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Ta

IISONNEL CASUAt!,'Y STO')D"Y

A comput)er siriiulatio(n Inodul tor1 evaluating th•. Of!'ecttvf--"" C ; O F-1FO1 fi ,• - of Civ!Il

ness• ) o, 5OeIi 7 ,systemas was dev•loped under O "i- of

Defefise. (00)) Contract OCD-PS-64-50 SubtaskB 1614-A and 1,125-A.

The Shelter Evaluation Progran (SEP) permits shelter evaLuation

in terius of the casualties produced from initial effects of

nuclear weapons. The model was divided into the following
componeats:

0 ThV ,rnQT1tJtO1 of nuclear weapon effects through

the free-field.

*. The attenuation of the free-field effects as they

interact with local obstructions.

The effects of the shelter on the transmission

of the weapon effects to the personnel within

the shelter.

e The response of the personnel to each of the effects.

e Test of personnel response against casualty

of injury or death.

This is the final report on Subtask 1.125-A and deals

primarily with establishing quantitative data for use as

casualty criteria. The following casualty mechanisms were

considered:

a Primary Blast - Experimental data collected

from animal experiments were extrapolated

based upon weight of the species and resulted

in an estimate for LD50 of an overpressure

equal to 62-64 psi. Detailed overpressure wave

forms were found to be relatively unimportant.

lIT RESEARCH INSTITUTE
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Debris Effects - Three debris mechanisws which

cause casualties were identilied: impulse loading

related to debris momentum IMV); crushing-or tear-
2ing relaced to debris energy (MV); and cutting or

penetration related to energy times the square of
4velocity (MV4). Wound data for human cadavers

and animals were reviewed, and casualty criteria

were developed as a function of mass and velocity

of the debris fraginent.

v BLas~t Displacement - The mean velociry, of impact

for 50 percent lethality 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 Radiation - Second and third degree burns
resulting 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. (See Fig. S-i.)

o Initial Radiation -Radiation casualty criteria-

were determined by extrapolating animal data

based upon Hiroshima-Nagasaki results. The LD50

for illness and death were set at 150 and 500 REM
respectively with a standard deviation 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 results of the computer code and the information

gained in conducting 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.

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

e The interaction of free-field blast effects
and Atructures 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-
Swave affects their survival probability. This
is shown by the differences in casualties for
persorrnel standing and lying when under blast
wind translation. The response during the
translation may also be an important factor
in lowering casualties.
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FOREWORD

This is the Final Report-to.-besubmitted on Subtask 1125-A
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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 relating ,the 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 construction and weapon parameters
to illustrate how SEP Code may be easily utilized to study
shelter effectiveness iUL terms of added survivors.
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SECTION I

INTRODUCT ION

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

subjected to a specified nuclear attack have been based upon

j empirical casualty models which have been developed from

Hiroshima data. Even accepting the large extrapolations of

Sthis 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 been 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:

* 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

P.s 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.

lIT RESEARCH INSTITUTE
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9 The response of the personnel 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. If 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.

[IT RESEARCH INSTITUTE
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E 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

clavelnoed during that study Wiile this effort was concentratedI
on the development of casualty criteria. As such the discussion

-uai~~lty criteria is given a prominent place in the reportC (Section 11).
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SECTION II

CASUALTY CRITERIAii II
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 weapon 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

r the outside environment. The following event occurs:

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.

"lIT RESEARCH INSTITUTE

5I

S- . . . . . -..



Ii

* The blast energy begins to bleed into the
room through the opening with the particle
velocity and rate of pressure rise depen-
dent on siz of opening, volume of the
room, and outside pressure.

* ComplexI rCf^eCtioLJS occur within the room
as the pressure rises.

The man in the room iL therefore subjected to a pressure

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.

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-

dicated, the information reported in this section was obtained

from 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

U instantaneous, gradual (several milliseconds), stepwise, or

instantaneous (preceded by increased initial pressure) in dif-

ferent experiments. Only instantaneous onset was used with all

eight species.

IIT RESEARCH INSTITUTE

6 -



°II

I Extrapolation to the human weight range was performed.

Where basic mortality data were available, probit analyses

mortality (LD50) made. The pulse duration effect was corre-

i}! Ilated with respect to body linear dimension (cube rooL of

weight). Experiments with stepped onset of the pressure pulse

• •were reexamined to determine the importance of reflected pres-

_, sure on the LD50.

S°"Pressure adjustments over short time intervals are ana-

lyzed in detail. This bridges the gap between instantaneous

V onset and pulses preceded by gradual or stepwise pressure in-

creases.

2.1.1 Instantaneous Blast Oriset

Table I 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 were 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. Extrapolation of the

LD50 based on linear dimension is shown graphically in Fig, i.

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 durations (I to 10 msec)

result in reduced mortality in human weight ranges, no great

reduction occurs in longer durations (in excess of 20 msec).

I1T RESEARCH INSTITUTE
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Table 1
EXTRAPOLATION OF MAMMAL LD50 TO HUMAN RANGE OF SIZES*

Weight LD50 Deviation
Species (kg) (psi) (psi)

Mouse 0.022 30.7 0.56

Hamster 0.089 28.6

Rat 0.192 36.6 - 0.61,

Guinea Pig 0.455 34.5 • 0.64
Rabbit 1.97 29.6 ± 0.90
Cat 2.48 43.6

Dog 15.1 47.8 ± 1.06

Goat 20.5 53.0 ± 2.79

Estimated
Mammal** 70.0 63.2 ± 5.8

+Child 20.0 50.9 - 4.4

Average
Woman 50.0 59.4 + 5.4
Large Man 90.0 67.7 - 6.1

L2 psi ambienr 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. I.

The short duration reduction is inconsequential since applicable
peak overDressures (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 significant differences re-

sulted in an experiment with guinea pigs in four different

positions with respect to a shock wave (Ref. 3). Orientation

does nc't seem to be an important factor when the position of

liT RESEARCH iNSTITUTE
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the animal does not change the waveform to which it is exposed,

or when the pressure does not- gn f,.. -.. "i... ..... hc-

length of the animal's body.

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 is gradual, stepped, or instantaneous preceded by a grad-

ual pressure increased.

Tests were conducted on dogs (Ref. 4) using gradual

pressure onsets 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 mortality 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 I.

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.

More quantitative results are shown in Fig. 3 which

shows mouse LD50 for I 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: (i) 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.

lit 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-

sured 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

j 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. I 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,
I log(LD5O, psi) = 0.590 + 0.842 log(ambient pressure,

psi).

For human LD50 = 63.2 at 12 psi, we get

log(LD50) = iog63.2 + 0.842(log(14.7) - log(12.0))
= 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

The slope for log dose response to overpressure on a

I 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

Im through the experimental points establishing the relationship

between the dose (in this case instantaneous pressure) and the

I response percent mortality. The homogeneity of these test

lIT RESEARCH INSTITUTE
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animals compared with the hetefogeneity of the human population

would suggest that a broader difference (from 1 to 99 percent

mortality) i.e., less slope, would be expected for humans. A I
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 I hr, 2 hr,

24 hr and 30 days were given in Ref. 3. Human LD50 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

Time After Exposure Guinea Pig LD50* Human LDSO
(psi) (psi)

I hr 40.3 83.5**

2 hr 39.2 81.2**

24 hr 36.2 75.0

30 day 34.3 71.1**
,• Ret. 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 LD5O(24 hr) 75.0 Human LD50(I hr_ 83.5
Guinea Pig LD50 (24 hr) Guinea Pig LD50(l hiy -

lIT RESEARCH INSTITUTE
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Table 3 showing cumulative percent mortality is taken

from the graph showing mortality as a function of time. This

tablc 'Illuatrates tL-at tieLu uluaLh Chdan6US radically with

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 exDose to lower overpressures can be expected to take longer

I to die and thus may possibly be treated. Death requiring 24 hr

may be averted by treatment such as bed rest which is not

i I available to laboratory animals. However data on hospital treat-

ment of blast injury is not available.

ITable 3

CUMULATIVE PERCENT MORTALITY

_ (For Humans at 14,7 Ambient Pressure)

SI Blast
Overpressure Time After Exposure

(psi) lFr 2 hr 24 hr 30 days

40 0.5 0.7 1.4 2.4

50 4.0 5.0 8.0 12.0

60 13.0 15.0 23.0 28.0

70 27.0 31,.0 42.0 49..0

80 45.0 49,0 60.0 67.0

100 74.0 77.0 85.0 89.0

120 90.0 92.0 95.0 97.0

150 98.0 98.3 99.2 99.5

2.3 SUMMARY OF PRIMARY BLAST

Animal body weight was related to the level of mortality,
.I Specie to specie variation was rather large compared to the ex-

perimental error estimate within each specie tested. Extrapola-

tion of these results to 70 kg mammals gave 63-64 psi as the

point for 50 percent mortality. Extrapolation was made on the

ii I basis of a linear dimension scale and the result was adjusted
lIT RESEARCH INSTITUTE
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to correspond to sea level ambinet air pressure. The pressure

rise in a shelter space will occur increments (depending on the

size of the npnincg) nt- timebQ eni,1 fto t reverbr tie tie

of the room. When the "gradual" rise is included, the LD50

VaLue ýs raised to 75 psi. it is recognized that the occupant

may be exposed to reflected pressure greater than the incident

bur 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 will 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

distributions of time to death occur at different levels of
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 -,

lIT RESEARCH INSTITUTE
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"4 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 were re-

viewed using available experimental evidence and including

superficial, incapacitating, and near lethal categories of in-

jury, Missiles consisted of glass, bullets, 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 o 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

e -ensive extrapolation and interpolation of experimental re-

sults was to develop dose functions consisting of mass M and
2

velocity V of missiles. Momentum MV, energy MV , and energy

times velocity square MV4 , depending upon the mechanism of in-

jury were assigned as the dose functiont, 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 an,- 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.

IIT RESEARCH INSTITUTE
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2.4.1 Discu3sion

Four groups of data based upon experiments were considered:

peaetration of the lower abdomen ot dogs by glass (Ref. 0), ef-

feets of missiles on human cadavers (Ref. 9), data on skull -

fracture (Ref, 10), and effects of missile impact on the chest
(Ref. 11). There were considerable differences in the scope
of these data groups and in the availability 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 MV4 . This statistic was then used

to attempt to consistently account for other biological effects

of missiles regarding injuries which primarily involve pene-

tratiug 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

agaia called to the attention of the reader that the values

shown are indications of levels of injury and not mortality,

liT RESEARCH INSTITUTE
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Table 4 summarizes the mass-velocity relationships ob-

tained for the data from Appendix V. The dose relationship col-

umn indicates the criteria employed to relate biological response

...- - • -•- is -" -- .... . --... 11-hec ti-me f impact. The last
three columns in Table 4 present the value of the missile-

velocity 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

I S 2  (log P90 - log P50)2
1. 282

Pi {• = / -(t-logP(50)2/2S2)dt

2 ?T S f
where P. is the probability of the effect occurring.Ii

Figure 8 is a graph of 50 percent probability 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

I 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

,! W and ranges were determined.

I
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I
Table 5 provides an estimate of total body projected

, 1 .... nrable arcl u' vai.uu buody regons,

This data will be useful at a later date when complete con- .

sideration 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 Appendix

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 (REF. 6 AND 7)

Vulnerable Area

Region Aria % of Total Area % of Region % of BodyRegion-ft

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 study, and are based upon general considerations

lIT RESEARCH INSTITUTE
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II
of the types of injuries and estimation of the environment which

might be available for recovery. They are shown in Table 6.

