of friction
W = weight of the rigid body
J = moment of inertia of the rigid body
m = mass of the rigid body

and
B =109 - 0(t)

1/2
r = (a?+ y%)

F(t) = 144 he (pe(t) - p_(£))
d = h/2 cos® + w sin®

The parametere ¢, 8, &, ¥, h, £, w, T, Ty and W are as illus-
trated in Figure 34, 7Table 13 shows the value of these param-
eters used in the anélysis. The pressure on the front and back
face of the man models pf(t) and po(t) is illustrated in Fig-
ure 35. Equations (8) are numerically integrated as a function
of time to yield the velocity/displacement time-tistory for both
rotation and translation ai: the pivot point

To facilitate applications of the casualty criteria, and
minimize computer running times, the distance that a body may
translate i1s broken down into 10 subdivisions of a basic unit
of length. This unit is dependent on whether translation takes
place inside or outside  On the inside, the unit of length is
the average room length. The outside unit of length is the
longest distance associated with the outside area of interest
(see Subsection 3.1). As the equations are integrated one of
three things may develop:
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U = Shock Velocity, 1132 ft/sec
p = peak overpressure
PO= Ambient Pressure, 14.7 psi
* £, nositive phase duration
Py Pg” stagnation pressure
\ 7P thp
P~ 2P (—~p—5) - reflected over-
\\ r Po+p pressure
o) "C/to
Bl t
- p(t) = P(”E”)e - overpressure
v o 2 -t
H ¢ _ .
z Pg [T a(t) = Cyea (L-—-) e Fo - drag
@V X 18 o pressure
& | p(t) + oft) to = | where S
| = min(h,w/2) - stagnation
f time
: w = width
1
. s
ts Time, t "o
(&) Front Loading
t = ..w--t !‘S 5
b [' -t*/b’:
p(t) = o {l1-=7 je .
o , 2t
¥ }"-t—:;'
qg(t) = udbq[l - —=r 2, O
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C—pb ________ t."" = t = ;J
; * _ W
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» p(t) + q(t)
o
4 L. Time, t £ 4+ ¥ -
U B o U
(b) Back Loading
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Table 13
TRANSLATION PARAMETERS

Parameter (Ref.30) Standing Sitting Lying

Man Height (h), ft 5.76 3.0 0.833

Man Depth (%), ft 1.33 1.33 1.33

; Man Width (w), ft 1.0 1.58 5.76
o c.g. x distance (a), ft 0.28 0.667 2.63

| c.g. moment of inertia (J),

! slug ft? 8.57 5,32 8.57

j c.g. Y distance (y), ft 3,14 0.833 0.55
Buildup Coefficient™™ 8.0 3.0 2.5

Note: Weight of Man, W, = 160 1lb in all cases.
Coefficient of friction, n, = 0.5 in all cases.

*%See Capabilities, Ref. 3l (Classified).

(1) The body may translate horizontally a distance
corresponding to a multiple of one-tenth the
basic unit of length.

_ (2) The body may rotate into the ground.

; (3) The body may neither translate nor rotate

If case (1) applies, the velocity at each of the 10 stages is
recorded as the body translates through each of the stages. If

no translation or rotation occurs or if translation stops before
translating the full unit length, the velocities corresponding
to the remaining stages are set equal to zero. When the body

- rotates into the ground (90 deg) the total velocity (i.e.,

: translation and rotation) is applied for all remaining stages.
When the body starts from a lying position, only translational
motion is considered. Having determined the velocity of the

;é body at each stage, and the position at each stage with respect
to a down wind rigid wall, the translation velocities are as-

sumed equal to the impact velocities which can be directly
related to mortality, injury and time to death.

,<_‘v<_.
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A matrix of head velocities corresponding to each of the
three initial body positions, (i.e., standing, sitting, lying)
in each of the 10 subdivisions of the basic unit of length is
transformed into a corresponding kill probability matrix by
relating to Figure 15. An injury matrix is also formed utilizing
Figure 15 in a similar manner. The above matrices are post-~

{— gu—  g— ——

multiplied by a column vector of position percentages to form

a vector of kill and injury percentages. Each element of those
vectors corresponds to the percent of people killed and injured
in each of the 10 subdivisions or stages of the basic unit of
length. It remains to relate the actual areas to the basic unit
of length., Each of the actual areas, as determined by one of
the methods outlined in Subsection 3,1, has a representative
unit of length associated with it. This unit of length is then
associated with that stage of the basic unit of length which is
nearest in size to it. The percentages killed and injured in
that stage are then applied to the percent population in the
actual area under consideration. The percent killed is further
broken down by time of death as determined by the probability

of kill in the area, 1

T Vv

The procedure described is applied on the outside of the
structure and to each individual building type at the node under
consideration, Consider, for example, the five-area outside
geometric case developed in Figure 25. Suppose A, has the

3
longest distance, D3, associated with it, Then D, would be

considered the basic unit of length and divided igto 10 stages.
After the probability of kill and injury have been determined
for each stages of D3, the percent of people killed and injured
in A3 is discovered simply for forming the product cf the ratio
A3 to the total area (i.e., Al + A2 + A3 + A4 + AS)’ the
probability number, and the outside population percent. To
find the probabilities of killi and injury in another area, say
Al’ it is laid over the basic area, A3, and the attributes of
the stages which correspond to D, are assigned to it. This
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might be the attributes of five stages if D, is half the
length of D . The pracess of finding the percent killed and
injured in A1 when the probabilities of kill and injury are

known is similar to that ouilined for A3.
3.3.3 Structural Debris

The analysis to compute debris trajectories has been
developed previously and is outlined in another report (Ref.32).
That analysis has heen utilized to develop displacement-velocity-
time relations as a function of debris characteristics and
weapon parameters. The computation of casualties due to dehris
takes place in particular subset areas of the total area. The
total outside debris area of interest is computed as shown in
Figure 26,

On the inside of a structure the syean of interest depends
on the type ol interior walls. Two types of interior walls are
assumed to exist, plaster and masonry. Plaster walls are con-

sidered to have no effect on casualty production and thus only

the outside walls of the building in this case act to cause debris

within the structure, Plaster walls is a term used in the
computer code to indicate no casualty production due to debris
from interior wall failure, Such conditions as lath and plaster,
wood stud and other type interior walls which might produce
casualties may be included as masonry and their actual accelera-
‘tion coefficient entered explicitly into the code. The items

of interest in the plaster wall casc are the entire building
area and either its width or length depending on which is the
larger. When the huilding has masonry interior wa'ls there

are two possible arcecas of interest depending on wall failure:

1) the arca associated with exterior room (i.e., rooms

adjacent to exterior walls); and 2) the area of the remain-

ing inner portion of the structure. Each cf these areas has

a charvacteriscic length associated with it., When the interior
masonry walls fail, they arc assumed to be the only walls acting
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on the interinr nortion nf the huilding: nuteide wall failure
is assumed to act only on exterior rooms in this case., The
following four cases of debris action are thus possible within
a structure:

e outside walls fail - plaster walls

e outside walls fail - interior masonry
walls fail

& outside walls fail - interior masonry
walls do not fail

e outside walls do not fail - interior
masonry walls fail,

After a characteristic length is chosen, it is brcken
down into 10 subdivision (sectors) in the samne manner as dis-

cussed in Subsection 3.3.2 for trauslation. Depending upon which

of the four assumed debris action is under consideration,
either a masonry interior or exterior wall is considered to be
failed at one end of the characteristic length. An investiga-
tion is undertaken within each sector to determine whether
particles from the wall can strike a man in each nf three bodv
positions (standing, sitting or lying) in any of threce places
on the body (head, thorax, or abdomen). This investigation is
accomplished in the following mamver. For a given secltor, a
starting distance and ending distance fronm the wall under con-
sideration is known. Also known are the displacement-velocity-
time relationships for all particles assumed to make up the
wall. There are nine possible heights considered, correspond-
ing to nine combinations of body position and body region of
damage. Gravity forces are assumed to be the only vertical
forces acting on debrie particles and thus, time of flight may
be directly zelateu to initial particle position on the wall
as shown below:

t, = VAhi/lé
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£ where

' hi represents the vertical difference in
height between the initial particle
position on the wall and the nine im-
pacted positions of interest on the body.

t. are time of flights cbrresponding to each
Ah,.

Consequently, given the distance bounds on a sector and average
velocity in the sector, the initial wall height of a specific
particle size that may pass through the sector at some height
of interest may be determined. It may be impossible to find

an actual wall position to exist for some size particles. 1If
this is the case, it is assured that that size particle does not
pass” through the section at the height of interest. 1If a
particle size exists in a sector its lethality and injury are
determined by using Figures 12 through 14, the particle weight.
and average final velocity in the sector.

It is assumed that the effect of one partiqle striking a
person is independent of the effects of other particles. There-
fore, only the maximum effect_bver all particle sizes, all body
positions and body regions of damage is considered in each of
the 10 sectors. This effect is further assumed to be constant
in any one of the ten sectors. The léthality in each sector
is reduced by the body position probability, constructiomr per-
centage, window percentage and probability of particle size.

It remains to determine an average over the 10 sectors of the
area under investigation, and then to divide the mortality
figures into time-to-death categories. This division is ac-
complished in the same manner as was done in the translation
model. Finally, a weighted average total over all areas of
interest is obtained by considering both inside and outdoor
populations to be uniformly distributed over the total inside
and outside areas. | |
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3.3.4 Thermal Radiation Model

The thermal. energy reported as free-field actually includes
attentuation due to the interaction of the atmosphere and the
light source path to the ground. The thermal radiation energy,
Q, as expressed in En. (4); ie further attenuated by whatever
shielding is available between thz radiation source and the
recipient, The attenuation caused by full shielding as the
result of interaction with another siructure is 100 percent.

The percent of radiation transmitted threcugh window glass and
screens as reported in Ref, 23 is given in Table 14,

Table 14
THERMAL ATTENTUATION FACTORS, nt

Single Glass Double Glass Screens
(%) (%) (%)
56 31 67

The above quantities may be combined in series for various
combinations of window cover. (In the case of cpen windows no

attenuation takes place.) The termal energy within a structure
is then

Q' = n.Q

where Iy Yepresents an attenuation factor developed from Table 14
taking each material placed between the interior and the ex-
terior of the building into consideration.

The rhermal radiation energy in the street outside, is
represented by the total Q, provided the street is not shaded
by another building as shown in Figurz 36, No thermal injury
is assumed to occur in the shaded portion of the cutside area.
In order to cowpute casualties on the outside, the curves in
the radiant exposure as predicted are scaled to 1 MT. The
curves in Figure 19, with the known value of radiant exposure
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and season of the year are used to determine the percent of body
area burned. After the latter is known the corresponding kill
and injury probabilities may be found by using Figure 16,

Figure 20 utilizes the information obtained from Figure 16 in
order to break down the kill probabilities by time to death.

The final probabilities are adjusted for the percent of popula-
tion on the out:lde and the ratio of the unshaded area to

total area.

In order to determine the effect of thermal energy within
structures, both attenuated energy exposure areas within the
structures and shielding from adjacent structures must be de~
termined. The exposure area within the structure is computed
using window dimensions, the angle of incidence of the thermal
energy, 0, and the building orientation to the blast 4. Three
floor areas are determined:

a. area for people standing,
b, area for people sitting,
c. area for people lying on the floor.

An example of the linear dimension into the room is illustrated
in Figure 37. An attenuated Q is determined within cach nf

these three areas and kill and injury probabilities computed

as in the outdoor case discussed previously. The probabilities
are then combined based on the percent of the total building

area involved to determine the total kill and injury probabilities
for the building. Computations are repeated for each building

at the point of interest. If uprange shielding by a contiguous
building occurs, the total irradiated area within the building

is reduced by the percent of the building being shielded.

3.3.5 1Ionizing Radiation Model

Ionizing radiation dose determined by using Equation (4)
and (5) includes atmospheric attenuation between the burst
point and the node point. Unlike thermal radiation, however,
ionizing radiation is not completely attenuated by the presence
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rays are attenuated in the following manner:

where ¢ is tbe density of the shielding material (pcf) and x
represents the path length through the shielding material.
Figure 38 illustrates the relationship between the shielding
thickness and the attenuation factor applied to the integrated
neutron flux (Ref, 33) for several common building materials,

Here the attenuation factor is much more seasitive to the type
of material employed as shielding then in the case of gamma
radiation attenuation where only the mass thickness is important,
The effects of scattered radiation and buildup factors have

been neglected. The accuracy of the above radiation computa-
tions seems to be consistent with the effect of ionizing radia-
tion as a kill mechanism for high yield weapons.

In the case of outdoor population, shielding is approximated
by a building having the average characteristics of all the
buildings at the node. Furthermore, outdoor population is con-
sidered surrounded by this shielding. Once the computations
have been made to determine the average shielding of outdoor
population, the actual doses may be found, and using Figure 22
the probabilities of death and injury determined. The time :

s e oo AR et

to death relationship is shown in Figure 23. Here, as in thermal
radiation, the minimum time to death was selected as one day.

The indoor population is exposed to a dosage which is i
dependent upon attenuation factors which vary within the build-
ing. These attuvnuation factors are computed using the rhickness
of material placed between the interior and exterior of a build-
ing. This is determined by computing the shielding of the
floors and walls of the building for individual cells within
the building as illustrated in Figure 39. The ionizing radiatcion
dose in each cell is computed and the corresponding probabilities
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of death and injury again determined for each cell from

Figure 22. The population within any building is considered
uniformly distributed, therefore, a weighted average; based on
cell area and probability of kill and injury can be determined.
This process is repeated for each building type at the node

.and adjusted for percent of buildings of a particular fype of

construction.

3.4 FACTORS NOT INCLUDED IN SEP CODE

Topography obviously plays a significant role in the inter-
action of weapon parameters with the structural environment.
The free field overpressure, for example, has been shown to
increase on the up slopes and decrease on the down slopes of
hilly terrain'(Ref.BA). Also buildings on the reverse side
of hills are protected from thermal and direct ionizing radia-
tion (for low height of burst). These effects, however, were
too ill-defined at present to be included in the analysis.

- The effect of ground shock on the production of casualties
has been reviewed in this study. Although this effect was con-
sidered, it was not included in the analysis for two reasons:

. ® At lower overpressures (i.e., below 20 psi),
which are of primary interest, the ground
shock effects are negligible in relation to
other effects, and

e One-dimensional ground shock information

- (Ref, 35) which can easily be implemented
shows little correlation with the latest
two~-dimensional ground shock analyses now
being employed (Ref. 36).

The new analyses are too expensive and time consuming to in-
clude in this effort.
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3.5 COQMBINATION OF INDEPENDENT CASUALTY EFFECTS

Two matrices in the output of the SEP code provide the per-

cent killed and survived respectively for individual casualty
effects and within specific time periods. These individual ef-
fects are first combined with the specific time periods (i.e.,
hour, day, week, month) and finally transformed into total sur-

vivors, mortalities and injuries.

The first of the two matrices, percent of population killed
by each individual effect (e.g., blast, debris, thermal, etc.)
in each time period (e.g., hour, week, one day, etc.) is trans-
formed into the second. This is accomplished by sequentiallly

subtracting the percent affected in the present time period from
those remaining in the previous time period. Imnitially the per-

cent of people inside or outside is used as in the previous time
period depending upon where the specific event takes place. As
an example of this technique, suppose that 50 percent of the
population are indoors and that 10 percent of the indoor popula-

tion die from blast in an hour. Then, the percent which will
survive indoors from blast for an hour is 50 - 10 = 40 percent.
Suppose also that 20 percent die from 1 hour to a day, 5 percent
die from 1 week to a month and 2 percent are injured. Then

40 - 20 = 20 percent survive between a day and a week, and

20 - 5 = 15 percent survive a month, Finally, 15 - 2 = 13 per-

cent are uninjured from blast indoors.

After the survival matrix has been generated, total sur-
vival from all effects may be determined within each time to
death for inside and outside populations. This is done by ob-
taining the products of surviving each individual effect. As an
example, suppose that 20 percent of the population survive a
week from blast indoors and 15 percent survive a week from trans-
lation indoors. Then 20 x 15 = 3 percent is the probability of
surviving the combined effects of indoor blast and translation.

The total uninjured persons, injured and dead may be cal-
culated by applying the population, indoor and outdoor, to the
appropriate total percent surviving from all effects. Total sur-
vivors are those injured plus those uninjured, the total dead
are 100 percent minus the survivors.,
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SECTION IV
RESULTS

In order to illustrate the prediction of casualties, the
computer code developed in the previous section was utilized in
a variation of parameter study for the evaluation of shelter
systems. It should be emphasized that the results obtained from
these parameter variations were picked to show up the sensi-
tivity of the computer model. When parameters are varied in
this computer model a complicated set of Iinteractions takes
place. As an example, when all parameters were varied for
buildings not surrounded by any contiguous structure debris
results were insignificant. However, when structures were
introduced debris results were significant. To further 1illus~
trate, consider the problem of building debris which effects
people outside the building. With large spacing between
buildings, no effect of debris shows up in the model, but as
space between buildings is reduced the importance of debris
on outside mortalities and injuries is increased.

4.1 Primary Buildings

The parameters of the basic structures which were employed
in the parameter variations are presented in Table 15. (Table
13 is in the actual computer input format, see Appendix 1 for
a more complete explanation of this format). Whenever parameter
variations were made they were made one at a time while holding
the rest of the parameters in Table 15 constant,

4.2 Range Variations

Figure 40 illustrates the mortality effects inside the
reinforced concrete frame building (R/C) for a 1 ML, 7,000 ft
height of burst. The probability of being a mortality from
translation effects, debris effects and thermal effects within
the reinforced concrete building are displayed as a function
of distance out from ground zero. Corresponding overpres-
sures are displayed below the appropriate ground range and
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Table 15
PARAMETER VARIATIONS

Reinforced Concrete Structures

NODE AND BUILDING PARAMETERS

AREA OF NODE 1, SQe MILE

NUMBER OF BUILDINGS AT NODE 1}

LOCATION OF NODE x=220000, Y30,0

CONSTRYCTION PERCENTAGE 100,

HEIGHY 90, FT

HIDTH 65, FT

LENGTH ¢35, FTY

AVERAGE SPACE SOUTH 1000, NORTH 1000, EAST 1000, WEST 1000,
DENSITy OF wWALL MATERIAL (CONCRETE) 135, LBS,/FTV.683
WALL PANEL THICKNESS 8 IN,

ROOF THICKNESS 10. IN, ROOF DENSITY(CONCRETE) 135, LB./FT,283
FLOOR THICKNESS 8 1IN,

MATERIAL DENSITY OF FLOOR(CONCRETE) 135 LBS/FT®83
BASEMENT wALL THICKNESS 10, IN, BASEMENT DENSITY 135, LBy/FT, %083
SO1L DENSITY 75, LB,/FT,80)3

STORIES 9

WINDOW PERCENTAGE 30-

SILL HEIGHY ABOVE FLOOR 2,5 FT,

NO SHIELDING PERCENTAGE 0,0

SCREEN PERCENTAGE 0,0

SINGLE GLASS PERCENTAGE 50,

COMBINED SINGLF GLASS AND SCREEN PERCENTAGE 0.0

DOUBLE GLASS PERCENTAGE 0,0

SHNIELDING FROM DOUBLE GLASS AND SCREEN PERCENTAGE 0,0
DRAPERY BLIND AND SHADE PERCENTAGE 50,

DISTANCE FROM EXTERIOR WALL TO INTERIOR WALL 5.0 FT,
INNER ROOM LENGTH 20, FT,

NEXT

CHARACTERISTICS OF wALL FRAGMENTATION

NUMBER NF PARTICLES 9

INSIDE PERCENY 0¢00100¢90¢0¢0¢090:0¢0¢090e0904040.2
MASONRY FAILURE PRESSURE 1, PSI

OVERPRESSURE AY FAILURE 1, PSI

NUMBER OF PARTICLES 9

OUTSIUE ’ERCENT 1000!000001000@000.000!000.000000000
WALL TyrE 1

. MASONRY INTERTOR WALLS
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Table 15 (Contd)

People

DESCRIPTION OF PERSONNEL 3} ,

POPULATION DENSITY 100« PEOPLE PER 3G, MILE

INBOOR PERCENTAGE OF POPULATION 50, :

OUTDOOR POSITION PERCENTAGES STANDING 100, SIYTING 0.0 LYING 0,0
;NT;RIOR POSITION PERCENTAGES STANDING 28y SITTING 78, LYING 0,0
EX

3K1P COMMANDS

ACCUMULATION

IONIZING

NEXT

SOLVE

Wood Buildings

g:.‘ Q;LPv

- 8 hend
| .Ue 1

-
!

WInTH 35, FT
LINGTH a5, Fr
AVTRAGE SpACS SQUTH 1000, MEeTR 1600. EAST 1000, wWrsST 1000,
TENRITY OF wALL MAYERIAL (Wood) 39. LBS./FT.®as

WALL pANSL THICKNESS 4 IN.

RCOF THICKNEES 1 [Ns RCOF BENSTTY  (MODT) 30. LBL/ZFTo#%3

FLAGR THIAVNESS 2 1N

MATERYTAL DEMN3TTY OF FLOOR(WOOL) 30, LRS, /ey, FT,

RASEMENT L ALL THICKNESS 10. IN, RPASEMENT TENSITy 30.0 LB./Fr.ss3

SOIL TFENSITY 95 LN./FT.a43
sTorRES 2 T

Best Available Copy
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" SHIFLDING FRav ToUPLE GLASS AND SCREEN PERCENTAGE AeH

Table 15 (Contd)

WINDOW PERCFNTAGE  ag.

SILL HEISHT ANoVE FLagPF 2.5 FT, .
NO SHIELTING PERCENTAGE 0.0 -
SCREFN PEQCENTAGE .0 R

SINGLE GLARS PERCENTAGY 50,
COMBINED STNGLE ~LASS ANT SCR EE?‘l*p FREENTREE §T6

POUBLE GLASS PZRCANTAGE g

NRAPERY BLINE AND SHALE PEPCENTARE 53

NISTANCE FROM EXTERISR WALL TO INTERIOR WALL 16, °T.

s R - e e e s e ———r - —

INNFR B0OM LENGTH 16, TTe

NEYT - L e oo e e

CHARACTERTISTICS CF wALL FRAGMENTATION

ACCELERATIAN CASFFICTIERT 10,

NUVBER OF PARTICLES 9

INSIPE PEREENT  100.+0.060,000.000,090,040,000.00
MAgSGNRY FAILURE PRESSURF L. PSI T
CVERPRFS2UDT AT FAILURT 1. PSI

NUMBER OF PAnNTICLES 3

OUTSIDE PFOCENT  100.4°.0e0eC0*0.0e0,C00.040.0+0.000,0

WALL TYPE © ettt vt e i =t carae o e e e e

s PLASTEP INTERINR wALLS
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are in parenthesis In order to observe the full effect of
debris, the failure pressure for the nonload bearing outside
panel wall was set at 1 psi. In reality, tae failure pressure
may be well above 1 psi and this will reduce both the mortality
and injury due to debris, In Fig. 40, for example, if the ex-
cerior wall did not fail until 10 psi was reacned, there would
be no debris casualties beyond a 16,000 ft range. The apparent
step in the translation curve in Fig. 40 is due to the assumed
personnel pocture within the concrete building.

Figure 41 illustrates the injuries associated with the
people indoors. At the lower ranges, the probability of
injury is low due to the corresponding high probability of
mortality. As the ranges increase the various injuries become
more important and then begin to decrease and finally the
curves go to zero. Here again, the effect of sitting as
illustrated in the translation injuries would be eliminated at
about 39,000 ft. Here too, if the 1 psi failure pressure of
the outside walls was assumed to be a more realistic bhigher

- value, injuries due to debris would be eliminated in a much

smaller range.

Figures 42 and 43 illustrate the mortality and injury
relationships for persons outside of shelters. Because of the
large spacing (i.e., 1000ft between structures) the effect
of thermal radiation is prominent and debris is negligible.

In Fig. 42 the flat slope of the curve starting at about

25,000 ft is due to burning of exposed skin areas. Only

below 25,000 ft does clothing ignite and a greater kill proba-
bility result. Assuming a winter condition reduces casualties
resulting from thermal radiation outdoors due to an appropriate
increase in the amount of clothing worn. Personnel on the
outside were considered to be standing, and translation mor-
talities are indicated out tv a range of 41,000 ft with injur-
ies due to translation extending to about a range of 65,000 ft.

NT RESEARCH INSTITUTE
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4.2.1 Effect of Positions

As was previously described, Fig. 40, the effect of per-
sonnel posture within a shelter was seen to vary as to whether
people were standing or sittiﬁg. Figure 44 illustrates the
indoor mortality for personnel lying on the floor. Translation

effects are dramatically reduced in this case over those standing.

No indoor mortality is seen to occur beyond a range of 22,000 ft.
However, the debris mortalities are slightly increased with
personnel lying on the ground because their more vulnerable
parts, that is, their chest and head are exposed to a greater
assortment of debris. Here, all debris strikes the ground,

but not all debris passes through a point 4 ft above the ground.
Debris mortalities result out to a range of 30,000 ft for per-
sonnel lying, however, for personnel standing or sitting, it
predominates out to a range of about 26,000 ft. Comparing the
sitting portion of the translation curve of Fig. 41 with the
translation curve of Fig. 44, it becomes appareht that in some
instances sitting appears to result in lower casualties than
lying. This peculiarity is the result of the assumptions em-
ployed in the translation model. The sitting person is assumed
to slide and rotate about his feet. Rotation is the predomin-
ate form of motion. Whenever rotation attains 90 degrees, the
problem is stopped and the current motion information is used to
determine the mortality. For a person lying, it is assumed that
no rotation takes place and the body slides until impact with a
wall occurs. A person sitting who rotates through 90 degrees
will in actuality continue to tumble and slide during and after
the rotation until he strikes a wall or friction overcomes
exterior loading of inertia. During this period he will actually
achieve the same or a greater velocity than the lying person.

" However, analyéis of this sliding-rotating man is a much more

difficult problem'and beyond scope of the present program. The
reader must therefore be wary of this anamoly. The effects of
personnel posture on thermal radiation mortalities was not

significant as illustrated in Fig. 44,
IIT RESEARCH INSTITUTE
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Figure 45 illustrates the mortality probability as a
function of range for personnel lying on the ground outdoors.
As would be expected, from the previous effects indoors, thermal
calualties are not reduced by lying down, and again the trans-
lation effects are significantly reduced from a range of 40,000
ft as per Fig. 42, to lecs than 25,000 ft here. These illustra-
tions give the implicatibn that the response of people may be a
very important factor in saving their lives in a nuclear attack.

4.2.2 Evasive Action to Thermal Radiation

Figure 46 illustrates the advantages of taking evasive

action from the thermal effects of a nuclear weapon. Three curves

are shown for no evasion, two second evasion and ten second ev-
asion respectively. These represent the times from the initial
exposure until the people are completely shielded. For the
case selected, it appears that evasion does not help when the
range is between ground zero and less than 10,000 ft or beyond
about 24,000 ft. Evasion is not a very important parameter.
beyond the 24,000 ft range because only exposed skin areas are
effected and the total kill probability is low. However, in the
range between 10,000 and 24,000 ft, the effective evasive action
is quite significant. Even the rather slow time of 10 seconds
can represent 100 ft (i.e., an average street width) if people
run at 10 ft per second. It is difficult to imagine people
responding in less than 2 seconds, unless they are inside a

room where they can jump to a shaded area. Even so they would
have to know both what to expect and what to dn.

4.3 Building Types

Obvious variations in building type may include the des-
cription of the debris which occurs, and the failure pressure
associated with it. As an example of the effect of the building
type, a two story, one family wood frame bu.tding was assumed.
Here again, the building failure pressure was specified low
enough to insure that a complete picture of debris effects

HT RESEARCH INSTITUTE
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Fig. 46 EFFECT OF EVASIVE ACTION ON OUTDOOR THERMAL MORTALITIES
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4

would evolve. Figure 47 illustrates a relationship between range

and mortaliity inside the wooden bullding. Iu cumparison with

y' Fig. 40 for the reinforced concrete building, the translation

‘ , mortalities did not change because translation effects for people !
,ﬂ standing inside buildings are not effected by building type but
. rather by the window opening percentages. Thermal effects are
) i seen to increase somewhat because the greater ratio of exposed
B interior area to the total interior area of the building. Debris
; effects are far more interesting. At 15,000 ft range the mort-
P ality probability due to debris in the wood house is about 58
; It is obvious that care must be exercised in evaluating
; these results. First, the debris assumed for the concrete
{ structure was heavier than that assumed for the wood structure.
For the wood structure it was assumed that the 1 x 6 in. wood

be about 75 percent. In the woodframe house debris mortalities
extended to about 26,000 ft.

percent while in the concrete structure in Fig. 40 it was seen to
i siding failed 1in 2 ft lengths for all overpressures. The re-

sult was a fragment weighing less than 1 lb, which according to
G the casualty criteria illustrated in Fig. 10, must be accelerat-
: ed to nearly 100 ft per second before it is lethal. On the other

o hand the concrete building in Fig. 40, was assumed to fail in

debris sizes of about 2 in. radius which require much lower
ballistic coefficients (w/ACy, for lethality), than the wooden
debris. 1In the short distance of travel involved, this differ-
ence in ballistic parameters was apparently not enough to over-

i come the increased velocity requirements due to the low weight
! of the wooden debris involved.

This example serves to focus the obvious requirement for

e

knowing the character of the debris formed, as well as the
associated casualty criteria. Both of these are areas in which

Ve

more information is required. A further point concerning the
debris casualties of the wood and concrete structures must be

4 Ty

made. If the failure threshold of the concrete building had

T RESEARCH INSTITUTE
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appear to be more hazardous than the reinforced concrete build-
ing at these ranges.

Figure 48 illustrates the injury probability for each
effect for the wood building. Again the effects of debris and
translation injuries are more prevalent as in the mortality
case above,

4,.3.1 Building Configuration Variations

In this investigation the building parameters that were
varied included the story height and the building width. The
effect of varying the external and interior room lengths were
also investigated and provided interesting results. All varia-
tions were conducted at 20,000 ft fange for the 1 MT, 7,000 ft
height of burst conditioms.

4,3,2 Building Story Height Variations

Figure 49 illustrates the effect on indoor mortality due
to varying the height of the structure, while maintaining a
constant total floor area. Mortalities due to thermal radia-
tion decrease slightly with increasing building height due to
the reduction in the ratio of exterior room area where exposure
takes place to total floor areas as the height of the structure
is reduced. Translation mortality essentially remains constant
since it is based on an overpressure level which in this model
does not depend on the building parameters being varied. The
mortality due to debris effects are increased with decreasing
building height because the interior area exposed to debris
from the failure of interior walls becomes a greater part of a
total area which is held constant. Two debris sizes were select-
ed, one for exterior and one for interior walls. The debris
from exterior walls does not produce a significant amount of
casualties, so a reduction of the area exposed to the exterior
wall debris causes an increase in mortality because the area

11T RESEARCH INSTITUTE
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exposed to interior debris is increasad.

Figure 50 illuctrates
door thermal injuries. Only a slight increase in mortalities
is caused by decreasing the building height and increasing the
exposed exterlor areas.

4.3.3 Plan Dimension Variations

The effect of varying the plan dimensions of a nine-story
building is shown in Fig. 51 for indoor casualties. The primary
effect occurs in the case of thermal radiation casualties As
the building width is increased, the illuminated area becomes a
greater percentage of a total floor area and more casualties
result.

4.3.4 External Room Length

The effect on casualties due to a variation in the ex-
ternal room length is shown in Fig. 52. Only debris casualties
have been shown since translation and thermal effects remain
essentially constant over the region of variation. The differ-
ence in the exterior and interior wall debris size assumed is
the reason for the reduction in the casualties with an increase
in the external room size. Practically no injuries or mortalit-
ies are generated in the external room. Therefore, an increase
in the exterijor room slize increases the total area associated
with the exterior wall debris size and the result is a decrease
in total casualties.

4.3.5 Internal Room Length

Figure 53 illustrates the effect of varying the interior
room length and is perhaps the most informative of the building
parameter variations. With very small interior room lengths,
there are no debris mortalities but about 55 percent injury.
This is explained by the insufficient acceleration of the debris
particle to a lethal velocity. At very close distances to the
wall the debris particles do not have time to accelerate to a
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lethal velocity before they impact. However, the velocity is
adequate to cause injury. As the interior room length is in-
creased, lethal particle velocity is achieved and mortality in-

]

veased., Injuries are reduced becauge the low velocity region

w represents a small part of the total area. As the room length
is increased further, the mortalities drop off and the injuries
continue to decline. This is caused by the particles impacting
with the ground before they are able to reach the people at the

far end of the room.

no

4.4 Translation

As can be seen from the figures presented previously in
this section, the overall computer code is highly sensitive to
the translation phenomena. As a result of this, further results
and discussing of translation problems are provided.

Figure 54 illustrates impact velocity as a function of the
overpressure that was taken from the various runs performed in
generating the other curves. The overpressure plotted is that
which was applied to the model, both interior aund exterior
velocities are shown. The first observation to be made is that
there is a significant difference between the sitting and
standing cases. The second observation is that the results are
a smooth function of the overpressure, with only minor depend-
ence on the positive phase duration, as shown by interior and
exterior velocities with the same overpressure. The inside
cases correspond to shorter positive phase durations.

This dependence on overpressure requires some additional
explanation. The values illustrated in Fig. 54 are for rotation
of the body only. This rotation to 90 degrees cccurs in a very
short time after the arrival of the blast wave. For the yields
involved, the time for the rotation to occur is only a small
part of the total positive phase duration, however, as will be
shown later translation is dependent on the positive phase
duration.
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Returning to Fig. 54, the most interesting part of the
curve is below 3 psi for the standing cases. In this region
the slope flattens out. Of primary importance is the fact that
in thie¢ region, when the slope is quite flat, the translation
velocity thresholds occur. This is also shown as the region
where the overpresure range relationship, Fig. 55, flattens out.
This means that a small variation in casualty criteria can cause
significant variations in the ground regions over which these
variations occur. Therefore, in order to predict casualties
with reasonable assurance, one must be able to make reasonable
predictions of the impact velocities. Similarly, casualty
criteria must also be well defined. It is further obvious from
the velocity differences between a sitting and standing posture
that the reactions of people will play an important part in
whether they will or will not be injured during this first phase
of the translation problem. During the second phase of the
translation in which people are knocked down, roll and tumble,
their reactions will likely be of even greater importance.

Figure 56 is an illustration of the velocity displacement
relationships for several overpressures from the 1 MT, 7,000 ft
height-of-burst case for a man lying parallel to the direction
of the blast wave motion. The translation distances reveal the
importance of considering what people will do and how they will
react if blown thesc distances by the blast wave. Obviously
the problem is not over when people rotate 90 degrees and
strike the ground.

This selected discussion of the blast translation effect
has been an attempt to illustrate the importance of both the
casualty criteria and the response of people in the prediction
of casualties associated with a nuclear weapon.

4.5 Fire Mortalities

Up to this point only direct effects have been considered.
This subsection discusses the relatiomnship between blast

T RESEARCH INSTITUTE
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mortalities and fire mortalities for blast injured people
trapped within burning buildings. (i.e., as predicted by the
model). The model predicts a range in which persons indoors
will be seriously injured and unable to move unless outside
assistance is provided. This immobile period may last for as
much as several hours after detonation of the weapon. The
types of unjuries incurred are serious head injuries and broken
limbs. 1In some cases self mobility will never occur. However,
for this example, it is assumed that no persons may move and
that no assistance is provided. It is tinen possible to
estimate the additional casualties which may occur as a result
of fires started within buildings where injured persons are
trapped.

Figure 57 illustrates translation injury probability for
the sample problem. Translation injury only was assumed, be-
cause it is the primary contributor to injuries. The second
curve is the probability of ignition in a room for a clear day
obtained from Ref. 23, With these two curves, estimates of
the fire mortalities can be made. First, the blast translation
casualties occur in the area represented by = rbz. For the
problem at hand r, is 15,000 ft.

Fire casualties will occur out to the range where there
is a meaningful number of uninjured translation survivors, or
approximately 29,000 ft from Fig. 57. Beyond this range most
of the people are uninjured and they are assumed to assist
injured persons prior to complete fire development, or they put
out fires before the spread occurs. Therefore, the area sub-

jected to fire is 7w T - rb2 where ry is 29,000 ft.

i
Two possibilities exist: (1) to assume that 30 percent
of exposed rooms in each building ignite; or (2) that 30 per-
cent of the buildings ignite. If the latter is assumed, fire
spread from building to building must account for a complete
kill to 29,000 f+. The blast mortality area is 2640 x 106 ft
squared; the ratio of the fire mortality to the blast mortality
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area is then 2640: 710 or 3.7; an almost 400 percent greater

area is involved.

Assuming Case (L) above holds, that is only 30 percent
of the exposed rooms of each building are effected, the build-
ing area still represents more than 100 percent of the blast
area. Consldering the population density, which is an obvious-
ly important number in determining the mortalities, (e.g.,
Chicago in the daytime has a average population density of

50,000 people per square mile out to 15,000 ft.