2 2.4.3 Incorporating Mass-Velocity Relations
i

The goal of this study was to isolate casualty . r...

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 aeverity 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 I 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
I pe:rcent. 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).
Those 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 were averaged visually

(at this point it hardly seemed worth the effort to do more).

IiT RESEARCH INSTITUTE
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Table 6

ESTIMATES OF PROBABILITY OF MORTALITY AND TIME TO DEATH

Severity Representing percent"

Superficial Glass and other 0i
lacerations

Unilateral lung
hemorrhage
Rib fractures

Incapacitating Glass and other missile 30
penetrations

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 I hr 100

Probability of Mortality
percent Time to Death

0 - 10.0 imo

10.1 - 50.0 1 wk.

50.1 - 90.0 1 day

90.1 - 100.0 1 hr

28 -



I Three sets of curves emerged, one (each) for MV, MV2 and MV4

Anid Qn r enes for 10, 50 and 90 percn.t mortality ai- l-

ity. These were made continuous by using the lowest velocity

curves for each mass and cutting off the curves at the inter-

.I section points. The only remaining problem was the low end of

the velocity scale for high mass objects. It was decided 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

I covering the full range of mass and velocity of interest to

civil defense problems, and further that an attempt be made to

: rverify the estimates made in conducting this study,
L

Figures 12, 13 and 14 represent the debris impact

t casualty c.iteria as it is employed in the computer code.

Specific sizes of 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 overall 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. I to humans and an LD50 value of 26.2 ft/sec

reconmended. It was cautioned however that there was little

I liT RESEARCH INSTITUTE
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basis for such an extrapolation in view of the limited data. ,

For this reason automobile accident data were reviewed Based

up~on fatalit1ps in~ 1ir)-. alit-, anidents 50 pcrcct -norta"Ity

was placed at approximately 33.8 ft/sec. While this refers to

the velociLy of the crash, not the body impact velocity, it is

interpreted as lending support for an LD50 impact velocity j
greater than 26.2 ft/sec. The rodent data were therefore taken

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

survive, and everyone has found such instances, make one ques-

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 velc~ities. 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

It is estimated that 20 to 30 percent of the fatal casu- 9

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

I IT RESEARCH INSTITUTE
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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 nuclear radiation were not significant,

2.6.2 Burn Mortalityj

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 nay take up to 6 weeks. Healing time

and symptomology for various burn situations is shown in Table

7.
iii

Table 7

ESTIMATED HEALING TIME AND SYMPTOMOLOGY FOR BURNS

Degree Healing Time, Symptomology
of Burn days

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.

*1
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IU Figure 16 from Ref. 44 illustrates the relationship in

which the percent of total body burned is related with mor-

4I1# y a- on over 1,800 trae uncss 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 is the relationship between burn area, mortality andI age as shown in Fig. 17. Figure 18 presents the relationship

between the energy deposited on the skin and the weapon yield

5 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

5 is lower. Small weapons release energy over a short period of

time and have a higher delivery rate, thus requiring less total

SI energy to affect the same injury.

2.6.3 Determining Burn Areas

Thermal radiation from a nuclear explosion, like orain-_~ a
ary light, can be shielded by opaque material placed between a

L 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.

t g Some of the most extensive and destructive burns result

from burning clothing; such burns are usually deep and circum-
SI 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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II

SI Table 8 relates the estimated energy to cause ignition of
various materials. The results can be scaled to other yields.

3i e 1 nt- , :I *-4 ^ ýf 4L.AL11. onk ~sh6 -. [A c tw n ,t*.. c #--t, .LAEL

I I • 1 I 1 1 ,c -•- -, 1 "-, v-,- •--- ,,- 1 ,1 4• ,-1 , , .- ýI-lc-, m a- l.

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 necessam.y to ignite clothing. The curve was

extrapolated to 100 percent based on Hiroshima data.

I Table 3

VALUES OF ENERGY REQUIRED FOR IGNIfION OF CERTAIN MATERIALS

I FOR A 1 KT WEAPON

Materials (Ref. 24) (cal/cm2

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

1 2.6.4 Time to Death

I bs 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 I MT. This

is used with Fig. 17 and 20 to determine the probability of

death and time to death. Any burns indicated are counted as

injuries, therefore the number of burn injuries is the differ- I
ence between the number of people burned, and those dying. I
2.6.5 Eye 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

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

* Configuration of the thermal-time pulse and
variations due to burst height and trans-
missivity of the atmosphere should be
determined.

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

SfurtherLep o I

a Synergistic effects of thermal and
radiat i on energies are not fully known.

S2.7 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 shown by small animals and man

but the response is 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

[ I proportional to the total accumulated dose. Death following

an acute dose is due primarily to excessive reparable injury

5 (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

I 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

1 species.

II
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I
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. '8)..

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. In general, the most

A radiosensitive parts include the lymphoid tissue, bone marrow,

J 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 months 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
greaer h~n 00 ein dirct ~i~io• m~g • hP Pnithelium

of the gastrointestinal mucosa becomes a decisive factor. Thus,

in a wide dose range (up to 500 rem) those individuals who luL-

live can overcome the acute radiation syndrome and return to a I
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 distribution with a standard deviation of about 20 per-

cent of the LDSO value. With 500 rem as the LD50 dose, the

standard deviation is then 100 rem. The percent 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 subclinical, 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 lower end and may be successful at the

upper end. The earliest symptoms of radiation injury are nausea
lIT RESEARCH INSTITUTE

50



-. )- o - O 4 -

r-4 'ý~4 4- 1N -t

C*,w , ýQ) ~-A -4*,-U 0 0 0
0 W~ > W 04.) w -4 -d

-, 0 -4

Oý4 -4

( 3N L/

.124

E-4 E-- va)

0

E-4 0

-- 4

c--4

L)H4-1- n.i

:1 E4

0 ) 0 0 0 0
00 0 0 C0

cEl) a)S I
O0 0p

0 : C0 0D

51



1-
-k-

14
,4:

CA-

T-44

CF-4

0

ON~~~ ~~ 00 r- 1 I l

3ua~~aa- *XI-'qvq4:

523



! 1o
C
C
00
0

z

C z

C)

a

0
0

U -r4

-A 1-4

3 0 0

00

Ccc 0 H

Cd 4 04

O) *1-

0

N* V.4 r4lB Nsivp 'aansodxZ aal;e aw-pj

c53



w~~ ~ 4jc c o A4- ' uh to33 000"4Qo fIiotoi
43 04 . 4

4 C." %I

0 0 .0-d$

344Li~ 0 00 0...

41'.> 0.~ 41 0 30

0 0)
Q)$ 1. 0 0 0 14)I
r. It G;33 14- 1' U

.,4i a). "-4 cc t 0 t
434 4 0 =43 - -.. 4 0wo

0. 0 c0 'j0
in

w $ *.4 43.00 ~ 0
4..~~~ f4 - 43 -

ow Q"-00
-1 4- CL~3 .

"-s ; .0 0

4) C) V3,.-4 o 4

'-4 0) t0 4 qLt 0 ii
I-j 04 0~. .J1 00

it .U 0d-4 t 0 >"C4L

) 00 0 1w . 41 C li
1. 0 I . $ 4 IV 23 ~ ,4 8,1 00

In . 0 43 40 Uýl
0) oj. -0

0

0 to
03ý4

0 0 to.-0

0 w ..-4 0 8
CIO =.1- OW 0, 0 0
ok. $4 -. 0 3 4

W) a~ *uO U >0

01 01

4)oV L
41 0 di l

w .41

be 44. I0 a. MW3 0~~4 0
0 .0 630 4 ~ 0 4 4

.0 ý $40 .0 $ 0 43 V'jf! 'I u'
154



I and vomiting accompanied by discomfort, loss of appetite, and

fatigue. The most significant effect is on the hematopoietic

ji tissue. An important manifestation of the changes in the func-

tioning of these org~ns 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-

9 Istricted 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

Sis the central nervous system which exhibits the major injury.,

Individuals exposed in the lethal range can be divided

SI 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
I (Ref. 18).

Group I - Survival Probable

g This group consists of individuals who may or may not

1 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

SI many months afer exposure, The granulocytes may show some de-

pression during the second and third week.. Platelet counts

j 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-

I.' Ltion are lowered even by sublethal doses of radiation and thus,

patients with severe hematological depression should be kept

I under close observation and administered appropriate therapy

as indicated,
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Group 2 - Survival Possible

•T^l . sly but v.,- 11 hP nf .chnrt 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. In 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. T t:- ' terapy the survival time can be

expected to I-..

Grou~p 3 - Survival i.mroca,.

If vciniting 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 I 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 0 010

900 Yes 60 41 68.3I
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 corn-

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
infectieus pr arisina 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 perenet 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 survi.val 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

pul.monary intection combined with doses ot 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 Mortality
(rem) (percent)

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 radiation,

thermal, and blast injuries requires further investigation. In

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 IIII ~MODEL DESCRIPTIONj

0L-s secioULL duecri•-su the vafious molei's laveiopelu or

the overall computer simulation of casualties resulting from
the initial effects of a nuclear detonation. The specific I

I icasualty mechanisms included in this model were:

(1) Primary Blast,

(2) Blast Translation,

(3) Debris,

(4) Thermal Radiation, and

3(5) Initial Ionizing Radiation.

This first attempt at a model specifically excludes other

I important casualty mechanisms such as:

(1) Fallout Radiation,

(2) Fire, and

(3) Ground Shock,

I 3 and also indirectly excludes such important effects as scat-

tering effects of gamma and neutron radiation and being "buried

I alive" by debris. The model also is only operative in the mach

region inasmuch as only horizontal blast loading of people

3I and structures are considered.

It was the overall intention in developing this model to

3i provide a modular framework which could be easily updated when

appropriate additions and changes were warranted. It may be

3 inoted 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

SUfragmentation of frangible plates. Instead of letting the

model compute these mixes directly, the mix is specified

Ii 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-

sumptions in order to deal with problems which are the subject

of current regenrch, These Areas are in describing 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.

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

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:

AA1  sl (I- S cot

S2 = SIS2 + 1/2 $ 2 S 2  cot (!)

A3 = S1 (S1 cot P- S2)

I A4 =SIS2 + 1/2 S2 tanq

A5 =S 2 (w -S 2 tan )
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where S1 and S are distances between structures as shown in2
Fizure 25 and m j thp Ana1 rf in n •-c. f-r•r
ground zero, l and w are structural dimensions. Corresponding j
uisances asociaLed with the areas are:

D Sl/sin q -. 1

D2  D1 + S2 /cos -

D ~D3 1

=DD
4 D2

D5 =D 2  DI

When , = 0 or r/2, the five areas degenerate into a two -"

area representation consisting only of the area of the two
streets. These two areas are simply

AI = SIS 2 + 2 S 1

(2)
A2  2 S2

When 0-< (p - n/2, the area representation is developed dif-
ferently for each of the appropriate casualty mechanisms (i~eo,
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, --

p. 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
generating 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). Thermal radiation 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 outline the altered Equation (2),
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Fig. 26 SPECIAL GEOMETRY FOR OUTSIDE DEBRIS
CALCULATIONS
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I
A D*A

(3)

A2 -D A2
2

where

-(2 S+ S2 )/2

D = (2•7 + SI)/2

average length and width of a particular class

of structures at the node

SXI

ob

and X
**o

D =DI+SI - T o s cp
ob

where
h = the height of the structure

h ob = the height of burst

x0 = 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 from 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 developing the weapon effects parameters is to
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utilize Effects of Nuclear Weapons (ENW) (Ref. 15) data as
j 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-

V I 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 I KT weapon. The cube

Sroot 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:

o• 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.

STo obtain peak overpressure, given scaled hob and

scaled ground range-

* 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.

e 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.

* Interpolated ground ranges corresponding to given

scaled h are read for each constant overpressureob
j curve.
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(a) High-Pressure Range
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Fig. 27 PEAK OVERPRESSURES ON THE GROUND FOR 1 KT BURST
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(Programmed Interpolative Scheme for Weapon Effects Parameters)
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e 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:

1.04 WT (cal/cm2 ) (Ref. 15) (4)
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

T e- 3 . 9 1 2 R/V (Ref.23) (5)

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

ta 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 gnmma rlys An the integratcd nutro,

flux respectively.

-- 10K 3.2W' e-R/360 (6)Y R--7- . (6) i

10 9K eR/210 ' ,
R- = R 15.5W e' (7) 7

R

with

W' W for 1--W-20

W' 0.614 WI' 1 6 3  for 20<W A100

W' = 0.485 W1' 2 1 4  for 100tWK5000

W' = 0.005 W1' 7 4 0  for 5000<W .i000

and
K = I for hobt180 Wo04

K = 0.67 + 0.33 hob/(18OW0 '4 ) for hob- 180 W0.4

where

R and RN are the gamma ray and neutron flux doses (rad)

W is the yield (KT)

R is the slant range (yds)

hob is the height of burst (ft)

These relationships are not applicable for slant ranges below

3600 ft and for weapon yields below I 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 seem to conform to the rela-

tionships set out by Brode (Ref. 25).

liT RESEARCH INSTITUTE

74

~ i



r

3.3 INTERACTION EFFECTS

When free-field weapon parameters are developed for 2ome

range of intereqt, height of bir-t And wpnrpn yield. the results

must be interfaced with the structural environment that exists

- at the point of interest. This interaction of weapor. parameters

and structural environment results in a most. complicated effect

often referred to as "shielding." The most important interac-

tion effects include:

a Alteration of overpressure due to close proximity

structures. This alteration may be either positive

I or negative depending on the particular situation.

e Alteration of overpressure within structures due

to apertures.

a Reduction of thermal energy by shading caused by

other structures and window coverings.

6 Reduction of ionizing radiation by the effects of

surrounding structures and the material within

the structure itself.

1 3.3.1 Blast Casualties Due to the Blast Alone

* IReview 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

led to a few shock tube 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 shielding factor, ps.
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I4

A•-- A rpti• t!i--in•-n in nvernressure might be due to the

K 1 orientation of the structure to the blast but this is not con-

sidered herein.

1• The attenuated overpressure stenmping from contiguous struc-

I 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

S obtained. This is attenuated to p' by proximity to contiguous

buildings; p' is further attenuated to p" within the structure
0 0

due to the presence of apertures. Percent of blast casualties

for each time to death on the outside is calculated directly by

utilizing po' and Figures 6 and 7. These percentages are reduced
by the percent of people outside. In a similar manner casualties

I susta:ined indoors and attributed to blast effects alone are

determined from p" and Figures 6 and 7. These qualities are

modified further by the percent of building type and the percent

I 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,

I sitting or lying man as a rigid body that can pivot at one point

on the ground. Simultaneously this point can also translate

I horizontally as in a slot. The associated equations are sum-

U marized: (Ref. 42)

K I =(BC-E)/(AC-D)

x (BD-EA)ID-AC)
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SI where

Ii ~A L cubp + L

B = (F(t)- kW)/m + r62 ( cosf sinf)
C = r Cos

D = J/m

E = (F(t)d - Wr sing )/m

SI where

S= coefficient of friction

I W = weight of the rigid body

J = moment of inertia of the rigid body

i m = mass of the rigid body

and

SI•= - Q(t)

S21/2
r = (2 + -Y )

F(t) = 144 hl (pf(t) - pb(t))

• d = h/2 cosO + w sine

The parameters T, 0, U, Y', h, I, w, TI, r and W are as illus-
xy

K! I trated in Figure 34. Table 13 shows the value of these param-

eters used in the analysis. The pressure on the front and back

I •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-history for both

rotation and translation at the pivot point

To facilitate applications of the casualty criteria, and

d minimize computer running times, the distance that a body may

translate is 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
P0= Ambient Pressure, 14.7 psi

t to= positive phase duration

Pr ks= stagnation pressure
S7P +4T)

pr= 2P ( - reflected over-
7Po P pressure

p(t) = - overeressure

q(t) - Cdfq (I e-Co - drag.
d P0 pressure

I p(t) +O.t) ts where S

, = rnin(h,w/2) - stagnation
time

I Tjmc?,w ,-width

tsTim-, L 0I
(P) Front LoadingS

w + 4S,S•~~~b U -[---*t
SI . : * *

p(t) = l e
i to 2t

r t* o1"q(t) = Cdbq[1 - ¾t -r 0
F o 2

t t Ty-Pb
• * W

[t t'I0 0p(t) + q(t)

I

I w Time, t t I I

U 0 ,

I (b) Back Loading

Fig. 35 TRANSLATION LOADINC
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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 (2), ft 1.33 1.33 1.33

Man Width (w), ft 1.0 1.58 5.76

c.g. x distance (a), ft 0.28 0.667 2.63

c.g. moment of inertia (J),

slug ft 2  8.57 5.32 8.57

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 lb in all cases.
Coefficient of friction, •, = 0.5 in all cases.

**See Capabilities, Ref. 31 (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

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.
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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

1 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-

I 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

j 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

I nearest in size to it. The percentages killed and injured in

that stage are then applied to the percent population in the

i 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.

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 A3 has the

longest distance, D3, associated with it. Then D3 would be

considered the basic unit of length and divided into 10 stages.

I 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 of the ratio

A3 to the total area (i.e., A 13 A 2  + A 4 + A5 ), the

3 probability number, and the outside population percent. To

find the probabilities of kill and injury in another area, say

A1 , 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 DI is half the
lenýJ-ln n Thp nrtre.-~q nf finding the percent killed and

injured in AI when the probabilities of kill and injury are

known is similar to that outlined Cur 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 been utilized to develop displacement-velocity- I
time relatiuns as a function of debris characteristics and

weapon parameters. The computation of casualties due to debris

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 area of interest depends

on the type of 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 wail 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 case are the entire building

area and either its width or length depending on which is the

larger. When the building has masonry interior walls there

are two possible areas of interest depending on wall failure:

I) the area 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 of these areas has

a characteristic length associated with it. When the interior

masonry walls fail, they are assumed to be the only walls acting
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-0 is assumed to act only on exterior rooms in this case. The

1Oilowing four cases of debris action are thus possible within
a structure:

*• outside walls fail - plaster walls

a •outside walls fail - interior masonry

walls fail

a outside walls fail - interior masonry
walls do not fail

* outside walls do not fail - interior
masonry walls fail.

After a chaiacteristic length is chosen, it is brcken

down into 10 subdivision (sectors) in the saie 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
S* particles from the wall can strike a man in each of three body

positions (standing, sitting or lying) in any of three places
on the body' (head, thorax, or abdomen). This investigation is
accomplished in the following mannuer. For a given sector, a
starting distance and ending distance from 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-

i ng to nine combinations of body position and body region of
damage. Gravity forces are assumed to be the only vertical

j forces acting on debris particles and thus, time of flight may
be directly :elatea to initial particle position on the wall

as shown below:

Sti, = IAhi/i6
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wbere

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.

ti are time of flights corresponding to each

Ah.i

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. If

this is the case, it is assured that that size particle does not
pass'through the section at the height of interest. If 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 particle striking a

person is independent of the effects of other particles. There-

fore, only the maximum effect over 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 lethality in each sector

is reduced by the body position probability, construction, 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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!I
1 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

i light source path to the ground. The thermal radiation energy,

Q, as expressed in Eq. (4)j is further attenuated by whatever

shielding is available between tha radiation source and the

recipient. The attenuation caused by full shielding as the

result of interaction with another structure is 100 percent.

The percent of radiation transmitted through window glass and

screens as reported in Ref. 23 is given in Table 14.

Table 14

THERMAL ATTENTUATION FACTORS, It

Single Glass Double Glass Screens

M M

56 31 67

The above quantities may be combined in series for various

I combinations of window cover. (In the case of open windows no

attenuation takes place.) The termal energy within a structure

is then

Q = t

I where I represents an attenuation factor developed from Table 14

taking each material placed between the interior and the ex-

terior of the building into consideration.

The thermal radiation energy in the street outside, is

j represented by the total Q, provided the street is not shaded

by another building as shown in Figure 36. No thermal injury

is assumed to occur in the shaded portion of the outside area.

In order to compute casualties or. the outside, the curves in

the radiant exposure as predicted are scaled to 1 MT. The

I• curves in Figure 19, with the known value of radiant exposure
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arnd 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 Ltde 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, 9, and the building orientation to the blast e.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 each of
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 Ionizing 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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4

L[.. .U.i•. ulL kL . •. builuditqgo, wails, et-c). Gamma

rays are attenuated in the following manner:
|I = R Ye" 0.0113 p X(rad)

where p is the density of the shielding material (pcf) and x

represents the path length through Lhe shielding material.

Figure 38 illustrates the relationship between the shielding

thickness and the attenuation factor applied to the integrated

j neutron flux (Ref. 33) for several common building materials.

Here the attenuation factor is much more sensitive to the type

of material employed as shielding then in the case of gamma

radiation attenuat 4 on where only the mass thicknes3 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
i population, thoe actual doses may be found, and using Figure 22

the probabilities. of death and injury determined. The time

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

dependent upon attenuation factors which vary within the build-

ing. These atct-nuation factors are computed using the thickness

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 radiation

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

.*~. , ndadjusted for percent of buildings of a particular type 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. 34). 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

*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 CaCBINATION 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 (eog., 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. Initially the per-
cent of people inside or outside is used as in the previous timeI 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 w 40 percent.