From 15,000

to 30,000 ft the average population density is 30,000 people

per square mile.), a 3:5 ratio is estaklished.

The ratio of

fire to blast mortalities becomes approximately 220 percent,
if all within the total injury region become mortalities, and-
67 percent if only even 30 percent are affected. Two further

things must be kept in mind at this point:

® The population density figures are for daytime;
a nightime figure would reduce the population
in the center of the city, the assumed ground
zero, and raise the level in the outer ring

where fire is more important.

# The percentage of people indoors and outdoors
will be different for the two regions considered,

and this would certainly influence the
of mortalities.

ratio

Although the above discussion is very qualitative, it does
indicate that fire mortalities would probably be on the order
of the blast-caused mortalities for people indoors. The
incident of fire spread may well extend casualties well beyond
the range of primary ignition. Of course, secondary ignition,
(i.e., fire starting due to blast or ground shock and not
thermal pulse) will be a contributor, but no information is

presently well established on this subject.
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However, secondary fires did occur in some of the weapon tests,

jured. They may be assumed to be putting out the fires or
helping those outside who are seriously injured.
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SECTION V
VALIDAT ION

"

Validation of models for predicting casualities to per-
sonnel from the effects of nuclear weapons poses obvious diffi-
culties. Although data from Hiroshima and Nakisaki weapons

e RN

tests can be employed, the sources of this data report only
partial information, and in many cases only sample data is
available. The best data found on these two cities comes from

§ A it =

Ref. 37 and 38, but even with this, questions of accuracy arise
when a sample group must represent the total population within
a building. Where available, weapons test data of dummies and
animal translations were gathered for comparison (Ref. 39 and 40).

Table 16 lists several cases from Hiroshima which were
selacted for comparison purposes. Structural information on
the specific buildings was obtained from Ref. 38. All compari-

sons were made assuming a 13 KT weapon at 2000 ft height of
burst with a visibility of 10 miles. Table 16 presents the

information for the buildings checked and the corresponding
resulis. Models both with and without translation are presented

because the model determines all results as if they were in the
mock region, while for Hiroshima the regular reflection region
ran to about 2000 ft from ground zero. This is not to,say that
it is more likely that blast translation takes place iS\the
mock region than in the regular reflection region. The‘loading

AT T Tt ) e g e < e
r i

in the regular region, however, is too complicated to include

i) NI LT, AT

in the present model.

Figure 58 illustrates the mortalities as predicted for people
within the Hiroshima telephone office, as if it had been locat-
ed at various ranges from ground zero. The total mortality with
and without translation is provided as a function of range from
ground zero. Individual mortalities for each kill mechanism
and the effects of yield and heights of burst changes at 2000
ft range are also shown. It becomes quite obvious that kill pro-

babilities can be greatly influenced by these parameters.
HT RESEARCH INSTITUTE
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Table 16
. COMPARISON OF ACTUAL AND PREDICTED HIROSHIMA CASUALTY RESULTS

Model with Model without
Building Actual Translation Translation
- percent percent percent
Central telegraph 15 100 13.5
Central telephone
office 14 93 14
Outside unshielded
at 3000 ft 96 100 100
‘Outside shielded:
a. Railroad Post
Qffice R/C 3.6 0 0
b. Postal Office R/C 4 0 0

'Neglecting translation from the model, thz check on the
results is gratifying; however, several things must be realized.
First; all buildings must be modeled at the present time by
rectangular structures. Most of the actual buildings were not
simple, rectangular structures, and some had openings in the
center. Second, the people are assumed to be uniformly distri-
buted 'throughout the building; actually, they may have been
bunched in specific regions of the building. Therefore; actual

verification of the model is impossible with the data available,

however, gross inconsistencies can be indicated.

‘Except for blast translation, the gross comparisons are
quite ‘good. There were no primary blast mortalities reported
for Htroshima, and the model predicted none. There were very
few thermal injuries within buildings, which was also a model
prediction. There was mainly ionizing radiation kill and injury
in-the region from 1000 to 3000 ft, and the code predicted a
significant portion of the injuries in this region to be due to
radiation. The greatest disparity occurred in the blast
displacement mechanism. Although cases of blast displacement
were recorded, no one was reported killed by this effect.
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However, as noted before for the Hiroshima burst, the regular
reflection region extended to approximately 2000 ft and the
computer model considers all cases to be in the Mach region
where winds are parallel to the surface and blast displacement
is more likely.

To check at least the translation portion of blast displace-
ment, anthropomorphic dummy data gathered from weanon tests was
used. The comparisons are hased on displacement of body parts and
on rotation of the body at these displacements. Table 17 ccmpares
the actual and predicted maximum displacements and velocities. The
maximum velocities for the standing dummy seem quite accurate, how-
ever, the displacements are considerably different. The major cause
for difference is that the comnuter code stops computing when the
dummy has rotated 90 deg in either direction, while in the actual
case the body continues to slide and tumble until it comes to rest.

In the case of the prone dummies, no actual velocities
were determined and only displacements can be used. Where dis-
placements are recorded, Chey'vary considerably from rhe pre-
directed results. This mayv be due to local ground interaction
effects which occur in actual tests and are not reflected in
the model. When one compares the early stages of motion for
each weapon test, the results indicate a much more satisfactory
prediction capability than the total displacements indicate.
Figures 59, 60 and 61 illustrate the velocity displacement his-
tory for the early stages of the actual and predicted tests.

It should be noted that the predicted results are based on the
actual overpressure and positjve phase duration. In addition
to the c.g. velgqity, head velocity displacement curves are
shown. Based on these, it can be seen that the predictions
are quite reasonable. Figure 62 illustrates the predicted

and actual body rotations for the 37 KT Plumbbob and 1/2 KT
Snowball tests.
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The model only allows rotation of the body to occur about
the feet. while in the actual case. the feet are free to leave
the ground, and rotation occurs about the center of gravity.
However, as can be seen from the flgure, the actual rotations
for the Snowball test are quite similar to those predicted. In
the Plumbbob test, the model predicts backward rotation initially,
but because of the friction force on the feet, final rotation

and impact is in the forward direction. Had the feet of the

model been removed from the ground, rotation would have been
'hEgative as in the actual case. However, it can be concluded

that the translation prediction techniques are reasonable.
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SECTION VI
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CONCLUSIONS AND RECGMMENDA

The result of this effort, along with Subtask 16144,
has been the development of a deterministic tool in estimating
shelter effectiveness in terms of protection, when exposed to
conditions more severe than design criteria. This evaluation
of effectiveness is only possible provided detailed knowledge
of specific shelter failure criteria is available. Furthermore,
models for individual casualty mechanisms depend on a knowledge
of appropriate biological damage functions. The present state-
of-the-art is such as to limit the practicability of developing
a statistical representation of shelter effectiveness. There
are many detailed problems which can be investigated to refine
the SEP code output. These problems are associated with struc-
tural interactions, debris prediction, translation prediction
and casualty criteria for many of the initial effects. The
primary effort in future work should be to remove the qualita-
tive aspects that now surround the casualty data, Development
of statistical measures for both structural and casualty data
would enable statistical bounds on the SEP code output to be
established,

The following conclusions can be made based on the
results of the computer code and the information gained in con-

ducting this study;

e The computer code provides a means of evaluating
the protective capability of various shelters,
provided adequate information describing the
shelter is available.

e Many of the casualty criteria are studied estimates
and require further refinement.
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The following are recommendations:

The interaction of free-field hlast effects

and structures is an important link in the
prediction of casualties. The present infor-
mation on this subject is insufficient.

The physical posture of personnel in relation

to blast-waves affects their survival probability.
This 1s shown by the differences in casualties

for personnel standing and lying when under blast
wind translation. The response during the transla-
tion may also be an important factor in lowering
casualties.

Fire mortalities are of the same order of
magnitude as blast casualties. .

More adequate casualty criteria should be
developed for debris, translation and com-
bined effects. Experimental programs to
relate debris mass and velocity to injury

and mortality should be undertaken. Further
studies and experiments of combined affects
should be encouraged. Particular attention
should be paid to the effect of medical treat-
ment and the time to death.

A joint experimental and analytical study
should be undertaken to determine the rela-
tionship between physical response during
translation and reduction of casualties.
In addition the effect of the rigidity of
the impacted material should be studied.
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Debris size, initial velocity and drag
characteristics are necessary to adequately
predict debris casualties inside and out-

side structures. Presently, the only avail-
able estimate of the failure sizes is g iven

in Ref. 43 for hydrostone panels. Full-scale
tests at various overpressures and simulated
weapon yields should be conducted on a variety
of panels., These tests should be related to
analytical results and/or a reliable empirical
relation should be developed. Various types
of bearing and nonbearing panels with and
without windows should be included in this
study. Orientation effects should be studied
in these panel tests.

Basements are an important area for further
study. Failure criteria should be established

for basements and suitable analysis developed to

apply these criteria.
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APPENDIX I
PRGGRAM USER'S MANUAL

A.1 INTRODUCTION

The code is a problem-oriented computer language which
deals with the problem of defining casualties and injuries in
a nuclear environmment. Input to the computer code is a series
of statements that describe the weapon parameters and the
structural and personnel characteristics of a representative
area. This area may consist of from a single building or
open area to an area the size of which is conzistent with a
constant weapon effects assumption. The output of the code
is normally the effects asscciated with each of five primary
kill mechanisms. These five kill mechanisms are further broken
down by indoor and outdoor occurrence, and treated by the time
required to cause death (i.e., an hour, day, week or month).
In addition, injuries are distinguished from mortalities and
personnel completely uninjured. The individual effects are
combined and totals are found first for each category of time,
and then for the overall problem. A detailed description of
the environment associated with each kill mechanism is also
available to the user as optional information.

A.2 INPUT LANGUAGE

The form of the input to the processor differs signifi-
cantly from most other computer programs. Format and ordering
of ‘card input have been almost eliminated and replaced by a
set 'of commands consistent with civil defense terminology. The
fact that a group of characters starts with a letter is
sufficient to recognize a word. Similarly, a number indicates
numarical data; a decimel point distinguishes a decimal number
from an integer; and a blank or a comma after a group of char-
acters indicates the end of that group.
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stored, or more generally information about the input process.

A data descriptor (e.g., YIELD or HEIGHT OF BURST) communicates
£s the systam that the numbeir thai {follows is to be associated
with that command. Data to be stored consists of the numerical
datd assoclated with data descriptors. Commands such as WEAPON
PARAMETERS, WEATHER AND TOPOGRAPHY, NODE AND BUILDING PARAMETERS,
CHARACTERISTICS OF WALL FRAGMENTATION, DESCRIPTION OF PERSONNEL,
SKIP COMMANDS, INTERMEDIATE OUTPUT, and SOLVE actually control
the internal flow of the program. Table 18 contains the dic-
tionary of available commands. Each command occupies a separate
input card in the data and a card may be continued by placing

a dollar sign ($) in the first column of the following cards.
Each input card is printed on the system output before the so-
lution phase of the processor takes over. It is possible to

put comment cards into the input phase simply by placing an
asterisk (*) in Column 1 of the card. This card is simply echo
printed, but otherwise ignored. Table 19 contains a typical

set of commands which are sufficient to describe a full casualty
problem for two bulldings.

The input commands may be data descriptors, data to be I

Once the problem has been initially described, any sub-
sequent changes will involve only those parameters that are
being changed. It may be noted that a full set of commands as
specified in Table 19 is quite lengthy. In order to shorten
this list all input parameters have been initialized to consist-
ent values. Thus, unless a problem contains input data which
differs from this initialized state, the input list of Table 19

1s shortened considerably. Table 20 illustrates the initialized

state of the code which specifies the value of all input param-

eters implicitly at the beginning of all problems initiated by x
a SOLVE statement. An explicit statement of an implicitly de-

fined input value is often useful in order to obtain a record

that this value has been utilized in the problem under

consideration.
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r Table 18
oo A DICTIONARY OF AVAILABLE COMMANDS
i Process Command Data Descriptor¥* Units
; WEAPON PARAMETERS !
; YYELD MT
: HEIGHT OF BURST ft
! GROUND ZERO COORDINATES ft i
.\ . WEATHER AND TOPOGRAPHY
: : VISIBILITY miles
; SEASON OF YEAR
| NODE AND BUILDING
PARAMETERS
, AREA OF NODE sq miles
: NUMBER OF BUILDINGS AT NODE
, LOCATION CF NODE ft
N CONSTRUCTION FERCENTAGE
HEIGHT ft
i WIDTH ft
' LENGTH ft
WELGHT kips
_ AVERAGE SPACE S_ N_E W __ ft
i DENSITY OF WALL MATERIAL 1b/cu ft
' WALL PANEL THICKNESS in.
‘ ROOF THICKNESS/ROOF DENSITY in.-1b/cu ft
FLOOR THICKNESS in.
MATERIAL DENSITY OF FLOOR 1b/cu ft
- BASEMENT WALL THICKNESS/DENSITY  in.-1b/cu ft
5 SOLL DENSITY 1b/cu ft
j STORILES
: WINDOW PERCENTAGE
SILL HEIGHT ABOVE FLOOR ft
NC SHIELDING PERCENTAGE
: SCREEN PERCENTAGE
; SINGLE GLASS PERCENTAGE _
? COMBINED SINGLE GLASS AND
i SCREEN PERCENTAGE
Lo DOUBLE GLASS PERCENTAGE
oF SHIELDING FROM DOUBLE GLASS
oL AND SCREEN PERCENTAGE
8 I 151
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Table 18 (Contd)

Process Command Data Descriptor¥* Units

DRAPERY BLIND AND SHADE

PERCENTAGE

DISTANCE FROM EXTERIOR WALL TO
INTERIOR WALL ft
INNER ROOM LENGTH it

CHARACTERISTICS OF WALL
FRAGMENTATION
NUMBER OF PARTICLES

INSIDE PERCENT
OUTSIDE PERCENT

MASONRY FAILURE PRESSURE psi

OVERPRESSURE AT FAILURE psi

WALL TYPE

ACCELERATION COEFFICILENT 1b/sq £t
DESCRIPTION OF PERSONNEL :

POPULATION DENSITY people/sq mi

INDOOR PERCENTAGE OF POPULATION

INTERIOR POSITION PERCENTAGES
STANDING SITTING LYING

OUTDOOR POSITION PERCENTAGES
STANDING SITTING LYING

SKIP COMMANDS
BLAST

TRANSLATLON

DEBRIS

THERMAL

IONIZING

BUILDING DESCRIPTION

ACCUMULATION
INTERMEDIATE RESULTS
SOLVE

*The descriptor NEXT indicates that the next command is a new process
command, All commands and descriptors within them may be in any order and
may be redefined any number of times prior to a SOLVE command.
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Table 19

SAMPLE PROBLEM TO ILLUSTRATE TYPICAL INPUT AND OUTPUT
/

L
L

WEAPON PARAMETERS
YIELD 1.0 MEGATONS
HETGHT OF BURST 7000, FT
GROUND ZERO COORMINATES X 0.0 Y 0.0 FT.
NEXT
WEATHER AND TOPOGRAPHY
VISIRILITY 10. MILES
SEASON OF YEAR 2 (SUMMFR)
o 1 1S WINTER
NEXT |
NODE AND BUILDING PARAMETERS
AREA OF NODE 1.0 SQ. MILES
NUMBER OF BUILTINGS AT NODE 2
LOCATION OF NODE X=7000s Y=0.0 FT.
CONSTRUCTION PERCENTAGE 60. 40.
o NOTE THAT THE TwnN NUMBERS ABOVE ARE REPRESENTATIVE OF BUILDINGS
8 1 AND 2 RESPECTIVELY = THE SAME CONVENTION wILL HOLD BELOW

HETGHT 90. 60. FT.
WIDTH 65. 100. FT.
LENGTH 100« 65 FTe

STORIES 17 15
AVERAGE SPACE SQUTH 60« NORTH 60. EAST 60. WEST 60.
DENSITY OF WALL MATERIAL (CONCRETE) 135. 135. LBSe/FT.003

WALL PANEL THICKMFSS 8o 10. IN
ROOF THICKNESS 10, 8. IN. ROOF DENSITY(CONCRETE) 135, 135. LB/CUFT

FLOOR THICKNESS 10. 8. IN.
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Table 19 (Contd)

o MnrgnjaL'p;Nsxrv OF FLOOR(CONCRETE) 135, 135, LH./CU., FT,
YRAQEMENT WALL THICKNESS 10 12. INe BASEMENT DENSITY 135. 135. LB.
\°§' '/cU. Fre (NO NEED FOR CONTINUATION CARD Ag NuMBFRs ALL FIr CARD 9
‘sorL DENSITY 75, 75. LBS./CU.FT, "
STORIES 9 6
® NOTE THAT THE AROVE COMMAND HAS THE EFFECT OF OVERRIDING PREVIOUS
a DATA AROVE
WINDOW PERCENTAGF 30. 20.
SILL HEIGHT ABOVE FLOOR 2.5 3,0 FT,
NO SHIELDING PERCENTAGE 50. 40,
SINGLE GLASS PERCENTAGE 50. 60.
oNOTE WINDOWS ARE EITHER OPEN OR COVERED BY A SINGLE GLASS = OTHER
° POSSIBLE CONDITIONS ARE IMPLICITLY DEFINED AS A ZERO PERCENTAGE
DISTANCE FROM EXTERIOR WALL TO INTERTOR WALL 165 14, FTe
INNER ROOM LENGTH 20. l6. FT. . -
NEXT
CHARACTERISTICS OF WALL FRAGMENTATION
NUMBER OF EXTERIOR WALL PARTICLES 1
OUTSIDE PERCENT 100. / 100,
NUMBER OF INSIDE WALL PARTICLES 9 _
INSIDE PERCENT 000970440000040004040:040:040.0¢30. / 0,0¢1004¢0+0¢040s
$ 0.040. 09 ¢090.040.0 |

o

&

THE ABOVE ILLUSTRATES A TYPICAL STATEMENT CONTINUATION USING $

HALL TYPE 1 1
o HALL TYPE 1 1S MASONRY 0 18 PLASTER AND: HAS NO CASUALTY EFFECTY
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Table 19 (Contd)

NEXT

—

DESCRIPTION OF PERSONNEL
- POPULATION DENSITY 190n0. PEOPLE PER SO« MILE

] INDOOR PERCEMTAGE OF POPULATION 50.

INTERIOR POSITION PERCENTAGES STANDING 30. SITTING 40e LYING 30

QUTDOOR POSITION PERCENTAGES STANDING 70, SITTING 30. LYING 2.0

? NEXT
5 s NOTE THAT ONF CAN SKIP ANY OF THE KILLING MECHANISMS wITH THE 5
7 o FOLLOWING CQOMMAND SET :

8  SKIP CNHMMANDS

i RLAST .
o TRANSLATION ?
4 DEBRIS

L4 THERMAL |
o | JIONIZING ;

&  QONE CAN ALSO SKIP THE BUILDING DESCRIPTION AND ACCUMULATING FEATURE

o e e e e i Yoy e NN

s AY INCLUDING ALONG WITH THE ABOVE
o RUILCING DESCRIPTION
P ACCUMULATION
®  NEXT (THIS IS PUT AT COMPLETION OF SKIP COMMANDS)
@ j
° 1F INTFRMEDIATE OUTPUT IS NESIRED SPECIFY P
s INTERMEDIATE RESULTS Do
o L
o THE FOLLOWING COMMAND INITIATES THE PROBLEM=REFORE ITS ISSUE ANY ;;
® OF THE PRECCDING DATA MAY BE CHANGED., ALSO NOTE ALL CARDS MAY START 31
& IN ANY APB}TRARY CARD COLYMN AND ARE FORMAT FREE 5:
o : SOLVE
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Table 20
INITIALIZED STATE OF INPUT PARAMETERS

SCREEN PERCENTAGE

156

o Quantity of

Parameter Parameters Value
YIELD 1 1.0
HEIGHT OF BURST 1 0.0
'GROUND ZERO COORDINATES 2 0.0, 0.0
VISIBILITY 1 10 -
SEASON OF YEAR 1 2 (summer)
AREA OF NODE 1 1.0
NUMBER OF BUILDINGS AT NODE 1 1
LOCATION OF NODE 2 3600, 0.0
CONSTRUCTION PERCENTAGE 10 100, Rest 0.0
HEIGHT 10 All 0.0
WIDTH 10 All 0.0
LENGTH 10 All 0.0
WEIGHT 10 All 0.0
AVERAGE SPACE S_ N _E_W__ 4 All 1000
DENSITY OF WALL MATERIAL 10 All 135
ROOF THICKNESS/ROOF DENSITY 10-10 All 12, All 135
FLOOR THICKNESS 10 All 12
MATERIAL DENSITY OF FLOOR 10 All 135
BASEMENT WALL THICKNESS/DENSITY 10-10 All 12, All 135
SOIL DENSITY 10 All 75
STORIES 10 1.0
WINDOW PERCENTAGE 10 All 0.0
SILL HEIGHT ABOVE FLOOR 10 All 0.0
O SHIELDING PERCENTAGE 10 All 0.0
SCREEN PERCENTAGE 10 All 0.0
SINGLE GLASS PERCENTAGE 10 All 0.0
COMBINED SINGLE GLASS AND .
SCREEN PERCENTAGE 10 All 0.0
DOUBLE GLASS PERCENTAGE 10 All 0.0
SHIELDING FROM DOUBLE GLASS AND ‘ '

10 All 0.0
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Table 20 (Contd)

Parameter

Quantity of

DRAPERY BLIND AND SHADE PERCENTAGE

DISTANCE FROM EXTERIOR WALL TO
INTERIOR WALL

INNER ROOM LENGTH

NUMBER OF PARTICLES

INSIDE PERCENT

OUTSIDE PERCENT

MASONRY FALLURE PRESSURE
OVERPRESSURE AT FAILURE

WALL TYPE

ACCELERATION COEFFICIENT
POPULATION DENSITY

TNDOOR PERCENTAGE OF POPULATION

INTERIOR POSITIGN PERCENTAGES
STANDING___, SITTING__,

OUTDOOR POSITION PERCENTAGL:
STANDING _ , SLITING__ _,

SKIP COMMANDS
INTERMEDIATE RESULTS

Parameters vValue
10 All 0.0
10 All 0.0
10 All 0.0
1 1
10, 9 ALll 0.0
10, 9 A1l 0.0
1 0.0
1 0.9
10 All O (Plaster)
1 0 (Equiv, Spher. Rad.)
1 1.0
1 100
LYING___ 3 0.0, 100, 0.0
LYING 3 100, 0.0, 0.0
7 All off (0)
1

off (@)
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An alternative to this, however, is to state in a
comment statement implicitly defined values. The command SQLVE
terminates the input phase of the processor and transfers con-
trol to the computational section. When the specified problem
is solved and the answer printed, control is automatically re-
turned to the input phase. Each of the data descriptors will
now. be discussed in detail.

The process command WEAPON PARAMETER has three data de-
scriptors: YIELD, HEIGHT OF BURST, and GROUND ZERO COORDINATES.
The YIELD is the weapon size in megatons. The HEIGHT OF BURST
is specified in feet as are the GROUND ZERO COORDINATES. These

coordinates are laid out on some two-dimensional map of the area

under consideration and are utilized to find distances from
ground zero to node points under study. The command NEXT sign-
nifies completion of specification of all data descriptors
concerned with a process command. It is the means by which one
gets from one process command set to another.

The WEATHER AND TOPOGRAPHY process command specifies the

VISIBILITY in miles and the SEASON OF YEAR (i.e., 1 for winter
or 2 for summer). These parameters are used to compute the ther-
mal radiation effects. The NCDE AND BUILDING PARAMETERS process
command contains a great deal of data descriptors. A node is a
finite area of the total area under consideration. It may be
considered to reprzsent one room within a building or a several
mile square area in which many types of buildings exist. AREA
OF NODE, in square miles, represents the associated area. NUMBER
OF BUILDINGS AT NODE specifies the number of different types of
representative buildings within the node under consideration.
A maximum of 10 per node 1s allowed at present. CONSTRUCTION

{RCENTAGE serves to break down the above types into the percent-
age represented by each of the total. LOCATION OF NODE is a set
of coordinates which, together with the ground zero coordinates,
is utilized to find the distance and orientation from ground
zero to the node. These coordinates are specified in feet.

IIT RESEARCH INSTITUTE ot
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HETGHT specifies the building height of each building type con- ' 7
sidered. Likewise WIDTH, LENGTH AND WEIGHT specify each build-

ing’'s width, Llength and weighit. The next data deecripntor speci- f

fies the AVERAGE SPACE SOUTH NORTH___ EAST WEST :
between contiginous buildings in a single node. It perhaps is i
necessary here to explain that all buildings within a node are : i

presumed to lie on a north-south-east-west orientation, however,
the' node itself lies on some less general orientaticn with respect
to ground zero. This orientation is determined by the node co-
ordinates with respect to ground zero. Ordinarily building width
is on a north-south orientatioun while length is east-west,

The next set of commands describe the roof, wall, base- i
ment and surrounding soil characteristics. These include for
each building type, WALL PANEL THICKNESS, DENSITY OF WALL MATERIAL,
ROOF'THICKNESS—ROOF DENSITY (same card), FLOOR THICKNESS, MATERIAL
DENSITY OF FLOOR, BASEMENT WALL THICKNESS~BASEMENT WALL DENSITY
(same card) and SOIL DENSITY. All thicknesses are in inches and
densities in pounds per cubic foot. The data descriptor STORIES
indicates the number of floors in each building type. At present
there is a limit of 100 floors imposed on any one buildirg type.
The' command WINDOW PERCENTAGE describes the percent of apertures
in each building type, while the next set of command breaks this
aperture percentage down by different types of shielding pro-~
vided, This set of data descriptors include NO SHIELDING PER-
CENTAGE, SCREEN PERCENTAGE, SINGLE GLASS PFRCENTAGE, COMBINED
SINGLE GLASS AND SCREEN PERCENTAGE, DOUBLE GLASS PERCENTAGE,
SHIELDING FROM DOUBLE GLASS AND SCREEN PERCENTAGE and DRAPERY
BLIND AND SHADE PERCENTAGE. The final two data descriptors deal ]
with the room lengths of typical exterior and interior rooms of
each building type. They are DISTANCE FROM EXTERIOR WALL TO
INTERIOR WALL and INNER ROOM LENGTH and are expressed in foot

units.

The next process command CHARACTERISTICS OF WALL FRAC- ]
MENTATION indicates the overpressure associated with failure of

HT RESEARCH INSTITUTE
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both exterior and interior walls. Exterior wall fullure pressure
ie indicated for each building type by the data descriptor OVER-
PRESSURE AT FAILURE. In a similar manner MASONRY FAILURE PRESSURE
indicates interlor wall failure pressure levels. The particle
size description resulting from panel fragmentation is Ynputed
separately for outside and inside walls. In either case the data
descriptor NUMBER OF PARTICLE SIZES gives the number of particle
sizes under consideration for each wall type. If a certain size
particle is to be considered, the number of particle sizes must
include all smaller sizes up to this size but not larger. There
are nine possible sizes of equivalent spherical particles. These
include 1, 2, 3, 4, 5, 6, 8, 10 and 12 in., radius particles.

The commands OUTSIDE PERCENT and INSIDE PERCENT indicate the per-
ceritage of each sjize category, for exterior and interior walls
respectively. There should be as many percentages listed for
each building type as there are number of particles specified.
The number of particles specified may be changed prior to
specifying either inside or outside size distributions. If the
user wishes to describe a projectile which is not represented

by an equivalent sphere, he has the option of specifying the
particle's acceleration coefficient. *The data descriptor
ACCELERATION COEFFICIENT describes the shape and orientation in
flight of an individual debris proiactile and is equal to 2x
mags/projected area in units of pounds per square foot. This
parameter should be used in conjunction with one of the above
radii in order to specify the approximate weight of the project-
ile. Only one particle acceleration coefficient per building
type is allowed and this parameter must be inputed explicitly
for every subsequent case run. Each building is classified as
having either masonry or nonmasonry interior wall panels by the
data descriptor WALL TYPE. An entry of 0 indicates nonmasonry
wall panels while an entry of 1 indicates masonry panels. Non-
masonry walls have no effect on interior personnel.

The process descriptor DESCRIPTION OF PERSONNEL identifies
the number and deposition of perscnnel at the node.
{IT RESEARCH INSTITUTE
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POPULATION DENSITY is specified in units of people per square
mile while INDOOR PERGENTAGE OF POFULATION specifies the per-
centage of people inside the previously defined structures. The
petsonnel is broken dowm :nto the percent standing sitting and
lying both inside and outside by the commands INTERIOR PUSITION
PERCENTAGES STANDING-SITTING-LYING, and OUTDOOR POSITION PER-
CENTAGES STANDING-SITTING~LYING.

The next process descciptor, SKIP COMMANDS, allows the
analyst to skip some of the kill mechanisms and only use those
he actually wishes to utilize. These commauds skip around the
parts of the program associated with blast, translation, debris,
thérmal radiation, ionizing radiation, d_scription of post at-
ta¢k building condition and accumulation of casualty information.
The data descriptors are respectively BLA>[, TRANSIATION, DEBRIS,
THEFRMAL, IONIZING, BUILDING and ACCUMUILATION, These parameters,
if used, must be specified for each node of a run of several

nodes.

The user has a great deal of flexibility in analyzing many
special cases because of the many commands available in the lan-
guage. For instance, the user may wish to study the case of
population in an unshielded area. He might do this by speci-
fying the distance between contiginous buildings to be extremely
large (e.g., 1000ft). If he is only interested in the effect of
ionizing radiation he might set all the SKIP COMMANDS on except
IONIZING, If it is desirable to study what is going on WITHIN
one room of a structure, this may be simulated by a one story
structure whose exterior walls do not fail. The interior wall
properties of the structure correspond to the actual walls of
the room. The exterior room length of the structure is set to
zeyro, With this type of coufiguration, even one room within
a building may be studied in detail.

Table 21 illustrates the cutput of the program and is
self-explanatory. In the final amalysis it is felt that the
language is both flexible and readily usable by a noncomputer

user. IIT RESEARCH INSTITUTE
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Table 21 (Contd)
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APPENDIX II
‘SEP CODE REFERENCE MANUAL

' SEP code is a system designed to be run on the IRM 7094
IBSYS MONITOR SYSTEM. Furthermore, due to storage limitations
it'has been set in a oveflay structure. All routines have
beén coded in FORTRAN IV with the exception of one FUNCTION
SUBROUTINE MATCH. MATCH is written in MAP assembly code and
is*fully described in another publication (Ref.4l ). All flow
diagrams and program listings of SEP code, with the exception
of  MATCH, are included in Appendices III and IV respectfully.
Figure 63 illustrates the general flow of the total system and
Figure 64 indicates the overlay structure of SEP code. To
facilitate card handling the system resides on an IEDIT tape,
and only a small loder deck and the data are necessary to run
the system. A diagram of the deck setup is illustrated in
Figure 65. The IEDIT tape resides on physical unit B5 and an
extra overlay tape unit A5, is also necessary for maximum
execution efficiency. Table 22 illustrates the starter deck.

Running time is approximately 0.5 min per node point,
however, this may fluctuate slightly depending on the structural
complexity of the node point.
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MAINLINE PROGRAM

carr  \
SUBROUTINE
INPUT

/ CALL

SUBROUTLNE
\, GEOME?Y
SUBROUTINE
EFFECT

SUBROUTINE
BLAST

CALL
SUBROUTINE
BLSDIS

CALL
SUBROUTINE
\ DEBRIS
. CALL CALL
SUBROUTINE SUBROUTINE
NUCLEAR THERMAL

BILDIS

Fig. 63 SCHEMATIC FLOW CHART OF SEP CODE
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BLOCK DATA
SUBRAUTINE
SUBRGUTINE
SUBR@UTINE
SUBR@UTINE
SUBR@UTINE
SUBRGUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE

‘SUBROUTINE

2
INPUT
EFFECT
WEAPON
FIND
DELAY
FINDAT
FINDT@
FIREFR
P@N@DE
RADION
BLAST
BLASTH
BLASTD
BLASTM
BLSDIS
DISPLA
PFT
PBT
CHTIME
BTRANS
PCONI
DEBRIS
TRAMAT
BDEBRE
BTRANI
TRAJ
THERM
PERCTH
FIRINJ
MATCH

MAIN PROGRAM
BLOCK DATA
SUBROUTINE CBINE
SUBROUTINE BILLS
SUBROUTINE NUCLAC
SUBROUTINE AFFECT
SUBROUTINE ATTENU

SUBROUTINE RADINJ

LINK 0O

LINK 1 (B1)

Fig. 64 SEP CODE OVERLAY STRUCTURE
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SEE GEE NS UHER SEe SEe omn e ey oms ey GEy W SN G |
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3J08 CASUALTYY
$IRSYS
SATTACH

SAS

SATTYACH

3AS

SEXECUTE
318400
SIEDIY
$IALDR MAIND
$IBLDR DAT
SIBLDR CBINE
$I18LDR BILDS
$1nLDR UNOS
SORIGIN
SI8LDOR DAT]
SI8LDR INPT
SI8LDR EFFEC
31B8LDR WEAP
SIRLDR DINY
$IBLDR DECA
$I8LDR FINDT
$InLDR FINDP
$18LDR FIREF
$1ALDR PONOD
$18LDR PORRE
$1RLDR THERML
$1pLDR RAD!
$18LDR GEOM
$1aLDR BLAS
$IpLDR H
S3IRLDR D
SIBLDR M
$IBLDR BLSDS
S1aLDR DISPL
$IBLDR PF
SIpLDR pB
SIALDOR CHTIM
$1RLDR BT
$18LDR PCON
$18L DR DEBR
SIALDR TRAMA
18 DR 8D
$1aLDR BTRI
$1ALDR TRAJE
$YRLDR THER
$1BLDR PERC
$IBLDR FIRIN
$18L0R MATCH
SORIGIN
sInLR NUCL
SIALDR AFFE
$IALDR ATTEN
S18LDR RADIJ
SIFDIT

SDATA

Table 22
A%
SYSLB4
8%
SYSCK1
18408
GO MAP . SOURCE,.F10CS
SYSCK 14 SCHF
ALPHA+SYSUT24REW
ALPHA¢SYSLB4oREW
169

STARTER DECK

Ll



APPENDIX III
FLOWCHAKT OF CASUALTY_ PROGRAM

171

b A S e i A S i M ol i i o i




S ading btk A

!
i
|
|
i
i

o ok i e 3

MATN PROGRAM OF CASUALTY PROGKAM

Uarant b X L WRITRiE, 100
L i emite KPRINT2O ‘]
[ |-

INPYT
KPRINT

o,

NI TN

Aaanafrr 10 sumrouTIe  Aaanarre 1o

cEoNE T
KPRINT

e

-~

—

ﬁumrn TO SUBROUTINE 51
erecs e -—a{anua.imo.io,io,u]—
L XPRINY

ey

WRITE(S,90:TQ P-——-——-?