Suppose also that 20 percent die from 1 hour to a day, 5 percent
die from I 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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I
JI SECTION IV

RESuLrs

In order to illustrate the prediction of casualties, the

computer code developed in the previous section was utilized in

Ii a variation of parameter study for the evaluation of shelter

systems. It should be emphasized that the results obtained from

f these parameter variations were picked to show up the sensi-

tivity of the computer model. When parameters are varied in
I this computer model a complicated set of interactions takes

place. As an example, when all parameters were varied for

1' buildings not surrounded by any contiguous structure debris

results were insignificant. However, when structures were

introduced debris results were significant. To further illus-

V [ trate, consider the problem of building debris which effects

people outside the building. With large spacing between

SI 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

5 The parameters of the basic structures which were employed

in the parameter variations are presented in Table 15. (Table
I 13 is in the actual computer input format, see Appendix 1 for

a more complete explanation of this format). Whenever parameter

3 variations were made they were made one at a time while holding

the rest of the parameters in Table 15 constant.

j 4.2 Range Variations

Figure 40 illustrates the mortality effects inside the

reinforced concrete frame building (R/C) for a I MT, 7,000 ftI 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

lIT RESEARCH INSTITUTE
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Table 15

PARAMETER VARIATIONS

Reinforced Concrete Structures

NODE AND BUILDING PARAMETERS
AREA OF NODE 1, SQ. MILE

NUMBER OF BUILDINGS AT NODE I
LOCATION OF NODE X220000, Yz0O0
CONSTRUCTION PERCENTAGE 100.
HEIGHT 90e FT
WIDTH 65, FT
LENGTH 65j FT
AVERAGE SPACE SOUTH 1000, NORTH 1000, EAST 1000, WEST 1000.
DENSITY OF WALL MATERIAL(CONCRETE) 135o LBSo/FTv*3
WALL PANEL THICKNESS 8 IN,
ROOF THICKNESS 10, IN. ROOF DENSITY(CONCRETE) 135. LB./FT9003
FLOOR THICKNESS 8 IN.
MATERIAL DENSITY OF FLOOR(CONCRETE) 135t LBS/FT*03
BASEMENT WALL THICKNESS 10. IN, BASEMENT DENSITY 135o LB,/FT#e03
SOIL DENSITY 75, LO./FT.*3
STORIES 9
WINDOW PERCENTAGE 30-
SILL HEIGHT ABOVE FLOOR 2,5 FT.
NO SHIELDING PERCENTAGE 0.0
SCREEN PERCENTAGE 0,0
SINGLE GLASS PERCENTAGE So*

COMBINED SINGLE GLASS AND SCREEN PERCENTAGE 0.0

DOUBLE GLASS PERCENTAGE 0,0
SHIELDING FROM DOUBLE GLASS AND SCREEN PERCENTAGE 0.0
DRAPERY BLIND AND SHADE PERCENTAGE 50t

DISTANCE FROM EXTERIOR WALL TO INTERIOR WALL 5.0 FT#
INNER ROOM LENGTH 20, FT.
NEXT
CHARACTERISTICS OF WALL FRAGMENTATION
NUMBER OF PARTICLES 9
INSIDE PERCENT 00,1O0,,0,0,0.0,00,.OtO0.0O.OOtO
MASONRY FAILURE PRESSURE 1. PSI
OVERPRESSURE AT FAILURE it PSI
NUMBER OF PARTICLE' 9
OUTSIDE PERCENT lO0oOOOOO. .,OO ,OOOOOtOOtOO
WALL TYPE 1

* MASONRY INTERIOR WALLS
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Table 15 (Contd)

People

DESCRIPTION OF PERSONNEL
POPULATION DENSITY 100t PEOPLE PER SQ MILE
INDOOR PERCENTAGE OF POPULATION 501
OUTDOOR POSITION PERCENTAGES STANDING 100v SITTING 0.0 LYING 0.0
INTERIOR POSITION PERCENTAGES STANDING 25#,SITTI[G 75s LYING 0,0
NEXT
SKIP COMMANDS
ACCUMULATION
IONIZ1NG
NEXT
SOLVE

Wood Buildings

~1 '-357. FT

I ,NGTH 45. rT

v,•,�-G SPcC- 2TH lO0,n. ,,oCRTH 1000.-ES- 100. WEAST-T00.

T'P.ITY C'F '0LL t',E•-iAL (Wood) 30. L9 T/7 r.-*3
W•LL PANEL T.!CK.\:EK 5 4 IN.

RCOO THICK0'1zs 1 IN. Rror ULNSITY (WOOtJ 3n. LB./IT.*ý''3

fLnOP THTrC.L-SS 2 1.

MATEP!/AL D.N,1TY OF PLOOR(WOC) 30. LPS./CU. FT'
,ASE NEX!T WALL THTCKN.S 10. IN. -E.VNT rl:$SIy 30.0-L.-/FT.-3

S1 L OFNSITY 15. Lr./F". *3

VeLst Available Copy
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Table 15 (Contd)

WINDOW PERCF'NTAGF 3Q.

SILL HEI.rHV'r t1ICV7E FL^C!' 2@5 FT,

NO SRIELrCING PFRCENTAG!ý 0.0

,SINGLE C.. A!% r~r 'FN~T AU:.-

COMES!NEZ) S1 NGLý !~LASS ANrt SCOEEN PERCENTAGE 0.0

t'CtLE GLASs Pr2CF7%G':0.0

SHIEL..DING IRe- nOUPLE (;LASS AND SCREEN pERrENTA5'F ti*.r

!rRAPERY BLT'4r ANn_ SHAr.c FPlCENTA~

PT'STANCE FROM E ~XT E R w "A LL TOITR0RWLL 1(b, -CT--

!NNFR C000M LTNITH 1.6. rT,

NEYT

CHARACTERYST'tCS *CF '..ALLt. FRA6MEýNTAT!O

ACCELERATIOW Cr Fr c!E.NT10

NUsl8ROF. PAPTICLES I

INSIrE p!Rr~xT loceq'0 0010

MASC~r,\'y FAILURE PRSVF 1. U F

CVERR~s~~'EAT FAIL'JRv 1. PSI. -

NIUMe-R OF DA'ITICLES -

OUTSIDE rECF4 00, .,.,...,...,.,.

WALL TYPE 0

PLASvEP !NTER1~VP wALS,.
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are in parenthe'sis In order to observe the full effect of

debris, the failure pressure for the nonload bearing outside
* panel wall was set att 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-

.erior wall did not fail until 10 psi was reached, 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 posture 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 higher
value, injuries due to debris would be eliminated in a much

smaller range.

rigures 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 to a range of 41,000 ft with injur-

ies due to translation extending to about a range of 65,000 ft.

1iT RESEARCH INSTITUTE
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4.2.1 Effect of Positions p
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 sitting. 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, howevcr, 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 apparent 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- I
ate form of motion. Whenever rotation attains 90 degrees, the
problem is stopped and the current motion information is used to 1
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 I
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, analysis 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.
lIT RESEARCH INSTITUTE U
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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 less than 25,000 ft here. These illustra-

tions give the implication thnt 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 do.

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.L Iding was assumed.
Here again, the building failure pressure was specified low

enough to insure that a complete picture of debris effects

IIT RESEARCH INSTITUTE
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iI

would evolve. Figure 47 illustrates a relationship between range

and mortality inside the wooden building. Liit Lc:UtPaiGU, Wit

Fig. 40 for the reinforced concrete building, the translation

mortalities did not change because translation effects for people

standing inside buildings are not effected by building type but

rather by the window opening percentages. Thermal effects are

seen to increase somewhat because the greater ratio of exposed

interior area to the total interior area of the building. Debris

effects are far more interesting. At 15,000 ft range the mort-

ality probability due to debris in the wood house is about 58

percent while in the concrete structure in Fig. 40 it was seen to

be about 75 percent. In the woodframe house debris mortalities

extended to about 26,000 ft.

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

siding failed in 2 ft lengths for all overpressures. The re-

suit was a fragment weighing less than I lb, which according to

the casualty criteria illustrated in Fig. 10, must be accelerat-

ed to nearly 100 ft per second before it is lethal. On the other

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/ACd, for lethality), than the wooden

debris. In the short distance of travel involved, this differ-

ence in ballistic parameters was apparently not enough to over-

come the increased velocity requirements due to the low weight

of the wooden debris involved.

This example serves to focus the obvious requirement for

knowing the character of the debris formed, as well as the

associated casualty criteria. Both of these are areas in which

more information is required. A further point concerning the

debris casualties of the wood and concrete structures must be

made. If the failure threshold of the concrete building had

SlIT RESEARCH INSTITUTE
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I

occured at a higher level, the effect of the difference in

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

I 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 I MT, 7,000 ft

height of burst conditions.

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

lIT RESEARCH INSTITUTE
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exposed to interior debris is increased.

i- -A . . . . . . . . . . . . . . . . . .. . . .. . . . . . . .. .. a n

door thermal injuries. Only a slight increase in mortalities
is caused by decreasing the building height and increasing the

exposed exterior 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

!n the external room size. Practically no injuries or mortalit-

ies are generated in the external room. Therefore, an increase

in the exterior room size 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

lIT RESEARCH INSTITUTE
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lethal velocity before they impact. However, the velocity is

adequate to cause injury. As the interior room length is in-

S.r creased. T-•u-r=p -- reia-,d, hbee,-n thp. low velocity repion

now 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.

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 and exterior I
* , velocities are shown. The first observation to be made is that

there is a significant difference between the sitting and

-r 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

f t 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

S of the body only. This rotation to 90 degrees occurs in a very

short time after the arrival of the blast wave. For the yields

* i involved, the time for the rotation to occur is only a small

;I part of the total positive phase duration, however, as will be

shown later translation is dependent on the positive phase

I ~duration.
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SReturning 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 this region, when the slope is quite flat, the translation

II velocity thresholds occur. This is also shown as the region

where the overpresure range relationship, Fig. 55, flattens out.

J This means that a small variation in casualty criteria can cause

significant variations in the ground regions over which these

Ivariations 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.

i:A Figure 56 is an illustration of the velocity displacement

if" relationships for several overpressures from the I 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 these 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.Ii[ This subsection discusses the relationship between blast

f I lIT 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. In 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 thien 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 7r r 2 For the

problem at hand rb 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-
s2r2

jected to fire is n ri - T rb where ri is 29,000 ft.

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 ft. 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 (i) above holds, that is only 30 percent I
of the exposed rooms of each building are effected, the build-

ing area still represents more than 100 percent of the blast I
area. Considering 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 established. 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:

o 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 ratio

of mortalities.

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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I

However, secondary fires did occur in some of the weapon tests,j -- - .......g----- ie Inside mny nnft he severelv in-

jured. They may be assumed to be putting out the fires or I
helping those outside who are seriously injureu.

I
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SECTION V

I? VALIDATION

Validation of models for predicting casualities to per- I
sonnel from the effects of nuclear weapons poses obvious diffi-

culties. Although data from Hiroshima and Nakisaki weapons

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

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'I selected 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

results. Models both with and without translation are presented

I 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 tosay that

it is more likely that blast translation takes place in\the

mock region than in the regular reflection region. The loading

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

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.
3 lIT 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

1 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, the check on the
~ I 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

simpld, rectangular structures, and some had openings in the
centet. 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.

S-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 model3 prediction. There was mainly ionizing radiation kill and injury

in the region from 1000 to 3000 ft, and the code predicted a
i 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

3 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 Dortion of blast disolace-

merit, anthropomorphic dummy data gathered from weanon tests was

used. The comparisons are based on disolacement of body parts and

on rotation of the body at these displacements. Table 17 cc.pares

the actual and predicted maximum disolacements 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. 4t 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, they vary considerably from the pre-
directed results. This may 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 positive phase duration. In addition

to the c.g. velocity, 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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I
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. . j
However, as can be seen from the figure, t-e actual rotations

for the Snowball test are quite similar to those predicted. In I
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

negative as in the actual case. However, it can be concluded

that the translation prediction techniques are reasonable.
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I
SECTION VI

The WNCLUSIONS AND RE--14,NDA'ITlOWE

The re•ult of this effort, along with Subtask 1614A,

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

I[ " 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

j 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,

* 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

J and require further refinement.
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The internactior, nf f r,-AfiP1 d hl ast effects

and structures is an important link in the

prediction of casualties. The pfesent irifor-

mation on this subject is insufficient,

a The physical posture of personnel in relation

to blast-waves affects their survival probability.

This is 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,

9• Fire mortalities are of the same order of

magnitude as blast casualties.