81
MRITE

WRITE(S,91)R1

—-4 WRIIE(8,216: PONA ’——'

l 17 l
w——{ﬂm(‘.um (POBILDAT) o1, 121 ,M0)

{\llft(l,.’) CU.P\N.PD\’P,PREF}—Q

f -
N
TRANSFER TO SUBRCUTINE TRAWSFER 70 SUBROUTIMEN
184EP(Y) K40 BLAST 13KIP(2) .EQ.D BLSDIS ,
DS SV KPRINT KPRINY
I~

TRANSFER TO SUBROUTINE
DEBRTS
KPRINY

18x17(3) k8.0

N

1SKIP(4) .EQ.0

THERN
KPRINT

TRANSFER TO SUBROUTINE

-

—

TRAKSFER YO SUBROUTINE
MCLAR
KPRINT

18KIP(9) .CA.D

E—(umu.nomnl.oou.um.anno.nnao.ono.onn s00Y T1,0W T .DITHT!.TH}—-)

; WRTTE(9,908)0H10,00Y70,0Wk YO, 04THTO, T10,0K,00,0W,0M,D11,04C,00Y0, 0D 000,010
DY THI ,DWKTHT ,DMTTHT  FIT

84
|"_ WRITE

|
3 1080, 010

WRITE (%, 3502)DDY THO, B THO,DMYTHO, P 10,00 TONT ,DWIONT ,DMIONT ,RIT,0D [ONO . NWIONO , DN >

4

[
, w

N

172

TRARSFER TO SUBROUTINE TRANSFER YO SUBROUTINE o 1o ‘Dol
BILDIS COMBNE




FINZPERPIN/100.
FOUT=1.0-FIN

COMBINEC EFFECTE 3WBROUTING

SURV(L Sazgurvit )

], [_l-\)llll,l)lhllﬂl.il'DDSO‘

PAUE 1

T

sSTART: C g SURYL, 4 tBURY(L,D:-CHRL L VIR, D nURY (2, 8) i
A B T P P T T Y SURYV L, 81 38URYLT &) SURVIR, drrguryie, T -oueo T Y
. [3Rv 0 zizsuRvi o cnoet SURV(E, 11 1FOUT-0HBO SURVIE, S xguRY (2, &) |
R P e -
T . o ] 3
" SURVIS, 1) zFIN-DHTT ' SURV(Y, $raguny (3, 4)-T11 .NV(I,‘)I.WV(I.l)-bﬂ"ﬂol i
L - SURVI(Y, 2) 2SURV(Y, 1) -DDY T AURY (4,1) 3POUT-DHTO SURY (4 ,9)sQURV 4, &) -T10 | E |
SURV(Y, 31 2SURY(Y,2) - DMK T SURV(S, 2) sBURY (4, 1) -DEYTO BURV(Y, 1) oF IN-DN
- D SURV(Y, 43 z8URVLY, Y ~NMTHTL ! Lsunvu,sn.uuvu,h-MTO BURV(S DI sQURY (S, 1) -DD ’
« e e e
¢ | e e o e = |
! susvu.s::suavu.z)-uﬂ SURY(8,2) 2SURV (4,1} -DDYD SURY (7, 1) =¥ IN
: C SURV(S,4) 25URV(3,3) -0 l_ SURV (¥, 3) 18URY (8,2 - DMKD BURY(7,2) sTIN-DOYTHT |
\ A 3uRv(3,3)=8URV(3,4) -TI1 | SURY (§,4) 23URV (8,31 -DM1D SURYV(T,3) 2BURY (Y, ) -DWK TH] !
s j  SURV(S,1)=FOUT-OMD | ( SURY(E,9) 13URY (S, 4)-B10 LMVH.‘)-;MV(",!%MHM |
c . J
| il
o = B T
N SURV(?,3) 28URV (T, 4)-F11 | SURVIE,4) 2SURV{S,Y) DT THO SURY (9, 31 SBURY (9,2} -DWTOK!
. - SURV (D ,1) =FOUT SURV(S,5) z3URY (0,4)-F10 RV, 8) xBURY(S,3) -DNIONT
‘ | ST\ (8,2) =FOUT-DDY THO SURV(9, 1) 2FIN SURY(9,5) TUMV(9,4) -R1)
l SURY (8,3) 3SURY (8, 2) -DWK THO SURV (9, 2) =F IN-DO 1ONT BURY(10,1) WOUT
}
i { SURY (10,29 =¥ OUT-DD1ONO oy
. . -
R JURY (10, 3) TSURV (10,23 ~DW10NO | .
: SURY 9045 =SURY 11D, 31 -DWIOHO WITE WRITE(S,400) ((SURV{T, 1), i21,%) ,1x,9)
, SURY(10,%) 28URV (30, 4) -R10
M
A WRITE(S,£02) ((WRVCT, ) ,021,9) ,126,10) fsurwi=e.0 |
- ” sURWIz1 .0 JURHO=1.0
: { L——4ilIT!(O,O(H)((ll}lVﬂ.)).J—lr,!l.l-h") WR1TE SURVDI1z1.0 SURVDO=1.0 | |
oo sumww1zg.0 e
! !
| 1 e . ]
i S atrear 10 1 SURVMIZSURVHTABURY(T,1) /FIN SURVIZSURVIT,S) 8URYI/FIN
g for \ —_yj BURVOI=SURVE TaBURY (1,2 /F 1N SURVO=SURY (141 ,3) a8 URVO/FOUT
: 0 1a1,142,...,10 BURVWIZBURVWISBURY (1, %) /FIN JURVIHOTSUR VHOSBURV (To1 1) /FOUT :
i Sumvosst. BURVKT2SURVMIBURY (1,4) /¥ IN MRVDOESURYDOSBURY (101 ,8) /FOUT | -
o .
: ; F—{awmmmowum,!mwt }——;
1
0 )
o I 1 l
Loy - SURVHOL SURVMOSSURY (141 ,4) /FOUT SURVTIgURVMISP TN SURVDOSBUR YDOUPOU T POPRPOPONGPLRCOM
oo i SURVHTSAURYMISFIN SURYIaBURVESPIN SUR VMO § UR VOSP Oy T sURVIBURYI+BiMYO
O SURVOT:3UNYD T #F IN SURYORRURYORFOUT SURVHORSUR YHOSFOU T winsesuaveror
‘ [ SURVWI23URWT AP I SURVHORSURVNOSF OU ¥ TOTERVESUR VM + SUAYHO FATALS (S - TOTORM 0POP |
. ) ¢ _J
s i
1 .
— - ATNJRZPOP-FATAL-UNINJ
S ak
! i | g
. ;
l i___d WA TTE(S,403) SURVHT , SURVD T, SURWMT , SURVMT , BURL © , SURVHO, SURYDO, SURVMO, SURYHO , SURY |
0
l {
: l 173 :




CCRETMED EPPRCTH SuBROUTI (71 3

- | TUNTNJ = TUNT NI SUNT S )
TPATALIYPATALSFATAL
TAINIRITAINIRSATNIR

| PP . . 1 .
'—1.!"!'.*)“!.)."7“. AR ri—-’ :

>

S S ]

; L4 W ITE(S, 099 TumIng, TPATAL TATHIR |-

PP

POST ATTACK BUILDING DEOCRIPTION PAGE 1

REPEAT TO 1
roa
Tuf  ded,..

WITRIS,10)
L.

s 2+

nmu,n:mu:]——e}

.__qm.u.mm.m.mxmn LT, DRKHAS WmITL(S, i)

w0
1
__inu.u.mm.u.mmm 0 LA e m

"0
A
__.4 POMA.LY . FRREAK (1) . AN . TMIRLT (T} .WE.9 . 000 .FOBTLDAYY . 0F .DRENY }.m, w

WITE, 18

{ i
i - .
o M ; ‘
, 1& [1] e '
i ._{m.mmm.n.mun 0.0 1K WITELS,19) H conTIE . .
. i R
N
.
174 g




®
‘ ; IPUT SUDROVTIIG s 1
§
§ . Ry
': . (] [ ] o n »
o A I r:u_‘ Rhind } 1hemATER (L Vvi o 1 |: .“I
i - STARY wi [ srv, N M
i : ’ [ ]
: ] ) ]
: ¢ é
H e
f -
i v
. COMUTID 0 10
i I¥ ™IE VALXE  TRASPER
° : o K 0
' ) sumaewr | [y ]
v i l 4 l 1 [] L ] [ l
] 1y 1100
l—tto 1 ] K1sK [»-—q H n el B O
. L 4 ™
) 9 ”n
’ - . n
¥ y "
! . -
i . 5
f
' 0 1
l i COMPUTED 6O TO M oMU %0 C
| 1r e vALE TRAMPER VML WU TRAMPER
. ol e n 10 ’ AN o K3 " ™)
[ . 13 STATEMENT ATENY
! e ixey | ‘
- — ' ’ 3 e il e, LX) B CTY t .
' ! ’ ] t 1
i 4 14 [} 12
i [ H] [ 0 T s 1
{ s
t
o
I [ . [ ] [ ]
. " tyamarencas o, TIEMATON (), 0K, 3) __- TEMMTON(S 98 B |
P | weanetogo.’ o PR X - [s0 10 3]
. ————— e
g I 12 [
[Ty |
[ THemATCH (J,8K,9) — III
P
; THemATCN (2,0%,9) ey o TemaTcnLLaTe 8 —
o s7YSOK
: ¢

©w 10  »
coumres to 10 * 'c‘u“ -?u
17 T™HE vaLUE MANTER L.
o n 10 | 1 AN 'Y ': o
18 STATRNENT
TielNes [ [ ]
' 1 i e H o LY I T ; o
) 18 3 ‘ s
) 13 s ' 4
[} 19 [ ) [ ]
' 1 @ 0
h 1 M L
[ ] ]

175

| ol




oY

INPUT SUBAOUTINE e ¢t
| & 10

. _ 13 |

i 1"‘_1 L 18 Al ‘ e | irtu

T1LMATON(S,BR,3) 11360 TON (S, DR, 9) m THoMATCH ) K, D) WTLL.LE.0
ATNOEHEK Yipai wile | .
W

NATONL ISV BY,1) w1 R Thimmroniion o] [ e ]
s navg(zrm u;lil::zté::"aﬁ'.u RILLL(T) a0 -
[ {34] J )

fot,te1,... .t THaMATEN(J 0K, ) ILLE (1) nk TISMATEN L) 8K, 3) :

[n]

T0DAY 78K

2
TL=MATON (3,0, %) 1%:0

L3}

© 1
%0 10
7 ™M VALl TRANSITR
L > I" st Y;otll = LA
[ 1 N ATENENT i
I y T
"“m‘k"ﬂ.l.m } 1 | &) [ $51 9
] 23 =0
’ s
s 1]
1] [ 1]
cowyYid 0 %0
” g vt Lh ]
® "
n AtaTemw
) "
] »
3 10
[} | )]
' »
| ] 12}
v 100
. 1
[ ] »
" 1199
:' : o1 [w ]
*
13 » TAMATON (J K, ) won “"“'m‘.l""" — p—
:: : e TmATCH(J 0K, B)
16 L}
W n
10 o
19 pr
® .
n »
" »
n "
) =
. ] n
] [ ]
| 1 (]
» s ]
[ ] 190
» 1
176




'
i
i
H
’
]
i
i

Ly

€ wae o

ER e Lreeuw o

& TEIORS

e G

1WPUT GUBROUTINE ralg o
110 [ ]
REPEAT 10 113 REPEAT YO 342
roa IR ) 101(1) = 0 YO I3 For
L o L —d L.

f i'l.l‘l..r...ﬁ /

el | /umn.m.....u/

T |

REPEAT TO 113
[]

118

*—ﬁmvmu.um H CONPER (KOWNT) nﬂ——ﬁo;ro_rﬂ

on
KOUNTSS (148,... , M

[]
L—{O—UILNHM"”I H oimnn ]

[w ] [100 ]
REPRAY TO 108 [ 10 1 n-u;-n [ )
FoR TIROUMT)
coontet O THSMATCH LJ,8K, ) Hmw ounT) ugx |—4 0 wu] et -

—F:uncuu.ll.n Hmnuuoun-un o n! ot "00" - m
- ] Xy

l LL) I
l_ 100 T1SMATCH (S, 0K, D) n-uv.c‘uu.u.n F’%__q
1 l .1 ] o0 o 4 ] ‘
—-% B1LDWI (KOUNT) 3BK $0 10 23 11 aATEN S, 0%, ) 11 a0ATOUS 0K, 3) ® % 8 L a0 ad
el g

[we] } am[‘—:_::!u

L m: 0w
[ ] AT

THMATON( S, BN, ) rox m ,
= [ R oy

[»] m:'nrou []

! ror 1ImATON (J,0K, ) WALDEN SKOWNT) SBK
——{“LP‘“(KW) ﬂlW 0 ”J NOUNTE1, 101, . ../ 1. 7]

I 40 I
REPEAT TO N
FOR

I Y S ey B o e T

177




P g e o () L

e 1 o - Mk B e T

1T ST na o

5] S—H
7 “ﬂ '0 n \ _.r’._“m“ e “ L J'Lw“m)*l——‘” o “' .;.........‘:.:u —X‘_‘
L

ovates m. ﬁ Vit

{1 YR
o

l THoMAtCN L B2 ) ROOP TH (ROUNY) wha

Toolasnis o0 8}

KOulTes fod, ... 08

"EPEAT 0 100 . [w] -
roR 1aMATCH(J, 0K, ) H BADE ™™ (KOVY) o
ROUMTSY 148 ,. .. WY Al oot ,4e1,. .. 00

48

[Taas ] oEAT W tee '
——* u-utcnu.u.;‘}——{lmmxmnuj——*w ) !l_] ) - m ‘!
(L34 TIXN

[« ]

[v 1]

RPEAY YO I8

(1o ] [ ]
L—-{uotmcm\m)t}—{oo v ol et Ch u-mau.l.uHﬂu:m-Hn vl

[« ]

MPEAT W 126 (=] -IAI © m
ror 11amATEN (I, B, ) PRRCHT (ROUNT) iR 0 0
NOWNTSE, 301, .. ., .tn.
[m ]
(e ] MPEAT YO 194
u-umu.u.tLH STLAT (KOUNT) o8 }——&m n| 3 "'lﬂ"' - m .
owTEL Bed,. ..

[» ]

L @=m)

X

x | 180 I
mnuo w ~ PRRS (RQUIR ) 500/ 400 Ho » -l
Tamidd-Ni 4 1) H ' '
CUNTEE 893 ..\ 0 oot |

178

L—(m«Evn—:Ilnn_Hw ™ nl ‘ u::,':.: 1re }_ﬁ..mu.um_}—{mu:nmt—]




1WPUT sulaQuting rabe &

el e 1

YEPEAT 10 108

—* 1130ATEW (4,08, 3) PERSS (XOUNT: 30K /109. Hw "% 0 J ) _
’ geaes

[ |

| e ] LAt 0 19 [w]
. ‘ KOUNT) 58K /108 . FoR .
. L-‘m«« OUNT) wBu/ 108 }——bn n] WP - TISMATON (S 08 l)Hmmuum-unooH

*

; , J

mn o 11 [ ]
t.m.....n TLMMATON(J 0K, 9) }——{mum:mnn.Hw ™

: e NE X WPEAT TO W2

o FoR T1mMATON(J, 0K, 3) muxomm-nH 0 rom

. : m:.m.....lll> L! ! 'H w ;] KOWMTx1 341 ,... )
; .

o

o™

[ e ] » [Tsv ]
\—{u-uvom.n.sd»——{ umumanco 0 n] vy ‘—ﬁimmums.x.m}—-u

] | Y
, [
CONPYTED 90 N
i I7 W vl TRAMNER
by 'l" nv&m 2
S s »
o 1 o ":."’-——0
s ] »
, ’ »
, ' »
N ’ ™
i '
CCATEL 80 10

17 ™ VALV mnm

o
18 mmlu |00 |

” 1 - MMAT 10 801
y H o rou 11a 1N () 8K, D) :
; 4 bod BTN 101, ..., 00
| 4 ol
: ! [ ] »
: 1) »n
T ' i
’ 100
S

(]} l:-'_j l'”
| e S N T S T B i

179




NPT aMAROMTINE s o

A b b AL R

: mn ova (.= | , -n:n ow
/1=, m.....n n-umu.u.m}—tmm o '"“]—M n.i«.....n) 'I

o] [=] L
_{}nmrmu,n.sﬂ——* ’WWMT)'IH:O Yo ,‘J "".‘.'f:“,’,'.:"”

)
1 S REPEAT 1O 74 REPEAT TO T4 (v ]
v rom rom H ownt
llmrn,u],,“.m 1ag. 00,00 N 112MATOW (S, B, ) PPERTI (ROWNT, 1) wBX Py ,q

£
=
1=
E
S
g
g
g
E
=
E
=
=
g
=
&=
=]
£
=
%
E
£
g
S
H
B

: - o e R
=] L u A
5. 100 Lt [ ] o !u 10 n
’ STATENENT
1 Homtcn (s 00,9 oy, A psemaroniuten.e,m b—y ! " i,
n
) »
' ”
- ' »
1 )
bl cCoNPyTey & 10 o
" 17 N0 VALUE  TAANMPER .
o xy e ] )
AN ] » 1 oTATRMEWT »
' » TimATCH{J 06 ,0)
s Ty | E| [FRE e :
g o s "
E 5 o 10 ' 6
= = /] L} 1 |
- é -
&
R !
s i
: %] —
g ]
;g THamATCH () ,BK, D) MPLAT Y0 1001 s o
= ’ . . roR H
g PERP INeBK Teg,868,...,0 "'“w'“'-@_"{'“‘ “"""I '4‘° hid "I .
b=

o] ’

0 S
gIEEITE

E : [ ]

£ REPEAT T0 103 1983 u-urut'l.:.'

= roR [~ )
3 s TIMATEN (), 0K, D) Hmnom- H» %o u] .y .

& .

=1 En—] :
e e [ {w] | .

n-mm.m‘ K|

LRt o)

h’
3
v

-

180

bd




= i DO

!
1

INPUT BUBROUTINE

l Pact 7
i samnene sa vA ]
I CONPUTED 60 TO w0, i tr e mu: TRANSFES
17 ™ME YL TRANSFER : 1
o 1 0 Mwm ) A ) | '? staTDaE
l 18 STATORNT i i
1A lNey | 1X=12 ? "
- 1 179 €0 T0 M l l—-q {
(] 3 1%
; 1 ‘ . s
) s;o 0 S 1%
] 34 0 T0 | ,' ) 1
7! I 1
’ )

[w] [ ] [ire ] ' [an ]

I 18RIP{1) 28 H .°,'° " | [wummH 80 10 J [ ot (hisg }-——Eﬁ_ﬂ l 19R1P(4) a8 }—-ﬁ

[T ] [ ] [“ive ] (e
L 4w n| Immn-Hlo 0 n| Lunmm 4 0 toﬂ wrorn |E|
Kk

K

»

EPPECT SUBAGUTING

I [} ]
@—-{mmmm- AN) wae (027 -Y N} sol)

TRANSPER 1O SUBROVTI

WEAPON
W RO, %8, PO, T0,14,0.0 !

CUS1199. 080AT(1 .44, 900/108.9)
FVSI008 . 400/ (108, JEBRRT (1 08, 9PO/108.9))

FTPuY, SROMPO/ (193,008 . 8PO) Y O IA I, %0, V1)

FREP0, 95040 .0 90V P

TRANSPER 1O SUBROUT!
D1

OoN
JRADG, RADN

W, KO, MG R

. ..

(L ]

waprRO¥! (1) Ilﬂj——{“lﬂ(l)ﬂl@(',“)

PONASPONODT LAVENT , AVRNY PO

WEAPON SUOROVTING

® Y
1

OVERPs? I ND (HB3, 108)

, scaLlne(f./3.) po— v ]
WaASHE/8CALE W T0(WB , 100) SCALL
‘ ey ATSP1IBAT (M08, N00) SCALE | owtarebecaT iovER? 8, 1) |—4
[]

181

PACE 8

C-ﬂﬂﬁ_{

=

e 1




AT e nomY

e o

QP B -

A el CRAPI L

SR iRy

L

QUEAPALLSUAL /M1t OF SURBT / RANBL P Ti0N

[OATA U1, 00,100, 000 70000, 0048, , 0000 . 4100, 4100 40004000 4440, 4000 . 0000 |

GOVID. ,AVE . GO . (SUPT . (SUVE IO . BB PN, BT, | VS0 . s BeEV. S g
GV, 0000, 0000. 0700 0000, , 0004 . 0010, 0008 . ,0000.,0004. ,00 44, G00¢
NS, 0008 0010, (0685 ., 0000 . 4916, 0000, 9000 . , 3248, 7010 . . 7900 ., T0N0

W00, L AND . 6000 . (4040 . 4408 . , 4300 . 08 . (4140.,0040. , 0000 ., 1700 ., D000
-.”..“-.”-.m..lﬂ..“ﬂ..“..l.ﬂ..lﬂ..lﬂ.l

s YRS

L Ve

F

SATAIP (Y, 09,108,701 /0000, , 0900 . B0V, , 0004 . ,8078. , 8790 . , 87V 00 . , 0000 . ,§044
IO, 9064, ,5000. 0100, , 0. . 0000, 0000, 0016, , 0004 ., 3418, 5440 ., 3408 . , 0004
D08, 5000, , 5000, , 3000, , 3700 ., 3743, 3700 . 3000 . , 3000 . , 3094 . 0004 . . D078 . , 4010

o 0000, 008, (4070, 4000, ,4100.,4100 . ,4190. ,4000.,01 50,2990 . 2000 ., 2070 ., 2040
< B0, OG0, 2190, ,1008, , 3008, ,1000. ,1440.,1008 ., ,000.,-0. ,-0.,-0.,-0.,-9.,-¢,
o000, 0500028, -8, ,-0./

BATALIP(2,0),191,70) /1480 ,1000. ,1008., ,1790. ,1790., 1700, 1016, ,1040.,1070 .,1900
<o I000. 3000 (308 .. SURR. ,0000. , 2090 . 0T, 2004 ., 8114.,.0158. 2180 . , 2100 ., P00
2040. , 5099 . ,MN0L. , T304 . 2906, T340 . . TTVY . JUNL. JOUNE . ;NUIS . ,R4VS . , 0000

£93C. 8900 .,0000. 1000, 1016 . ,1453.,1908 . ,1198.,908, ,340.,-0.,-0
P el ..-...-...-...-..:;0..;...-0..-...-...'C..-O..-.,.-G..—...
5 I IY4 !

&

BATAWPLL, 01,391, 70) /A900.  I3VE. 1904, , 19400, , 1400, 1428, 1490, 1498, , 1474 ., 1400
01520, ,TH00. , 1900 . 1990 , 1374, , 1900, $01E., 1594, 1990, ,1379.,1700.. 1710, 1T

o T 1TVR. 1990 ,5010.,1090. , 109,107 ,1008, , 1912, ,1894. , 1990, 1970 ., 2000

8000 . 8000, 5019 5000 , 2000 . ,1270.,1100.,990.,700, 309 ,-9.,-0.,-9.,0.,-0.

.-0..—0..-0..-..-...-!..4..-0..-0.6.-0_.‘.-0.,4..4.,4..-0.,4.,-0..4..-0. -
N Y4

SATAWP (1,00 ."‘.mnw:.“.-."‘..l‘...11...ti"..l'“..ll...’!!!..lm
s 1500, 3800 .lﬂl..l”. 21904, ,1500, ,13:48. 21504, ,1998.,1408.,34%0. »1490.,14%
3000, 3010, 1000, 1904, , 1979 ., 1000 , 100E. , 1090, , 1638, ,1002., 1008 ., 1474 ., 1000

. 3000, ,1000.,3890.,3100. ,1099.,000. ,080.,910.,-0.,-0.,-0.,-0.,~0.,-0.,-0. B
,-..,4..-...4..4..-0..-‘..-...-O..-:..-O.."O..-ﬂ..-D..-ﬂ..-ﬂ.rﬂ. 1=C =04y
o/

SATAP(1,0 ,Tu1,70) /9000, , 10093 ., 1040, ,8090., 1087, 1079, ,1000.,1108.,1114., 1108
..il"..“..."“..ﬂ”..li".,lﬂl..ll-..lﬂﬂ.;llﬂ..llﬁ.."". 11340, 900
u.'...’--."’u’mn'“'- 21000, 0007, 1498, ,8490., 3499, , 1410, 1998, ,3 900 |
o...o.m- .ﬂl. .M..M. |’”u|'|..“'.""."’u"'"..".."aog’..|"."°o|'
.-q“.-."..‘...‘.o,"o.". "'o ".. .‘.. |". .'..p"- p’.- |".-|'.. ."- |°°.|'°./

“‘.‘."“‘ ||".|‘)’-u~- W98, ..“..“-.m. n“-.'"u“- 000, ,008. , 47

..Q:.“' .“v .ﬂ- l“- |l~. )‘“'0 |.~- 1“‘- 0‘."'0".00"~0|‘|”t l“'

2.,0000, 0300, 0908, 8190, , 3000, 0007, ,000. 008, 000,000,009, ,000.,400 ., 840,

“0."0.'.0 .'Q- .'...'.0 .‘.. ."'..". .“'-;’.- .'.. ."’n .‘. -9 .o."...‘...".:‘
'.u".- .’3. .'.-.'.. .'.‘..‘.-.'.- |"| |"..‘.. p‘.-.'../

SAWPIL 0, 10y """.n ."‘. 8. .M..'-. .'U..M..'ﬂ. 01,798, , %8, 908
« o TV0, V00, , V00, , 008 . 018, ,000.,0008.,008, ,001 ., i1 087, ,088, ,040.,048 . ,098.,9
“..ﬂ.."l..lﬂl...‘. |‘“..m- .“.- ......l!l. l..- |'.-.'.-0'.-|'.."..."..,'
0,50, 50, =0, -8, 0. -8, -0, -0.,-0.,-0.,0.,-8,,-0.,-8,,-9, o800, ,40.,-0,
o0.,°0,,°0,,-0,,-8,,-0,,-0,,-8./
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QUERPRESSVAL/HELINT OF SURST /7 RANGE PUNCTION

DATAIP (L, 91,151, 70) /960,300, , 307,900, 960, , 190, 992, , 999, 997,900,068 . 000
-“’.-.’-..l!:..l’..m 098, .058..040..007..007. .07 . .00 .54 AT _ama .9
0. SR, POY. 299,195, ,-0.,0.,-0.,~0.,-0.,-0.,°0.,=0.,0.,0.,-0.,-8..-0, @

078000 "D, =0, 120,08, 0., 0., 0.,-0.,-0.0-0.,-0.0-8.,-0.,8.,-8.,-6.,
0..-0.,-0., 9.,-0.,9.,9./

OA?M'U l.) 131,70) 7600 ,001. ,400. , 400, ,008. , 007, ,008.,400. ,479 ., . 470, .478. .48

o..m..m..on..m..ma..m..m..m..sn..uo..m..m..m..m..-l.,

o0 D.0=0,,-0,,~0.,-0.,°0.,~0.,-0.,-0.,-0.,-0.,-¢.,-0,,-8,,-0.,-8.,~0. |-

.-0..-...-!..~¢..~0.,-|l..-0 120.,-0.,~0.,-0.,-0,,-6.,-0.,-06,,~0.,~9. -0..-0..
0.,0.,~0.,~0.,-0.,-0./

OATA(P(T,11),132,78) /990.,597.,340. ,%40.,990.,990.,%00.. , 989, , 909,372, ,379.,%
4.,300.,990.,990.,%0.,200.,200.,179.,114.,-0.,-0.,-0,,~0,,-0., 0. ,-0.,-0.,-0.
1°8.4-8.,70.,-0.,-0,,20.,-0.,-0.4-0,,0,,-0.,-0,,-0.,-0.,~0.,-8.,-8. '0.. By,

8.0, y0.,-8,,-0.,-8.,-0.,-0.,-0.,-0,,-0.,-0.,-0. .‘0..-0..-0..-0.,-0 cp=dy-0.
»-0.,-0.,-0.,-0./

raet ¢

DATAIP(T,18),191,72)/290.,240.,240.,2%, .!”..!”..!90 ,!90 .!!1..!!!.."!..!‘

0..m..uo. N...i.,-0..-0..-0..-0..-0., -0
~0.y~0.y-0 .-0.,
p*8.,°0.,0.,°0.,

-0.,-0..-0 /

0., ﬂ..‘D..
-0.,-0 -0.
. 'D o'o-l'o-l‘on'ou'nu

DELTes.0
Jing L——‘.

STARTYO.D

[+1 [ ]

TR

oRLT=129.0 AN (]
e, s (i }— {417} forarerirns
Jivad 1), e ..M
Y
*

«® Yo
’

———i IIYIIO.Q)NT.IOJMIY.DILYH RATIOE (BTARY-HT) /DELY

REPEAY 1O 10
rox

1s9,108,...,12

[ [ ]

——1” 0 lﬂ] [Z(I)RF(H,1)—!AT!O‘(P(H,!)-NH-i.!)) H cont It
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OVERPREGAURT/WET T OF BUAST / RANGE TUMCTION

(1 2 ]

_ LR
1 | | n | =] g
o ka1 4 F]] 0 Y0 !ﬂ bm--cu-nuﬂh-cﬂmnm!-n-w)/(u!-n-mn f‘ !
- N
",
[ ——
OVERPRESBURE DECAY PUNCTION
lunl}—{lrcu-nu.-tmmun-nm
ARRIVAL TIME 7 HETOHT OF OURST / RANGE PUNCTION

DATALP(Y, 0}, 188,37 /000. 808, ,878. ,840.,1908.,110.,0100.0/
m ] BAYA(PLL, D) (104, 3T) /7000, 000,00, 348, ,008. 080,100, ,90%0.0/
DATA(P L, 3,108,001 /7400, 400,400,408, 090, ,000.,000.,080.,110. ,0ve0.0/

DATA(PLL,4) 191, 37) /008, 099..000., 004, 110, ,400.,440.,008 039,099, ,100. ,20¢

0.0/
DATA(P(L1,9) 108,371 /408,003, ,047,,000.,010.,900.,%49.,900.,490.,402, ,542.,298
2900,/

3

DATA(P(1,8),131,97)/%40.,758. ,730., 747, ,097, 072, ,044.,010.,980.,920.,409.,401
- 18,015, ,2940.0/

DATA(PIZ,T),121,31) 7009, ,080.,01),,000,,704.,700 ., 739,700, ,60",,00D.,972. 520
400,389,500, ,100.,2140.0/

DATAIP(1,8) 101,37 /900, ,981.,999. 951 .,990.,917.,099. 047, ,033.,793,,700,,71¢
-4870.,000.,972,,900.,418.,520.,1940.0/

DATA(PLY,9) 131,37 /1100, ,12DY.,1100.,1099.,1000.,1067.,10%0.,1003., 997, , 7.,
0. ,000.,69,,010.,700.,710.,047.,990.,915.,42%.,200.,1080.0/

DATA(P(],10),151,97) /1240, ixar. ,17a. ,1234.,1005.,1210.,119¢.,1108.,1142.,11¢
4. 000, ,30% ,2015.,000.,939.,657.,844.,000.,745,,088_,007. ,16240.0/

DATA(PL. 13),1%3,97) /1900, ,8490.,:480.,1470.,1400,,14%0.,1452.,1414.,1398.,197 ———1

0.,4900,,3904.,1088 . ,1250.,1218. ,1100.,1144.,1100.,3072.,10%.,1000,,8%0.,15e0
N4
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0.,1040. ,1008.,1578, ,1%44.,1312.,1400 80, ,1420.,1390.,1900.,1990.,10%,,900

. wr
OATACP(1,13) ,128,37) /2990, ,02%40, .m'o. 12944, ,ENL. 240,250 ,2318. ,2304. ,0209
2.,2000, 2054 . ,0000. 220, 2178, ,2190.,0120.,2090,,2000.,20%.,2000. .10%, 378
0.,1420,,1000.,12¢0.0/

[

f ARNIVAL TIRE 7 HEIUNT OF GuRe! / Nanéd PUNCTION [TV 3N |
e DATA(P(T ,12) ,1v8,9T) /1730, ,1728, , I 784, 1 PR4., I TNR. ,17R0.,170¢.,1008 ., 16702, ,149

- 008,360,153 ,87) /0855 . 3945 . BFG, U044, B0GE. ) BH40 . ROTV, ,ROIE. ROW. ,0V8
A 4.,00M, ,2040,,2008, 2004, 2702, ,8700 . 0734, , 2712, 2000, 2084, 2640, ,0900, ,2¢3
. 0.,0290.,8000,,1740.,1300.,000,,080.0/ |
OATAIPIT,19) ,1v8,07) /394D, , 3930, 9098, , 0954, 0432, ,3590, 3904, 9914, , 0012, ,0%0
6.,9900.,0400.,3400.,9440 . ,9420, ,9400,,0970,,9940.,9310,,5200.,9290.,9190. ,00¢
0.,0040.,0790.,29%0. ,2900,,20%0.,1610.,1090.,7¢0.0/

b OATACPLLL I | {81,370 /4110, 4110, 6144, 4110, 6116, 4100, 4110, ,4104. , 004, , 400

Vi " : 8.,4000.,4000.,4040.,4080.,4000.,9960., 0904, , D032, 3000, 3804 3004, 9700, , 0N
i Y 0.,3900.,34%0.,3500.,3000.,2000.,0€00.,8980.,1880.,1000,,000.8/
! DATA(P(Y 171,721 ,37) 74000, ,4084.,40800., 0008, , 4008, ,4700.,4084 . ,4000. , 6000, , 807
P ., 4070, 4080, ,4034.,4016, ,4990.,4500.,4500. , 4040, ,4080. , 4000, ,4400. 4084, 400
i b o..nlo.moo..nouo..lno..!lu..lno.anu.,lou.,lwo..lm..lm..m..lu.
Fe ; /
P
B,

b OATALR(Y,10) ,121,37) /79030, ,9098.,9048., 3094, 9202 . , 5070, , 9004, , F002 . , 9000, , 068
P 4,925,990, 5014, , 1198, 3178 ,9100 ., %148, , 9184, , 3108, ,9000. ,95070 4090, , 487
i 0.,4000,,4700.,4800, ,447C,,4330,,4140.,3990.,5740.,3900,,9200 . ,2000 . 0480 . ,100

el 0.,1100./

TR

o L Toatacecr,10), 151,37 /5000, ,9000. 9012, 010,924 ., 9030, 9910, 3076 ., 3624 ., 90 p—
i3 L 2.,9820.,9800.,5792.,9778,,9744,, 5730, ,9730,,9710. ,9890.,9870., 9690 ., 9980, 949 | Jiet
i 0.,5400.,9320.,52%0.,9130.,5020.,4870, ,4730.,4520. ,4%00.,4040.,9790.,9490, ,914 STARTS0.0

i) 0.,2M0./ "
2 -
ae 0 W

L_._.._..], 4

DELT=2%0. REPEAT T0 7
——@ ATART21000 . FOR

: ' 1122 1201,00%8,...,07
>
. / A

N w 1o

'
‘e
o
0 1
- ¢

.4 REPEAT TO 10
. L-—{-nmu,mr,no,amf.otu RATION (START-MT) /DELT - “"0' ' wih-114 L=y 2(1)00.0
) [EXXN]
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ARRIVAL TIWE /7 MEIGHT OF BUREY /7 RANGE FUMCTION

e ] L AT TO 00
Immm.n-umo.mn.n-rm-:,m CONTINGE ror
. Tel,868,...,18

Pl 9

- _
[ T
| .
l_ I e | | 7 l t
-—,{ FINOAT=C (1) Hso o u] tmmcu-m(cm-cn-nmzu-i)-wnuu-n-um}—4z

R

N

POSTTIVE PHASE DURATION / WEIGHT OF BURET / RANME FuncTion

DATALPAL, N, 191,94)/590.,390.,088, ,400.,480.,407.,580.,400.,400.,000.,000 . ,800

(s} e
BATA(PLT 81, Tuf, 94)/7998. ,840.,980.,948.,018.,000,,000.,000.,000.,080.,900.,000

470,900, 898, 140, 10089/

DATAIPCL, ) ,1u0,31) /770,780,788, ,088.,070,,000.,900,,010.,000,,000,,0%¢, ,000
008, ,785,,000, ,499.,900.,108.,1340.8/
DAYALPLI 4) ,131,91)/1009.,1000.,1070.,1000,,4100.,1100.,0000.,1290.,180. ,1000
1900, ,1589 ., ,1910, .lll!..ilﬂ..llm.’.‘loﬂﬂ..”l.."l. 1108, ,000.,000.,909, ,100.
’ 0/

DATA(P(1,9) ,131,91) /1400, ,1409,,1419., ,1420.,1440,,1409,,1900,,1006 .,1000, ,1%48%
+11010. ,1069.,1908, ,1990 . ,1979. ,2000.,20£9.,2040, ,2090.,0000. ,0000 . , 0003, , 1 090
«11990.,1090,,1000,,1749,,1000.,1430.,1199. ,490./

DATA(P(T,8) ,1n1,31) 71012, ,2090., 1099, ,1079,,1909.,1090, ,0000. ,0948 . ,2118 . ,R000
MY, 2409, ,8710. ,10e0 .0/

DATA(F{T,7)  In2,31) /R100 ., 2004, , 3279, , X900, , 0409 , 1000, 2790, ,2990 . , 2900 .0/

DELY=%0.0
STARY=0.0

Int,008,..., 0

rAGE o

wiTe n.sm.no.nm.mﬂ——{nno: (START-HT) 7DELY
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PORITIVE PHARC OUAATION / HEITEMT OF BURSY / RAWGE FUNCTION raLL

)i
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) | ) | ] ) l
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wiA
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® 10
'
]
wruY 0N A 0] [e ] —
) 11 -% counuJ—{nmo-cmHLuﬂ
188,848,...,0 —
. 0
at n
!
]
P 7
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e [ ] t
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BLASY INTERACTION WITH SuTLOING aPTRATURES Pise .
!
i R —
REPEAT TO 1\
a1ARY BATALY L), 101,11)/0.0,0.474 0.%04,0.007,0.067,0.904,0.993,0.885,0.970,0.000,1. | rou _
C] o/ » 1ag,001,.. .15 .
o -
% . , 4+
w0 T e

[ ]

] ]

£ ATIPLOATLT-1) /10, I . -y (- .
It coulmtr Yisy () 6 10 s [vmo.-m DX (=Y U=1))1ey () 1)1———; ;
i 0 v
w '
]
[+ ] ’
POBRED 2y 1900 4‘
r THERMAL UNERGY / RANSE PUNCTICH PAGE 8 v

: R
] SIUART (XOSACIHB B As rl—‘ -
5 . $u3/9800. m m | 10 TO0EXP (- 0. 4188/V) 0 (1. 04/V) — T | 5
’ Ask. 368 PiREs( .OdoueT/ (Bo8) ! v !
: |

artmp
‘ZD
4
L

i .
E 5 CAMMA / NQUTRON RAY FUNCTION 712 S -
N -
- -
- ©w 0 0 10 7S w]
1 t Py -
s

ém 1E8 W

DYMAT (ROMICBSHE) /3. _._.Fu.n.n.m .m.w.u.mHu.u.m.) AN, «u.ut.m.}&.{ W.c1.8000. }&_1
u

oo

i [ 1
; -_{.o 0 ¢ [w-o.uum:.m WR0. 40 %eees . B4
y h

WP 0OSeubet . V40

o
[ ] . y
2 RADGE 1 . E#4AKSS QUPHEXP (~C/40 ) / (DOD) | ;
——1u-aH"-U-ﬂw-w-Wao.mu.nu/mo.moo.u J—A-q RADKE 1 EDOAKS1S, SSMOEKP {-0/210 .) 7 (D0) o
RIsRADC+RADN | .
e
i
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f
e
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€ v et v

MOOE GEONETAY SUBROMTINE (71 2
: il
1 Plag.osaTANLL ) oy ACPEAY 10 118 WA XOANA XY (AN, 3TLONT (1))
| (erazy] - AvEw0.0 AVEWT090.0 roR AVEWTESAVENTO +0ULLOU(T ) oCONPER (1) 000,
| L0 7 avweo.o 7 WMAXeD.D VTR ) ARLSARELISTLOLT LT eCORPRR (D) /858 .
AVENT#0.0 s AVEWO AV S LOWE (1) 0CONPER (3) /100 .