The following are recommendations:

9 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.

e 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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a Debris size, initial velocity and drag

characteristics are necessary to adequately
prpdict dehrbi cpsi!Ities inside and out-
side structures. Presently, the only avail-

"able estimate of the failure sizes is given

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.

i'
lIT RESEARCH INSTITUTE

"143



REFERENCES

I.. White, C. S., Bowen, G. I. and Richmond, D. R., Biological
Tolerance to Air Blast and Related biomedicai Criteria,
.Lovelace Foundation, April 1965, U. S. Atomic EnergyS.... ision CEX-65.4.

2.. Richmond, D. R. and White, C. S., A Tentative Estimation
"of Man's Tolerance to Overpressures from Air Blast, Tech.

A Progress Report DASA 1335, 1962.

3. Close, Richmond, Goldizen, Fischer, Pratt, Gaylord and
White; The Effects of Shock Tube Generated Step-Rising
Overpressures on Guinea Pigs Located in Shallow Chambers
Oriented Side-on and End-on to the Incident Shock,
Tech. Progress Report, DASA 1312, 1962.

4. Journal of Aviation Medicine, Vol. 28, p. 454.

5. Damon, E. G., The Effects of Ambient Pressure on the
Tolerance of Mice to Air Blast, Tech. Progress Report
DASA 1483, 1964.

6.. Black, A. N. and Zuckerman, S., British Medical Journal,
2, 1941. (Data taken from secondary sources.)

7. McMillen, J. H. and Gregg, J. R., National Research Council,
Office of Scientific Research and Development, Missile
Casualties, Report No. 12, Nov. 6, 1945.

8.. Bowen, G. I., et al, Biological Effects of Blasts from
Bombs, AECU-3350, June 16, 1956.

A 9. Journee Rev. D'Artillerie, May 1907.

10. Gurdjian, E. S., American J. Surg., 78:736-742, 1949.

11. Richmond, D. R. and White, C. S., Biological Effects of
S"Blast and Shock, Tech. Progress Report, Lovelace Founda-

t-on, Albuqerque, N. M., Contract No. DA-49-146-XZ-055,
April 1966.

12. Richmond, D. R., Bowen, G. I. and White, C. S. Tertiary
Blast Effects: The Effects of Impact on Mice, etc.,
Aerospace Medicine, 32, 789, 1961.

13. Butterfield, W. J. H., Surg. Gunecol. Obstet. 103,
pp 655-665, 1956.

14. Henriques, DASA 1555.

ro lIT RESEARCH INSTITUTE

145

£



REFERENCES (Contd)

15. Glasstone, S., Ed., Effects of Nuclear Weapons, U. S.
Ocvcrnm"ent Pri4vtina Off ir1 grce

16. Gerstner, H. B., Acute Radiation-Syndrome in Man, U. S.
Armed Forces Medical Journal, 9, pp 31"3-354, 1958.

17. Smith, E. H. and Company, Final Report, Contract AF
33(657)-9712, August 1963.

18. Cronkite, E. P., Dunham, C. L., Griffin, D., McPherson,
S. D., and Woodward, K. T., 12 Month Post Exposure of
the Marshallese Exposedto Fallout7Radiation, Brookhaven
National tab., BNC-384(T-71), 1955.

19. Smith, E. H. and Company, Final Report, Contract AF

33(600)-39304, May 1961.

20. Alden, Annals of Surgery, 140, 1954.

21. Valeriote, F. A. and Baker, D. G., The Combined Effects
of Thermal Trauma and X-Irradiation on Early Mortality,
Radiation Research, 22, pp 693-702, 1964.

22. Bond, U. S. Naval Radiation Defense Laboratory Report
AD-273(b), 1950.

23, Survey of the Thermal Threat of Nuclear Weapons, Contract
OCD-OS-62--135 (lIT), Stanf rd Research Institute, No. I,
MU-4021, May 1964

24. OCD Soft Target Study, FR-64-16-66, Contract OCD-OS-62-
277, AD 601467, April 1964.

25. Brode, H., A keview of Nuclear Explosion Phenomena
Pertinent to Protective Construction, Rand Corp.
No. R-425-PR, May 1964.

26. Shielding of Three-Dimensional Blocks, Report No. 22,
Final Test Report No. 2, for WADC Contract No. AF 33(616)-
2644, Armour Research Foundation Report No. D-087,
November 1955.

27. Willoughby, Kaplan and Wallace, Blast Shielding in
Complexes, Broadview Research Corp., AFSWC-TR-57-29,
AD 144535, August 1958.

28. Experimental Observation of Interior Pressures in Hollow
Models - Blast Effects on Buildings and Structures
Operation of Six Foot and Two Foot Shock Tubes, Final Test I
Report No. 5, Armour Res. Founda., No.D-087, Mar.12, 1956.

lIT RESEARCH INSTITUTE 1

146



II

I S~ REFERENCES (Contd)

29. Experimental Ubservauions of .Le,--- rie u, v29.M-odels kPart 11) - Blast Effects on Bufingýs and Structures

o- pýtlnnoOF the Six Foot and T1w-oFoot Shock Tubes,

F iinalTest Report No. 7, ARF No. D-O87, July 1956.

30. Hanovan, F. P., Jr., A Mathematical Model of the Human Bod

ANRL TR-64-102, October, i964

31. Capabilities of Atomic Weapons, TM 23-200, November 1957,

(Conftdential)

32. Debris Clearance Study, lIT Research Institute No. M264,

MGD-0S-62-202, Subtask 3322A, September 1963.

33. Design of Structures to Resist Nuclear Weapons Effects, ASCE

Manual of Engineering practice No. 42, American Society of

Civil, Engineers, New York, N.Y., 1961

34. Keefer and Day, Terrain Effects on Blast Wave Parameters,
SBRL Report No. 1319, April 96.

35. A Guide for the Design of Shock Isolation Systems for Under-

Ground Protective Structures, AFSWC-TDR'62- 64, December 1962.

S36. xutomated Design of Advanced Hardened Facilities Study,

lIT Research Institute, BSD-TR-66-256, VoI. I, Sept. 1966.

37. Oughterson and Warren, Medical Effects of the Atomic Bomb

in Japan, McGraw Hill Book Co., Inc., 1956

38. The Effects of the Atomic Bomb on Hiroshima, Japan, Reprint

No. 92, (Vols. I-III) U. S. Strategic Bombing Survey,

Physical Damage Division, May 1947.

39. Biomedical Program 500 Ton Explosives, Final Report, DASA

I 1656, 0D468368, June 1965.

40. Operation Plumbbob Tertiary Effects of Blast Displacement,
ITR-1469, December 1957.

5 41. Fenvts, et al, STRESS: A Reference Manual, Cambridge, Mass:

M.I.Y. Press, 1965,

I 42. Grouhd Environment Complex Survivability, Third Quarterly

Repott, IITRI for U. S. Army Satellite Communications Agency

under Contract No. DA 28-043 AMC-01478 (S), I January 1966

to l.April 1966 (SECRET)

43. Barnett, R. L., et al Accumulation and Removal of Blast-

Initiated Debris, Draft Final Report IITRI M6103, 9SR

44. Rittenbury, Maddox, Schmidt, Han, Haynes, Burn Mortality
Study of 1831 Patients, DASA 1687, 22 Novem er 1965.

11T RESEARCH iNSTITUTE

1' 147



APPENDIX I

PROGRAM USER'S MANUAL

A.1 INTRODUCTION

The code is a problem-oriented computer language which

deals with the problem of defifitng casualties and injuries in

a nuclear environment. 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 consistent with a

constant weapon effects assumption. The output of the code

is normally the effects associated 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 1AhNGUAGE

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

numerical data; a decimal 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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I
The input commands may be data descriptors, data to be

stored, or more generally information about the input process.

A data descriptor (e.g., YIELD or HEIGHT OF BURST) communicates

that t• o1... Lt ,UiIL-L LLitL LUloWS is to be associated

with that command. Data to be stored consists of the numerical

datd associated with data descriptors. Commands such as WEAPON

PARAWTERS, 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 I 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 buildings.

Once the problem has been initially described, any sub-

seqtent 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

is 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

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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Table 18

A DICTIONARY OF AVAILABLE COMMANDS

Process Command Data Descriptor* Units

WEAPON PARAMETERS-o YIELD MT

HEIGHT OF BURST ft

GROUND ZERO COORDINATES ft

WEATHER AND TOPOGRAPHY
VISIBILITY miles

SEASON OF YEAR

NODE AND BUILDING
PARAMETERS

AREA OF NODE sq miles

NUMBER OF BUILDINGS AT NODE

LOCATION OF NODE ft

CONSTRUCTION PERCENTAGE

HEIGHT ft

WIDTH ft

LENGTH ft

WEIGHT kips

AVERAGE SPACE S N E W_ ft

DENSITY OF WALL MATERIAL lb/cu ft

WALL PANEL THICKNESS in.

ROOF THICKNESS/ROOF DENSITY in.-lb/cu ft

FLOOR THICKNESS in.

MATERIAL DENSITY OF FLOOR lb/cu ft

BASEMENT WALL THICKNESS/DENSITY in.-lb/cu ft

SOIL DENSITY lb/cu ft

STORIES

WINDOW PERCENTAGE

SILL HEIGHT ABOVE FLOOR ft

NO SHIELDING PERCENTAGE

SCREEN PERCENTAGE

SINGLE GLASS PERCENTAGE

COMBINED SINGLE GLASS AND
SCREEN PERCENTAGE

DOUBLE GLASS PERCENTAGE

SHIELDING FROM DOUBLE GLASS
SL AND SCREEN PERCENTAGE
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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

I~jINNER ROOM LENGTH ft
CHARACTERISTICS OF WALL

FRAGMENTATION
NUMBER OF PARTICLES

INSIDE PERCENT

OUTSIDE PERCENT

MASONRY FAILURE PRESSURE psi

OVERPRESSURE AT FAILURE psi

WALL TYPE

ACCELERATION COEFFICIENT lb/sq ft

DESCRIPTION OF PERSONNEL
POPULATION DENSITY people/sq ml

INDOOR PERCENTAGE OF POPULATION

INTERIOR POSITION PERCENTAGES
STANDING SITTING LYING

OUTDOOR POSITION PERCENTAGES
STANDING SITTING___ LYING__

SKIP COMMANDS
BLAST

TRANSLATION

DEBRIS

THERMAL

IONIZING

BUILDING DESCRIPTION

ACCUMULATION

INTERMEDIATE RESULTS

i 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.

152

• m m wl --- I--i-- --- . . . -'.....- - --- ---' . .. --.. . ---i-i•-'- i. .. i- - i " . .



Table 19

SAMPLE PROBLEM TO ILLUSTRATE TYPICAL INPUT AND OUTPUT

WEAPON PARAMETERS

YIELP 1.0 MEGATONS

HEIGHT OF BURST 7000. FT

GROUND ZERO COORnINATES X 0.0 Y 0,0 FT.

NEXT

WEATHER AND TOPOGRAPHY

VISIBILITY 10. MILES

SEASON OF YEAR 2 (SUMMER)

0 1 15 WINTER

NEXT

NODE AND BUILDING PARAMETERS

AREA OF NODE 1.0 SQ. MILES

NUMBER OF BUILDINGS AT NODE 2

LOCATION OF NODE X=7000. Y=0,0 FT.

CONSTRUCTION PERCENTAGE 60. 40.