0 1

] '}x..

Spa——

i AVEHTSAVENTOBTLONT (1) 4COWPER (1) /100,
AVEWT® (380 8N*RE* W) /4. Kistl 4 PH1.LE.0.0.0N.PHE.SE.PI/E.
[ S13(B048N) /2, PHINATANCABR( (B2Y-YN) /7 (82X~-XN) }) “
S (sLegM) /2. l
A «w T

Dizs1/8IN{MHT)
ARTS 108240, 3080824 COYANL M)
D201 +82/COM(PHY)
A32314 (316COTAN(PH]) -B2)

A1.LE.0.0

e

——-{ Afx818 (AVEL-S10COTAN(PH]) )

]

“3
03281 /8IN(PHT) 09=82/CO8 (PH]) W324%/0%
Y AS232981+40. 30928 TAN(PHT) ATOTzAeAROABe AL AS WA/
p4=D2 W1=A1/01 w3=AS/08
- AIx82e (AVIN-S2STAN(PHI)) we=AR /D2 D1amAX=AmAXY {D1,02,08,04,08)
4
E ]
I 194 I
I AL3R SAVELSST 081082 DI22, #AVEL*S2 01=0140.3 09=0.
AR . SAVEWSSR 81 682 DR=2 .0 VEW* S op=DE0 .8 AS=0,
ATOT2AT+AR-81008 W1xA1/D1 p3:0. a0, | '4 DIsMAZzANAK (D1,00) H
KAzt W22a2/D2 D40, AS20.
I
$
l/ DEL 10201 aMAX/10.
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A Cagual sIOUTIaE

l 7"!01 .-KI'INI“.—]

41 2

FoR
1=l,144,...,MN

POBILDITY . LE. DY, 8

DB 15DNBT+BLAS TN (POB ) 6CONPER (1) 6PER |
008 13008 T +BLALTO (P08 ) sCONPER (1) o€
OMD 1 7OMB [ SBLAS TH(POR ) 6CONPER (1) oPEN

PEROPERD/ 100, DUBOSE L AS TH (PONA) 8 PERO
0uB0sLAL TH (PONA) SPERO MRAMERPII/ S .00
el .0 SOB0uI LA TO (PONA) $PERO
® 10
197
L) - =
AEPEAT TO 197 PORSPOBILE (1)

b
1]
a
-
H
i
DEAD MOVA PROM BLABT / OVEAPRESIURE PUNCTION rive
0 10
' 3
vu
L)
BATAIPR (1), 191,812 /300.8,37.8,40.0,60.5,47. 068,00, ,00.,00.0,00.0,74.0, 7.5, .
’ 3.0,87.4,97.0,108.0,107.9,117.9,130.0/ 3
0
2
e ]
P.og.PR(1-1) .“.'-Lt-'ﬂ(ﬂ_ﬁ“* (m'{]u},_.{_‘gﬂ
,4
: P
: [ ] [s ] [T]
‘ [seastwereir-nos.ace-mit-ansnin-mu-0 40 0 1]  |nssmn.0 4o 10 1] lcusmtlm.oH ;
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BLAD DAY PRON SLART 7 OVEAMRLASUSL PyNlTidm e
< A N
{‘u" P.iT.40.0 BLASTOSE. 8 ],l.{'-“.&l...A'.'.L'.“..}JB{QL““.“J }l’
, "

T EE) HMM.

L
L_ﬁ\l.“.o.A'.F.Li.lﬂl‘M'uu‘..L.”.”‘

ﬁm ]

t

BLASTD.$1.100.0 H!Lumuxm. '

R

L]

BEAD WONTH PROM SLAST / OWNPRESOURE Fuction reot §
A
SLANTHSD .0 P.00.00.0.00.0.18.100. PLASTINI00 . -BLAN W (P) -BLAS VS (P)
SLASTN.LY.D .0 BLABTHRO O
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B2 Tl iom CagodLty S8 1T 11%7)

Batataotly , Tey B:/0.%,0.0,6. tll/.u!m tay, luhl u/ CARGS: 1o 30 20,8,0 . u]
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o L T B GO e T G G e 1 DR S AL

BIRFTC MAIND MO4 XPY

[aNeXe]

'a¥aXnl D

4N0
100

COMMON/BLKl/TS.PREE.PFTS.Pn.TO.CDF'QO‘NOUoTB.PBTﬁ.Cnﬂ

COMMON/RLX? / G7XeG2Y e XNy YN SSeSNISWISEeS)452,PH!

COMMON/BLKA/ WeHBAVIS.X0.FFR.ATONEN. 1SFAGN. YANAY

COMMON/BLK G/ AVE”YQAVEWYqAVEWeAVELcHMAXoAIoA?vASoAhoASQDlv02003.ﬂ4
i.DS.WI.w?.ws.wa.ws.aA.ATOT.D!SMAXsDELTn.FACTl.FACTz.anx45>.AAA(S)
2 INDXLGINDR 2 PPRPIN POPDNREACST W REACSToREACLY

COMMON/ZRALKS T4 CUWPUWY «PDYP (PREF

COMMON/BLKAZ PN, TQ.R1,PONA

COMRMON/ZBLKT NNc5EPCW!(lO)'POBlLD(10)oBU!LUN(lO)qB!LDLT(IO’cCONPER
l(ln)oB'an|(IO)OPOSPRO(3)QPOSPRI(3)ONFL‘lo)oA!NTRL(IO)OEXRLllD"
ZPBREAKflﬂ)oIWALLT(IO)c!BTCIO)oPERCOAoBILHHT(lO)

COMNON/ALKA/ POERTA(1049) +PPERTI(1009) ¢BRKMAS '
COMMNN7E1. K9 DHHqDDVB.DNKBvDHTO.DUYTO'DHKTO,nHTHTOQDHTlqDDYTI,ONKT
LIeDMTHY 1 DHD DY Dy DWKD4DMTDy DHoDDoDWo DM

COMMON /RLK YN/ NHILL oKX (10) oHY (10) oHILLHY (10) ¢HILLL(10) ¢HILLW{10)
COMMON /BLKYY/ NALPAN(IO)oWALDEN(IO)sFLORTHQIO)oFLORnN(lD)oROOFTHi
llO*-ROOFnN(lo)aBASETH(IO)oUASEnN(IOIqSO!LDN(IO)cSlLHT110)¢PERSCRf1
20).PFRSG(10)oPFRGG(IO).PERUBS(lo)¢PERG(10)vaRhEClO)oPERGGS(IO)
COMMON /RLK3Y?/ DOYTHT JDWK THT «DMTTHI W DDYTHO DWK THO s DMT THO
COMMON/BLK 137/ AVENTRoRADG.RADNQDHBOoDDBOoUMBO.DHB!qDDBIoDMBh
INDIONT yDWINNT«PMIONT «DDIONOJOWIONO$DMIOND
COMMON/HLK\Q/TTXoTIOqDIIqDIOcF110FIOQR!TcR!OoYHNlNJ'TFATAL9Tﬂ!NJR
COMMﬁN/BLK“/l1571(6)vLIST2(9)0L15T3(31)-L!STS(9)cL!STb(7’oLIST7(9)
1oISKIPLA) «LISTR(9) 4ABFTA,IAC

SYART MEW BFRNBLEM

WRITFE tA410M)
FORMAT (1RY)

SET KPRINT=0 UMLESS YHIS 1S CHANGED NO CONDITYONAL OQUTPIIT TAKES
PLACFK

KPRINT=D

READ IN PROABLEM NATA

CALL INPUTI(KPRINT)

CALCULATF AVFRAGE GEOMETRIC QUANTITIES AND SPECIAL NODE AREAS
CALL GFOMET{KPRINT)

CALCULAYF ALL FREE FIELD WEAPUON EFFECYS

CALL EFFFCT(KPRINT)

PRINT ALL WEAPNN EFFECTS INFORMATION
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NRITE(G."B) xo.panOQTA

AR FORMAT (4NHINTSTANCE FROM GRQUND ZERO To NODE POIMT AH 15+F10.00
14H FT./41HOFREF FIELD OVFRPRESSURE AT NONE POINT TAeF TeE0 4H PSIL/
24140POSTITIVFE PHASF NyRATION AT NNDE POINT IS4FE.5.H SEC/30HOARRYV

JAL TIME AT NOLGT S97RT 13,784 345 SE0)

wrane s

G

’
s

iy

&

[a e kel

e la ]

D

WRITE (4.90) TQ

Q0 FORMAT(INHATHEPMAL FNERGY AT NODF POINTEGF10e2410H CALICMRED)
WRITE (AeO]1) PRI
9} FORMATIIGHNINNTZING QABTAPTION IN(RADY UMTITSS,F10.245H4 RANS)

WRITE(411h) PANA

FORMAT { 3NHNATTENUATED KONE OVERPRESSURE=4Féel,at PST

WRITFiA.V1R, (BARTLTS (1Y 41 e1=1eNN)

FORMAT {1HD«F A, 1425H P61 WITHIN BUILDING TYPELTI3)

WRITF(A48Q% CU«PWVLPNYPLPREF

FORMAT { JAHASHOPMK VELOCITYZF10,244H FOS/20HOPERL #TNT VELDCITY=,F)
10,2,4H FPS/PIHOPEAY DJYNAMIC PRESSURE=4F104244H P&1 /2 HIRFFLECYED P

ZRESSHRFzFIN 24t =57

CALCULATFE FASUALY®CS DUE TO RLASY ALONE
1F(13KIP 1 . 80,0 CALL BLASTIKPRINT)

CALCULATF CASUALTIFS NUE TN BLASY TRANSLATION
IFLISKIP(2) . FQ40) CALL BLSPIS(KPRINT)
CALCULATE CASUALTIFS NUE TO ALASY DEBRIS
1F(1SKTP(3),FQ.C) CALL DEBRIS(KPRINT)
CALCULATF FASUALTIES DUE TN THERMAL RADIATIOM
IF{ISKTP(4) JFQ.0) CALL THERMIKPRINT)

CALCULATF FASUALTIFS NUE TH I1ONIZING RADJATICN
IFLISKTPI5) oFQ.0) CALL NUCLAR(KPRINT)

PRINT SUMMARY A~F INRIVIDUAL KILL MECHANISMS
WRITE(&4300) GHR 4 TNBT 4 OMAT fDHROLONROGOMBC, DHTT 4 PDYT 1 MWK TI JOMTHT

1,711
WRITF (R3O DHTOoDﬁYYOo“NVTOQDMTHTOoTIOqDHan.DN,DM.D!IcDHDoDDVD.

IUWKD-DMT“.nlh.FnVTHY.DwK?H?.DMTTHI'FI!
WRITE(A4302) D”YTHO.DNKY“CvD“TTHOorlﬁvﬂnlcNIoUWTON!an!ON!!R!l0

1NDIONO « DWIAND (IMIONN 4R IC

aan FORMAT(73IHT TMDTVIDUAL FrEzre MATRPIX FOR FATALTYIES AND INJURIES (F

2RACTION OF TOTALYW// /2™ A3 (1H+) o/9H + FFFECT421Xs59H+ DEAD HOUR +
3 DEADN NAY + NEAD WFFK « ~t %) MONYH + INJURED +./1H sABLLIH+) 4 /15H «

4 INDOOD RLAST 15X, aHe TR e6H + WFS5.244H +y)l1Xe4He +F5.2
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[aNa)

iaNe ¥al oM

SebXolHe qON IHe ¢/72H + 28X Q1He g 11X g lH+ 10X H (1 IX1HD 12X 1HE 49X 1 H

b4y /16H + OUINOOR BLASY 14X e4He 1F5,246H + 2FS5,2,4H +el1XoaH

Te WFE 240X o lHs 00X 9 lHe o /2H #4328 elHealIX lHe 10X s lHe 011 XalH* 412X
BIH®. O IH+o/21H « INDOOR TRANSLAYIONsIX esH+ +FS,246H + 42(F8,
92+7TH + Y oFS,244Y43H+  sF5,243H +)

FONMATION 2 28, Ius L g, 10X RS ER LTS F 30 SEENE 5 TS FLEN L S
20UTDOOR TRANSLATIONWBX 4H+ Fh,246H + 4 2(F5,2+7H + F5,2
JedaXedHe  oF5,203H 3o /2H # 428X e 1H* o 11Xt H* 410X o 1H+ 411X e He g1 2Xo1H+
G49Xs1Hso/1AH + INNOOR DERKTISe1GXe4He oF5 2 46H + 42(F5,247H
Se ) aF 200X IHT  oF5,23H ¢4 /2H +428XolHe g l1XgIH® 10X H*ol1X,1
GH* 3 12X ¢ 1H+ 49X 4 YH*+/1TH ¢ OUTNOOR DEBRISK13IXy4He 1F5,246H + 42
T(F5,247H * YoF5.244X03He  oF84243H ¢4 /2H +,28Xe1H+011Xe1H*410
UXolH+* 311X e lH* e 12X alHea9X s 1Hee/31H « INDOOR THERMAL RADIATYION +.1
G1Xe3IH* 42(F8,24TH - YoFS5.240Xe3H* (F5,2,3H <)

302 FORMAT(2H 428X s 1He ol 1XqlHe* Q10X e 1He 1 XalH®y 12X o1 H+40Xo1He9/31H »
20UTDNOR THFRMAL RADIATION ++1l1lXedH+ 42(F5,247H + YoF5.244X,43
IHe sFBe2¢H Sy /Z2H +42BX e He e 11X vIH® 10X lHe 11X s1He 412X o1He 40X, 1
4H+4 /31 + INNONR TONIZING RADIATION +41l1Xe3He o2(F5,24TH + )
SeFS5e?04Xe3He  oF5,293H 4 /2H ¢428X s 1He s 1) Xy 1H& 10X 9 1HO 11 XglH*e12
6XslH+ 99X e1He/731H + QUTDOOR TONIZING RADIATION ¢ollXy3He G2(F5,%
TTH + YOFS,240XedH+  F5,2¢3H +9/1H +88(1H+))

DESCRIRE POST AYTACK CONNDITION OF STRUCTURES Ay NODE

kT

[ ] 2 '
A

| VS
a "

-

~
[
L]

IFCISKIP(6) 4FQe0) CALL BIL IS

COMBINF FFFECTS AND PRINY RESULTS

CALL COMRNE

PROBLEM 1S FINYSHED ETTHFR CHANGF PARAMETERS OF GO ON TO NEXY NONF

60 10 400
END
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S1fF7C DAT
BLACK MATA
COMMOAN/RALK2/ GZXeHZ77«XNoeYNsSSeSNeSWeSELS1482,PHT
COMMNNZRE K/ WaHR VTS X0 FFReATRNEN¢TSEASN, TODAY
COMMNAN/S K4/, AVFUT oA F W T AVEWIAVEL oHMAX 9B oA A A6 454N 40240314
LaD3owiow? e WlewlywSa  AATOTADISMAXSDELTDWFACTIWFACT241MTX(5) 4AAA(S)
2 IMDY I INDX2.0F P N, POPDN, REACS!.PEACSY REACLY

fal o B T u s T L i .—O P A I| i eemt Dol o) PP Al B
C O N/"L\fl NY AP TEC N0 UIL \lU"DU LN LIVl LV Yy U wr
L

1flC).BYLNN'(1C)<°0R°Rnl3).PqSPR!l3)oNFL(lD).AINTDL(‘“).E)PL(IO)
2PBREAK (1M o IWAL LY (1M o 1BY(10)+PERCOALBILNHT(10)

COMMON/RI A7 ZBF0"R110,9) ¢PPERTI(L1049) sBARKHMHAS
COMMAN sapvIay NHTLL oY 10 HY (103 sHILLHT (10 ¢HILLL (10 «HILLW(LD)
COMMPN /91 ¥ 1/ WAL28N110) «HALDENCLO) oFLORYH{10) +FLOETS110) «RODFTHI
110\sR0ﬂF“Vl1ﬂ).%A?FTH(10)-“AJEDN(IO)-SOYLDM(IO)oSIL“"IG)oPEPSCR(l
20) FFRGGIIN WFFRGA(INIJPFRIRS (YN «PERG(10) 4PFRNECIO0).FERGLSLLD)
COMMOAN/BLK Y G/ T T aTT NI TeNT0FTIIaFTOWRITWRIDGYUNINJGTFATAL W TAINYR

COMMAN/ZELKN /L TATYIIAY ¢ "S5 2 9 4L ISTA(AL) «LISTS(9)4LISTE(T)LISTT (2)
Ly ISKIP AL TATA(Q) JABF~ A TAC

PATA (LISTY /71421 eh) 7544HOVIELD 4 AHFISSTOAHHFIGHT s 6HGROI'ND 4 6HOONE
1XY/

NATA (L *ST2 1Y al2) 4D /B 8Y000AIRGAHVISINT sAHNIIMBER 6 HOOHILL s6HHE!
1GHT s 6HSEARAN LGHOOTTIVE, eun'“'XT/

DATACLIATZ(1Y 4 T=1a3 27, &N CMRERBHLOCATI 4 6HRUIL DY « 6HCONSTRy6HWE !
1GHT (bHHETONT JoHLENGT a4 11 TH o RHAVERAG ¢ 6HOONE X T
2 GHOOAREA,GHOCWALL ¢ 6HDE
INGIT e OHAFLDOC ¢ 6HMATTT 4 4 gORINF s GHBASEME 4 6HOOSOIL +6HSTORIE«6HWINDO
GWeHHNOEILL o aHSEREFN +6HS IAGLE oA HDOURLF ¢ 6HNRAPER ¢ tHDT STAN o AHOITNNER o
S56HNONCN0 bHCOMB YN e6HIYTEL D/

DATA (LISTS(T)al=10a0) /R ¢kHNVFRPRGOMNUMBERWAHOUTSTDY6HOOWALL ¢ 6HMASD
INRGRHINGINF y AROOMEX T4 4HACCELEY

NATA (LISTACT) o1=1eT) /76 +4hHPOPULASEHINDOGRWAHINTER] 46KOUTNO0,6HREAC
171 .6HONNFE XY/

NATA (LIST?(1) el=1493/8¢nHWEAPONsGHWEATHE ¢ S HOONODE ¢ 6HCHARAC s 6HDESC
107 46HNASOLVE s AHTNTFRM 4 6HOOSKIP/ o (LISTAII) s12149)/R16HOBLASY6HTRANS

LabHNEARY S oHTHERMA JAHIONTZ T «6HRUTLDT »gHOONEXT o sHACCLIMUY/

NATA woATRTFNAVISeISEASN,TADAY oNMaXNo TBTsCONPER SSeSMeSE«cSWHeWALPAN
L1oFLOPTHRPOANFTYH \RASFTH WALDENSFLORUNJROOFDNBASEDNSOILDONGNFLJPERPI
2NoPOSPD T ePOSPRNyHR ¢ SZX 3 GLY s HX g HY gHILLHTAHILLL yHILLWYNyRUILDOW,BILD
AUT GRILNLY JRILDW] ¢PFOCOA JPERCHWT o SILHT«PERDE yPERSCRWPERGIFPERSGIPERGSH
aquRGGq.pgonns.Fan.A:urchPaREAK.PPERTB.PPEnTt,HRKMAS.POPDN.REACS
51eREACETIRFACLY A MHILL «IWALLT/1 00040754104 42414001¢36000419980,410C0
Be0980 NelB10M04s40#12,09402135,410075.,10¢1410N,40,0¢100,¢0,0,100,
TeDe000.,008005040011407/ARETAWPOPNNIPERCOACTUNINIGTFATALTAINJR/
30.04221,0,380,0

END)
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TIRFYC CRINE
SURRFUTINE ¢cAMBNE
COMMAN/BLK 4/ AVEHTQAVEWT.AVEWOAVELQHMAXOAlyA2¢A30A“9A5031QDZOD3|n4
1QDS0W19W7|W30W“0W50VA.AYCTQDISMAXvDELTDQFACTIvFACTZQINDX(5)aAAA(ﬂ)
24 INDX 1L INNXD . PFOP 1IN, BP N AEACE ! REALSTWREACLY
COMMON/RLK T/ N“.PER(wt(lo)?POBILD(IO)'BHILHW(IO)oB!LnLT(IO)oCONPER
l(ld)en'lnw!th*opﬂsﬂﬂn(a)oPOSPRX(3)vNFL(IO)oA!MTPL(ln)cEXRL(IO)g
zasnaﬁxiiﬁ).twALLftln).181(10).PEDCOAnﬂxLDHrtlo)
COMMON/RLK 9y Duﬂ.DUYB.nwva.nHTO.nDYTﬁaDwKTO.hHTHTO.DHT!.PDYT!.DWKT
11 «NUTHT T« DHD G UNYD s DWK Ny DMTNy DH4 DD 4 DW e DM
COMMON /R X127/ DDYTHI.UNKTHIoDNTTHIoDUYTHO.DNKYhO'DMTTHO
COMMON /RLK 137/ ﬁVENT“wRADGoRADN»DHBO0DDBO.DMBO.DHBX.DDBI.FMBIq
lnDIONl.nWIﬂNYoﬁMIGNY-DDIOHO.DW!GNO.DMIONO
COMMHN/RLKI#/TYIQTIOvnlquXOOFTIQFIOORIT'RIDOTUNYVJQTFATALOTAXNJR
COMMON/BLKHILIQTI(6)~LIST2(9)sLISTS(Sl)eLISTS(Q).L!SY6(710LIST7(9$
1o ISKIP(6) 41, 1STR(9) 4ARETAIAC
DIMEMSTON SUAVI10,.%)
FIN=PERPPINZIDOD,
FOUT=2] ,0=F TN
SURVIEle1)sFIvanHB]
SURV(lo?):SUDthcl)-nUBI
SURVIL 4«3V =SURV ()4 2)
SURV(I.Q&:SUPV‘I‘B)-UMBI
SURAVIL (B =SSNy (]ed)
SURVI2 1) =FOUIT=NHRQ
SURVI2¢2)=8UBV241)=N0R0O
SURVIZ2 «3)=SURY (2,42}
SURVI244)=S1RV Py 3)«DMAED
SURVIZ 5 =SURVI244)
SURV(341)zFIN=NHTT
SURVIE3,42)=SURVI341)=npYT]
SURVI343)=SUPVEIe2) =DWKTY
SURVI(344)=SURV (3, =DMTHT]
SURV 3451 =8URVI3:4)=T11
SURV {441 =FDIT=OHTD
SURV (&4 42) =SSRV (44 1)=0NYTO
SURV L4 43)=SURV(442)=DWKTO
SURV(444)SSURVI443)=MTHTO
SURVI448)Y=SURV 44 =TT
SURVI(S,1Y=FIN=NH
SURV(5,42)=8URV(S,1)=]D
SURVIB 43I sSURV IS4 2) =W
SURV IS 44)2SURVISy3)uM
SURV (S 45)=S1IRV(S+4)=DT11
SURV(64)Y=FOHT=NHD
SURV (642 =SURVIEs1)=DNRYD
SURV (643 =SURV(6+2) =DWKD
SURV {6 e4) sSLURVIEeI)=NMTD
SURV (645 =SURVIGs4)=DTD
SURVIT 1Y =F 1IN
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SURV(T742)sFIMN=nnYTHY
SURVITe3)=2SURVIT¢2)=DWwkTHI
SURV{T44Y=SUPV(T743)=lMTTNT
SURV(745)=SUPV {Tear=F 11
SURVI(&,1)=FOUT
SURVI{E4,2Y=FQ'!T=NDYTHD
SURV(B84¢3)=SURV B 2Z)=DNWKTHD
SURVIB44Y=SUPVIRW3)=MTTHD
SURVIB845)=SURVIAGY=FTIQ
SURV (9,41 =F IV
SURV{942)Y=FINaNNINNT
SURV{9,4,3)=5UPVIg.2)«NYIONT
SURVIG.4) =811V {943)=DMIONI

)

YT

e T

fa sast el

, SURV(245)=51iRV (Qeb) =R T}
; SURV(1N,133FNUT
! SURVILN.2Y=FNUT=NNTONO

SURVI1ID.11=81RV(]1N,2)=0WTOMNO
} SURVIIN 4)=SURV (I3 =NMIOND
i SURV(INS)1 =S8RV (1044l 1N

WRITF (A4407) ((SUFVII L aU0%1e5)415143)
y WRYITE (4440 ISRy T 1 adT1eD) 8144 T)
: WRITF (ALL02) (/QLRV I 1 al=51eD)e12R,410)
! 4anfh FORMATY (//7/%Qx *WDTVTUAL EFFFCY MATRIX FOR SURVIVAL (FRACTION OF
, PTOTAL)Y « /771K #P4 1 ke o /u » EFFECT A2 X465He SUURV, HOUR <« SURV, DAY
: 3 +« SURY, WFEX & Suov, MANTH « UNINJURED +e/1H 494 (1H&)4/15H ¢ INND
H GNR BLASTe1SXelHastaXoFg, 244 PeUXeFB5.293H 444X eFS5.744H *e4XoFS

B,2v4XelHs oFS,24¢4H +o/7H +a28XelH* 012 Xq1H+411xX91H*912XxelHea13x

H GalHeellXoglHea/16H & DUTDOOD BALAST 14X o 1H*alX4F5,2444 +eb4XeFB8.2,3
i TH 44X F5,24H * e 4X I F8 gt XglH* FS.244H +e/2H +428XelHe412

BXolHe o 11X g IHe 2Xy1H 413X 31HeellXa]Hse/21H + INDOOR TRANSLATION,9X
GelH+ 14X aF5,244H +e4X9F G, LedH  +ebheFS,244H +elY s F5.2¢4Kg4Hw

}g 14F8:.2e4H o /P2H +a78XalH+ 012X lH®e]llXglHegI2XolH+ 13X 4 1Heg11X4]1He
2
401 FORMATI(27H < 0"TNNOOR TRANSLATIONBXe1lHeoldX9sF5,2¢4H  +44XeF5.243H
{ 2 94X 4F5,244H v X osF5,2449%94He oF5,244H +e/2H 428X 1lHeol12x,
] FIH+ o l1X o lHe 12X ol He s AX IR+ I 1XgIHee/Z)6H + INDOOR NERRIS14Xe1He, 4
GXaF8,244H *24XsF5,243H *44XeF5.294H Yo X oFS 204X qdHs oFS5,2¢
] S54H +o/2H o028 e lH+ 312X elHe ol XglHeo12XglHeg13XalH42IXg1lHee/1TH
j 6« OUTDNOR NERRTS 13X 1H+4X4F5,244H PalXIFE242H 2 8x4F5,244H

T 44X aF5,204%44He 1FS5.249H 49 /2H *428XqlH+4 12V e H+ 11X o1lHeel2X
BelHe g 13Xy 1H+ 411X aiHea /31K ¢ THNDODR THERMAL RANIATINN *ebXoFS.2.4
9H 04X aFS,29%H +44XeF%,2,4H *9bXeFB,244X b4t FS.¢ 444 *)
402 FORMAT(P2H +4?28Y ¢ 1Ha 412X e 1H* 11X alHegl2XalHee13X o H+e 12X lH+e/31H «
2 OUTNONAR THFAMAL RADNPIATION +44X4F5,244H +04XeT5,243K *4,4X,FS5,2
3,44 csdXeaFS 7 44XetaHe 1F5e244H ¢ /2H ¢928YelH+412X e HeellXo1H
44912X 4 1H+e12% e H«s1141Hes/731H + INDOOR IONIZING RADIATION #44X,F
55020‘”" 4N eF5,24¢3H 0.‘0’(’75.204’4 0:4X¢F5.204X.¢0N* 'FS.ZQQH
3 6 Sa/2H 428X e lHA 12X o He ol IXalH+ o 12X o Hee13Xa1HE411Xa1lHey/31H ¢« O
TUTDOOR IONIZINY RADTATION *+4XsF5.244H T XaFS5,243H +44XeF5,2,4
8H +elxeF5,208)04He +F5.294H +e/1lH 194 (1He))
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SURVHI=1,0
SURVNI=x1, N
5URVHI21|0
SURVMI=1,0
SURVYNHO=1,0
SURVNO=1,0
SURVWO=1.0
SURVMO=1,0
SURVI=1,0
SURVO=1,0
N0 1 I=1010,2
SURVHI=SURVHI®SYRV(141) Z/FIN
SURVDI=SURVDI®SURV(T42) /FIN
SURVWI=SIIRVWIOSURY (Y43) /FIN
SURVMI=SURVMYSSURV (144) /FIN
SURVIZSURV(1.5V8SURVI/FIN
SURVO=SURVII+145)2SURVO/FOUT
SURVHO=SURVHNSSURV(T+141)/FOUT
SURVDO=SURVDN#SURY (1+1,2) /FOUT
SURVWO=SURVWO®#SURYV(1+1,3)/FOUT
1 SURVMO=SURVMO®SURV(1+144)/FOUT
SURVHI=SIRVHIGFIN
SURVNI=SURVDI4FIN
SURVWI=SURVWI#F N
SURVMI=SURVMIGSFIN
SURVI=SyYRyIarFIN
SURvVOz=SIIRyNeFQUIY
SURVHO=S!IRVHNeFOUT
SURVRO=SIIRVDOSFCUT
SURVWO=SIIRVWNBFOUT
SURVMO=SIIRVMNEFQUT
TOTSRV=SURVMI+SURYMD
POPZPOPDNOPERCHA .
SURVZSHRVI+SIRVO
IININSSSURVEPNP
FATALZ(1,=TOTSRV)OPNP
AINJREPOP=FATAL=UNINY
WRITE{Acb03} SURVH!oSURVDI9SURVNIvSURVM!oSURV!oSURVHOoSURVDO¢SUva
10+ SURVMO,, SURVO
403 FORMAY( /7694 SURVIVAL FRO™ ALL EFFECYS (FRACTION OF TOYAL) ¢//711H
2 LOCATIONG21Y461HSURY, HOUR SURYV, DAY SURV, WEFK SURYV, MON
artH UNINJURED«/710H anoons.zsx.Fs.z.sx.rs.z.vx.2crs.z.ax:,rs.z
4¢//11H OUTDONRS ¢ 24X oF5,208XeF5,24TX02(F5,248%X)¢F5,2)
WRITE(R+404) UNINJGFATALLAINJR
404 FORMAT( //30M YOTALS FOR TH1S NODE (PEOPLE) 4 //17H NUMBER UNINJURED
29TXeF9,04/724H NUMBER OF FATALITIES oF9.04//719H NUMBER OF INJURI
355.5!,"900’
IF(TAC.GT.0) GO TN 10
TUNINJSTUNINI*UNINY
TFATALSTFATAL+FATAL
TAINJR=TAINJR*AINJR
WRITE(8¢405) TUNINJSTFATALTAINJR
405 FORMAT( //41H CUMULATIVE TOTALS FOR ALL NODES (PEOPLE) +//1TH NUMBE
2R UNINJUREDGAXsFL10,04//23H NUMBER OF FATALITIES oF10.0¢//19H NUMB
3ER OF INJURTES+4XeF10.0)
10 RETURN
END

232




/
!
!
!
|
/
|
!
!
}
!
|
|
!
i
]
!
!
)
I
t
\
t
|
|
i
}
|
i
|
j
!
1
|
i
i
|
|
I
|
I
|
]
I
J
J
|
I
!
I
I
i
1
i
i
i
I
!
I
|
|
!
|
!
|
/
|
|
‘
|
|
|
|
|
i
}
:
|
|
!
!
|
|
/
!

” g I

€SIRFTC BILDS
SUBROUTINE RILDIS

R B o L e e

C
C DESCRIRES POST ATTACK CONDITION OF STRUCTURES AT NNDE
r

COMMON/BLKA/ PO, TQ4RI,PUNA 2
COMMON/BLKTZ NMGPERCWI(I0)POBILT(10) +BUILDW(10)+BILDLT(1C) +CONFPER 2
1016) BILDNAYI1I0) (POSPRO(3) «PGSPRI(I) GNFLELIO0) oAINTPL(L10)JEXRL(1ID) o
2PBREAK (10 o IWALLTCIN) W IRTLLO0) sPERCDALBILNHT(10)
COMMON/BLKAR, PPLRYBI1049) «PPERTI(1049) 4RRKMAS
WRITE (A1)
DO 1 I=lexdM
WRITE(6a11) TBTLIY
1FUPNNE L TePHRIAK (Y LAND,POBILD(T) JLT«BRKMAS) WRITE(6412)
17PN NECPRREAK IV JANDLIAALLY L) NE«0) ARITE(6413)
T PONA LT PRRFAN{TY JAND, INALLT T NE 0« AND.POBILNI]) (GEBRKMAS)
IwiTE(& T4}
IFiPONALOE WPRAFAK T  CAND  ZwALLT T L EQy5) wRITE(6415)
1 CONTINNE
10 FOPMAT (3PHOPOST ATYACK SUSCRIPYION OF STRUCTURES)
11 FORMAV(14HOGAUILDING TYPELI D)
1?7 FORMAT(AIHCEXTFRIOR WALLS HAVE NNT FAILFUI/39H INTERIOR HASONRY wAL
1LE MAYF NOY FATLEM
13 TOAMAT(2TA0ZXTHRIOR WALLS HAVE FAJLED/3S5H INTERICR MASONRY #ALLS H
LAVE FRTLELS
14 SCRMAYIILANEXTERIOR wALLS HAY
1LS HAVE FATLFL)
15 TORMAT(ZTRDEXTE&AIOR wALLS MAVC FATLEO/26H NO MASCONRY INTERIOR WALL
15)
RETURN
£}

NOT FAILED/35M INTERIOR MASONRY WAL

™

BLOCK MATA
COMMON/BLEN/LISTI(6Y sLISTZ(9) oL ISTALIL)oLISTR(9) oLISTE(T)4LISTT(9)
1eISKIP(A)+LISTR(9) ¢ARETA,IAC

COMMON/RLKD/ DHB«NDYB NWKReCHTOWDDYTO s DWKTO s DMTHTO 4 DHTI o ODYTT ¢ DWKT
119DMTYHTI ¢ DHDDNYDGDWKN DM TN, DHoDDoyDWoDM

COMMON /RLK 12/ DNYTHI AWK THI<DMTYTH] sDDYTHO 4 DWKTHC ¢ DMTYTHO
COMMON/RLK137 AVEWTRLRADNG+RADN+DHBO+DDBO«DMBONHBI +DNBINMBT
1DDIONT sNWINNT 4 TMIONT «DNIONCDWIONODMIOND

COMMON/BLK14/TYT9TINeDIT DICIFITFIO«RITIRIOWTHUNINIGTFATALSTAINJR
DATA ISKIP/680/+DHATDNBI+ MBI 4DHBO,
8NDRO+UMBO NHTT o DNYTT o DWKTI sDMTHT ! yOHTO 4BDYTO ¢ DOWKTO«DMTHYO 4 DH DD DW
Qe DM DHN «NDYD s OWKD ¢ NMTD 4 DDYTHI s DWKTHI ¢ DMTTHT 4y POYTHO ¢ DWK THO«DMYTHO
1D0DIONT JOWINNT «NMIONTZONINNODWIONOZDMIOND/3480,0/.ABETA/0.0/

NATA TVl eTI0WDININGFITFIDWRTITWRIO/R20,0/41AC/D/

END
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SIAFTC INMPY

SUBROUTINE INPUT (KPRINT)

COMMON/BLK2/ G7XeG7YsXNoeYNesSSeSHeSWeSE4S1e524PH!