* NOTE THAT THE TWO NUMBERS ABOVE ARE REPRESENTATIVE OF BUILDINGS

o 1 AND 2 RESPECTIVELY " THE SAME CONVENTION WILL HOLD BELOW

HEIGHT 90, 60. FT*

WIDTH 65. 100. FT,

LENGTH 100. 65. FT.

STORIES 17 15

AVERAGE SPACE SOUTH 60. NORTH 60. EAST 60. WEST 60.

DENSITY OF WALL MATERIAL(CONCRETE) 135. 1359 LBSo/FTo.03

WALL PANEL THICK"IFSS 8. 10o IN.

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

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

MATERIAL DENSITY OF FLOOR(CONCRETE) 135. 135. Lf.i/CU. FT.

BASEMENT WALt. THICKNESS 10. 12. IN. BASEMENT DENSITY 135, 135. LB.

* /Cu. FT. (NO NEED FOR CONTINUATION CARD AS NUMBERS ALL FIT CARD 1)

SOIL DENSITY 75. 75. LSS./CUFT.

STORIES 9 6

o NOTE THAT THE ABOVE COMMAND HAS THE EFFECT OF OVERRIDING PREVIOUS

* DATA APOVE

WINDOW PERCENTAGF 30. 20.

SILL HEIGHT ABOVE FLOOR 2.5 3.0 FT,

NO SHIELDING PERCENTAGE 50, 40.

SINGLE GLASS PERCENTAGE 50. 60.

*NOTE WINDOWS ARE EITHER OPEN OR COVERED BY A SINGLE GLASS OTHER

e POSSIBLE CONDITIONS ARE IMPLICITLY DEFINED AS A ZERO PERCENTAGE

DISTANCt FROM EXTERIOR WALL TO INTERIOR WALL 16. 14. FT.

INNER ROOM LENGTH 20. 16. FT.

NEXT

CHARACTERISTICS OF WALL FRAGMENTATION

NUMBER OF EXTERIOR WALL PARTICLES I

OUTSIDE PERCENT 100. / 100.

NUMBER OF INSIDE WALL PARTICLES 9

INSIDE PERCENT 00,,70.,O.0,0,0,0.0,0.O0,0O,0.O.30. / OO41009,0.O0OOO

S O.O,O.,Or'.O,O.O,O.O

* THE ABOVE ILLUSTRATES A TYPICAL STATEMENT CONTINUATION USING S

WALL TYPE 1 1

* WALL TYPF 1 IS MASONRY 0 IS PLASTER ANWrHAS NO CASUALTY EFFECT
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Table 19 (Contd)

NEXT

DESCRIPTION OF PERSONNEL

POPULATION DENSITY iooo, PEOPLE PER SQ, MILE

j INnOOR PERCENTAGE OF POPULATION 50.

INTERIOR POSITION PERCENTAGES STANDING 30, SITTING.40. LYING 30.

OUTDOOR POSITION PERCENTAGES STANDING 70. SITTING 30. LYING Oo.

NEXT

o NOTE THAT ONE CAN SKIP ANY OF THE KILLING MECHANISMS WITH THE

O FOLLOWING COMMAND SET

SSKIP COMMANnS

* 8LAST

* TRANSLATION

* DEBRIS

* THERMAL

o IONIZING

SONE CAN ALSO SKIP THE BUILDING DESCRIPTION AND ACCUMULATING FEATURE

O PY INICLUDING ALONG WITH THE ABOVE

* PUILDING DESCRIPTION

O ACCUMULATION

o NEXT (THIS IS PUT AT COMPLETION OF SKIP COMMANDS)

o IF INTFRMEDIATE OUTPUT IS DESIRED SPECIFY

* INTERMEDIATE RESULTS

o

o THE FOLLOWING CO;AMAND INITIATES THE PROBLEM-BEFORE ITS ISSUE ANY

"O OF THE PRECEDING DATA MAY bF CHANGED. ALSO NOTE ALL CARDS MAY START

"o IN ANy APbITRAPY CARD COLUMN AND ARE FORMAT FREE

* SOLVE
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Table 20
INITIALIZED STATE OF INPUT PARAMETERS

Quantity of
Parameter Parameters Value

YIELD 1 1.0

HEIGHT OF BURST 1 O
GROUND ZERO COORDINATES 2 0.0, 0.0

VISIBILITY 1 10
SEASON OF YEAR 1 2 (summer)
ARIEA 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
NO 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
SCREEN PERCENTAGE 16 All 0.0
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iti
Table 20 (Contd)

[i' quantity ol

Prameter 
Paramete Value

DRAPERY BLIND AND SHADE PERCENTAGE 10 All 0.0

"DISTANCE FROM EXTERIOR WALL TO 10 All 0.0

INTERIOR WALL

INNER ROOM LENGTH 
10 All 0.0

NUMBER OF PARTICLES 
A.

INSIDE PERCENT 10, 9 All 0.0
OUTSIDE PERCENT 10, 9 All 0.0

MASONRY FAILURE PRESSURE 
1 0.0

OVERPRESSURE AT FAILURE 
!1 0.0

WALL TYPE 
10 All 0 (Planter)

ACCELERATION COEFFICIENT 
1 0 /Equiv. Spher. gad.)

POPULATION DENSITY I 1.0

INDOOR PERCENTAGE OF POPULATION 1. 100

INTERIOR POSITION PERCENTAGES 3 0.0, 100, 0.0
S; STANDING--, SETTING__, LYING.__

OUTDOOR POSITION PERCENTAGL".
"'TT- LIN _ 3 100, 0.0, 0.0

STANDING__, SLTT iNG _, LYIN

SKIP COMMANDS 
7 All off (0)

INTERMEDIATE RESULTS 
I Off (a)
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An alternative to this, however, is to state in a

comment statement implicitly defined values. The command SOLVE

terminates the input phase of the processor and transfers con-

trol to the computations seet•ion. When the specified problem

is $olved and the answer printed, control is automatically re-

turned to the input phase. Each of the data descriptors will

nowbe 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-

niftes 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., I for winter

or 2 for summer). These parameters are used to compute the ther-

* mal radiation effects. The NODE AND BUILDING PARAMETERS process

command contains a great deal of data descriptors. A node is a

. finite area of the total area 1.inder consideration. It may be

considered to represent one room within a building or a several

milb 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 is 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.

liT RESEARCH INSTITLTE
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HEIGHT specifies the building height of each building type con-

sidered. Likewise WIDTH, LENGTH AND WEIGHT specify each build-

ing's width, lengch and weight. ThG =..t data dec.Qrintor sDeci-

fies the AVERAGE SPACE SOUTH NORTH EAST WEST

bettween contiginous buildings in a single node. it perhaps is

necessary here to explain that all buildings within a node are

presumed to lie on a north-south-east-west orientation, however,

the' node itself lies on some less general orientation with respect

to ground zero. This orientation is determined by the node co-

* ordfnates with respect to ground zero. Ordinarily building width
.s on a north-south orientation while length is east-west.

The next set of commands describe the roof, wall, base-

ment and surrounding soil characteristics. These include for

each building type, WALL PANEL THICKNESS, DENSITY OF WALL MATERIAL,

ROOF THICKINESS-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.

S...The' command WINDOW PERCENTAGE describes the percent of apertures

in 'each building type, while the next set of command breaks this

apetture percentage down by different types of shielding pro-

vided. This set of data descriptors include NO SHIELDING PER-

CENTAGE, SCREEN PERCENTAGE, SINGLE GLASS PERCENTAGE, 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

lIT RESEARCH INSTITUTE
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both exterior and interior walls. Exterior wall fAilure pressure
is- ineiircted for each building type bv the data descriptor OVER-

PRESSURE AT FAILURE, In a similar manner MASONRY FAILURE PRESSURE
indicaLesL oL ....... wal failu .re pressure levels. The part-c•I

size description resulting from panel fragmentation is inputed
separately for outside and inside walls. In either case the data
descriptor NUIMER 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-

ceT~tage of each size 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
patticle's acceleration coefficient. 'The data descriptor
ACCELERATION COEFFICIENT describes the shape and orientation in
flight of an individual debris pro iectile and is equal to 2x
mats/projected area in units of pounds per square foot. This

paieameter 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 I indicates masonry panels. Non-
masonry walls have no effect on interior personnel.

The process descriptor DESCRIPTION OF PERSONNEL identifies
the number and deposition of personnel at the node.

lIT RESEARCH INSTITUTE
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POPUTATION DENSITY is specified in units of people per square

mile while INDOOR PERCENTAGE OF POPUIATION specifies the per-

ceItage of people inside the previously defined structures. The

petsonnel iS broken down .Lnto the percent standing sitting and

lying both inside and outside by the commands INTERIOR POSITION

PEPCENTAGES STANDfNG-SITTING-LYING, and OUTDOOR POSITION PER-
* CENTAGES STANDING-SITTING-LYING.

The next process descciptor, SKIP COMANDS, allows the

analyst to skip some of the kill mechanisms and only use those

he actually wishes to utilize. These commaLlds skip around the

parts of the program associated with blast, translation, debris,

thermal radiation, ionizing radiation, d-scription of post at-

tack building condition and accumulation of casualty information.

The data descriptors are respectively BLAsf, TRANSLATION, DEBRIS,

THERMAL, IONIZING, BUILDING and ACCUMULATION. These parameters,

iftused, must be specified for each node of a run of several

nodes.

ThI-e 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 spec:.-

fying the distance between contiginous buildings to be extremely

large (e.g., lO00ft). If he is only interested in the effect of

ioftizing 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

th? room. The exterior room length of the structure is set to

zero. With this type of configuration, even one room within

a building may be studied in detail.

Table 21 illustrates the output of the program and is

l [ self-explanatory. In the final analysis it is felt that the

language is both flexible and readily usable by a noncomputer

user. liT RESEARCH INSTITUTE
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TEXT NOT REPRODU'CIBLE
'table 21
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I Table 21 (Contd)

tINVICI'uLiAI 1rL.7 "4Atli!A I()-, iiV6~L (9 1 4ctI(n.,4 or TIP*L)
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APPENDIX II

11SEP CODE REFERENCE MANUAL

SEP code is a system designed to be run on the IBM 7094

SIBSYS MONITOR SYSTEM. Furthermore, due to storage limitations
it'has been set in a overlay structure. All routines have

1 been 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.41). 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.

i Running time is approximately 0.5 min per node point,
however, this may fluctuate slightly depending on the structural

complexity of the node point.