COMMON/RLK 37 WoeHB VIS XO+FFRyAIRDENISEASN,TODAY

COMMON/BLK A&/ AVEHT o AVEWT QAVEWIAVEL ¢HMAX 9 AL 4 A24A34A4¢ASeN1 40203404
10050#19N’0W3oH“cWSQKkoATOT'DISMAX'nELTD‘FACTlvFACTZO!NDX(5)OAAA(S)
2eIMAX1INDIX2PTRPIN, PP ONJREACS] ¢REACSTREACLY

ANMMNAN 7R KT/ NMGPFREWT(IC) *PORILNII0) «BNILIW(INI «BT N TI1C) +CONPER
1(30),BgLn“r¢1o),pOSPﬂncg;.Pospkxcai.NFL(IO).A!NTRLtlo:.EXRLIIO)o
ZPBREAK (10) s IWALLT(1N) 4IBT(10) +PERCOACBILDHT(10)

COMMON/RLKA/ PPERTR(10¢9) +PPERTTI(1049) «BRKMAS

COMMON /RLK 1IN/ NHILL oHX(10) oHY(10) sHILLHT(20) «HILLL(10) +HILLW(10)
COMMON /ALK11Y/ WALPANC10) «WALDEN(10) oFLORTH(10)+aFLORDN{10) +ROOFTHI(
llO)onoorﬂNtln)-BASETH(IO)oBASEnN(IO’oSOILDNIIO)oSILHY(IO)sPEnscntl
zn).PERSG(IO),PERGG(IOl.PERUBS(IO)-PERG(IO).PERhE(lO).PEPGGS(IO)
COMMON/BLKD/LISYI(&)oLISTZ(9)oLIST3(31)nLIST5(9)-L!ST6(7$qLISTTCQ)

1¢1SKIP(A) oLISTA(9) JABETALIAC
READ L1ST OF DFSCRIPTORS

YOO

NP0
1 1X=0
mMz1
2 113aMATOHILISTTeKoM)
GO TO(%¢3030306) 11
3 IXz:iXed
M0
IF(IX=12)2410}
4 K1=K
GO TO(5¢13¢23¢56¢75¢87971472) K1

WEAPON PARAMETFRS

(s NeXel

5 1X=0
MEl
6 1ISMATCHILISTLsKIWM)
GO TO(T7eToaTaTaR)a11
7 I1X2IXe)
M=0
IF(IX=12)64545
8 K13K
GO TO(9410e11e7201)¢K1
9 112MATEH{JIBK )
wa28Ke1np00.
60 T0 &
10 I1=MATCH(JWBKoY)
FFR=BY
GO TN 8
11 11=MATCHIJeBK ¢}
HBsBX
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Gind G

Oy OO

(s Nalal

12

14

15

16

17

18

19

20
21

22

G0 YO &
112MATCH(JeRK 4 3)
GZX=RK
T1=MATCH(JeBK¢3)
GZY=RK

GO T0 &

WEATHER AND TOPOGRAPHY

1X=0

M=
TISMATEHILTIST2.KoM)
60 TO(15915415015416),411
IX=1X+)

M=0
IF(IX=12)14413413
Kl=K

GO TNU1T741A419419¢1942142201)0K]
11=MATPH{JeBK ¢ 3)
AIRDEN=RK

6O TN 13
T1=MATCHEJeBK o )
vIS=RK

0 TN 13
T1I=MATrH{JeK 4 3)
NHILL=K
IF(NHILL.LF.N) GO TN 13
N0 20 1=1.NHTILL
YI=MATCHILIST248K41)
TISHATCH(JeBK 4 )
HA{1)=nK
T1=MATCHIJ4RK 0 ?)

HY (1) =RK
112MATPHILTIST24BK,1)
T11sMATCH(JeBRK 4 Y)Y
HILLHT(1)=RK
I11SMATCH{JeBY 0 7)
HILLL (1)=BK
I13MATAHE JoRK &)
HILLW(T)=BK

60 7O 13
T1=MATEH(JeK e )

1 SEASN=K

60 10 13
11=MATEHI JeBK e Y)
TODAY=RK

60 T0 13

NONE AMD BUILDING PARAMETERS
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PUARAN

23 1X=20
ME]
24 T1SMATCHILTIST3«KoM)
GO T0(25425425425426) 411
2% 1Xz1Xel
M=0
1F(IX=12)24423423
26 xl1l3K

GO TO (27428411093 74045+10n19105410945591155¢38¢38¢39+40041462443444
10‘70~8'“9050051052053'5ﬁ'620136!132'136"Kl.

27 1ISMATCH{J oK oY)
NN=K
GO Y0 23

28 T1SMATCH{JeBX +3)
ANSRK
T1ZMATAH (4B oY)

29 YN=BK
60 T0 23

110 DO 111 I=1eNN
TISMATCHEIek o 3)

111 18T(1)=«(
60 10 23

37 DO 112 KNUNT2L NN
TI=SMATCHIJWBK oY)

112 CONPFR({(KXDUNTY) =RY
GO T0 23

45 DO 113 KNUNT=] 4NN
T1EMATCH(JeBK ¢ 3)

113 BUILNWIKOUNTY =R
60 TN 23

101 NO 102 KOUNT=1l NN
112MATCHIJ'BK 4 Y)

102 BILDHT(KOUNT) =RK
G0 YO 23

10% NO 106 XAUNTz]1 NN
112MATCH(JeBK oY)

106 BILDLT(KNAUNT)IERY
60 Y0 23

109 NO 108 KOUNT=1 NN
11ZMATCHIJeBK O Y)

108 AILDWI(KOUNT)I™K
GO TO 23

8% 113MATCH(JeBKYY
$528K
112MATCH(J9BK o )
SN=BX
112MATCH()eBK+))
SE=BK
TESMATCH(DORK )
SWaeX
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r

.

ot o

g ey

3n
30
39
KR
a0
3
%1
1

42

as
43

129

21

122
47
123
42
124

49

60 YO 33

NPINP =

G0 T0
11=MATEHEJ4RAK 4 Y)
PERCOAZRY

GO0 10 23

NO 30 KOUNTY=1 4NN
TI=MATP L 1BV )
WALPAN (KO MY =P
60 T0 23

N0 31 YOUNYz1 NN
11=MATYECHEJaBK 4 V)
WALDEN(KNNTYSRYK
60 TN 23

N0 32 KOINTs1 W MN
T1=MATAHI D eBK o V)
FLORYR(KAUNTY=PK
60 10 23

N0 33 YOUNT=Y1 NN
11=MATEHL WBY ;)
FLORDN(KOUNT) =RK
GO TN 23

NO 34 YQQIINT=Y 4 MN
T1=2MATCHIJaBK e V)
RONFTHIKAYNTY =R
N0 36 YQUNT=]1 NN
T1=MATCHI JeRKe?)
ROOF NN (K OUMY)Y=hK
60 10 23

N0 120 xOUNT=]eNN
TISMATCHIJeRY 4T
BASETHIXKNUNT)Y =PY
N0 121 KAUNTY=] ¢NN
T1=MATCHIJeBY )
BASENN(XKNNT) =RK
60 10 23

DO 122 KAYNT=] NN
Tl=MATCH{JeRK e )
SOILNN(KOUNT Y 2RE
60 TN 23

N0 123 KNUNT=1 oNM
TISMATEH(JaK o 3
NFL (KOUNT) =K

GO TO 213

NO 124 KAUNTY={ NN
T1=MATCH(JeBK e}
PERCWI(KOUNTYZ=FK
G0 T0 23

no 125 KNYNT=]1 «NN
T1=2MATEH{JoBK 4 ?)
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125 SILHET(KOUNT) =pK
50 TO 213

134 N0 131 KNUMNT=]1 NN
11=MATEHE JoRK o 1)
60 YD 23

57 DO 126 KOUNT= 1NN

| TISMAYAHED P oY)

. 106 PEPSCRINOUNTY=PK /100,

-

f

-
[#Y)
-t
X
a4
X
~
P
S
2.
-}
(L]
=
<
~
ot
(&)
o
.

5 . " ' B B . .

6N TN 23
§1 DO 127 KOUYNT=]oNN
T1=MATEHEDWBK 4 )
127 PERG(KAUNT) 28K /100,
60 T0 23
132 N0 133 KNUNT=1 4NN
TISMAYCH( 12BK ¢ ) .
133 PERSG(YDIINT)=ZR¥ /100,
60 YO 23
52 DO 128 KOUNT=] (NN
113MATEHT JeBK 4 3)
128 PERGG(KOIINTY=RBY /100,
60 10 23
134 N0 135 KNUMT=]1 NN
T1=MATCHUJeBY o )
13% PERGARS(KNUNTY ="K /100,
GO 10 23
53 D0 129 KOUNT=1NN
TISMATCHEJWBR o )
129 PERDBS (KNUNTYzRK /100,
GO TN 23
54 D0 130 KNUNT=] NN
T1=MATCHEJWBK oY)
130 EXRL{KNMAUNTY =pK
GO YC 23
82 D0 A02 KNUNT=) NN
TI=MATEM(JeBK o ¥
602 AINTRL ¢KNUNT) 3RK
G0 Y0 23

Pr A .

CHARACTERISTICS OF WALL FRAGMENTATION i

4 e T R AT bRl HEMDRES st e

s NaXa)

——vr

56 1X=0
M=
57 T1=SMAYCHILISTS oK o M)
GO TO(B8¢58:58:58459),41)
58 TX=1X+)
: M=0
b IFLIX=12Y57 456,556 l

trm Bmarme e o

59 Kl=K
GO TN(AQIbYebdsb6hs6ReT3,1,180) 4K

[E—

: !
g
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60 NO 601 KOUMT=] NN
T1SMAYCH(JaBY « %)

601 PRREAK tXOUNTYZRY
60 T0 &g

61 I1=MATEHIJWK D)
N&K
GO 10D =g

64 NO &5 XOHNT=Y (NN
DO 65 1=1.N
112MATEHI JeBK 4 V)

65 PPERTYB({KOUNT.IY=8K
GO0 T0 s¢

66 ND 67 VOIINT=] 4NN
T1=MATEH(SeK 3

6T TWALLT(KNUNT) =¥
GO 1O %4

6R T1SMATAHIJ4BY 4 )
ARKMAS=BRY
60 10 86

73 DO 74 Y OUNTY=] 4NN
no 14 ':‘.'N
T1=MATCHIJoRK )

74 PPERTIIKOUNT I =R
GO 10 56

JAN 1L1=MATEHIJWBY 4 )
ABETAzRy
GO TN Bg

_ . . I ; i

—w

C
* ¢ DESCRI®TYON AF PERSANNEL
s

75 1X=0
Mz
Té TIZMATOHILTISTOHWK 4 M)
= 60 70(77.77.77-77.7!).11
TT 1X=2TX+y
Mz
TF{IX=12) 76475475
T8 K1=K
50 TQ(??.BOoPIQBSQGQQI)QVl
79 Y11=MAYPHI 1 pY 1)
BOC[\N=nK
60 10 18
80 TI=MATCHIJWRK 1)
PERPIN=RY
G0 Y0 s
81 N0 1781 =141
TISMATEME SoBK o 1)
1NaY POSPRItIY=RK
GO YD T8
83 N2 1nga 'z1,1




DAY

1083

84

71
72

170

1m
172
173
174
175
176
177

178

BHOQODBBORBBBRBBOABY

500(HH){H‘)#H)(H}OuﬂQC}OQﬂOG“GﬂG*L‘OQGQﬁQObQQO“04’QQﬂ“ﬂGb&ﬂﬂbﬂd@b##@‘)#ﬂ##ﬁﬂ“u#

87

T1ZMATCH ) 4BK o ?)

POSPROCY) 2RK

60 O »s

T1sMATEH T opr )

REACST=RK

TISMATERL )4 BK 4 1)

REACST=RK

® N e

‘1-1157(-H{JQBK'-!)

REACL Y=RK
60 1O vy
YPRINT2Y
60 TH
1X=0

M=}

VISMATAHILTSTAGK ¢ MY
GO TO (17Ce170e170431704171),411

[X=1Xe)
Mz0

TFLIX=12)170:72,72

Ki=K

60 70(177t17301740]75.]76!177!10175)OKl

15KIP(1)=)
GO Y0 2
TSKIP (2=}
GO 10 72
ISKIP(Yy =)
GO TN 72
15KIP {4y =)
60 TO T2
15KIP(®R)y=)
GO TN %2
[Srir{ayzy
GO YO 92
1AC=1

GG YO T

RETURN
END

HABER NG BBB RN INAUOLUBRBIBIVIVIGAOBODIRIDRDVBOVDBLBG
THIS ENDS TMPUT PHASE
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I R{RFTC EFFEC

! SUBROUTINE EFFFCTIKPRINT)

L COMMONZBLK 1 775+ PRET «PFT3470eT0E0F, 80000 T8 PR CDA

N COMMON/RLK2/ G2IX9G7Y 9rNeYNeSSaSNsSWeSEe81e52,PH]

3 COMMAN/RLK Y/ WeHB VIS XOFFRIATRNEN, ISEASN, TNDAY

1 COMMON/BLKS/ AVEMT JAVENT ¢ AVEH o AVEL s HMAX 453 9 A20A30ABcASeDL D2 D344

] 1.05.w1.w?.w3.wn.w5.kA.:YnT.DISMAlonﬁLTD.FAcvx.FAcrz.xnnx(5).AAA(5!
2.IMNXL (INDX2,PFRPIN. POPDHIRFACS| +REACSTJREACLY

d oy COMMON/ZRLKS/ TA,CUWPWV4PDYP (PREF

B COMMON/RLK&/Z PN, TQ4R14PONA

N COMMON/RLK T/ NM.FFRthlin)oPOBILntlo)oBUanu(IO)quLﬂLYGZO)oCONP[R

H 1(10)oBTan'(10).PﬁSPRn(3)oPOSPRI(S)sNFL(IO)oAlNYRL(Iﬁ)oEXnL(10)¢

’ 2PBREAK (10) « IWALLT(10),TRT(10) sPERCOACBILDHT(10)

COMMAN /BLK ) 3/ &vSwvﬂ.Rnnu.nAnN.nueo.nnBo.DMBOoDHa1.Dnax.Pne!.

1NDICNT «OWINNT (NIMIANT i 1OND (NWIONO 4 NMIOND

: c
: c CALCULATF OVERPRESSURE AnD POSITIVE PHASE DURATINN AY NONE POINTS
c (FREE FIFL™) AMD PRTNY
, ¢
. A7 XO=SSORT((GIX=AN)OBP & (GZY~(N)BS2)
qo CALL WEAPOM(WeY¥OsHR4PO, TN TAL0.0)
M ¢
i } c USF ReH FQUATIANS TN COMPUTE SHOCK VELOCITY. WIND VELOCITYs PEAK
oot ¢ DYNAMIC PRFSSURE, AND REFLZCYED OVER PRFSSURE AND PRINT
¢
4oy CU=1126,2SNRT(1,+6,2P0/102.9)
T PWVES630,2PA/(102,0¢5QRT (1.+6.,2PN/10249))
i POYP=6 ,aP0»PN/ 1205, Re2 BPO)
Ty PREFz=2,0P0¢0,.40FNYP
P C
i ¢ CALCULATF THERMAL ENERGY 4T NODE POINT (CAL/CMna2) AND PRINT (FF)
c
o TO=FIRF (We XD oHP VI
]
! c
{ C CALCULATF TONI7ING NANIATION IN RANS AND PRINTY (FF)
oy ¢
' CALL RADION(WWYOsHR(RTRANGRADN)
i r
3 | ¢ COMPUTF ATYENUATED MIDE nyFR®RESSURE
; o
i PONAZPANANF (AVFHY (AVEWT 4P}
i o
% c FOMPIITF ATTENUATED INTERTNAR OVERPRESSURE FOR EACH BILBING TYPE
! <

N0 117 I=1eNV
WPEZPERAWT (1) 210C.
. 17 DOBILDtI?:PO“RFD(wPo°ONA)
: RETURN
f END
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SIRFTC wWHAP
SUARODUYINE WFAPON(We XD GHP JOVERP 4POSPHMWATS T
2 SCALE =zwoal],/3,i
i HBS=HB/SCALF
XCS=X0/SCALE
'3 OVFRP=F INDIHRS 4 X0S)
2 BOCPH=EINDYA(HNSx05) o 5CALT
AT=2FINNAT (MRS« ¥0S)YOSCALE
s 1F(TI19,10,41
3 i3 OVERPNFCAY{OVFRP 4POSPH,LT) -~ 4
12 RETURN Pt 1
END! ’
1
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g W

1aFTC DINY

FUNCYINN FINR({HT4XN)

NIMENSTION HP112)aC(12),P'T72,412)42(12)

NATA CoeNP/T, 02,08 0k, eB8,910,015,420,430,950,0100,4200,47245844R446
1644, 43,4)143803242ka?D4167

NATA (B (Tal)al=ie72)7
X3IBAN, 01340, 440204 44100, ¢%1R0,v4260,1048350,¢4440,44530, +4620¢+4710, 9
XeTAQ, ¢4ARRD 44970 4990 c80A0. 5132, ¢520%:0¢52T6.1534R,:5420,45472,4
KSS?Q' 'QS’A.Q';G’B. ‘5‘:’50.’5738.‘5796' Q585a3'591290597r_¢ »60?8.;6086, *
X634 0087202 0 RN ab 12, 43084 40b4)60068R8R  ¢ASP0 (shAT10,s6920,07080.
XT2400 073104473704 ¢7280, %0100 08RT00 04740444430 ,44540,04460,443R0,4
X42Y04 941480 4040404029220,3790,+3630443520,43370,03220,430%0,4+2900,
X2700e424h0442200441950.+15U041000.7

NATYA (P (142)el=)1072Y/

X?“Bﬂ- 995,8'0’5760 -?‘32“. 07572092720' 92776-'2832-0?858. 929“‘00 !3000. .
X304‘A.w‘!ﬂ‘\?’,..\l1?--17;76.’3220,93268.03316. ’336“-93412.13460903492.9
X3524. .15q6..!5Q83 ~3"2‘3. .3‘5‘\0.937”0. 93"000'37“0! !3820. 93858093896, L]
X39344 3972, 44010444022 28054, 400T4,4400R 44120494150, ¢4130,44000,
XA1B0,e29%0, 428004 7AT0, 02540 ,02610407260,¢2130,41980,418%0,41660,.
xll’“OoO]nﬂ()o! (,c,._)_" -000 "‘Oo' -Oci -Ol’ Ll ) "O.! "'0-9 "'0.9
x "n:lg "'g'q "0'! "0'9 -0'9 "00/

NATA (P (Ta)oel=10T2)y/
X1630001660:41690001729.401750¢01780491810:0184N¢41870.41900441930.,¢
X1954,41978,42002 42026 ,42050,47072,¢2094,¢2116,42178,42140,42180, ¢
X?Zmﬂ;c??’Oovﬁzhn!1?’&0.!?2q2~'?304-’?326-0?3“5002370~-2396'!2“22o!
X2468, 42474, 42500 ,42512,925824,025%36,4254R,925h0,49180C.01610,41450,
X1300¢471300e 90N%e0 S404 Do 0, =04a “Nayo LAY w0y “Oo
X =04 wDeo Do “(Day “«Oes 0ot g “Dya «-Cay Qe =0,
X =040 Qoo “Dee “Cav “0an “de/

DATA (P(Teb4)s1=1e72Y)/ :
X13A0401372.413R4041396,0140U8.0142049143R,414%6,+1474,41492.415810,¢
X152641542,41558,41574,41590621512,41%34,+41556,41578,+1700,41718,«
x1716¢ 9’7‘“c91772D'1790u 01"10001830. §1Psql118’0.'&890.‘191200193‘0.’
X1956441978:4¢20M04e2N00, 420 0042030442007:42000,41270:,49110069 930,
X T00ss 32040 D34 =0ss =0ss =0ss «Zsa «Des =0,9 =04s =0,
X -y =0y -Can =0e 0o “w0Doeo -)en LA «Nyq “fas =04 =0,
X LR LIV LK) “QOo “Oee o/

DATA (P (T8 I=)1072'/

X11200 033300012400 031500911600011 7001186091198 ,41212441226441240,

X1296,01272,4128R8.41304,41320,01362,91364,¢13R48,41408,+:430,41450,,

K14 T04et400 a8 0ea)B30. el B%4,0)0 78,0 A02.00)1624,41650,0265%640166240

X1668 401874, 0 16RD (1880, 41470401290 ,411A0,41030,« 360,y A40,¢ 310,

X w0 wilty g “Ceo L] “D,a Qe e Do Ny -lan (s O,
X =0e o “Ceo “an =()n 0 LK) =04 =0 wDee =0ae LK) w(en
X =0ev =0er ~0es =0as =2.9s =0,/

DATA (P {Yeb)alz=1e?2)/
X10;3.01031.!10&3-91055.913".~1075.!1090.'1102.0!114,!11?5.01137,0
X1182,4%125,01176,41107,41233,47230,412683,41273,41295,41315,41340,
X1360e v 3802 a1aM2a02623, 02437002447 ,42453,a1457,416583,414%00901438,.
X1418,41302 ,413% .4 625, 27,0 825,¢ 761,94 TAS,s 5T70,0 110,40 <0,

243

st )0,




{

L Nt

P @ e L = 3 o o e 5 o i A, 2+ it

A =6

e o e e o e a2 e

K «0cs ~0oo
K =0ee =04y
R =0e.s =0.3%

NATA (Pt
X 8?0.0 8?6.\
X 91740 932,,
x‘lso..‘l’o.‘
X 672244 585,
X -Oqi
X =0es «0us
X «0as =0sys
NATA (p(f.8)

Tl2¢e T16.0

T8B4.¢ 77640

92Tes 9364

403,¢ 349,

‘000 =0s0
‘0'0 =Ceo
“Oas =0en
NATA (P (1.+9)

SRS 44 H5R%¢

602, 605,

67009 669-!

“Oes =Dev
‘00' =0
‘0.! ' T
Qe =0y

2 3¢ X M > X

D > D M I

=Ceo

“Ose =0sa ~0os ~0ee =001y <«0ss =049 =0ss 0,0
“0sa =00y w00+ =0ce w0es w0e¢ =0¢s «=0sq =0,
=N.2 «wDaa w(las =0,/

s 121072/

832.' ﬁQ?.g 8“8.9 655’9 56309 672n’ 880.9 89001 902.’
Ya4bar Vbd,e FAGey 998,51023::1047..106R,41094441125,4

11A3,4319),01194,91192,41184,91173,41152,41087,4¢ 6A1,,
5466« 50549 45840 400,49 34740 295,y «0ss =0es =0,
wOaeo “0s e '0.! “0|| =0ee 6009 =0, 0z -039
w“0es =0sy *0¢o =0ss ©0cs 0oy =Q0sr =Dse =0,
“0ay. “0s9 =Qes =04/

I=1472y/

7200y 129,40 T3209 73800 T4D0s T4Tay 7851es 75600 T60.
TR2en 192,49 80249 812,90 8284 B842,4 8608, B8l 911,

Q8244 942, 9364y 919, 8509 5T85,¢ S41,9 SN0sa 451,

ZAR .y 7??.0 95.' ‘0|Q “0a '0.' ”0.‘ =0 -0.0
“0ev =049 =04+ w04y =0ss «wOsv =«0so =0aes =0,
*~Nev =0os =0y wOes =0ae w040 =0, =0ae9 w(ly e
=0ss  =0Nes =Qe9 =04/

vIsieT2V/

SRT7,.9 588,13 589, 590,y 59249 595,4 59T ,v 599,44 600,
6N9.e Al2,4 619,49 62244 30,9 63A,4 648,y 65Tye 667,
6%4e0 478, 438s0 392,40 34249 293,94 239,y 135, “Oe
“Oea =(ey Ll { ) “Jen ~0sy =0 =0e “wDes w04
«Dse =009 =04y =Q¢o «0ay =0use «0so =0¢s =0,
wQOaee «-Qay “Qos Qs w040 =0as =0 =0eo «“0.
“«0se w0oeo =0se =0,/

DATA (217400 el=1472)/

480 ,+ 46140
GRD 4 4PGy
30344 2R0.,
“Dee =00
=0ey =0
“0se =00
wDaes =04y
DATA (P(1,11
330.. 337.'
3840 IRB,,
«Qse  =Das
w0se =D
*Does =040
=040 '0.0
LIV X 0o

> ¢ M M D XK

M 2C M K I I I

H4R2 40 U85 .0 46bes 46T, 6B, 4K9,4 4T0,y 4T72c0 476,
4A%s N95,9 50049 51049 5199 523,04 523,¢ 51249 349,
2094¢ 15442 =0ge¢ =0se¢ =00¢y =Ney =Dey =0uss =04y
“Qse =0%y =Qe¢s =0es =0sy *=0re =Des *=0es =0us
“Oeo “Deo Q¢ 0o -y w00 =0 =0 w00
“0es =0vs =0¢r =0ss =0ey «0se =0ss =0as =0,
0o Qo 0o w0,/

Yel=1e72) 7

34040 48,0 35C,e 356,y I60N4v 3650 36T, 372, 379,
39046 39C.s 3P0, 2600¢ 22000 173.0¢ Ll4sy =0ps =0,
“0ss =Neyg =0e9 =0es ®wlge =04y =040 <=0ay =0,
“Dee =Dey *=0sy =043 =0ey =0Usa =0e¢e¢ =0s9 =0,
“0ss =0ess =0se *0ys @0ses =0.2 ~0es =0se =0,y
“0ss =D¢s =0es =040 =0ss =042 =Uqe =000 =0,

*0ee “Dee “Qa «Q04/

DATA (P(T412)4121472)/

25000 2“5.!
266.. 2?06'
Qe =0
'009 “O¢e
'000 '0.!

«0ss w0go

> D€ M I I D

24849 250,0 25042 250,40 25049 250,94 2%1,9 2%344 263,
180¢e 136, 6les Qe wDeo Qoo “Oas (e =0y
“Das =0¢e =0ss =049 =wO0ss w0es =0¢s =0ps =0,
wDes =0te =0e¢s =0s¢ =0se =0ey =0,y =Dss =0,
w(y o Qe *0eo L w0y w0 =0y Qo 0,0
0o «0ee ‘0.’ ‘00° 040 0y L) '0.‘ .0.0




T

X afN.s «D.2 wh.o =N.e wD.e 0./
2 DELY=28,0
SRES
STARY=N,0
60 TN 1a
1 DELT=125,0
STARTY=Y 000,
JJ=4)
. AP0 T I=JSa72
11=1
IF{HT=STARY 4aT, 7
T STARYSSTARYSNELTY

WRITE (AB) HY¢YOWSTART,DELTY
& FORMAT(2PHNEOPESSURF NUT NF RANGE/ZGH RT24E2n,A/74H XNS.N20.8/TH STaR

1T=eE20,8/6H NEIT=eF?0,AR)
4 RATIO=(STARTHY) /NELY

nn 10 1=1.12

TEIMP (T)=]Te]1),R4A
a 7{(11=0.0

GO TN 10
B 2(1Y2P (1Yol )=RATION(P(ITqI) P (IT=lel))
10 CONTYINIIF

no 20 t1=1,1?2

J=1

IFI2(13«XN121e22420
20 CONTYNHE
22 FIND=C(N

6O 1O 25
21 FINOSCtT=1)+(CUT) el ) #(Z{I=1)=X0) /(7 C]=1Y=211))
2% RETURN

END

srnpvC DECA
FUNCTION DECAY(PoTP 4T}
NECAY=PB(1,=Y/TP)aEXP («T/T)
RETURN
END
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0 L BT S Qe TR ST AU Bt L BT st o 510 T it v

BT My i

w

" AA T AT qRar

ey e

SIRFTC FINDY M4 4 XRT

FUNCTIAN FINNAT(HT«XO)

NIMENSTION NP L1913 C(19) 9P (3T419)42(19)

NAYA C0N°/n-0“!0007!0aIQUo1500!20002500030.0.4000.50g0.60.0.60|1.0
X0105¢24002:5434003,5+4,044¢50608599411913014916418421621,22923,25,

v -
AZ&QSGO%?V?}"Q??Q??/

DATA (P(Tal)al=1437y/
XSOﬂ.o298..?79.0240..195.9110q031“000/

NATA (P(T4P)al=ie37)/

X385, 032,43 72,4345,4305,425349190,43000,0/

NATL (P(Te)al=1643757
X4T0,448R,,858,4432,4398,4350,4300,,4228,,110,,2000,0/

DATA (®(Yel)o1=143T)/
x567.|559|'5500053“105120|“A0.9446(0395.Q33309255011300026“0.0/

NATA (P(T4S)el=1430)/
x658006530t6“7.!ﬁ3nu96!0.9530'05490950600“5509“02.93“?002560!ZS”OQ/

DATA (P (148)41=1+37)/
XT“O..718..730..717,.697..672.g6“4.qblo.q568..520.g468.0“n5003150.
X215.42%0N0,0/

NATA (P(TeT)a1=1437)/
1525098?000313-0600.1784.0760.!735-1700.!660.v620.9572o95?0.0“60-.
X395,430044120,4421%0,0/

NDATA (P (1 A), 11437/
x96?.0961n10593‘951.0938u091790895'9867|Q833o0795'9760.‘718.0610..
X628 0057240500 ¢¢418,4320,915080,0/

NATA (P (149)4I=1437)/

1100, ¢11034911004910093,4108040106T441080,91023,0997,1967,+932,4
XK836,4850,4A1N0.0760,4T1049647,459044515,4425,,4280,41640,0/

DATA (P(1410)e721437) 7
X1240401242,.1241441234,41225,41210,91192,41168,41142,41114,41080,
xlD§°Q'l°’56'Q60n!9390laq7n‘8“400600017“500585.06070!16“0-0/

NATA (P(Tell)elz1437)y
x1300|Q‘“90001430-!l“10.01460q'1450091“32.'14!“0'13960013750‘1360.'
X1324 441288491252, 01216,911%0,¢1144,41108,041072,41036,41000,4630,,
X1560,0/

NATA (P(T412)472143T) 7/
Xl130.0]7?8.01726.!1724.‘1722,vl?ZG.Q170“-01688.01672.!1656.11640;9
K1608:01576¢01544401512,314080,491450,441820491390,41360,91330.41070,0
X680,41400,0/

NATA (P(T1a13)412)037)/
X2350,92348,42366,92344,42342,42340,42328,+v2316,12304,42292,12280,
$2254,442278,422N2042176,42150,442120,42090,92060,+2030,4+2000,+1870,+
X17304014204601000e¢12%0,07

NDATA (P(leld4)elz1le3T)/
X2980,02948¢0”7946002946G,.9£94824029404142926492912,492898:928864,4¢28T70.0
X2848,92826,42804,02782,¢2760,92736492T12,02688,12664,+2640,+2530,1
X24304422504920M0491740,91300,9600,9980,0/

NATA (P{T415)4121437)7/
13540.05538.93536.'353Q.93532.!3530.0352“.'3513.'3512,93506.!3500.'
X3480403460¢9344004%820403400093370493340403310,43280,0325%0,43150,
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x30‘0.079“0.02750-0?550.!?3000020303'16100’10500070000/

DATA (P(Y416)a12143T)/
X6110004112.4%41100064116406118¢94120,06112494104.44096,+40P8.44080,,
K4080,:4040,+44020..4000,4%3980,413956,13932,439N03,43884,43860,93750,
X3T00, ¢ 35A0. 434504 ¢3300,430904428R0,42600,4235C.02920:¢1i3504e520,0/

NAYA (P (1417 ,121,3T)/
XQB&O..hbﬁQ.qb6%3..¢692.9Q696=q470091469“.0#685.06652..Q616,.4670.o
XQ6520Q463400“61600QQ9H.'a560.'4560.‘“540.94520.'45000‘“anl’43400'
X43720e 062”0, 008100444000, «13820,93650,43420,4322N0,42930,,2600,42200,.
x1650.Q620'!2“000/

NATA (P(141R)e1=1e37)/

X820 ¢ 95238495245 ,05254,45262,05270.45266,45262,+4525°,+5254,45250,+
X5232 4452144451 96.045178,45150,¢5142,4%5124,4510A.+%038,5070.+4950.,
4870404800, 44770004h20, 94470608330 ,444)40,03950,.23740,.3800,43200,,
X2B60,+2420,4¢190044110n,/

NATA (P(T4193 4121437}/
X56ﬂ0.o5806-q5512‘05818.0582«-c5830.9582ﬂ.vS&?A.oSSZQ.\5972.-5320.$
XE5806¢e8T792 445 778,4¢5764,459720495T30,¢5710,456%7,+%270,458%0,49380
X54850,41054004053720.¢95230451 30,5020 494870, 44770,406577,403N7.64040,
x376gvQﬁ“500!%140-02770o/

IF(HY RF L1000, GO YO )

NELT=5n,

JJ=1

START=n,N

60 10 2

NELY=2R0,

STARY=11700.

JJ=2?

no 7 1=5J437

11=1

tF(HY=START 44747

STARY=START+NEL Y

WRITE(A.5) HT4XOsSTART,DFLT

FORMAT (2AMNDAPRIVAL TIME nuUT OF RANGE/4H HT24E20,874H XO0=,E20.8/7TH
XSTARYT=4F20,8/76H NELT=4F2n,.8)

RATIN=(STARY=HT) /NRLY

D0 10 Y=1,.)9

TFINP(t)=]1T+1)9,848

2L1=0,0

60 TO 10

ZUIISPUIT ) =RATIOS (P (1T 1) wP(TIl=ly]))

CONTINUE

no 20 t=1419

J=1

IFL2{tY~X)12Ne22¢21

CONTINVE

FINDAT=C L U)

60 TN 2%

FINDBATSC I+ (CUIY~Cl=13)0t2(t1=11=X0) 7 2 (T=1)=7 (1))

RETURN

END
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SIAFYC FINDP MO4XRY

FUNCTIAN FINNTO(HYX0)

DIMENSTION NPITY4CUTY 4P (36T} a2

')"A C:?‘-“’.’".!:0.1'5‘9.23.9.25'0,33.

DATYA(P(T41)4151,31)7
X35040350,0%63,0400,4450,0487,150€.0495,4430,4350.4290.+260,4220,,
X160.01740,0/

DATA(PI142)4121,31y/
‘55500540005350056500615.Q635.!655.06609965099625ge560=!530:=470..
X390,4295,4145,415%0,0/

DAYA (P{T4¥)sI=1e31)/
x’?O.9768.076,30825.9870008950990500910.9905n9900'0375.95900'50500
*735' '&35. .“95"325| QISSQQIS“OQO/

DATA (P(T4l) 4110431/
x1065.01090.c1070.01090.01120.01[65;01205.!1230.01255.01280001300,v
“315.0!318.-1313.91790.c1270.Q1090. 09650 9835. '705. '6000046009300.9
X160e9 79040/

NATA (P(T4%)el=1431)/
xl“ﬂOoo)QOSO01415001420.01“40c01465.01500.01560.v16600917“50’1810.0
x1565.01905¢01918.01975.0?0u0.02025.92060.02050,!2050.020“0.92023.0
Xl990.g|950..1890..1520..17“5-91600091410001135.0650u/

DATA (P(T146)el=1931)7/
XlGlZ.ol&32.q1855yv1878.v1905.91950.92000.'2045.12115..2200.v2315.0
X2465,+7710,418%0,0/

DAYA (P(TeT)el=1431)/2160,95205,42275442365,42465,42620,42780,,
X2950442390,0/

NELT=%0,0

STARY=nNn,N

DO 7 1=1.3%

11=1

IFIHT«STARY )44 T,7

7 STARTSSTART+NELY
WRITE(A4S) HT¢XD4START,DOFLT
S FORMAT(2RHOPHASFE DURATION OUT OF RANGE/4H HT=4E20,874H X0=4E20,8/
ATH START=,FE20.2/6H DEL TS E20.8)
4 RATIO=(STARY=HY)/DELT
00 10 1=1,7
IF(NP(T)=1T4]1)C48,A
9 Z2(1)=0,0
60 Y0 ic
A Z(IISPIII 1) =RATIOO(P(IT 1) =P (1I=1s]))
10 CONYINDE

Do 20 1=1.7

J=1

IF(Z(1)Y=X012Ne224+2]

20 CONTINUE
22 FINDYO=C(DY

GO TN 2%

21 FINDTO=C{I=)elC () =Cllu))e(Zllal)wXN)/(2(]el)=71(1))
25 RETURN
ENN

Ge35404%0914416418¢424031013487

[V
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Lo SIAFYC PONOD  M944XP7
; FUNCTIAN PANNDE (H,D,P0)
PONODE= (0. N6 /KH+0,45) ¥PO

Lo IF (PONATE.GT.50) PONONESPO
[FE BEYURN
o END
S SIAFYC POBRE MO4 4 XPY
O FUNCTIAN PORRED(X.PNO)
N NATALY (1) o121 1)/0,0004474404T0490.R0740,R6T7¢0.90420.933,0.95%,
. DIMENSTON Y(11)
it DO 1 I=1.11
S XI3FLOAT(1=1)/)0.
H J=1
g ‘. TFIX=XT) 347,
t 1 CONTINNE
T 2 Yi=Y()
Y . GO TN 4
B 3 Y10 X=Xty i)=Y (gel)deY(d=1)
Lo 4 PORRED=Y10Pn
i RETURN
: f ) ENT)
3 I
1
{:
!
A 2
-~

SINFTC THERML  MA44XF7
FUNCYINAN FIRE(WeXOoHB,LV}

DETERMINATION "¢ 0 By GIRRONS FQUATIONS

[ N e

STSORT (XNOXO+HRaHAY

S25/%2a0,

AsD,04¢

IFtA,GT,72063) "=20,3
T=0,TROEXP =1,9185/V)a(],¢A/7V)
FIRE=],048W0Y/1852%)

REYURN

END
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smmigaumsrATrREn ARG DA ~.”

fu -]

$I1RFYC RAD!

&

SUBROUTINE RADTON (WeXO4HB4RT4RADG ¢ RADN)
DETEGMINATION 7F TONIZING RADIATION IN RADS FROM SOFY YARGET sTURY

D=SQRY (XOaXYQaHRNAHEY /3,

Wr oW

TFE(WaBiTe2NeN) L AND, IWLLEL1004)) GO YO 1}
?F(CW.GY.XGO.).ANn.tH.LE.SOOOo)) GO 10 2
iFiwe6v.8000.,) 6O 10 3

60 TO 4

WPa0 610900 a) 152

GO TO 4

WP30e4gnaRByan], 214

60 YO 4

WP 0NSOWeL] . T40

AK=)
!F(HB.IT.(laﬂ.#wbvo.h)‘Ax:O.b?*O.SS“HB/(IBD.OW#“O.Q)
RANG=2 1,F90AK S, 20Wpopxp (=N/260,)7(040)
RADNZ 1 ,FQBACe165,50WeEXP 1-D/210,) /7 (D8D)
RIZRADARANN

QETURN

END
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115
Lo
o c
e 4 ¢
f ¢

C GEOM

SURROUTINE GFOMEYIKPRINT)

COMMONZBLKG/ BYEHT AVEWT A EWeAYFL sHMAX AL ¢ A20834A444540N14D24D3sN4
L1eDB oWl ¢WPeWIaWh WS oKALATAT S NISMAXSDELTDWFACTY JFACT24 74NN (5) sAAA(E}
2¢INDXLLINDY24PFRPING  POPUNGREACS]

COMMON ZBLKT/ NNGPERCWI (10) *PORILNII0) «BUILDWILIN) JBILTLT(310) «CONPFR
1010) «BYLDWI(10) sPOSPRO(IS 2PCEPPIII)GNFLILOYGAINTRLETA)EXRL(10)
2PRREAK (1N s tWALLY(10) 4IRTII0) «PERCOAWAILIHT(IM

COMMON /PLK]A/AVEWTARADGRADNyTHBO ¢NOBO+DWBN . "HRT W DWRT 4DMB I,
INDIONT JAWINNT«NMIOMT JODIONO,DWIOND$OMIOND

Y L Yy

CALCHLATY AVERAGE QUANTITIES AND MAXIMUM HFIGHY

PIsg,#ATAN(Y,)

AVEW=0,0

AVEL=0,40

AVEHTZN,0

AVEWYB=D.0

HMAX=0,0

DO 115 I=1eNM
HMAXZAMAY ] (HMAX GRILTHY (1))
AVEWTB=AVEWTR*RUILDW(T)OCONPER(Y)®10.
AVELESAVEL+RILDLT{IYSCONPFRITY /710D
AVEWZAVEW+RYLOWI (1Y BCONPERI]II /1T
AVEHT=AYFHT+n 1L DHY (1) oCONPERITY 7200,
AVEWT= (SS+SN+SFeSW) 724,

§1=(SS+5My /2,

S22 (SE+SWY /2,

COMPUTF NONE PPINT ARFAS AND DISTANCES

KA=z0

PHIZATANIAPS{(G2Y=YN)/{GZX=XN)}))

[F(PHI LE.N.0.PRPHTHE,P1/2,3G0 TO 154
Alz  SY%CAVE)N «S1OCOTAN(PHI))
IF(AL,1.E.D.0) RO TO 184

Nls S1/SIN(PHT)

A2= S5taS82+0,50524S248COTANIPHIY .
D2z D1+S2/COSIPHTY

A3z S10(STeCOTANI{PH]I)Y~S2)

IF(A3,1F.0.0Y GO Y2 154

D3z S1/3IN(PHTY)
MGz S28RL&D,S5G2HTAN(PH])
nes 07

AS=S27 tAVEWLS2RTAN(PHY)Y)
1F(AS. L F 4040} fO 10 184
58=282/70S(PHY)
ATOTZA1*APSAI+AG+AS
Wwi=zalsnl
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AT

154

155

W22A2/n2
W3zAd/n3
wezA4/ N4
WSEAS /NS

NISMAXSAMAY]) (D)14D2+4N34044D5)

60 TN 188
Al22,08y L 881451082
Az . avEWS52+51852
ATOTZAl el 251082
KAz}

D1=2,8AVEL+S5?
N222.8AVEW+S]
WlzAl/snl

W2eA2/72

ni=plaen,s

D2=D240,5

n3j=Q,

n4g=9,

nN5=0,

A3=0.

44=0.

A5=0,
NISMAX=AMAY]1 (DY, D2)
DELTN=NISMAX/1D,
RETURN

END
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157
156

SUBROUTINE BLASTIKPRINT)

COMMON/BLKG/ AVEHY (AVEWY JAVEWGAVEL ¢HMAX AL 4A244234444A59D14024D3404
1y 0% Wl aw? W3 aWE g W KA ATOT 4 DISHAKGDELTOWFACTI GFANT2INDX{5) 1ARA(S)
2¢INDX14INOX24PFRP N POPDNGREACST «REACSTREAC Y

COMMOM/BLKG, PO, TQP!4PONA

COMMON/RIKT/ NMGPEREWY (101 YPOBILDCID) +BUILDWI10) oBTLNLT10) «CONPFPR
LU10) oBILNWTIC10) o POSPROIIY «POSPRI(I)«NFLILOY sATINTRL (1) sEXRLLLI0) o
SPRAEAK (1M) o IWALLY (1M J1AT(20) «PERCOAWBILINKNY (10)

COMMON/RLK Y/ DHBWDNYR NWZBAaDHTO s DDYTOOWKTOIMIRTD ¢ OHTT«DOPYTT 4 DWi T
LI +DMTRY LG DHD 4 ONY Do PW 1 5Ty DH. DD e NWe DM

COMMON/RLK 13/ AVEWY N RADGQADNGDHBO«NNBO «DMBA «NHRY PRI T"MR] W
INDINKT ¢ IWINNT 4 MMIANT 4 DRTIONDDWIOND +DMIONOD

CALCULATF PERCFNT OF Al ASY CASUALTIES FOR EACH TIMF TO DEAYH FOR

NYFRPRFSSYRE

DHRO=0,D
noAD=0,0
NMAD=0 .0
DHAl=0.0
NORI=0,0
nMat=qg,0

AUTSTIUF FONTYRIRUTION

IF(PONA,LEL3T.%) GO TO 156
PERO=1,=PFRPIN/100.
PERO=PFRN/10N,
NHAOSBLASTH(PONAYHPFRD
NJROERLASTNIOQONA) #PFRN
NMAO=BLASTM(FOMAYBPFRN

INSIRE CONTRIBUTINN

PEREPERPIN/LILEG

NG 18T 13k enN

TFIPOBTIL™(T),LF,37.5) GO 1O 157
BAR=PORIL DY)

NHRT=PUR TR ASTHIENN ) BCONPFR(T) SPER
ARRISENA PN ASTO(PNR)aCONPERIYYGPER
PMRIS VAT L™ A 3TM(PAA) a0 (1) oPER
CONTINIIF

CONTINUT

RETURN

END




T RO W T i gV ey G
. e .

SIRFTE H
FUNCYINN BLARTH (P)
DIMENSTON oK (21)
DAYA (P (1147314239 /3080.0437,5040060043,5447¢05%005¢554¢58,063.5,
168.54764,0078,5¢83,N¢87.5.93,00100:.04107.5¢117.54130,0/
{F{P,LF.37,5) 6O Y0 S
IrireG7 1305 "5 %0 &
DO 1 I=28,2)
TFIPJGF.PK 1wl JAND,P.LELPK(])) GO YO 2
1 CONTINNE
60 TN &
2 BLASTHRPK (Tl )46, 0(Pupk(1al))/Z(PR{T)=PKil=1))
60 Y0
® BLASTH=20,0
50 YO v
6 BLASTHZ10040
7 RETYURN
END

$IRFTC D
FUNCYINN BLASTP(P)
1F(P,LT,40,0n) RLASTD=Q,0
!F‘P'GE)aOOOQANn.POLTCGS'D’ HLASYD=35|O
1F(P.GF.65¢0¢AND,P,LEL13D.0) BLASYO==0,5384P+70,
{F{(BLASTN,LT,0,0) BLASYD=0.0
IF(BLASTYD,.GT,100.,0) BLASTD=100,
RETURN
END

SIBFYC M
FUNCTION BLASTM(P)

IF(P.LY,40,0) RLASTM=Z(Q,0
IF(P,GF.40,0.AMDN,P,LE,120,) RALASTM=100,=BLASTH(P)Y«BLASTD(P)
IF(RLASTM,LY.Coe0) BLASTM=040

RETYURN

END
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150
50

151

SURROUTINE RLSTMIS((PRTNT)
COMMON/RLK1/TSePEEC oPF TS 4PITOsCNF 4R0eWOUsTBPRTRCT O
COMMON/ALK?/ GZXefZY e XNeYNeSSeSNySWySF4S1¢S24PHT
COMMON/RLK 4/ AVEMT AVEWY . AVEWAVEL cHMAX AL AB .23, 84.25.0).02
JalS oWl eW2aWI oWl oWB K AATOTeRISMAXSNELTDFACTY yFACT? ¢ "uNX (5} 4
24 INNXLINDXD 4PFRP YN, PAPTNCREACST «REACSTREACLY
COMMAN/RLK K7 RO, TRLRT,EDONA

COMMON/RLK T/ NNGPERCWT (10 *20BILDUI0) «BUILDW(10) oBILDLTL10) ¢CONPER
1O10) e RILNWT (10 oPOSBRA(3) OASPRT{3) ,NFLEL0Y JAINTRL (10) ~EXRL(10) o
CPRRFAK 1D « TWALLY "1M) 4 IRYL10! o PERCOAGWBILNHT(10)

COMMAN/BLKG/ DO e NTYR G DWK B a NI NDVTO s DWKTOAMTHTO IHY I POYTY 4 Dwk Y
1T eNMTRTT GDHD QDT VN o BWKD 4 DMT, DU LDDDWe DM

COMMON/BLK L4 /T Lo INeDITaNi0eFTT4FINRITARIOLTUNINJ4TFATAL ¢ TAINUR
DIMENITON ADE3)Y 24P ¢} JAR (A} «AS{3) s ATLI) 9AUT3) oPVEL13,10) 4VEL(10) .
IPVELT Y0030l M) 202 ARTHI0) «PROADIILI0) «PROBOW(10) «PROBEMII0) 94V ()
DIMENSION TIVEL (da1M .pRC1 (1D

NATA (ADTTI) w 12t a2 /8,743, 040083374 tAP (1) 9121 43)/7301,33/4(AR(]) o1
11630 71,001 450845, 7674(8R01, 9151031 /N,2R40:667¢2,63/¢¢(AT(1)Y4I=143)7
23:14410.23340.55/9 0801372243} /8.5T745,32:,8.57/

PAYA (AVIIYa1214)1 /B, 43,e2.5/

CALCULAYF RMLASY DISPLACEMENTY EFFECTS ON OUTSIDE

1PQINY=Q

NO 5 J=143

"0 5 J=141N

PVELII V=N, 0

DO S K=1a42"

PVELI‘J~’0")=0-O

PDZPONA

N 50 1143

TFIPASPRO(T) . LF N, 0) GN TO SO

IPRINT=)

HZAQ (]

XL=AP(Y)

WDTHEAN (1)

ALP=AS(T)

GAMSAT (YD)

XJ=AL(T)

FEYA=AVI])

CALL DYSPLA(HGYLoWDTH ALP sGAMa X JsETASNEL TBo VFLJKPRINT)
no 1%0 J=l.10

PYFLIT«JY=VFL L)

CONTINNE

CONTINIIE

TFLuNOY  (KPRINT GT, O AND,IPRINT.GT,0)) GO YO &R
WRITF(AL1SY)

FORMATY (4 OHOONTSIDE PENPLE VELOCITY MAYRIX(FT,/SEC)/OHODISTANCE ¢ TX o
1 RRSTANTINMGIBYX o THSTTTINGeSXaSHLYING/ /)




DD

YOV

182
153

Y]

161
41

1862

760
160

BDD=20,0

DO 1%3 U=1410

DD=ONenEL TR

IF(KPRINY.GT.0) WPITE(44152) DDJ(PVEL(TeJ)el=1,))
FORMAT (1H +4F14,6)

CONTYINIE

CALCULAYE BLASY NISPLACEMENY EFFECTS ON INSIDE OF BUILDINGS

[PRINT=0

DO 160 I1x1eNM

PD2PORILN(T)

DISMAX2AMAXY (BILDLY (L) BILDWI(D))

DELTD=NISMAX/1N,

N0 K1 J=1e)3

tF(POSPRTI(J) (LF.0.D) GO YO 6]

IPRINT=)

H=AO L J)

AL=AP LYY

WDTH2AR( ))

AlLP=AS L))

GAMSAT (J)

XJ=AULS)

ETA=AVLY)

CALL DISPLA(HeXLIWDTH ALP 4GAMeXJoETADELTDGVFL,KPRINT)
DO 181 JJ=1410

PVELI(TeJeJUY=VEL LI

CONTINNE

CONTINUE

1F(,NOY, {KPRINT,6GT,0,AND,IPRINY,6T,0)) GO TO 160
WRITE(64162) I

FORMAT (32HOINSTIDE VELOCITY MATRIX(FY,/SEC)/16HCRUILDING TYPES13/9H
10DISTANCF « TX o BHSTANNING ¢ AX ¢ THSTYTING ¢ 9X o SHLYING// /)
no=0,0

no 760 J=l.1"

DD=DDeRELTN

LF(KPRINTGTo0) WRITE(64152) DDW(PVELI(10JJeJ)edI=1ed)
CONTINNE

CONTINIE

CALCULAYF PERCENT OF BLAST CASUALTIES FOR EACH TIME 7O DEATH FROM
TRANSLATION - TNDOORS

Til=0,.n
DHY=O0 N
nDyTr=0,0
NWKT=0.0
DMTHT:O.”

DO 1643 IT1eNN
DO 163 U=143

-

-

) s L B i Sl

an
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bved e e bk s
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’ ]
L)

a
E ]

4
L Bt 8

e NeNe el

no 163 Jl=1410

PVCONSPVALY (14140
BVCANS=BYRANS(PYCAN) /1IN0,
AVEPRDZPASPRI( 'V SCONPFR (1) 9PVCONS/1ES
TISPCONTIIPYCNANY 7100,

IF(PVCANS.G6T,0.00 T11,0«PVCONS
TITSYI1aT1apASPOY (1t acONPER(T) /] ,E5
!F‘PVCnNS‘LEOOOH, 50 T 183
TF(PVCANS 67,040, AN, 0VCONSLT,0,1) GO YA 148
TF(PYCANS, BF L0414 ANDLBVCONSLT4(,5) GO TO 166
IE(PVCANS.6E,0.5. AND, PYCONS.LT.0,9) 60 TN 157
NDHY=2NHYL A yFpOD
60 YO 149

18% NMYHT=PMTNTHAVFPDT
GO0 Y0 162

146 DWKT=DWK T+AVFPOD
GO 1D 163

167 NDYT=DhyteAyFpen

163 CONYINNE
IF(DHTY . 6T.1,0) DHT=1,n
TE(DDYT, AT,1,0) PPyYzy g
’F(DUK'.GTﬂllO, .",'k'x":l.o
!F(DMTL’YCQT-IOO) n“.THY:l.O
DHYI=NHTYPFQPIN/L1 0N,
DOYTI=NNYTSSrROIN/ING,
NWKTIsnWKTopERO IN/100,
DMTHT I =DOMTHY®PFR2 TN/ 150,
TII=TItePERPINZYAD,

CALCULAYE PERCFNT OF ALAST CASUALTIES FOR EACH TIME Y0 DFATH FOR
TRANSLATION ~ NyTNIrRS

TIO:O.ﬂ

THY=0,n

noYT=0,0

BweT=Cn

RMTHTzA, N

NO 168 12143

NN 1RA d=ielNn

PVLEPYEL {1e4)

TIVEL (Tady=prOrTioviysi00,
168 PVEL (Tay)IRTRANSID Y 4100,

o 149 (=140

PRORI(1)=040

PZOBRNH(I)=0.M

PROAAND Y ZO N

PRNANK (1Y =0,.n

PRNRDMYITY =N A

DO 149 J=143

ANPVEL=PVEL (Je1)4PNSPRN Y /100,

257




ANPVEL=ANPVEL® (1,=PFRPIN/1D0,)
TIsTIVFL (U1
TF(PVEL (Je1)oe6F.0,0) TI21,0PVELIJeD)
PROBYI (1) =PROAT (1) eTI8POSPRO(JIB (1 «=PERPIN/I00,)7100.
!F‘PVEI (Je1)eGELN,B9) GO YO 170
10 PYEL LI T)e6Fe0e8)Y GO YO 1T7]
TF(BVEL (Ja V) «GELN41Y GO YO 172
TFIPVEL (!e")eGF4040) GO TN 173
50 1D 152
170 PROPNH{TISPRABTH(T) *ANPVFL
GO YO 1569
PROBONDITIZPRAOBTN(T) *+ANPVFL
GO TO 169
172 PROBDWIIY=PRNBNW(T) +ANPVEL
GO Th 149
173 PRORDM(IT)IZPRABIPM(TY) +ANPVEL
169 CONTINHE
IF(XA«FQ.0) GO TO 180
DELYD=aMAXL(N14D2) /10, .
DELYS=NELTN -
pDl1=Dlw>,
N2=D2#?,=51 -
KAA=0 —
IF(Dl.6Y,02) KAA=]
IF{XAA,FN,0) GO YO 1 n
DELYN=N1/10,
INDX1=10
INDX2=N2/01210,+0,5
GO YO o
1 DELTN=N2/10), -
INDX2=10,
INDX1=N]1/D2310,+0.%
3 IF(INDX1.6Y,10) INDX1=10 e
- IFCINDXL,LT. 1) INTDXISY
: IF(INDY2,67,1C) INNX2z10
’ TFCINDX2,LY.1) INDX2=1
FACTI=SNELTN/ATOT#W] "
DO 174 IND=1,INDXL
TIN=TINPROBY (INDIFACT]
NDHY=NHY+PRNBDK L IND) 4FACT]
pDYT=DNYT+PROBNDCIND) ¢FACY]
NWKT2DWK Y+PROBNW L IND) aFACT]
176 DMTHYZDMYHTSBRNBOMIIND) #FACT]
FACT?=NELTN/ATATON2
DO 175 IND=141MDX2
TIN=TIC+PROATI (IND)FACT2
DHT & NHY+PRNBDH(TINN) 8FACT2
DDYTEDNYY+PRABNII(INN) BFACT2
DWKTEDWK T+PRABNW { IND) #FACT2 ;
175 DMTHISTMTHY+PRARDM (IND) #FACT2 .

g

-
~t
-t

T R
e e A ———————— .
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E]
2

1 & DELYD=nF| TS

i 60 YN a8

; > 180 ﬂEL’U:AHAXI(nlon?uoi‘DQoHS)/lo,
Lo INDX 3R DPLTEe0,. 0
Lo TNRY (212N2/0E  Ypen.
L ae INTX (Y =N3/NELTNer, S
bt INAX (L) =na/nF  Then, &
oL INDXAS =NG/nTL TReN, S
o AMA () Y=WlangL TN

L AAA(2)=zw2enEL TN

l H

ALA(3)Y=wlBNEL Y™
o AAA LL) swaeDEL T
L AAA(8) zwSenEl TN
D N0 2021 12145

[ FACTSAAA(LY /ATNY

; . TNDEXSINDX (1) 1
: : TECINDEX 6T, 10 INNFXz210
; Y IFCIMDEX LT, 1) TuDREY=)

00 181 iNU=)4INDEX
v TIN=YIA«eRORT(TNDYSFACT
o DHYZNHY«PRNANH (INDY BFACT
; DOYT=0nyT+PRABNDCINN 4FACY
DWKYSDWKTeoRNB L LINDY #FACTY
181 DMTHT2NMTHY+pROANMEIND)4FACT
185 CONTINIE
OUT=]1 N=PERPIN/LNO,
IF(DUTY,GT,0UT) oMT=0UY
IF(NDYY, 6T OUTY DNYT2uUY
TF(OWKY AT.OY)Y NuweYzouY
IF(PMTHT,GY,AUT) DMTHT=OUT

v DHYO=NHTY
. npyrnznnyr
oy NWK TAzNWY T
P DMYHTO=OMTHTY
P pD=0,0
: o RETURN
Py

“y

!

f

brerd  bord
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TIRFTC DISPL

(o e Na)

k11D

Lol o

SURROUTINE DYSPLA(MGXL oyWIDTHIALPHAGGAMMAYXJCG4EYALDELTDovELSKPRIN

17}

PEOPLE NISPLACEMENT

COMMON /LK1 /TS PREESPFTSePOLTOWCOF Q0 WOULTB,PBTR,COB
DIMENSTION €C{12)Y4Y(2)4¥YP(2)«YPPI2)oYQ(2)4YQP(2)sYR(2)1YRP(2)
NIMENSTON VEL L

KPLOTzN

FF=100,

52060

€120,0

WEIGHT=160.

XMl=0, 8

COF=0,%

CDH="0. S

kD=1

FDIST=NELYN

1P0OSE0

1PNS1=N

IF(VWINTH,G6T,4,0) IPOS=1

PI=24,4ATANI(L,)

DT=.00N1}

ANUZATAN LALPHAZH)

RXYSSQRT LALPHASALPHASHONY

IFtIPOS,.FQ,1) RxY=H

IF(H=XL/2.) 34440

S=H=C]1/2.

GO YO 11

S=XL/2.

PHISATAN{ALPHA/GAMMA)

XJ=XJCO+WETGHTH (ALOHADALPHA+GAMMAUGAMMA) /32,42
DO=H/2,.+C1

PREES2.0POP(TePlbGaT+4,9P0)/ (To®14sT+PD)

=00

FO=144,vPRFE4XL #H

Q0=5e/72.8P00C0/ (To#14,T+pP0)
US1138,0(1,46,89P0/(Tael4eT))040,5

153,687

YB2(VWIDTH+ETA®S) ZU)

TMRAMAX Y (TS TB?

TST0=TS/TO

wousvwiInTH/U
PFYISBPAE(]l,«TSTO)#FXP (=T5TU) +COF8Q00(]1,=TS70) #02eEXP (=2,4TST0)
TBOTO= {TR=WOUj) 7/ (TO=WOU)
PBTBIPNa(]l,TBNTO)REXP («TBOTO) +CNB#QA0#(1,=-TBOTO) ¥020EXP (=2,4TROT
10)

IMawFIGHY 32,2

XYTEST=0
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e TN L e man s mmeemn ek

- 1

B T P T e

Yy

9

e Nale]

30

140
40
73

142

141

XLR=SoRT{ALPHABG2+GAMMABL2)
NL=50

KOUNTP =)

{TRCHBED

KY2ERD=D

FY=FN

SEY RKA CQFFFICTFNTS AND JNIYIALIZE TVIME

clrrsprs2.

ct2yel,

ct3y=C1)Y

(5121 .=5QRY (0,5}

Clt4ry=Csiueny

C(e)=Cta)

Cimr=2,=-C5)

C(7y=CtayanT

cioy=ct

Cl10)=NY/6,

Cl11Y=na333333)

cl12)=C(1y

T=0.0

EPS=NT/s2,

[F(KPRINT.LELOY GO YO 30

WRITF(&4T)

FORMAT(1H 44HTTIME JAX G UHPRES BXa4MY (1) e BXaHY (2) AN SHUYP 1) aTX4SHYP
1U2) 0 TXo6HYPP L) (X yOHYPP 12) 712X 4 2HXH 10N o IHXMD 49X ¢ IHTHD (OX 4 IHXCG,L,9
2X4HXCADY

SLINING ARDN TIPPING COMPUTATIONM

DO 140 1=1,2

Yit)=0,0

YP(1)=n, N

YQ(IY=n,.Nn

YAP(1}=0.0

MOTION=1

IF(ITMEHG L NE,0Y GO YO 73

TFL(Y4FPS)GETM) CALL CHYTMEL(CFPS,I1TMCHG,LDT)
DO 14] Ks)le4

1F(Ke1)142,41424142

TF(TLEQ.N.0Y GN YD j4)

PFTIT=PFTIT)

BREYT=PRT(T)

FYIS144 ,0(PFYY=PBTTY 0 HOX|

K323k

K23K 3=

12K 3?2

1IFLIPOS1L.ENLLY GO Y0 8

TFlaNOT (IPOSeFQel e ANNaY (2} LYa0n0)) Go 10 12
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Y{2)=20,9
YP{2)¥=0,n
Ya(z2irso,n
YGP (2) 20,0
] 1POSI=)
i 12 REYAZPHI=Y (2)
_ YAZXLROCNS(BETA) Y MUBXLRGSINIPETA)
] YR2AFYxMuBur 1AHY) /¥M XL R4V I218YP 1218 yMusLAS
YCRXLRSCONS(BFTA)
YD=xJ/ XM
OS{H/2,eC 11 9COSIYI2) 10 iVWIDTH/Z, =B #5TNIVIZ))
b YES(FTa0=uF IGHYSXLRUSIN(RETA]) /XM
YPP(l)=(YBuYNaYERYA) /({YDmYABYC)
YPP(2)2(YBOYCYE) /(YAnYCeYD)
; TEAYPP(2) LY 0,0 ANP Y EQ.N.0) MOT10ONS])
8 A IF(IPOS1«EN.Y) YPP{))=FTwXMys32,2
IF(IPOS1.EQ.Y) YPP(2)20,0
XH2Y (1) +RXYOSIM (Y (2) »ANU)
KHD=YP (1) +@XYRYP(2)0COSIY(2)=ANY)
YHN=RXYOYP (2) #8 yN(Y(2)~ANU)
THD=SART (XHNEXKHD+ YHNOYHD)
XCG=Y (1) +XLROSYN{Y(2)=ANU)
XCONEYP (1) ¢ XL RAYP (2) 4COSLY(2) =ANU)
IF(K«NF. 1) 6O YO 16
IF(KPRINT.LE,O) GO TO 128
WRITE(AH) ToFTaYU1) ey (2)9YPLL)aYPI2)Va¥PP (1) 4 YPP (2) ¢ XHeXHDy THD 4 XCG
1.XCG0
6 FORMAT {1H oFB.GeTIIXIELLed) /1H JAXeS{IXsELL04))
125 CONTINUE
IFCIPOSLLENV 1 «AND THD LT, 10,0.ANN,YPP (3} LELNL0) GO TO 19
TF(MOTION,LT,0) 6O TO 21
23 IF(ABS(Y(2)),GE4P1/?2,) GO TO 15

tud NS SN R N

e AR R M NS A GO B Tl

5
R

20 IF(XCOM, 1L T,0,0) GO YO 19
IF(XH,LToFDNIST) GO YO 18 =a
VEL (KD)y=THn -
KD=K D+
FDISTEFNISTeNELTD
IF(KD.GTol0) GO TO 18 I
GO TO 1¢
21 IF‘YP(’)OGToQUn’ GO Yo 22
IF(KTYTFST,FQ, 1) 60O TO 20 -
60 T0 23 ‘o
22 KTTEST=1
: 60 TO 23 -
| 19 DO 24 11=KkN,10 i
e 24 VEL(11)=n,n -
60 70 1a -
15 DO 17 vy1=2kDW10 -
17 VEL(TI)=STHD -
60 TO 14
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L . 16 N0 562 1=142

; : YRUTIBC(K]1YavPil)at (K2)aYq(])

! . YUIVYEY (1Y eYRLD)

- YQUIISYO (I 43 6YR(1)wC (K BYP (Y
M YRP (1) 2C (K )oYPP(1)eC(K2)GYQPLT)
o YF{Ti1syPilievyrRT (]}

562 YAP(T)zYOP (1), 4YRP{])=C(KI)OYPP(])

2o 60 70(1“6016‘03“6c‘“1)0x

S 146 T=TeC (1)

SEL 141 CONTINIE

;g ] 60 0D 4o

I 18 RETURN

oo END

£

b SIRFTC PF MO4 4 XD T

i FUNCTIAN PFT(T)

' ¢

o

RS ¢ PRESSURE ON FRONT FACE
: { C

o COMMON/BLKY/TSePREF 4PF TS 4POTOWCNF QO WOUsTBPRTALCDR

IF({T=TS$)1.42,2

P
o 1 PFY=(PFIS=-PREE) 6T /TS+pREE
i 60 TN 4
i% 2 IF(T=TN)2,4,4
o ' 3 PFT=P05(1.-T/T0)"EX°(-T/TO)OCDFGOO*(I--T/T0)0520EX°(-Z.OT/YO)
e G0 TN 4
; 4 PFYI=0,n
o 6 RETURN
b ; END
1B
b
[ ;
: 419FYC PR M4, XD T
} FUNCTIAN PRYI(TY
C
J ¢ PRESSURE ON RACK FACE
c
] COMMNN/BLK Y /TSsPRFEF qPF TS ePO«TOWCDF Q0 WOy TR,PRTRLCNA
TF(T=WNIYla2e2
1 PBT=0,.,0
GO TN &

s

2 1F{T=TRIA4,4
3 PBY=PBTRE() = (T=TR) /{WOU=TR))
G0 Y0 &
4 IF(TuTP=WD!'1)Se7,7
S PBYZPO (Yaw(ToWOU) /¢ TO=WOU) )SEXP (= (T=WOU) 7 (TO=WO) ) «CDBOOOR () v (T
1WOU) 2 (TO=WNU) Y4 a28FXP (w2 2 (T=WOU)/(TO=WOL))
GO 1O w
7 PBY=0,n
6 RETURN
END

& Sy
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AIWHGIFRTRIE T AR

RIBRFYC CHTYIM MAL o XRT

)

| SUBROUTINE CHTTME (CoEPSsTTMCHG DY) |
| DIMENSTON €(1) -
| DY20,0!

| EPS20, M08 -

g Yo ue oy
Ctly=spvr,2,
Ctay=1,n
cCtH=C)y
C(8)=]1,=5QRT(0,5)
clareC (s)eny
Cl6)=C ta)
C(B)Y=2,=C (%)
CiMNaCig)aeny

cea)=Ct1) I
c(10)=nT/6,
C11y=n,33333313)3
Cé12)=C(l)
RETURN

END vy

b -4

b ~d

e

SIAFTC BY
FUNCTION BTRANS(PACVEL) 7

PACVFEL=ARS(PACVEL)

IF(PACVFL=25,)141421 "
BTYRANS=0,0

RETURN

IF(PACVEL=55.)544,44

RTRANS=100,0 o

60 10 ? .
IF(PACVFL.GT,2%,0,AND,PACVEL,LE.31¢0) BTRANS=1,67T9PACVEL=41,.8 i

1F(PACVEL ,6Y,31,0,AND, PACVEL,LF,41.0) BTRANS=8,04PACVEL~238. .a
IF(PACVEL.GT 4,0 AND,PACYEL.LE,55,0) BTRANS=0,T7154PACVEL+60,6
IF(BTRANS,LY.0.0) BTRANS=0.0

IF(BYRANS.6T.10040) BTRANS=100.0

B N g

A

§ 60 TO 2

A END .

pl $1RFTC PCON

£ FUNCTIAN PCONT (V)

& ¢ INJURY CHRVE FDR RLAST TRANSLATION

5 PCONI=20,#Va200,

g IFIV,GT,15.,) PCONI=100,

£ IF(V.LY.10.,) PCONI=O0,0

E: RETURN

é END

.

_g .
£ ':i
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r

CO“MON/:’L’\;/ G"“A‘ ‘G?,""x,\“l quq~u ...... >
COMMON /8L K2/ W-HﬁovxS.XO.FFR.AIQFENoISEASNvTODAV :

5 I 5§Iu
'; . }
1 == |
30 ! i
4 ~® S1RFTC DEBR f
qol SURROYT INE DFBPIStKPRINT) !
17 - v .rt-cyl;su.QF.Q|.ngle '

. o COMMAON /R K0 / AVEHY.AVEw1.AVEwoAVFLsHMAXoA19A20A3oA“oASOnl002003’50 :
oy L iD5 AWl ew? oW Ae Wb WS sKALATOTeDISMAXINELTDIFATTI JFACTZe TNDX 5] sARALS) :
T 2, INDXL 4 INDX 2 PERPIN, POPDN<REACST ¢REACSYREACLY

COMMON/RLKAZ PNy TQALRTGPONA
COMMON /8LK T/ NM.PEpcwt(10)1905:Lnt10).auxLﬁwtxoi.aiLnL7<ia=.ccﬂpzn ;

- COMMON/ELK!#/T!lvTIOqD!quIO'FYIyF!OoRIIaRIOoTUN!NJoTFATALqYAlNJp
Loy DIMENSION “!ST“(Q.IOO)qDISTMl(9c100)oDISTMZ(QolOO)vVEHM(QolOD)-
c1 g IVEHM)(ﬂ.lon).v'HM?t99100).ﬂ!SY(IOO)sVEH(lOO)qPROBDH(IO}oPnoenntlo)
. 2 PRORDW{10) ¢PRARDM(10) yRANTUS(9) ¢AMANHTL343)
b DIMENSTION Pnﬂeun(lov-pRORDV<10).pnnewn(ln).vpoavntlos
i DIMENSION BRNBI (1C) 4PROATITLIO
NDATA (QAﬂI“S(I\.!=1o9)/1..2.q3..0-q5.v6.q&..lo..lz./‘((AMANHT(I,J}
10J=113‘ |!=’ !‘)/5'7603.7690001307’3'5”‘”00/

A 1(101-E!LDwY(IO?sPﬁSPRn(S)~P05991(3)0NFL(10)-A!NTRLKIO)‘E!RL(1014

pr ! IPBREAK {10) ¢ IWALLT(10) 4 TBT(10) +PERCOACBILINY(10)

; COMMON /8L KR/ POERTR {10493 «PPERTIL1049) ¢BRKMAS

P COMMAN/RLKS/ oun.nnve.owxe.uHTo.nuvfn,uwktn.nmvuvo.DHTl.DDYT!.owa
Pt 11 oDMTHTT ¢ NHD, DNYD 4 DWKD (DMYD s DH4DD 4D e DY

§

’ C
"; C COMPUTF NEATHS DUE TO OUTNOOR DERRIS

3 TMAX=SART(HMAX/16.005)
L IFIXPRINT.CT,0) WRTTE (64302) TMAX
: - 302 FORMATY (3NHOMAXTMUM TIMF OF DERRIS FLIGHY F12,644M SEC)

QUTSIDF NERRIS FROM QUTSIDL WALLS
1F(KAL,FN40Y RO IO 5

") AYOT=51«SZ*2.“(SZ&AVEW’SI“AVEL)
i wDTH=AVEL°§IN(9HY)*AVEN”COS(PH!)