I
lIT RESEARCH INSTITUTE
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MAINLINE PROGRAM

OUTINE
PUT

START SUBROUTINE
CALL-'INPUT

CALL
SUBROUTINE

GEOMET

CALL
SUBROUTINE
EFFECT
I

PRINT
ALL WEAPON

EFFECTS
DATA

CALL
SUBROUTINE

BLAST

CALL
SUBROUTINE

BLSDIS

CALL CALL
SUBROUTINE SUBROUTINE
COMBINE DEBRIS

CALL CALL CALL
SUBROUTINE SUBROUTINE SUBROUTINE

BILDIS NUCLEAR THERMAL

Fig. 63,SCHEMATIC FLOW'CHART OF SEP CODE
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H MAIN PROGRAM
BLOCK DATA L
SUBROUTINE CBINE LINK 0
SUBROUTINE BILDS

BLOCK DATA 2 SUBROUTINE NUCLAC
SUBROUTINE INPUT LINK 1 (Bi) SUBROUTINE AFFECT LINK 2 (A5)
SUBROUTINE EFFECT SUBROUTINE ATTENU

SUBROUTINE WEAPON SUBROUTINE RADINJ

SUBROUTINE FIND

SUBROUTINE DELAY

SUBROUTINE FINDAT

H SUBROUTINE FINDTO

SUBROUTINE FIREFR

SUBROUTINE P0N0DE
SUBROUTINE RADION

SUBROUTINE BLAST

[3 SUBROUTINE BLASTH

SUBROUTINE BLASTD

SUBROUTINE BLASTM
SUBROUTINE BLSDIS
SUBROUTINE DISPLA

SUBROUTINE PFT
SUBROUTINE PBT

SUBROUTINE CHTIME
SUBROUTINE BTRANS

SUBROUTINE PC0NI

SUBROUTINE DEBRIS
SSUBROUTINE TRAMAT

SUBROUTINE BDEBRE

SUBROUTINE BTRANI

SUBROUTINE TRAJ

SUBROUTINE THERM

SUBROUTINE PERCTH
SUBROUTINE FIRINJ
SUBROUTINE MATCH

SFig. 64 SEP CODE OVERLAY STRUCTURE
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~Deck

$JOB Card

Fig. 65 SEP CODE DECK SETUP
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5JOB CASUALTY Table 22 STARTER DECK

$A SYSLOSY
SATTACH 0
$AS SYSCKI

SIBLDR DAT
SIBLOR CAINE
SIBLflR B3!LDS
SIOLDR UN09
S OPIGIN ALPHA*SYSUT24REW

* 3!BLDR DATI
S!8LD)R INPT

if518LDR EFFEC
S 5!LDR wEAP
SIRLDR D)INT
15 1 LDR DECAI SBLDR FlNtnT
SI5LDR FINUP
SIBLDR FIREF
S!BLDR PONOD
SIBLOR POORE
SIBLDR THERML
SIBLDR RADT
SIOLD1R GEOM

3I!LDR BLAS
SZ8LDR H
SIBLDR Dl
SIMLfR M
SIOLDR BLSDSISIBLDR DISPL
SIBLDR PF
SIOLDR PO
SIMLDR CHTIMISIRLDR BT
SIBLD)R PCON
SIOLDR DEBRI 5I11LR TRAMA
SIBLOR 80
SIOLDR BTRI
SIALDR TRAJE
SIRLflR THER
SIOLDR PERC

a SIBLI2R FIRIN
3 IBLDR MATCH

SORIGIN ALPHApsYsLB49AEw
31OLD3R NUCL
SIBLDR AFFEISIBLDR ATTEN
SIBLDR RAtllj
SIEDIT
SDATA
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APPENDIX III

FLOWCHA.RT OF CASUALTY PROGRAM
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$!PFTC MAIND M949XO7I
COMMON/BLKI/TS,PREEPFTS.Pti.TO.cnF ,QOiWOUTBPBTP,(nffl

9 COM1MON/riLKP, G7X ,GZYXNVNSSSNSWSES1,S2,PHI
COMmC%/8LK3/ W,HBVS.xn.FFrAtonFM.tsrACJ.v!InaV
COMMON/BLK4/ AVFI~tAVFWT,AVEWAVELHMAXi,1,oA?,A3,A4,A5,D9D2,

03 0n4

2~~lD de ?"XrrxtN,~ rOPDNlKtAIIQjNAC$I',REACLY
COMWIN/ALKS/ Tt*CU*PWv*Pt)YP*PREFF
COMP4ON/BLKA/ Pm, TQoRIPONA ICOHMMO)N/LK7/ NNPERCWIIIO)9POOLrL(10),BU!LDW(1O),BILDLT(IO),CONPER

I (lfl)gI 3YLPWI(1O).POSPPIfl(3),POSPRI(3),NFL(1O),AyNITRL(10),EXRL(IO),
2P8REAK11fl),rwAI.LT(1n).!BT(1o),PERCOABlLnHT(1O)
COMMON/ALK~A/ P0 ERTR~(lOp9),PPERT1(1O,9),9RKMAS
COMM#MN/bI.K9/ D ePi~ltVPDWKBDHTODOyTODWKToTimTHTODHTI ,PDYTIvflwKTT

11 ,l~mTHl~,o0nflDnYflDWKDqDmTfl, DH*rDqDWDM
COMMON /ALX16/ NHLoX1),Y1)HLHT1)HLLI~ýIL(O
COMMON /BLKII/ WAPNJ)qADN1)FOTHjlFOn(0oOF~ 7

2 O)ePFRSG(1fl),PFRGG10).PFRUBS(10),PERGIlO),PFRDEfIo).PERSGS(1o)
COMMON /MLK1P/ nlflYI.I,DWKTH!,DMTTH!,Dn1YTHODWKTHOD3MTTHO
COMMtINIRLK13/ AvWPRDq~~DB~)80LM0D~iIBtMI

I)ICNJIONDW t 1. 1 M ION! ,DnOnNO, OW? NO, DM1ONn
COMMON/IiLK14/TITl~r),DinDOF!!,FTORITR!OTiININJTFAT4LTA!NJR
COM~fN/E3LK'l/tIS9T1c6),PL-ST2cg),LIST3c31),LIST5(9),LIST6(7),LISTI(9)

19 ISK. P 6)sLI STA I , ABFTAIA

C STAR~T NIEW PRI'IBL~m
C

4.n n WIR ITr( A q (n)
1W) FORMAT'U1N1,

c ST PON~()UNES T IS 1 CHANGED NO CONDI'TIONAL Ou.TPiiT TAKES -

C PLACE

C
C READ) IN PRO1BLEM PATA

CALL INPIIT(KPRINT)

c CALCIJLATr AvFRArE GEOMETRIC QUANTITIES AND SPECIAL NODE AREAS

C

c CALCtJLATF ALL rREE FIELD WEAPON EFFECTS$
C

!j CALL ErFFCTCKPOINT)

C
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7I
WRTTE(f6.P8) XO,Pn,TO,TA

AA FORMATW~HinTSTANCr FROM GROUIND 7ERO To NODE POINJT* 3H ISP1OO0,

14H FT. /41HOFREc' r IEtJ) OVFPPRE.SSUPE AT NOnE Pf~lkr oF 7#2s 4H4 PSI/

241140POe.TT1VF P1'ASF nl'JPATrr" AV NODE POINT TSF&.3.'.-1 SEC/30HOARR!V

3AL TT M r Ar NO1U i: '\ P*.J~ cL%

WRITE(4*90'P 'T

90~ FQ0RHAT(AnInTHEvMAl- CNp AT NODE POINT=,1O.10241mC CAL/Cu**2)

91 FORMAT 141inTONI ZI Yr týAD!AON IN(RAD) uN7TS=,,F)l0.2s5s RAPIS)

116 FORMATfln AYTrN,'A~v~ NOflF ovEPPRE5SiiRE~oF6ot4'W PSI

llA FORMATtlH044O.1.,2'4 PtI W11'HN BUILDING TYPE*73)

WRITF (:iAQ' rU*P4AV.15rYP4PREF

1 8 FORMA T f AvHSw~K \FLOC I TY= 9F10, 2 9 4H FDS/2O'HOPE AK 4 !N"9 VELOC I TYZF

10,.&l?'H FV~S/21HOPrAK -YNAMIC PRE55URE=,oF1O,?,v4H Pt~j/?nHOPFFLECTED P

C CA)LCIJLATr rAcA-JALT-^ nluE Tel PLAST ALONE

* 1r(SK~P'~.O'(:LL ViLAST(KPR!NT)

* C. CW-CULA'r r~eUALTIFe, fluE TO BLAST TRANSLATION

IF(I5K!P(2).FQ,D'3 CALL EBLS!TIS(KPPINT)

C CALCIIL fTF CA';UAL T! flU TDAA EBRIS

tF(ISK!P(3).FQsCl CALL DF(3QIO(KPPINT)

C
C CALCI'LATr rAWtALTTES ntiE TO THERMAL RADIAT!Ck!

IF(I5V.YP(4)oFQ,0) CALL. THEPM(KPR!NT)

c CALCLJLATF rASLIALTIFs fluE. T) ION17ING PADIA'!nN

C
TF(TSKTPf5)0;*QoO) CALL NLICLAR(KPRINT'I

C
* C ~PRITNT Stl"MAR'I '"F* YNfllV!UAL KILL MECHANISMS

C WRiEU,~O1 ) ~,D[fl~JflM~O,~JT!POY1InWKTIDMTHTI

WR'TE(A9'1O7) n'YTHOD'twKTL);r*flMTTIrOFIr~¾Dfl!NI,flW!ONI9PrMIO~II!R~lIq

In rODRMAT(7!HITklDTVI9UAL F'""r %ATPIX FOR FATALITTES ANfl TP!JURIES (F

2RACTIC)NI(OF T(MTAL)-///!> .rVA(!1A+j,/9H * FFFECT,21X,59H+ DlEADi HOUR +

3 OE'Af flAY + riEA0 WrrK ""U MONTH + INJUJREDl +,/IH 98(1H+),,15H +

4 INflOOD L5%5vP- s c,?6H + Jr5*21 4H *,11Xt4H* J52
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6+t/16H + DIIYflOOR BLAST*14X*4H4 qF5,2v6H + iPF3.2*4H *,1X94H,
-7. v~.P4~H*9qH*2 *,28x,1H..11IX, H4,1DX,1H.,11X,1H*,12X,

8jH49XlH+/:ýH +INDOOR TRANSLAYION,99X4H+ oF,r52,A1 + * (
92s7H + ),#F'52,4Yo3H+ 9F5.2,3t4 +)

2OUTDOOP TRAN5LATIONq8XL.H+ ,Pc,.2v6H + 92(F~s297H ),F5.
3,4.Xo3H+ *F5 *2*3H Is/2H *,2SX,1H",l1X,1H.,1OX,1H.,11X,1H.,12X,1IH+

s+ )F~24*lH ),FS.,4,3H. *F*,2qH +*$*l/H .,28Xq H+910X ,1H.l,l0

I SX,1H.,11X.IH.,¶?X,1Nq+9X,1H,,/31H + INnOOR THE.RMAL RADI)ATION +,31

inp FORMAT(PH +*28XlIH+,1XXIH*,1OXIH+,11XIH*, 12XolH*tQX,1I-+,/31H
2nUTEJOOP THFRMAL RADIA~TION *e.llXe3H. 92(F5,247H + )oF5.2o4X,3

414../31'4 + INflo(R ION1I7Nrn RADATION +*,1Xo3H+ o2(FS,2v7H+

6XolH+,q~,1IH.,/31H OUTDOOR IONIZING RADIATION i,9llX93H* 92(F5o4,
j77H1 + )v5P4qH *F5.2-3H *9/1H q88(IH1))

C DESCRIME POST ATTACK CONnITION OF STRUCTURES AT NODE

t !F419KTP(b),FQ.O) CALL MTL!1S
c COM0TNF FrFFCT-, ANfl PRINT RESULTS

CALL COMRNJF
cc PRBE0T TTHnETF HNFPRMTR F6 NT ETNn

PRcL~I TTHDETV HNF AAiTR rG NT ETNn
GO TO 400
FNfl
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% TAFTC D AA
COOMN/A~LK?/ G7X~n7v. XN,YNiSSSN.5wSES1,S2,PPT
COMir%/R! -K*/ ,4,HF.Vl.O,FRiAypnEN4!SFASNsTnDlAY
r CO14m r) C/K 4/ A A VFWvAVFL.H )1tD2tD3V