Y g —en
—
[a N g Na ]

' AGLT=SSUSIN(°HI)*520C03<9H1)
b NELTN=AGLT /10,
P { 50 10 6
. ) UEL*“=AMAX1(“1~021n30901n5)/100
INDX(1)=NL/NELYD+0,5
B CALL TRAI(WePOMAGRANIDIST s TMAXSVEHY
t {NNX(2) =N2/DFLTD+0. %
INDX(3y=P3/DFLTD+0.5
INDX{4Y =G /DELTD*0,.5
INDX (S)=nS/pFLTD+0.5
AAACLY =W oNELTT
AAA(2)=w2oNELYT
AAA (M) =W ABDELTT
AAA(G)=wbnnELTD
AAA(S)=WSUDELTD
& CONTINIE

R

L sy

i

3
i
B I
E




DO 21 t=141p -
PRORTLI(1Y=0,0
PROBHD(1)=0,0 .
PROBNY(1Y=O,0 -
PROBWD (1) =0, 0 3
21 PRORMD(1Y=A, N “®
nin=0.a
DHD=0 .0 i I
DDYD=0,0 w
WKD=0,0 y
e DMTD=0, 9 -
i c PEROLT= ], ~PERPINZ100, i
g CALCULATE NISTANCELVELOCITY VS, TIME RELATIONS FOR EACH SIZE
DO 200 I=149 I
DO 211 IL=14NN
TF(PPERTR(ILLIY.GT,N.0) GO YO 212 -t
211 CONTINUE ke
GO YO 230
212 RADZRANIUS(T) -
No 205 =110 |
PRORI (J)=0,0 -
PROBNH(JY=0,0 -
PROBDD(JY=0,Nn v
PROBDW(J)=0,0 -
20% PROBDM(.))=N,0
TF(KPRINT AT, CY WRITE(493Gs) RADe(I12DISY(ITI)QVEHITITI) WIT214]00 -
1) '
303 FORMAY(1AHOPARTICLE RADIUSWFL042739HONERRIS NDISTANCE<VELOCITY RELA -
] 17lONSHrPS/SHOTIME.TX.aHnysT.QXoaHVELOC!TV/(lle!5.3X0F12.209X9F12.2 B
. 2)) '
L c -
f c FOR FACH INCREMENTAL DISTANCE DOWNRANGE+NBYAIN AVERAGE VELOCITY .
: c AND RANGF NF TYTYME{RANGE OF INITIAL MEIGHTS) YO GIVE THIS VvELOCETY .
c (=]
N0 920 J=1l.10
DISTISFLNAY({J)#DELTD 3
IFIDISTI,GT . NIST(100)) GO TO 920 -
TF(DISTI,LY.NIST(I))Y GO TO 20i

DO 202 k=24100
TF(DISTY,LY . NIST(K) AND,DISTI.GT,LISTIK=1)) GO TN 203
202 CONTINUE -
201 VMIN=0,0
VMAXSVEH (1) r
VAVE=VMAX/2,
TMINZ0,0
K=1 o
GO TO 206 ;
203 VMAXZAMAX]EVFHIK) o VFH(K=1)) ”




v s i, Mt et h . e e Nt i 0 i

VMINSAMIN] (yFH{) « VFH(K=1))
VAVEZ {yMAX+yATNVy /72,
TMINZTMAX/7INGHFLAAT K =])
TMY=TMAx 2100 B ALY IV,

L
!F I3
]

. ¢
-

B
[

‘3

D

(42

FOR FACW BT D°NG TYPE AnD EACH YORSO POSITIAN FIND YHE MAXIMUM

9 B o4 A e o ke 8

NISTANCE

b
IO
R
"c-
Q
1'
L 4
Pl
]
3
1t
>
-
X
—
>
-
D.
[a]
r
-
—
E
r~
-
L
Q
e
) -3
—i
X
P
>
]
D
&
Q
x
_(
q
[»]
x
i
e
=
X
—:
2.
<
x
Padl
an
[ad}
&
-t
-8
P

. DO A20 L=1eNM
8 TF(PONA LY OAREAK (L)) GO TN AQA
. NFLSENFL (L)
i FRYZRII HY (L) /TLOAT(NFLS)
:[ i nO 28 M=3,1
L) TF(TMIN,LT,0.2493) 69 TO 217
GO Th 2319
. 217 PVELASAMAX YV (RADFARF(VAVEsRADW]) WRNEBRECVAVEZRANGZ) s BDFRRE (VAVE 4 RAD
3))
CE lPVELIN:A”AXl(BTRANI(VAVE.PADoI).BYRAN!(VAVFv°Aﬁ~2)vBTRAN!(VAVEOQAD
143))
i VIMNJMX=PVEL IM
i AMAXRP=PVEL A
60 TN 2113
219 AMAXRP=(i,0
VINJMX=0,0
N0 199 N=143
NF2RILNHT (LY« AMANKT (MiN) +).
NO 204 x=] «NF
HYF =K
THESART(HTF/716,0R%)
b TFITHLLTLTMIYY 6N TN 204
Eo PVELA=ZANERPE CVAVE yRAD G N)
; AMAXRP=AMAX] (PVELAAMAXRP)
P PYFLINSBYRANT {VAVE ¢RAD N)
“ VINJMXZAMAX] tPVEL INaVINJIMX)
IF(TH.AY,TMY) GO Tr 199
206 CONTINUF
; { 199 CONTINIE
AR 213 IF(AMAXRP.LY, 0,0 AMAXRP=0.0
C PVELASAMAXRP
Pl 2 NOEBZPVFLABCONPER (L) 8pl8r 0 (M) UPPERTRIL4T) /1+Ep0(1s=PERCWI(L) /100
; 1)
L NINJEINGe=PyFLA
IF(PVELALLF . N.N) DINJSVINIMX
PRORT (J) =POORT(J)NINJHCCNPERIT)BPOSPROIM) WPPERTYB (L 1) /1 4EBO(L.=PE
- IRCWI(IY 21NN
{F(AMAYAP 1 T, 17,) GO YO 210
tFLAMAYR® L T 50,3 60 TO 207
IF (AMAYRP ,LT,90,) &40 7n 204
PROBDH ( JY=PRNABTHL §) +1ER
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-
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GO 10 20
208 PRORNDIJ)=PRABND () «DDEB
80 %0 50
207 PRORDW L)) 2PROBNY (J) «DDEB
; 60 YO 20 e
i 210 PROBOM(J)=PRNABDM(J) +DDEB S

e g -

Ll 20 CONTINUE
v A20 CONTINDE
920 CONTINME
no 22 J=1010
PROBTI (J)=AMAXY (PRORTIT(J) «PROBT (J))
PROBHD (J) =AMAX] (PRORHD(J) + PROBDH L)
PROBDY ¢t J)=AMAXY (PRORDY (J) « PROBDD(J)
)
)

.
—

PROBWD (J) =AMAX) (PRORWD(J) o PROBDW (Y

1

o ) b
; ) :
: ) ) A

200 CONTINNE uvg
. 1IF(KA.FQ,0) GO TO 215 :
: FACYL=NEL TNOWDTH/ATAY o
1 DO 176 IND=1410 c L

22 PROBMD(J)=AMAXY (BPRORMD{)) +PROBDOM(Y
‘NIO=DINSPROBII (IND) *FACTIOPEROUT -
DHD = NHN+PRABHD(IND) 6FACT1oPERQUT
DDYNEDNYNPRARDY (IND) oF ACTI4PEROUTY

DWKD=DWKN+PROBWD ( 1ND) #FACT18PEROUY »
176 DMTD=DMTN4PRABMD (IND) 9F ACT14PEROUT :
60 TO 220 -
215 N0 216 12145 g
, FACTZAAA(T) /ATATOPEROUT )
- INDEXETNDX(]) =
| DO 216 IND=1.IMDEX
= DIO=N1N«PROBT (IND) SFACT X

- DHD = NHN+PRNBHD(IND) oF ACT
. DDYDINNYNSPRNBNY (INN) @FACT .
Fo DWKDSDWKN+PRNABWD CIND) #F ACY -
= 216 DMTID=DMTDN+PROBMD(IND) @FACT

INSIDE DEBRIS FROM NUTSIDE wWALLS

OO

220 YMAX=1,0 ;
DO 30 '=1,.10 EN

PROBITI(1Y=0,0 .
PROBHDt1)Y=0,0

PROBWD (1) =0, 0
30 PROBMD(I1=0,9

DI1=0.0 T
; DH=0,0 |
N n0=0,0 -
N pW=040 oo
L NME0,4,0 ! l .
CALL TOAMATY (WoPONA 41e0¢DISToVEHPADIUS PPERTBPPERTT DISTM,VEHM) .

i
!
»
{ PROBDY (1) 20,0 B
|
I




NI N0 224 J=149
=21.1N

A nn 221 y=1.
PQOBT(!)*—’0.0
PRORNH (K =0, N
DQOF\""E(K):’-."‘
PROADWEK)SN.LN
{7 221 PRAANMIKI 20,0
i RAND=RAMTNG { J)
No 250 I=1eNM
] IF(PnNA.LYQPRRFAK(!).OROPPrRTB‘l.J)!LEUOOO, GO 70 250
a DELTP=FX@L (1) /10,
ALENSAMAXLIBILPLY (I 4BILDWT (1))

_ TF(IWALLT(T) L EN,0) NELTD=ALEN/O,
sl NFLSENFL (1)
) FHYZRI| DHT LTy /SLNATINFLS)

PO 223 <=1.10

NISTI=FLAAT(KISDELTN

[FIDYISTI,GY,NISTM()e100)) 0 TO 250

IF({DISTI LT . NISTM(U41)) 6O YO 227

D0 225 k1=2.10"

TEADISTI LT NISTM(JW KT L AND NISTY.GT DISTMIJWKI=1Y) GO TC 224
225% CONTYINUIE
222 VAVFE2VEHM({J41) 72,
‘ TMIN=0,0
o Kl=]
60 Y0 227
A 226 VAVEZ(VEHMM(J4KI)*VEUM ek 1™1))00.5
' : TMINSFILOAT(KT=1)8TMAX 10N,

227 TMXETMAX/)100,9FLOAT(KT)

.. no 223 M=143
' l IF(TMINLLT.0,07197784) GN YO 228
- 6O Tn 229 .
I 228 PVELA=AMAXY (RDFRARF (VAVF 42AU1) ¢BDERRF IVAVE JRANG2) +RNEBRE(VAVERAD,
i 13
‘ AMAXRP=PVELA
PYFLIN=AMAX] (HYRANT (VAVE«RAD 1) 4BYRANT (VAVEGRADe2) +BTRANT (VAVEZRAD
. 1.3))
3 VINJMX=pVEL IN
- G0 YO 233
E 229 AMAXRP=(,0
VINJMX=20,0
DO 235 N=1.3
NF=(FHT=AMANHT (MaNY I ®12, 410
IF(NF,LFe0) NF=]
DO 234 KKK=]14NF
|1 HTFSFLAAT(KKK) 712,
34 TH=SART(HTF /16,085
IFLTH, LT, TMIN) GO TO 234
PVELASRNFREE(VAVE +RADWN)
AMAXRP=AMAY 1 IPVELAJAMAXBP)

T

S e
b
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S
ey
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PVELIN=BYRANT(VAVE,RAD4N) :
VINJMX=AMAX Y LVINIMX «PVELIN) :
IFUTH, AT, TMX) 60 TO 235

234 CONTINVE ™
735 ConTInE 3
233 1F (AMAXBP L T,0,0) AMAXBP=04+0 -
DDEBZAMAXB® 8COMPER (1) 5POSPR] (M) OPPERTB(14J) /1, E80 (1 PERCWI(T) /100 |
1) -
ODEB=DNER /10, 8NELTO/ALEN®10, vi |
PVELAzAMAXRp i
DINJZ100,=PVELA -
IF(PVELAWLF.Ne0) DINJZVINIMX ar
PROBIT (K ) =PRORT (K)+DINJ#CONPER (1) 8POSPRT (M) #PPERTA (1440 /10E9® (1 4=PE
1RCWI (1) /100,) #PELTN/ALEN®LO, -~
1F (AMAXRP,LT,10.) GO YO 24V
IF (AMAYBP.LY,50,) GO TO 247 -

IF (AMAXAP LY,90,) GO TO 24A

PROBDH (K) =PROBPH (K) +DDEB -
60 Th 223 wo
24R PRORDD(K)=PRABND(K) +DDEB
60 TO 223 -
247 PROBMW(K)=PROBNW(K) «DNEB 2
GO TO 223
240 PROBNM(K)Y=PRNANM(K) +DDEB -
223 CONYINUE )
250 CONTINUE -

DO 3} ¥=1,10
PROBIT LK) SAMAXYI(PRORIT(K) «PROBI(K))
PROBHD (K) SAMAXY {PRORHN(K) +PROBDH tK)) o
PRORDY (k) =AMAX) (PRORDY (K) «PROBDD(K))
PROBWD (K)=AMAX] (PRORWD(K) «PROBDWIK))
31 PROBMD(K)=AMAX {PROBMN(K) +PROBIM(K))
224 CONTYINULE
FACT=PFRPIN/)ON, e
DO 249 J=1l410 :
NII=N1Y1+PROBYIT(J)SFACT ca
DH=DH*PRNBHDIJI4FACY
pD=ND+eRNBNY (Y)Y aF ALY 3
DWEDW+PROBWD(J) #FACY .
249 DMIDMePROBMD( ) @FACT
24% DO 32 J=1,10 .
PROBII (UY=0,0 :
PROBHD¢UY=0,0 L5
PROBDY () =0,0 )
PROBWD ¢ J)=0,0 :
32 PROBMD(tyY=0,0 o3

COMPUTATIONS FNR DERRIS FROM INSIDE WALLS :Z

DO 2%4 JZ1e9
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247
244
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255

257

DO 2%1 K=1410

PRORTI (¥)=20.0

PROARDH(KY=N, D

PROBNDtKY=",. 0O

PROANK K =0, N

PROBNMIK) =N, N

RANZRANTHS ! Y

no S0 T=14,NN

TF(PANA L T,pRRFAK(T) AND,POBILD(Y) «GY«BRKMAS ANDGIWALLTY (1) ¢NEL,O AN
1DsPPERTT{T401eG740,0) GO 7O 5%

TF(PONA.AT ,PRRFAK (1) ,AND,PONALGY ,BRKMAS (AND, IWALLT () JNELOJAND,PPE
IRYT(I43)1e0TeNeDy GO YO 52

G0 T 80

OUYSTIDF WALLS Mo NOY FAIL = AUY INSIDE MASONRY WALLS DO GO

PP=PORTIN(T)
WRITE(AIS)) I
FORMAT (4YHOINSTINE NFRRTS FROM INTERIOR wWALLSBUILDING.1Y)
CALL TOAMAT (WePP 41N DIST G VEHIRANIUSPPERTIWPPERTI4UYSTMLoVEHMY)
IF(KPRINT BT 0. ANDPPFRTI(14J)6Y40,0) WRITE(64303) RATNG{I14D0IS5TM]
10Jall) o VFHMYtUeI D) e tIz1410Y)
NO 243 11=1,100
no 243 JJ=),9
DISTM2()JeTII=NISTYMYI LSS,
VEHM2 (JJs 1Ty aVFHMYI (DU, 1)
GO TD 244

OUTSIDF WALLS GO A4ND INSTDt MASONRY WALLS 60

DO 242 11=1,°

N0 242 Ju=sl,elOn
DISTM2(1T ¢ JJIENISTMITT W JJ)

VEHM2 (11eJJ)sVERMITTe0d)
NELTN=AINYRL (1Y /10,
ALFNSAMAYLIBILDLY{T) «RILDWT (L))
NFLS=NF (D)

FHT=BILDHT(L) ZFLOATINFLS)

N0 283 K=1a1N

DISTISFLNAT(K)®NELTN

1F(DISTI GY,NISTM2(e100)) GO Yo 50
IF(pISTILY.NISTM2(Jiel)) GO TO 255
DO 2%6 K1=24100

1F(DISTI LY PISTM2(JaKI} ,ANDGDISTIW6TDISTM2{J4kI=1))G0 YO 2957
CONTINUIE

VAVESVFHM2()41)/2,

TMIN=0,0

ri=)

G0 TO 25%A

VAVES (VFHMZ (JoeK T ¢VFHM2 {J4X1w1))190,.5




268

269

400
274

274
’13

401

1
27%
216

TMINFLOAT(KY=1)2TMAX /100,

258 TMX=TMAX/)N0,8FLOAT(K])

NO 253 M=1,43

IF(TMIN,LY.C.07197784) GO YO 268

GO YO %49
PVELAzﬁnﬂxl(RDFBRE(VAVE.RAU.l).BUEBRF(VAVE.RAD.2).snsBRE(VAvc.nAn.
13))
PVEL!N:AMAXI(B’RANI(VAVE.RADol)oBTﬂAN!tleEvRAD»Z)oBYRAN!(VAVEoRAD
1430

VINJMY=PVEL IN

G0 T 273

AMAXRP =0, 0

VINJMX=0,0

N0 278 N=143

NFZ(FHY-AMANHT(MeN))®#)12,4]10

TFINFLLELWO) NF=]

DO 274 KKK=]4NF

HYIF=FLAAT(KKK) 712,

THESART (HTF/16.045)

IF(THLLTSTHINY GO YO 274

PVELA=RNFRRE (VAVE «RAD (N)

AMAXRP=AMAX] (PVELA,AMAXBF)

PVELINZATRANT (VAVE RADGN)

VINJMX=AMAX] (PVELINgVINJMX)

IFIKPRINT,GT001 WRITE(64400) MoNoTMINeTHaTMX JHTFPVELA+AMAXBP
FORMAT (33H MoNoTMINGTH TMX oHTFoPVELAJAMAXBP +21544E14,5)
TF(TH.GT.TMX) 0 YO 274

CONTINUE

CONTINNE

IF(AMAXBP,LT,0.0) AMAXBP=0.0

PVELASAMAXPRpP

NINJSIN0,=PVELA

TF(PVELAWLF.NeN) DINJ=vINgMY
PRoer(V)=PROHIckb*nrNJﬁcoNPER(I)°POSPR!(M)oPpEnT!(!oJ)Il.E90(ALEN-
1EXRL{IY) ZALEN
DDEB=A"AXaPoC0MPER(7)¢POSPRI(H)GPPERTI(IchlloEG
DDERSUNER/ 10, CALFNEXRL (I) ) ZALEN

IF(KPRINTY,GT,0) WRITE(64401) KeMsAMAXBP+NDEB

FORMAT (16H KoMoAMAXRP ,DFB«2154,2F20,8)
IF{AMAXBP, LY, 10,) GO YO 276

IF(AMAXRP,LTY,5N,) 6N YO 275

IF{AMAXBP,LY,90,) 6O YO |}

PROBOH (K ) =PRNABNHIK) «INER

GO TO 753

PROBRND (kY =PRABNDI(K) +DDER

GO TN 251

PROBDW (K ) =PROBNWIK) «DDEB

GO Y0 2583

PROPNMIKISPRABOIMIK ) +DNEB
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253 CONYINtIE
50 CONTINtE
NO 33 ¥z1,i0
PROBIT (K)SEMAKY (PRORTT (k) 4PROBT (K))
PROBHD (K) =£mnx® (PRORHD (K 4 PROBDH (K ) )
PROBIY (XY 2AMAX] (PRORDY (K) 4PROBOD (K ) )
PROPWD (K3 =AMAX) (PROABRWN (K . PROADW (K )
31 PRORMD (X)) SEMAX] (PROBMD(KY 4PROBDM (K ) )
TFAKPRYNT AT, 0) WRITE (6440¢) (KyPROBHD (K) ¢+PROBDY (K) +PROBWD (K) 4 PRCF
IMDIK) o¥ =) 10)
402 FORMAT (1H 4 15,4F20,8)
254 CONTINNE
FACT=PFROPIM/100,
DO 2771 J=l41n
CI1=NIT+PROBI T (y)oFACT
DHSDH+PRNAGHD(J) 0FACT
DDSDN«PRNABNY ( J)6FALT
NW2PW+PROBWDIJY BFACY
277 NMEDMepPROBMNIJYGFECT
RETURN
END

SIRFTYC TRAMA
SUBRROUT INE TRAMATtw,PO,TMAX,DIST,VEH.RAD!US,PRESSO,PRESSI.U!SYM,vE
1HM)Y
COMMAN/BLK Y/ N”.PERCNI(IO)‘POB!L”(IO)-BU!LDN(!O)oBILﬂLTKIO)oCONPEQ
l(lO)oBTL“w?(103oPOS”RO(3’9POSPRI(3)'NFL(IO)QA!NYRL(lO)vEXPL(IO)e
2PBR[AK(10)orwALLT(ln).IBY(IO)oPERCOAcBlLDHT(iO)
DIMENSTON °AHIUS¢1)¢VEH(1)'DIST(I)oD!STM(90100)vVEHMf9v10059’RESSO
1(1049).PRESSI{Y049)
DO 1 I=1+9
DO 1 J=14100
DISTM(ta)=0.0
1 VEHM({I,.1=0,0
NO 4 1=1.+9
RADN=RANTIIS (1)
DO 2 J=14NN
TF(PRESST(147) GTe0,0,0R,PRESSO(JT).GT00.0) G0 Y0 3
2 CONYINIF
60 TN 4
3 CALL TRAJ(WePORANNIST TMAXGVEH)
N0 5 J=1+1N0
DISTM(Y«J)=DIST ()
VEHM (T Y =VENH (D)
S CONTINVF
4 CONYINUE
RETURN
END

i
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e FUNCYINN ANERRE(VELWRADIPOS)

DIMENSION PRAB (3 ¢321)

DAYA (PANAIL4Lal)al130,21)/900996+410044105,4109,4113,411744121,,

v 1128001285013 00136, 003709030,0142.00144,41484434B,0150,91%3,4160.7
: 2(PROB(1 4741140319211 7260031 060391354 ¢38¢93Tev 378,258,830 Rotin. 2,
£ 341 0042083, 0088,0085%,2006.:50%7¢3049.0051,254,459,/79(PROB(1c¢3¢1Vel=1,
b 4211725 . 429.5843) .Ne36R03, 60e¢32:503300033,50344134:.%035,435,4436,09
: 836,5437.0037.,5038,0439,0410484,450,7/

BATA {(OROARIZ24141)4121421)/777¢081:5e85,08996094,498,+102.54107.,,

% ‘!!!v%115-5=12003125;e130;913590!390501“4001“90!15“-016000165091720
i 27¢{PROAI?2 v a1 0Y214211/725%0429¢031093102+4324932:¢513344330510344434,5
l 3035-03“;5036.03605037.03705038|0390v“100b“n0“8./

: DAYA (PROR(IZ141)4121,211/99,910600113,4120649126,4131,013744143.,
1\“9.01ﬁ5|wlﬁnc1166-.11?-01780918“0913705'1900919301195l|x980’2000/

X s (PRO
} 2RB(34207101T0421)738, 040004250444 94609484450,4520953¢5¢55¢345700
¢ 359,001 0 002.5064,5¢hh,5¢68,970¢0T7200744¢T8B,/4(PPOB{IeIe1)als1e2])/
? “2“0’290011.!31050320!32-8!3302'3“00340303“08035.q35.2.36'0.31.0.

4 53T 503N, 0498, 7¢3%02948) e 0440449,/
i IF(IPOG=2)) 4l ek
1 IF(RAD,EN, L ,N} GO TH ? ,
1F(RAD,EN,2,0) GD 1N 3 .
J=3
60 YO 9
? J=1
60 YO 9
J=2
60 Y0 9
g 4 1F(RAD,FQ.1.0) GO 1N 5
¢ J=2?
1, G0 10O 9
' s J=1
60 10 9
6 IF(RAD,EN.Y1.0) GO TO 7
IF(RAD _EN,2,N) GN TN &
J=3
GO Y0 o
v J=1
GO T0 9
a y=2
Q TF({ NOT.IVFLLT,PROR(IPDSsJ1))) GO TO 10
BDEBRE=0.0
60 T0D 13
10 DO 11 ¥=2,21
IF(VEL,GF JPROP(IPNSe JeK=1) s AND,VEL,LF,PROB(IPNSeJ2K)) GO TO 12
11 CONTINUE
ADERRE=10040
GO TH 13
12 RDERRE=S, aF | NAT (K) =S, (PROB(IPOSeJoKI=VEL) /7 (PRAB(IPOSJ oK) “PROB (IP

10SsJeKml))
13 RETURN
END

»
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SIRFTC ATRY

c

10

FUNCTINN BYRANT (V4RAN,iPOS?
INJURY CURVES FOR ALASY DEVRIS
TF(1P0g=?) 1,244
1FIRAD,LF.1.M7) GO 10O 4
IFIRAD,LF.2.M GO YO 5
AMzT,7
Azegd,
G0 Tn 30
AM=4,(0
Azw260C,
GO 0 1@
AM=28,
=.5%0,
60 TO 10
IF(RAD,LF.1.0) GO YN 4
AM= 6,67
n=‘66.’
G0 TO 10
AMz 3,46
B==165,5
G0 TN 0
IF(RAD.LF,1.D) GO TN Y
TF(RAD,LF.2.0) 60O YN g
AM=6,67
B=”6Dn
50 YO 0
AM=2,04
=-102,
GO0 0D 10
AM3S, 24
.=-a4.\
RTRANI=AMOVeR
IFIRTRANT.LE«Qa0) RTYRANT=0C
IFIRTRANT WAF«10040) PTRANI=]100.
RETURN
END
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$19FTC TRAJE MO4,4XDY

c
¢
c

2>

SURROUYINE TRAJ(W.OVRPRODDISTTHAXGVEH)

TO COMPIIYEF NFRAPYS TRAJFETORIES

COMMON/RLKN/LISTL(AY 3L 1ST2(9)eLISTI(I1) oL ISTSLQ) 4L ISTH(TIGLISTT(9)
LeISKTPE&I JLTSTR{S) JARETA,TAC

NIMENSTON NISY () oVFH (1)

PREXPSD,.2547

TMEXP=N 459774

PRFCT=Y,72F98(100,/W) au(«PREXP/3,)
TMFCY=T7.534039 =3¢ (1004 /W8 (TMEXP/3,)
BNG=(OVRPR/PRFCTY P (=), /BREXP)

NT=TMAY /50N,

KOUNT=Y

FYxTMAY /100,

RADE=RN/17.,

PROVRENYRPR

ARG=1,0

NELTAT=0,0

xNOY=0,0

DIsTH=n,n

SIAMAL=0.0

TIME=0,0

SUMSFV=0,0

YSTAR=R,N

IF(ARETA LY .NeN) ARFTA=360,4RAD
REFPZPRFCT® (ONR4SUMEE y#NELTYAT) 26 (=PREXP)
REFSFY=112N,4SCRT{1.+6,82REFP/103,)
SUMSFV=SIIMSFY+FPEFSFVY

CAPYZR TMFCTa(RMG*SIGMAX) #8TMEXP

RHO=O0 . NB2 ((T.4A SPRAVR/14,T)/(T,+PROVR/14 7))
WINDVES3,42PROVR/SQRT (1,.+6+#PROVR/103,)
NUMSWINDV=XDNT

1F(DIMIZ 306

C==1,0

GO 70 s

¢=1.0

RETAZ=COARFTA/PHD

CONST1=ARG

CONSYZ2=ARG/BETAD (XDNTaWINDV)
DISTYSAETALALOGLARG)

DELYAT=DY

TIMESYIME+DY

tF(YIME ,GELFT) GO TO 9

ARGE (CONSTI+COMST24NELTAT)HEAP (WINDVODELTAY/BETA)Y
DISYX2RFTA®ALOG (ARG) =NISTY
XDOY=(COMSTIOWINDNVACONSTPO IBETASDELTATOWINDY) )/ (CONSTLIOCONSTR2ODELY
1AT)

XOLNeSIGMAX
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64

SIGMAXzZSIGAX+DNISTX
SYARPZPRF(C YO (RMG+SIGMAY) 0t LePREYP)
S'AOV:‘.:,C 'HE’QQ?(l. f"f}.*s*r‘\p?ll:c:l ’
TSYAPSTYSYARGNEL TATL (SIGMAX=XOLN) /STARY
PROVEZREFPO(1,=TSTAR/CAPTY) PEXP («TSTAR/CAPT)
IF(PROVR.LY.NN) PRAVAZOD.O

60 10 2

NISTIKOUNTYISSIMMAX

VEH (KOUNT) 2SNRT (XDOT4XDOT+1034,912F TOFY)
IF(KOUNT«100Y6Y,64,4k4

KOUNT=VOUINT Y

FT:F’?oYMAx/l-’)O.

G0 YO 2

REYURN

FND -

A
~1}
~3




$IRFTC THER M94,XRY

SUBROUTYINE THERM(KPRINT)

COMMNN/BLK2/ G7XsGZYoXNyYN9SSeSNeSWeSE¢S14524PH!

COMMON/BLK3/ WeHBoy1SeXO4FFReATRDENISEASH TODAY

COMMONZBLRKG/ AVEHT QAVEWT AVEWGAVEL ¢ HMAX 4 AL A24A8,A44ASeD1,02,03,D4

1aDSoW) a2 i W3 W4 oWS oKAZATOT e DISMAXIDELTDWFACTE JFACT21INDX(S) yAAA(S)
2¢INDX]1 4 INDX2.,PFRPIN. PAPNN . BEACEY REALST nrse:

| %3 Rl wOAY \L"\IUI"\E‘\LL'.

COMMON/BLKA/ PO, TQ.RI,PONA

COMMON/BLKT/ NNGPERCWI(10)POBILD(1I0) «BUILDW{10)+BILDLY (10) «CONPER
1010 BILNUYL IO POSPRGIZ vPOSPRIIIVeNFL(IOI AINTRLCIOISEXRL(10)
2PBREAK €10) ¢ tWALLY(10) o1BT(10)+PERCOABILDHY (10)

COMMON /BLK11/ WALPANC(10) «WALDENCLO) «FLORTH(L10)o+FLORNN(L10)+yROOFTH(
110)«ROAFDNCELIN) «BASETH(10) +BASEDNCL0) o SOILDNLL10) ¢ SILHY(10) ¢PERSCR ()
20) ¢PERSG(LN) 4PFRGG(10) ¢PERLUBS(10)«PERG(LI0)¢PERDE(L0) 4PERGGS(10)

COMMNN /BLK 127 DDYTHI JNWKTHIOMTTH] ¢ DDOYTHO 4 DWK THO « DMTTHO

COMMON/BLKYA/TTIaTIN DIl DIOWFIIFI0«RITISRIOGTUNINIGWTYFATALYAINJUR

DIMENSYON HYZ3) yA(3)sADE(3) JASCREI) yAG L) sASG(3) 4AGG(3) sAGGS(3) 4 AD
IBS(S)oAR'Aﬂ(S)oD!STlS) AQUT (5) ¢RADEX (T)

ABURNL(T) oPKT(7) o ArB
3URN(20?5)1PKl2‘)QPPK(3|15)OPKDEM(304)OPKSRM(394)QPKGMtava’OPKSGM(S
404) sPAGOM(344) yPKGGSM(Io4) sPKDBMLII 90} o PADEW(304) ¢PKSRWIIv4) o PKGW (Y
S5e4) sPKSGW (144) yPKGOW(394) +PKGOSW{I0d) +PKDBW(Ag4) oPKDED(3od) o+ PKSRII
6344)4PrGD(344) ePKSODN(394) +PKGOEN(304) oPKGGSD(344) +PKDBD(304)

8 PKTM(347) «PKTW(IaT) oPKTD(34T) oPKTDO(T) «PKTWA(T) PKTMOLT) o TKM(344)
FeTKW(Iq4) e TKNEY04) 4QLT) 4 TIME (&)

DIMENSTON TKI(344)4PINJ(3,T)

DATACARBURN (20 TT) oT1=1413)/00916e9160926001600164016001705033,455%,
l.770 096.!1000,

DATALARRIURN (1ol ) al1=210)R) /700960000060 9600800b,s0b0s08e018,5024,.2%,

. 1048,06)1¢5¢73,0864+96441004/

106
90
91
92
56

54
a8

25

DAY&(PK(!I)0!1‘1917)/0-030-6.910.139-Oalo0450956006505074020810505
270091 0496.5497,498,5%4100,/

NATA(PPK(Loel ) al121410)70,96,201603029,503348438,5¢2,5¢0,00,40,/

DATAIPPK(2411)0l1232410)7100,4089,:5975¢9600951¢5¢43¢5¢2845023¢5414,¢
10.7

DATA(PPK (3¢l 1) all=1410)/70090090500)1e59260022¢047¢5¢60018242100,/

DATA(TIME(TIY) 01J=1033/20060410,/

DATA(HT (1) s12143)/5,76+1,5841,0/

FORMAT (3HDA=E15.8)

FORMAT(1X 44 (EL15,8,42X))

FORMAT(THORADEX=Z4E1%5,8)

FORMAT{ THOABURNEZ oEL15,8¢2X o054 PKTEGELSH)

FORMATY(19HOTNATAL NDEAD IN DAY2+E1548420H TOTAL DEAD IN WEEKEZSIEl1S.A
121H TOTAL DEAD IN MONTHE.E15,8)

FORMAT(GROTIME=E15,8,2X¢2HQZ¢E15,8)

FORMAT(IIHNPFRCENT KILLED OUTSIDE IN DAYZSeEL1%,8/32H PERCENT KILLED
1 OUTSINE IN WEFk=eE15,8/33H4 PERCENY KILLED OUTSIDE IN MONTYH=.EL15,8
2)

FORMAT (L4HIBYILDING YYPE,13)

Fil=0.n

oy
~a

we

e e s s i i it




51

35

10

al4yY=TA
X0=2x0

TMAX=0,N28SARY (W)

TIME (4)=TMAY

N0 81 tJ=l4)

TOTHAK=TTME (TJ) /THAK

TF(YOTMAX,GTA1N,) GO TO 82

QUIJYE  YQRAPFRCTHITOTMAYX)

NQx&

60 YO 15

NQ=1J

RiTJY=TQ

NDYTH=N,0

DWR TH=A 0N

DMTTH=0,0

DO 190 1=1+AN

IF(KPRINTY,GT40% WRIYE(pe25) 1

XL=SQRY (PERCWI(T1) 7100,)18(BILDWT (1) SCOS(PHI)+RILDLT(T)OSIN(PHI))
ne=20, !

CTINTH2¥ (/R

TANTHSHB /X0

WINNOWS 10, #SNRT{PEREWT (1) /7100,)

THETA= AYAN(XO/HR)

SPWESILHT(T)+WINDOW

DAY= (D14A1+4D24A2+NIBAI+DL0AL+DEBAS) ZATOT

1F ¢ NOT(KALGTY,0)) 6O Y0 1

BAVZ(S10A1 95 IN(PHT) +824A20COS(PHY) ) Z(AI®SIN(PH]) ¢A28COSIPHT))
CONTINVE

HSHANE= (AVFHT=TANTH®#DAV}

IF(HSHADF ,1.T,0.0) HSHANE =0,0

FLET=BILDHT( ) ZFLOATINFL (T )

FLOORS=HSHANE sFLAY

KFLOOR=FLNNAS

AFLOOR=KFLNoP

TF(HSHANF,LE, (XFLOOR®F_LHY+5pW)) 60 TO 10

KFLONDR=XFLNDR+]

XNFLENFL ([)=¥F| O0OR

0O 3 11=1.2

A(Y1)=n,

IFCCTNYHESPW (LE JEXRL (1) o ANDL,SILHT (1) 4GToaHT(IT)) A(II)SCYNTHOXLO (NT
1(11)Y+WYNDOW)

IF (CTNTHOSPWLLE EXRL (T o ANDLSILHY (Y1) oLESHT(I1)) A(II)SCTYNTYHEXL@SPW
IF(CTNTHUSPW 6T (EXRLUT) fAND SILHT(Y)SCTINTHLELEXRL (1) ANDSTILKHT (1)
1oLEJHT(II) ) AT y=Exal (1)yaxt

TF(CTNTHOSPW G GT o EXRL(T) s ANDGSILHT (T)UCTINTHGLELEXRL LT o ANDGSILHTY (1)
1aGT e HTCIMIACTIT)SXLO(FXRLIT)«CTNTHA(STILHY(L)=HT(I1)))
JF(CTYNTHOSPWGT EXRLIT) o AND SILHT{T)OCTNTH 6T FXRL(T) ANDGSILHT (Y1)
1aLT HT(IT)) ACTIVSEXRL(I)@XL

TFACTNTHRSPW GY EXRL (1) AND SILHY(T)I®CTNTH(GT FXRLLTY ¢ANDSTILHT (1)
LeGEJHT(IT) dAND«STLHY (1) =EXRLEI) OTANTH L TWHTIIT)) ALYY)SXLEC(EXRL(T)




-

e v—

12

203

2« (SILHT(T1=HT(1T1)6CTNTH)
IF(KPRINT.GT.0) WRITE(64106) A(IT)
ALIZA (Y1) #XNFL
ADE(T1)=A118PERADE(Y)
ASCRITTI®ATI#PERSCRIT)
AG(I1) =AY YopPERA(])

ASG (Y1) ZATT@PERSGLY)
AGG(T1)2A1180E5GG(])
AGGS(IT)3AY I#PFRGGS( )
ADRS(11)xAYI6PFaNBS T}

IF(KPRINT.GY,0) WRITE(6:90) ADBS(I1) ¢AGG(IT) JASCRITI) ¢ASG(IY)

CONYINUF

AAZBAVEHTOCTNTH

AREAN(11mAN

AREAOD(2)=A?

AREAOD ()=

AREAOQ(4)=AL

AREAD(S)=AS

DIST(1Yy=n]

DIST(2y=D2

DIST(3y=n3

DISY(4)Y=D4

NIST(5)=ns

DO 12 t1=14%
AOUT(IT)=¢D!STtI2)-AA)¢AREAO(I!)/DIST(II)
IF CAOUT(11) (LE.O+) AOUT(]Z!=0.0
CONTYINUE

IF(KAFQ,0) 60 TO 203

RA=AA

AAZBRUSIN(PHT)

AQUT (1 =(DIAAYBAL/D)
AASRBYCOS(PH])
ADUT(2)=(D2+S1lwpa)8A2/(DN2+5])
ACUY(31z=810852

AQUT(4)=0,0

AOUT(S1=20,0

KKOUNT=0

K=2

RF INS22,

RCHA®] G,

DO 40 g=214NQ

1F (XPRINY.GT.0) WRTITE (6+454) TIME(J)Q ()
RADEX (1)=Q( )

RADEX (?2)3Qty) o, a7
RADEX (V) =Qlyro,56

RADEX (4)=Q( j) 0,37
RADEX(S)=Q( g1 0,31

RADEX (#)=Q( ) o,2]

RADEX (7)m(Q,0

IF(N.LEZ52000,) GO TO 70




i
i
j 4
b nO 125 ' Mz1,.? 3
P 128 RADEY L MYz DANEY I MYBI9AAA 3=ty 21 4280 LWas . D :
Lo GO TD '3 :
[ 70 N0 176 1 Mz!,?
P 126 RADEY (LM SIRADTXILYIR I GR  ra st {wid g 1)
| 13 IFUKPRINT (AT, O WR STE haz "' 207N Mg {M21,7)
| LG=T7
{ 122 00 12) (M=%
! 11=:
i NRE=?,
i 0P A4,
NR ISk,
:F(RADFX'LM).LTQb.! GO T =
TFIRADF Y " My, GT,RCHAY GO ~7 ' ®°
IFARADEN . _) ,BF b JANDP QAT v [ %,44) GO YO 14
; TFARADEX TL¥) s0F b s AND,TADFEY V) Ly T.2CHAY GO Tn 16
: _ 16 DIFFSIBANEX (LM aORANY / (ORANSNT LY’
f ABURNIL LMY ZARAOUANIK &1 13«8 e dnns” "V oI 1e ]V = ARRURN I 1TY)
|

ey

G0 1O 19
17 ABURN(LMY=n,A
6N TN 22
S 1A ARBURN({I M) 217,543,620 (RADEX (LMY R(C "
P IFIY,En,1y ABUON{(MI=16,042,760 (70 "Y1 M) =RCHA)
i X IF (ARURNILM)Y (67,100, ) ABURNILM)=' 07,
G0 TN 19
15 ABURN (L M) =RCHA
; 19 TFLABUSN(LMY EN,D4) GO T 22
1 IF(ABUON(LM) ,G6F,80,) 6O YO 4l
11=1
. NRFE=<S.
l ORAD=0,
NRAD=0RAT+NRY
i 60 IF(ARUDONILMY ,GF,0RADAND,ARRN I V! L2 .TEAD) GO YO 21
ng l NRADZODANSNRYF
N NRAN=OPANSNRE

»

]
1
- 1121 Tey
3 60 TO K0
B f 21 DIFF=(ABIRN (LM)wORAN)/ (DRAN=ORAD)
e PKT(LM)=PKIT)+DIFFatpK (1TI*1)=PKIIT))
| GO Tr 23

o 22 P wi=n,0

b o 2y

41 P 32100,
" 23 17 - CINY.6T.0) WRITE (6492) ABURN(LM) 4PKT (LM)
YT 4t AN(LM) ,LT410.) GO TO 24




DRADN=ORANSNRE

1F CABUPN(LM) (GF ¢10, s AND,ABURN(LM) +LE.25+) GO YO 28
TFLARURNILM) GTe25¢ ANDSABURNILM) sLT430e) 6O YO 27

I1F (ABURNILM)Y ,GE .30, ,AND,ABURN(LM) +LE,35,) GO YO 31

1F CARUBNILMY) 6T,3%, JANDJABURNILM) 4LE,3645)60 TO 26

:F:;PUEN:L“; .S'.B%.'}-;?:L‘.AEUQ-‘EQL“! vLE?-ﬁeGaee '3 3“
C11x9

DRAD=4S,

DRE=S,
ORAD=4O,

IF(ARURNILM) GE,ORAD AND ABURNILM) oLE.DRAD) GO T0 29

1Ix]ley

ORADSOP ANSGNRE

DRAD=QRANSNRE

60 T0 78

DIFF= (ABURN(LMY=ORAN) 7 {DRAD~ORAD)

PRTMIKoLMIZ(OKT(LM) 72004)0(PPKITJeTI1)*DIFFO(PPK(TJelIT*))epPPK(TJell
1))

1JslJ)e)
PKTW(KGLM)S(PKT(LM)Z1004)3(PPK(TJeT 1) *DIFFO(PPK(TJolIT+1)ePPR{TJo1]
1"

1JElJ+1

PRKTD (K ¢LM)S(PKT(LM) 71004)@(PPK(TJeI)*DIFFO(PPK(TIJolToL)wPPK(IJs1T
1M
PINJ(KGLM)ZL100.=PKT(LM)

IF(PINJ(KoLMILYo0,0) PINJIKLM)20,0

e
[/ NI

PR LT PR TATION]

33

60 10 121

DRE=22,%

11=4

ORAD=2S,

cO YO %0

11=6

ORAD=30,

GO0 Y0 %0

DRE=1,%

11=7

ORAD=13S,

GO TO %0

DRE=3,%

11=8

0RAD=36.S

60 TO 19

PKTM{K4LM)30,
PKYW(KoLM)3100,#PKT(LM) /100,
PKYD(K4LM) =0
PINJIKGLM)ZFIRINJC(ABURNILM))
G0 Y0 121

PKTM(K LMY 30,

PRYWIKeLM)EO,

PKTD(K LM)Z30044PKTILM) /100,

282
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PINJ(KLM)S100.=PKTI(LM)
IF(PINS (Y LM)aLT3040) PINJIKILM)Z0,C
121 CONTINIE
1F (KKOUNT ,FQ 0 ANN,ISFASNJNE«1) GO YO 38
00 70 aq
50 K=}
KKOQUNT=)
AF IN22R,
QCHAx19,
L6=1
60 T0 122
38 DENOMSRILDWI(IV@BILDLY (1) @FLOAT(NFLI(T))
DENOMENENQOM
no 39 t11=l.3
PKDEM(T1¢J)=ADF (11) /DENOMOPKTMIK 1) ®POSPRI(TI) /100,
. PKSRM('IQJ)=ASCR(!!)/DENOM“PKT“(KOZ)“'OSPRI(!l)/IOOn
: PKGM (114J)2AGITE) /NENQMaPKYM (K, 3) ®POSPRI (1Y) /100,
; PKSGMIT T4 ) SASRIYT) /DENOMEPKTM (K 44 #POSPRI(1T) /100,
PKGGM LT TeJV=AGH (11) /DENOMEPKTMIK 45) #POSPRI(IT) /100,
PKGGSMETT ¢J) TAGGS(11) /DENOMBPKTM K 46) 9POSPRILIT) /100,
N pPKNBM(T e ) =ANBS(IY) /DENOMBOKTMIK 4 T) #POSPRI (1) /100,
TKMITL ¢ ) SPRNEM (1T 4 ) +PKSRM (1T o) *PKGMLIT 0 J) *PKSGM (T T 0 J) ¢PKGGY " Ty
1J) #PKGARSM(TT 4 ) +PKNRM (I 4J)
TKMIT1eJ)ZTKM{TT+J)2CONPERITI) 71004 0PERPIN/LESL
] PKOEW(TTeJ)=ADE (1) /DENOMOPKTW (K1) #POSPRI(1T1) /100,
PKSRWITTeJ)=ASCRIIT) /DENOMBPKTW(K2) #POSPRY (1117100,
) PKGW (T1¢J)=AGII1) /NENOMOPKTW (K ¢3)@POSPRI(IT) /100,
| PKSGW(TTsJ)=ASG(ITY /DENOMBOKTWIK 4 2POSPRI(IT) /100,
PKGGW (T TeJI=AGR (1Y) /NENOVBPETH K5I 2POSPRI(IT) /100,
: PRGGSWIIT o) ZARGS I T 1) ZNENCMS(TW K6 *POSPRITT) /100,
i PKMBWI(TIe )= APRSITT) /DENCMEPXTW (K T)2POSPRI(I]) /100,
TKW(II.J\=Pxn€w(r1.J)opxsnwzzz.J)*PKGwill.J)*Pkssw(r!.JI*PKGGN(IIo
1) *PYOASW (T T ) +TENRW T T, )
; TRW(TT () STKW(IT o JIACONPFR 1Y /100, 8PERPIN/L4EL
! . PKDED‘!I-J):Anrtzza/DEN0"49x751K.17°P057914I!)/lOOo
! PKSRN (114 ) =ASCR (T Y /NENOMOPK TN (K+2) #POSPRI (11) /100,
' PRGDCITeJ)=AG(LT) /DENOMBPKTNIK,3)8POSPRTICIT) /100,
PKSGD(TTed) =456 (1Y} JDENOMOPKTIK44)0PNSPRI(ITI /100,
PKGGN(TTeJ) =AGGH (11) /NENOMEPKTDIK 45 BPOSPRICIT) /100,
PKGHSDCIT o J)SALGS (1Y) /DENOMHPETDIK46)2POSPRICITI /100,
PKNAN(P1ed)= AMBS(1T) /NENOM2P " 3(KTIOPOSPRI(11) /1004
: TK?(XI.Ja=”K1E“(TI~J)¢P(SRP<SZ-J?*PKGD!ZIvJ)oPkSGD(!!vJ)+PKGGD(I!o
i 1J) +PKGGSN (114U «PKDAD(IT4J!
S TRD(IT4 ) =TKN (T T+ JYOCONPERIT) /100 9PERPIN/L1E4
FACT=POSPRY (11! Z/{DENOME100)
PINEN=ADE (TIYOPINJ (K1) 8FACY
DISRNSASCRITIIIGPING (K 2)0FACT
PIGNEAR (T1)oP INJIK ) 6FACY
PISHNEASG(T1) PP INJ(Kaa)oFACY
’!GG“:AGG(!!)“’:NJ(K.5>6FACT
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39

4

200

47

PIGGSDZAGGS LTIV OPINI(Ko6) ®FACT
PIDBN2ADRS(ITINPINI (X, 7)aFACY
TKI(140)=2PINER+PISRD+pIGD+PISCD+P1G6GD+PIGGSD+PIDBD
TKICII Y ZYKI(T 0 JYOCONPERIT)SPERPIN/L,EG

CONTINIIE

IF (KKOUNY EQ,0,AND,ISEASN,EQ,1) GO TD S0

AQUZAONT (1) «AQUT (2)«A0UT (3) +A0UT (4)+ADUT(S)

1F (AOULLY.0.0) AOUE0,0

RAYIO=AQUZATATA LY  =BEREYIN100, /100,

PKTYMO(JISPKYM(¥ o 1)0PATTO

PKTWO(J)ZPKTWIK ¢ 1) GRATIO

PRTDO(SISPYTD (Y ¢ 119RATIO

FIOSPINJIKs))RRATIO

IF(KPRINT . GT,0Q) WRITE(6+20U) AQUSAYOToPKTMO(J) ¢PKTWO(J) +PKYDILY)

FORMAT {36HDAOUWATOTsPKTMO(J) «PKTWO(J) o+PXTYDO(J) ¢+SELT48)

CONTINUE

IF(KPRINT ,AT,0) 6D YO S5

60 TO %3

DO 46 .1=1MNQ

DO 46 11=143

GO YO 1306¢1316132),1

WRITE (64133)

FORMAT (QHOSTANNING)

GO TO 136

WRITF(84134)

FORMAT tBHOSITYTING)

60 TO 1216

WRIYE (6e135)

FORMAT (6HOL YINR)

1IF(KPRINT,LELQ) GO TO 4¢

WRITE(AGUTIPKDEMITT o) oPKSRM(T4J) oPKGM(TToJ) ¢ PKSGMITI0Jd) oPKGOMIT]
19J) ¢PKGGOMUT o) aPKDBM (LT oJ) e TKMETT o) oPKDEWITT6J) oPKSRWITT o) 4PKG
2WETT 0J) oPKSGW (T 0 J) o PKGOW(TTaJ) 4PKGOSW(TT4J) 4PEDBU(TITeJ) o TKW(LTT e )
3.PKDED(114J) «PKSRD(I14J) ¢PKGN(IT4J)oPKSGD(IT4J) 4PKGED(IToJ) «PKGGSED
40100J) oPKDBD(TIT o)) o TKDLLIT )

FORMAT (43HOPFREENTY KILLEN IN MONTH (DIRECT EXPOSURE)ELE15,8735H PE
1RCENT Y ILLED IM MONTH (SCREENS)=+EL25,8/40H PERCENT KILLED IN MONTH
2 (SINGLE GLASSY=eE15,8/41H PERCENT KILLED IN MONTH (SCREENS+GLASS)
3ze81%,8/41H PERCENTY KILLED IN MONTH (DOUBLE GLASS)m+E15.8/748H PERC
4ENY RILLFD IN MONTH (DOUBLE GLASSeSCREENS)=ZE18,8/741H PERCENT KILL
SED IN MONTH (DRAPESBLINDS)I=¢E15,0¢5Xe23H TOTAL KILLED IN MONTHa,.E
615,8/742H PERCEMT KILLED IN WEEK (DIRECT EXPOSURE)=4E15,8/34H PERCE
TNT KILLED TN WFEK (SCREENS)=24E15,8/39H PERCENT KILLED IN WEEK (SIN
8GLE GLASS) T F15,8/740H PERCENT KILLED IN WEEK (SCREENS+GLASS)®.ELlS,
98/740M PERCFENY KILLED IN WEEK (DOUBLE GLASS)SE1%5:8/4TH PERCENT K1IL
1LED IN WFEK (DNUBLE GLASS+SCREENS)I=.E15,8/40H PERCENY KILLED IN WE
26K (DRAPFES+BLINDS)®eFE15,8¢9Xe22H TOTAL KILLED N WEEKSeE15,8/414 P
IERCENT KILLEN N DAY (DIRECY EXPOSURE)®.E1%5.8/33H PERCENT KILLED !
4N DAY (SCREENSY=eE15%,8/738H PERCENT KILLED IN DAY (SINGLE GLASS)=,E
515,3/739H PFRCENT XILLED IN DAY (SCREENSGLASS)=+E15,8/39H PERCENTY
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el WA

46
53

19}
190

LuiL €N Ta DAY (DOUBLE GLASS)EeE15,8/46H PERCENY KILLED In DAY (DoOU
JALE GLASSSCREENS)=.E15,8/739H PERCENY KILLED 1N DAY (CRARES:BLINDS

8)33515.5.SX.21H TOVAL KILLED IN DAY=4E15,3)
CONTINUE
0O 191 11=21,)3
FIISFI1TKT(TTI4NQ)
DDYTHENDY THTKT (T T oNAY
DWKTHENWK THeTKW (11 4NQ)
DMYTHENMY THe TKM(TT 4NQ)
CONTINUE
1F (KPRINT.(T,0) WRITE (6+48) P&TDD(NQ)oPKTHO(NO).PKYNO(NO)
TONY=0NYTH#PK TNO (NQ)
TDWK=DWK TH*PK TWO (NQ)
YDMY=DMTTH+PKTMO (NQ)
NDYYHI=DNYTH
NWKTHI=DWKTH
DMTTHI=DMTTH
NDYYHO=PKTNO(NM)
DWK THOZPK TWO (NO)
DMYTHO=PY TMO (ND)
IF(KPRINT.GT,0) WRITE(6456) TDDY s TDWK ¢ TDMY
RETURN
END
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S1AFTC PERC M4 XRY
FUNCYION PERCTH(TOTMAY)
GIMENSION SERC(25)
DATA(PFRC(I)012102“)/0090006'0023$0060o139.21'.39’.“05'.575'.595'.
123, tee caa  2as. P38 Y45 VL TT. . 72..70._ T0R..ANK..AY..815/
TI=0,
DELTY=,2
1=1
tF(TOTMAX . FQ.0s) GO TO 2
IF(TATMAX,GBE,L10.) 6O YO S
1 IFLTOTMAX,GELTY AND(TOTMAX «LEL(TI*DELTTIIGO TO 3
IF(TOTMAY,GE 1.0} GO TO 4
TI=TlenfFLYY
{31el
60 Y0 1
3 DIFFR(TOYTMAX=YT)/DFLTYTY
PERCTHEZPFRC (1) +DIFF8(PERC(T1+1)=PERC(T))
60 YO 7
2 PERCYH=O,
60 YO 7
8 PERCTH=81,%
GO TO 7
4 Y1=1,0
DELTY=,5
1=6
6 !F(TOTMA#.GE.T!.ANDeTOTMAXoLE-(Y!*DELTY)) 60 YO 3
121+1
TISTIeNELTT
GO YO «
7 RETURN
END

SIRFTC FIRIN
FUNCTION FIRINJC(AREA)

o INJURY CURVFS MUE TO FIRE
FIRINJ=2%,9AREA-150,0
IF(FIRINJLLE.0e0) FIRINJ=OO
IF(FIRINJLGE100.) FIRINJ=100,
RETURN
END
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$1RFYC NUCL
COMMON/BLK?/ G7XeGZY s XX3YNeSSosSNeSWeSE«S1e824PHI
COMMON/BLK 3/ WiHBeVIS X0O4FFRIATRRENSISEASN,TODAY
COMMON/RLKS/ AVEHTIAVEWTGAVEWIAVEL ¢HMAX9AL4AZ0AS0AGABeD14D2¢D34D4
LoUBaWLl e W2 eWIIWE WS KA ATOT o DISMAX e NELTDFACTL «FACT2, INDX(S5) sAAALS)
2eINDXL1 INDX24PFRPIN, POPUONsREACS] sREACSTREACLY
COMMON/BLKT/ NMGPERCWIC10)POBILD(10) +BUILDW(L10) +BILDLY(10) +CONPER
1020) 4BILNWI(10) «POSPRO(I) 4POSPRI(IVWNFLELIO) sAINTRLILO) SEXRL(10)
2PBREAK {10) o IWALLY(3N) 4 18T(10) +PERCOASBILDHT(1O)
COMMON /BLK117 WALPAN(10) +WALDEN(10) ¢FLORTH(10) oFLORDN(L10) sROOFYH(
110) cRONFONLL10)«BASFTH{10) +BASEDN(10) «SOILDONC(I0) e SILHTY(103 +PERSCR ()
20) +PERSG(L10) 4PFRGG(10) +PERUBS(10)+PERG(10) +PERDE(10) «PERGGS(10)
COMMON/BLK13/ AVEWTRWRADG+RADNDHBOLNDBO«DMBOWDHBI «DDBIOMBI,
IDDIONTI ¢DWINNT +DMIONT +DDIONO 4 DWIONO4DMIONO
COMMON/BLKLIG4/TT aTIOWDITDI0sFI2oFI0eRTIISRIOCTUNINIGTFATALyTAINYR
DIMENSTYON XFLORM(1N) ¢+ WALPAC10) +KROOFM(10) +TRHO(104100)¢ATYG(105100
1V 9ATTNI104100) «RHOX(100) +CELLALLIG) +PCAFF(L0)PCAF (1021007 +TIMRAD(]
200100) o TAEX (16)4PXO(10) +TIMRO(10) sBASET(10) +ROOFT(10)+FLORT(10)
AKWALMT (10) +PKBILD(10) 4PKFLOR(100)
DDIONI=D.0
DWICN1I=Z0,0
DMIONI=0,0
RIN=0,nN
RII=0.n
NBR=1
IF(NN.LEQI, NBR=0
KAVGMT =4
RG=RADG
RN=RADM
NO 111 t=1eNN
RIIN=0,D
nb=0,0
DW=0,0
DM=0,0
IFtROOFDN(T) L7595} KROOFM(1)=3
1F(ROOFDN(T) eGE 255, c ANDROOFDN(1) oL THo110e) KRODFM(1) 2]
IF(RNOFDN{T) . GFE,110,) KROOFM(I)=2
IF(FLORDN(T) LY .55,) KFLORM(1})=3
TF(FLONDON(T) L 0F «55, AND FLORDNCI) oL Ts1106) KFLOQRM(I) =]
TF(FLOPDN(T) ,GF,110,) XFLORM(1)=2?
IFIWALNEN(T) 4LT¢55,) KWALMT(1)=2
IF(MALMEN(T) 6F .55, AND WALDEN(TI) oL T4110,) KWALMTY(1)=]
TF(WALNEN(T) GF 1120,) KWALMT(1)=2
tFI(KPRINT, EQ.0) 6O YO 40
WRITE 1644Y) 1
41 FORMAT{14HIBUILDING TYPE,14)
40 NF=NFLIY)

DO 167 MElaNF
167 PKFLOR(M)=0,
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BT

T AT TR FHHER S

e e iU e %

T

T

. o e

iF(PH] ,GE,.TRS4) Ga Tp BG
ESnS?
wizmBiLnLv(n
AWisayFy
60 1O »y
A6 €£5=51
WwizspILnDwI (1)
AWlzAVeEy
Al THETASATAN{HR/YQ)
RHORNSAVEWYRZ (AVEHTORAVELSAVEW)
PELAVEHT®YN/HB) 7(ES»AWT)
LPzpP
XLP=LP
TF{XLPEN.N.Y GO TC 99
IFIXLP,G6T.7.) RO YO 404
GO TO ©}
30 XLP=XLPe],
IF(XLP,LF.?2,) R0 TO 3
40% XLP=2,
60 THh V)
99 XLpP=1,
3] NF=NFL (D)
MMz ]
{FITHETA LF..2618) GO TO L
YFUITHEYA 6F,1.709% GO YO 2
WALPALT  =wWALPAMIL Z/ICOS{THETAY®12:)
FLORY . "y =FLORTH I /(SIN(THETAY®]12¢)
CCNFTLY)SRNGFTHY (1) /(SINITHFTAY 812,
RASET (1) =2RASFTHIT /(COS(THRETA®L2,)
CELLACYS(10,9W) 2(HB/ D)
ANSWIIHR/X0) /10,
NT=XN
XNY=NY
TFC(XN=XNYTY . LT.s5) B0 YO 8
NYZNT+)
G0 Y0 3
L 1F{(NTLFQ,0Y 50 YO 9
MMz}
IFIBASFTH{T) ,END,) GO Tn &
NFaNFL{T) Y
THICK=5,/75INIT ETA)
YRHOCL 1)Y= (RASFT{T)#RASEDN ' 1) *SOILDNIT)2THICK)
TRHBTRHNA() 1)
KXl =)
CALL ATYFNN{TRM UKL s THICKATHJATT)
ATTSEAYY
KKL%2
THICL=RASET{ )
CALL AYTFNM{TRHGKKL o THICK4ATG-AYY)
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g
H
&

12
73

16
70

T4

17
111

112

113

84

23

a6

103
104

EXNFENF

no T3 M2lLNE

UO 72 N:l QNT

PKFLOR (M) SPKFLAR (M)+PCAF (MoN)
CONTINUE

PKFLORtMYSPKFLOAR (M) /EXNT

CONTINIE

IF(XPRYNY,FQ,0) GO YO 20

WRITE (6e16) (PYFLORIM) yMzloNF)
FORMAY (26HOPERCENT KILLEN PER FLOOR=+E19,8)
PKRILDC(TY =0,

NN 74 Mzl NF
PKATLND(IY=2PKRILD(I)+PKFLOR (M)
CONTINNE

PKBILD(IY2PKRILDUT) ZEXNF
IF(XKPRTINT,EQ,0) GO YO 111

WRITE (6¢1T7)PKRILDLY)

FORMAT (25HOPFRCFNT KILLED HUILDING=4E1548)
CONTINUIE

PXIN=Q,

NO 112 I=1eNN

PKIN=PK INePKAILD(T)*CANPEREY) /100
tF!KPRINT,.FQ.0) GO TO 21

WRITF ¢(6el13) PKIN

FORMAT t23H0OPFREENY KILLED INSIDE=VEL1S.8)
KKOUNT=]
OQUTAZSI4RILDLTII)I+S28(RILDWI(T)+5]))
IF(NRR,L,EQ,N) GO TN AR
{F(THEYTALGF.1.109) &GN YO 85
PKO(3)=0,0

IF{THETAL.G6T,,2418) GO TO 88

IFIPHL ,6T.47R2%4) GO TO 83
FXPARA=S14(BILNLT (1) +52)
SHARFAzSP4RILDWEILT)

GO TO R

FXPARA=S20(BIL™WI (1) +51)
SHAREA=S1oRILDLT(Y)

JISKKQINTY

RADNG=RANN®RADS

CALL AFFFCT(RAMNG.PERCAF,TIMDTH)
PXOtJJI)=PERCAF

TIMRO(JJY=STIMDTH

60 TO (1N0421004108) ¢KKOUNT
TRHZRHNARNGTHTCK

KKLEKAVEMTY

CALL ATTENI(TRHGKKL ¢ YHICK ¢+ATGATT)
RADGERANGHATYS

RANNZRADN2AYY

KKOUNT=2

GO YO Ae
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e,

o BT N TR,

LT g

06

12

121
122

123
35

301

200
203

202
201

WRITE(AL300) (ATYG(MoNY) JATTN (MN) Mz) (NF)
FORMAT {(HOATYOR4EL8480H ATTNZGELS,.8)
TF((N=NT) . EQ.0) GO YO 12

NINe]

MM=]

G0 Y0 &0

IF(RASFTH (D) ,EQ,04) GO TO 1)
IFCTHEYALLE. . 2618) GO YO 12

NFaNFL 1))

60 0 10

NFaNFL (1)

DO 35 N=1NT

DO A5 Mz=1 (NF
RADNCZQANGHATTR (MyN) *RADNGATTN (M¢N)
CALL AFFECTY(RADNG +PERCAF (TIMDTH)

PCAF (M N)3PERCAF

TIMRAD(MyN)=TIMDTH
CONSTZPERCAFOCNNPER(TY /), E4
PCAFIN®L,0=COANST

IF(PERCAF.LE.Ce0) PCAFIN=RADINJ(RADNG) /100,

RITN=RIINePCAFIN

TE(TIMNTH ,GE, 04, AND, TIMDTH,LE-1,0) GO YO 121
TF(TIMATIN 6T, 1,0.AND, TIMDTH, LE,7,0) 6O TO 122

IF(TIMNDTH ,GT,T.,0) GO YO 123

GO T0 13

ND=NNeFQNSY

GO YO 15

NDW=NWeCONST

G0 TO 35

DMENM4CONS T

CONTINNUIE

CONSTNTHBNF
DDIONI=NNIONT+DNUPERPIN/(100,4CONST)
DWIONI=DWIONT«NYUPERPIN/Z(100,%CONST)
DMIONIZRMIONTI+NMOPERPIN/Z (L0042 CONST)
RII=RIY+RIINOPFERPIN/ (100, %CONST)
TF(XPRINY.EQ.,0Y GO YO 7

WRITE(A430L) ((TIMRAD{MoN) +PCAF (MeN) oMz 1 4NF) ¢Nx]1¢NT)

FORMAT (8HOTIMRAD=4E15,846H PCAF=24E15,8)
IF(BASFTH(Y) ,NF,0.) GO TO 200
60 10 201

IF(THETA LE,.2618) GO 10 203
63 T0 %0l

PCAF(1,41) =N,
TIMRAD(11)=10000,

NLLENF ]

DC 202 MZ24NLL

PCAF (MJNYZPCAF (M=1,41)

TIMRAD (Mo )Y =T IMRAD (M=i,ol)
EXNTENTY
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b
& TR

i

kL

19

3%
32

33

60

15

TRHZTRHO (Mo N)
KKLZKRAOFMIT)
THICK=RONFT (1)

CALL ATYENIIITRH.KKL o THICK JATGLATY)
ATTG(MyN) ZATG

ATTN(M N)ZATY

60 T0 1%
7RH0(M.N)=WALPAt!)ntl.-sonT(PERcwl(!)floo.))ewALDENQX)
TRHETRHA (MeN)

THICK=WALPALT)

KKLKWALMT LD

CALL ATTENU({TRHKKL ¢ THICK¢ATGATY)
ATTGIMNI=ATG

ATTNIM NI ZATY

{F (NRBR,EQ.0) GO YO 18

TF{BASETH(T),EQ,O04) GO YO 39

EM=M=]

1F{NBR,EA, Q) GN TO 15

IF(THETA,LF..2618) GO YO 60

IF(EMaLF ol (AVEHT= (AWI«ES)#+B/%X0)7104)) GO 10 32
!F((EMolﬂ.).LTc(AVEHT-ESuHB/XO)! GN YO 33

G0 YO 1%

EM=M

60 THh ¢

RHOX (M) =PHCBNOAWT#XLP /SIN(THETA)

TRH=RMAX (M)

THICK=AWTUX P/SINITHEYA)

KKLEKAYGMY

caLtL ATYFNI' (TRHGKKL « THICK ¢ ATGATT)
ATTGIM NI SATTG (MyN) BATG

ATTNIM N SATTN(MeN) #ATT

GO 70 15
RHOXtM):lRHOFUISYN(THETA))°(Awl¢XLP-ilo-“EHOESGXLPOHBIXO))
TRHERHAX M)
THICK=(ANI“XLP-(10.“EM*E50XLP"HB/X0))ISIN(THETA)
KKLEKAVGMT

CALL ATTFNU(TRH(KKL4THICKsATGHATT)
ATTGI(M¢N)SATTG (MoN) #ATG

ATTN(MGN) SATTN(MeN) #ATT

60 YO 15

IF(LEM@10,) ,GEAVEHT) GO TO 15

RHOX (M) =RHOBD®AWI#X| P

TRH2ZRHAX (M)

THICK=AwWlOXLP

KKL3XAVGMT

CALL ATTENU(TRHIKKL ¢ THICK«ATGATT)
ATTG(MNISATTG (MaN) ATYG
ATTN(MeNYSATTN (MeN) RATY

CONTINUE

1F (KPRINT.FQ.0) GO YO 6
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0

55

44

&7

54

KA
50

ATYG(l41)2AY6

ATTIN(LJ1YSATTRAYYS

MM=2

G0 10 4

NTsl

60 YO A

1FIRASFTH(1),EQ,04) GO TO 5¢
NFINFL (1) +)

NNF eNF
TRHO(NNFs1Y=ROOFTH{TYaPQOFDN(1) 212,
YRHZTRHO UNNF, 1)
THICKSROOFTHITD) 212,

KKLSKRNADFMIY)

CALL ATTENU(YRH (UKL 4 THYCC JATG4ATT)
ATTG(NNF41IZATH

ATTN(NNFolISATT

NNFINNFw]

TFINNF,EQ.0) 6~ "0 4~

TRHNINNF 4 1Y SFLORTN (1) 28 ORTHITY 712,
TRH=TRHO(NME 1)
THICK=FLORTHIIY 212,

KKLEKFLARMLT)Y

CALL ATTENIH{TRE KK s THICK ¢ATSWATY)
AYTGINMF o LY =ATGOATYG(NNFe] > "
ATTNCNME o LY =ATYOATTIN(NNF @) o]

GO YO 44
NY=)
60 Y0 12
NFSNEL 1)
O Y &5
NY=S
MMz ]

ROOFT(T)ERNOFTH (1Y /)2,

WALPA (T} 2WALDANIT) /Y2,
FLORTLY)=FLOR H(1)/12,
CELLALIY =10, W)

N=)

ANF =NF

DO 19 M=MMNF

IF(N,EQ, 1Y GN TO 13
IF(NeGT 1L ANN M, EQNF; GO TO 14
TRHO (MG NYSFLORT(IVYOFLORDN (D)
TAHaTRHO(MWN)

THICK=FLNRTY{Y)

EKLEKFLOAMIT)Y

CALL ATTENI(TRH KKL ¢THICK ¢ATGHATT)
ATTG(MyNISATGHATTG (MegoeNnll
AYYN (MG NI SAYTNIM*] yNw]) OATY

60 YO 1%

14 TRHO(MoN)ZRONFT (1) 0ROOFDNI(T)

b et Py i owd s Ay MR
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100 1F(PKO(L) ,FQ.0.) G~ YA 140
IF(PKOI2) ., FQ,.04) 50 1D 141
: IF(THETALLF,.,2618) GO TO 143
Lo 6O TP 146
; N 140 IF(PKOt2) ,EQ.0.) GO Y0 la2
I PCAFOS(PKOI1) BEXPARACPKN(2) BSHARFAY /OUTA
! TIHOUT=TIMRO(Z)
o 60 TO 110
141 PCAFOS(PKOIY)#EXPARACPKO(2) @SHAREA) /OUTA
oy YIMOUT=TIMRO (1)
. 60 YO 110
ot 142 PCAFO=0,N
S TIMOUT=10000,
LI GO 10 110
P 144 PCAFNS(PKOIYYBEXPARAPKO(2) ®SHAREA) /OUTA
P TIMOUT=(TIMRO(1) “EXPARA«TIMRD(2) ®SHAREAY /QUTA
.o 60 YO0 110
P 143 PCAFOS(PKOLL1Y+PKOL2)) /2,
L TIMOUTZ (TIMRN{Y)+TIMRN(2))/2,
SR 60 TO 110
i 85 SHAREA=0,
- EXPARA=OUTA
KKNUNT=)
; PKO(1)20,0
L e GO TH Ag
|t 108 PCAFQ=zRKO(JD)
R TIMOUT=TIMRO(3)
: GO YO 110
' A8 RSTARSAVFHTOXO/HB
; IF(RSTARLLT,ES) GO TO a7
X RSTAP=FS/2,
= GO TO Aag
87 RSTARZRSTAR/?,
89 THICK=AVFHY/SIN(THEYA)=RSTAR/COS(THETA)

e

- SHAREAZRSTAR%AW]
FXPARA=0!ITA=SHAREA
- KKOUNT=)
; GO T0 ag
. 110 NDIONO=0.0
. NWIONO=0,0
: NMIAND=0,0
L - D0 124 12143
iy AREASEYPARA/NUTA
Y IF(14EN.2)AREA=SHARFA/OUTA

RIINELOQ,=PKNLT)

1F(PKO(T) LE.QsOeANN . (oNOTo (L eEQe)1+AND KKOUNTLEQsI) ) ¢ANDe (oNOT, (T
1£Q,3,ANDKKOUNT LT, 3))) RIINSRADINJIRADNG)

1F((]aFQel s ANDoKKOUNT.EQed) cORe (TeEQe3ANDIKKOUNT,LYe3)) RIINZO,0
RINKRRIN+RIIN/ZIC0«#ARFA® (1+=PERPIN/100.)
PKEPKO(1)/7100,0AREAD () ,«PERPIN/100,)

berd

N e s

T —




’[ IF(YIMROUL) sGEeOs e AND YIMRO (1) 4LEe140) DDIOINOZDNIONDPK
IFCYIMOOCIN (6T01.0,ANDLYIMRO(T) (LELT0) DWIONOSDWIONO*PK

IF(YIMRO(]) BT, 7.0, AND,TIMRO(T) LE,2840) UMIONDBOMIONTFK —
124 CONYINUE l ;
RABS2RA H
RADNERM ”
IF (KPRINT.EQ.0) 6O YO 22 I .
WRITF (8e1B8)TIHNOUTPCAFO :
18 FORMATI22HOTIME OF NEATH (DAYSISaE15,8421H PERCENTAGF AFFECTED= K1 '
15.8) l
22 REYURN
ENN
T
i
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&
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i
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e e vl (A OARS YRS TE i . -~ —

D R

A 1o

e

bowed el

SIRAFY

94

2%

24

s

22

23
26
27
28
29

k1)

a7

65
400

C AFFE M94, XRY
SUBROUYINE AFFFCT(RADNGPERCAF (TIMDYH)
DIMENSTION TAEX(1%5)4PCAFF(10)

DAYACYAFRX (LL)Y oL L=11)6)/728092%002005016,30130101005:8,206:49%50204,1

1500025¢2:¢5¢1 7% 146540,/

DATA(PCAFFILL) sLL=14101/9¢919¢8027:7038:5049,5461¢3¢75.0+¢88,5495,5

1016047

IF(RADNG.LY(250,) GO YO 22

1F(RADNG,GELT0",) 6O YO 23

1=}

ORADN=28,

1F (RADNG.GE 4 NRADWAND RADNG+LE. (QRAD*S0,3 GO TO 26
ORADN=0ORANSS,

112111

60 10 25

PC2zALNGIPCAFF t11+)))

PC1zALNGIPCAFFITIT))

NIFF=(RANNG=NRAD) /50,

XNO=PCI+NIFFa(PC2=PC)

PERCAF=EXP (XNOY

1F(RADMG,GF . 9000,) GO TO &%
IF(RADMGoGF 425N, s ANNGRADNG LT 4C04) GO YO 26
1F (RADMG,GF , 400, sANDN RADNG.LT4600,) GO TO 27
IF (RADNG.GF 60", s ANDN,RADNGLT41500,) GO YO 2A
GO TO 29

PERCAF=0,

TIMDTH=10000,

GO TO 400

PERCAF=100,

60 TO 16

TIMRTH=112,

60 TO 400

TIMDTiiz%6,

GO TO 400

TiMDTH=28,

GO TO 400

LL=)

CRAD=1800,

1F (RADNG«GE .CRADAND,RADNG+LE« (CRATI*S00.)) GO TO 237
CRAD=CRATeSON,

Li=lL+1

60 YO 133

DIFF=(RANNG=CRAD) /500,
TXMDTH:‘AEX(Lb‘+nlrr°(TdEX(LLOI)-TAEX(LL’}
RETURN

TIMDTH=0,

RETURN

ENNR
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1¢
401
66

67
68
70
69

51
46

c

STAFYC ATTEN MO%44XPT

SUBROUTINE ATTFNULYOHKKL THICK JATGATT)
THICKBYHTICKE12,
TReTAUa =, 0413

IF(ARS(TR) 46Y,30.) GO YO 14
ATGEREXP (TR}

GO T0 401

ATG=0,

GO TO(ABIOT6B80T0) oKL
EXxsTNICK® ,NB4345

GO TO 49

ExXsTHICKS, ]

60 YO ¢«9

EXBTYHICKD® ,ND60OY

GO YO 49
EXTHICK®0,19TRKH/135,
IF(ABS(EX) 46Y430,) 6D YO 81
ATTRY,7010.908EY)

GO TO Ss6

ATYEC,

RETURN

END

$1EFYC RADTY

FUNCYIAN RADINJ(DOSE)

INJURY CURVES DUE TO IONTIZING RADIATION
RADINJ=ZK,454N0SF=6]13,

IF(RADINJS.LE,0,0) RADINJ=040
IF(RADINJ.BT,100s) RADINJ=100,

RITYURN

END
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APPENDIX V
TABLES AND GRAPHS

Tables 23 thrcugh 26 and Flg. 66 through 72 summarize
the data employed in developing the varicus nass-velocity«
probability relatiouships for Table 5. Conventional statisti-
cal analysis techniques were employed in determiniug the values

and models. Concussion to the head and cerebral hemorrhage
have not been ‘treated.
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