1,fl VW, .. 7W3w4 ,' -,:5 4 0Tq1 5M A )ELT0FACTFACT21k ,AA A(5

2*INtrYl#. :x2qzr!,Dt?N POPDNPEACS! ,PEACSTAEACLY
ll#OA?~NTiLK7/W' 1. 10)p 405rPO POS1PRI(3) 9tNu L T(10) U. MTPL f 'N 'EXPL(IO) ,

CO-MrN/Tl ,K.A:/ qlPRr 10 RfA

C m h/l.K f.! K ;T 1 (61 (L'9') qL ST3 (31 iL .ST5(9) -PL 15'6(7) 9L IST7 (t)9 1IkIP j0.. TA 9 *B -~JC
rnATA (LtVTl ' 3.)/idFVLr5STOlAHHFjGHT*6HGRO~IND,6HOONE

I X T
TIATA 0; !-T *1 1 1/--,OA~ 6 ~ ~~iHtM-~ A OHL 9H[ 1~CHTG6HSF.A-3(-N .6IOflMTA ,J YT/

t~ATtL~S3(T)T~1V'/V '~PR~6LOCATI,6H~MILDTE.HCON5TR,6HWEI
IGT6lrTw- EGT.-ý,,f,%'tHAVERAG,6HOONEXT*
2 E6HOOAPEA, 6HOOWALL ,6HDiE

56OOM~6 Mt'-wYELO/)
flATA (LYST5(T),L=1,)f/$,AHMVFPPP~bHNUBER4fHOtiTSTDE6ROfWALL,6HMA5;O

I fATA It STA) 9t=1,7)/6,AHPOPUJLA,6H!NflORFd4!PTER!,6HOLUTfOO,6HREAC

flATA (LIST7U(),1=1,99/8,bH'wEAPON,6HWFATH?,6HOONO1TW,6HCHAPAC,6HDESC
JR.6OOO ,ITTP~6O~kP9LIT1,-ll9)/mi6HOBLAST,6HTRANS

I flATA wA!.F%,.Vft5T5EASN,T!1)AYNN'XNq TBTCONPFRSSmSirSEWWALPAN
1 ,FLOPTHY)F~i,RASSFN HO-WALf ENFLOPUNR OOFDNBASEDNSOLIflN*NFL*PERPI

5T~qr*ACC¶iRFACLVN-JýTLLtIWALLT/1 *O,O.O75,1l1.,2q1.0,1,3E6OO.1,9*O,1COQ

7l,OoO.f.4flO*O.O,11*O/,,APETAP0PflNPVFRCOA9TUNINJTFATALTAINJR/

I3 102
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I ~FkTC Crý INE CMN

CflMMrnN/8LiK4/ AVEHT.AVFWT.AVEW,AVEL ,HMAXAlvA2,A3,A4,A5,i)1 ,D2,D3,n4

CO'iMON/r'LK7/ A RIOIf(091I~~t)B~)T1)CNE
I (LI OR1 w~T 109POSPO tP~o ,OSPRI (3) vNFLU(1o)A!3TPL(In) tEXALIo),

Mif1Iý,TiwALLT(lf!.),IOT(10),PEDCOAMZLDHT(1ni)
l 1ftfliTH'T~nHnUnMYt~lnWKnflIJ, D~1rfl,4
COM4MON /FRL'C1/ flfYTH41q*WK'rMIDMTTHTDflYTH~o~PWw',O,DMTTHO
COMMON /RLK 13/ AVFWT Rn*PDqH .lBoD~~; f~l*DFl1I .MBI
IflfloN! ,nwitMNYVMIrJNfDUTOýýO0flWJONO.DMION~O

COHMnfNFLKn/llTJr1(6) 'LIST2(9) ,L!5T3(31) tLISTSc9) ,L!S!6(7) ,LIST7(9)
1, ISKP (6q1.TSTA (9) ,AF4TA, IAC
fl!MENSTok, StJRv(oos)
FIN=PEPPTN/lr0O.
P'OIJTZ1 4O-FYN

SURV(1q1)--FI,,,-fHBII kP.V(1q31=SllPV( 1,?)

SURV(1%41='UPVr2:2-Mý

SUPV(I,51=',;kJV ~?,4)
SUPV(3,1)=F!N~lTDHAO

SUPV(2oP)=SLUoV (329)-D

SUPV (314)=SHPVf3t3) -DMTH0

SURVt3*52)=Fvr3,4)TTT

SURV43,2?=SjPV(4, 1',-nDfYTO
SURV (4,3) S5UPVf( 2) -DWK TT
SURV (4 4) :SIJV(,30)-nM T4Tl
SURVl34o~l=S~jpvr4,4)-TyO
SJRV (5,1) =FoIJ~lT[Ho
SURV (5, 2) :SIJRVf ( 5, 1

* ~SURV (4,3)=SIJV (5,2) -flWK

SUPV (5 ,1) :=Fj"f , 3

5UPV(5,%)Sl=uqVf5t4)-fljj
SUPV (6,1) =F'OT-flHf

SUPV (6,3) :StPV(6t21 -flKO
SURV (6,4) -SUJPV 6,3) -flMT
SaUPV(6,5) :SLJQV (6,41 -010
S U PVC? * )= Fy
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- - - -- - - - - - - - - - - - - -- - - - - - - - - - - - -

SUR V (7921 =F I N-rfly4

SURV (793)=SURV I7,2)-DWKT'41
SUPVf7q4):SUPVf7,.3)-CnM~TTý
SUQV (7q5) :SUPV (7,4)-FTI
SURVC891)=FO~IT
SUR V (62) =OJT-T,ý'YT'Jo
SURV(8,3) :SU)RVfZ-0WKTHO

* ~SLJV(8q5):SUCVfA%4)-FT0

SLJRV (9*2) :F!NJ-n0lIN!
SUqV (93) :StJ0V 9.2)-nWIONI
StRV (9.4)= ;lflV f,3 -DMIONI
~U R V ( 5 1 P V ( 9,4 ~T!
SURV(lnq,:FfOUT

SURV(ln.7)S=FjV(.3iT3MTQC

4fl0 FOPMATf///r-QH ~V't! AL ~FFFC? MATRIX FOR SURVIVAL (FRACTION Or
2TOTAL),///1ýý qn4ý11H41.~ W FFFECT47)Xof%5H+ SIJRV. HODUR * SURV, DAY
3 # SU.Jv. wFEx & ' -,ký)T5 * UNINJURED +911H q94(lH+),/15H + INIDO
4MR BLAS1',I5X.1H*,4X*F5.2,.44  #,AXF5o2v3H *,4XvF5.794H 9XF
5,2,4Xq4H* ,Fr,.24H +,/PH +,2AX, lH.,l2X,1H,, llX, IN.l?XgiH.,13X
6,iH+*llYIH+9/16H * OuT3OOQ RLASTq14X~lH+,4XqF5*2v4H *,4XF5.,23
7H **4YF5,294W 9,xF~'4,H FS.2,4H */H*928X91Wv,91?
8X,1H., llyq IH.,I2X,1N4,*13X,1H+.,llXqIH.,/2lH * INOOP TRANSLAT!ON-wgX
9*1H+94XqF5*2*4H +14X9F5.4,.3H *,4XvF5v2,4H +,4XqF5,2,4Xv4H+
19FS.2. 4H +4/?H ..?8X~lR,,12X~lHe,1lX,1N,,912XIN*,'3X, 1H.,llX,1N+

W0 FORMAT(2:PH 4- O'TTD0R0 TRANSJ-ATI0Nq8XvlN*q4XvFS*2q4H *v4XvF5s2,3H
V2 *v4X~r5,2v4H +,4X9F5.?.4X*4H+ ,F'i,2,4H +*/24 *v26X,1H.,12X,

31H.,llXdIH.,12x,lP4.,13X,1H+,I 1X,)H4./16H + IN1OOR O)EAPIS*14X,1Is.,4
4~XsF!~,294H *94X*F5.2*3H 4,4X*F5.?,4H +*4XF5.2t4Yi4H* .oFS*2*
54H +*/2H *,2MX, IH.,l2X.IH.,llXvlH+,l2X~lI4*,l3X~lH., I X~lH.,/iH

J6* O0TDflOQ nE'PR'Sql3wlH**4XoF5v2,4H *9XiF5*7934 *.4 XiF5*294H
7 *44X~r5#2q4Xq4H+ ,F5.?v"H *9/2H **28Xq1H.,'i2X*.,N+llX91H.,12X
8*1N.,1lXoIH.,1IXqIH.,/31H INDOOR THFRMAL RAIIIATI'lN *44XF5.2*4
9H +*4XvF9;2.'1H **4XsF'~.e,4H *,4XvFS,2v4X,4P-' *F5.e',44( *

2 OIJTnOtR THFQMAL RAPIATION +*4XF5v7,4H +,4x*F5q2,3H *,4X9F5,2

24,,l2X,1N,,1q~t!H&,1Bl,1%H*q/31H + INDOOR IONIZING, RADIATION *,4X9F
55*?v4H +,4YsF5.?,3H *o4Kq5.2*4H *p4XvF5.294X,4N. vF592t4H
6 *1/20' *q28XIR4,1'X,1H.,11XqlH.9l2X~lH*,l3X,1H.,11XqlH.,/31H * 0
70TOOOR ION!ZTNe- RAOIATION +.4XqP5.2v4H *q4XqF5,2*3H *v4X9F5,294
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SURVHI.1,o

SURVWImI,O

SURvMIo1 ,0

SURVwo21.o

SURVMO~i.O
SURVITj .f

no 1 1=191092
SUP VHI=SI;p VHy*SURV 11.1) /FIN
SURVflI:SIJpVDoT*,qlJVt y2) /FlN
SUPVWl=SIJIRVWY@SIJPV( 3) /F1N
SUP VMI=StJR VMYO@StJRV( I 4) /FlN
SURVY:SUPV ~I .51*SURVI/FrN
SUP VOCSURV ( 1415) *SIJRVO/FO()T
SUP VHO=SIJR VHn*SURVC(~il1,/FOUT
SUP VDO=SIJR VDM*IStRV(r.*,9 /FoUT
SURVW0=SURVWO0*URV (1+1.3) /FOUT

1 SURVMO=St)RVMO*SURV( 1+194) /FOUT
SURVHI=SIIRVHIOFIN
SUVP VI-SUR VDI5FIN
SU V WImStP RVw .F IN
SUP VMI=SttRVMrOFIN

SiR VO3SIJR VI*FOI 'T
SURVHO=StIRVWr'o*FoUT
S U RVDO=SIIR VD~Oo r CT
SURVWO=SIIRVWrn*FOUT
SUP VMO=SIIR VMn*FOUT
TOTSRV=StJRVmY .SURVMO
POPNPDPDNOPERCMA,
SU V 2SfJR VI+*S 'JRV 0
IIN INJ:SUPVoPn'P
FATALZtlQTOTSOV)*OPf~
AINJPZPOP..FATAL-UNINJ
WRITEIAP4o3) SIIRVHI.SUtRVD19SURVWISLJRVMISURVISURVHOPSURVDOSURVW
10. SUP VMO StIJRVO

403 FORMAT( //47H SURVIVAL FROrl ALL EFFECTS (FRACTION OF TOTAL),w//11Hr 2 LC)CATIONq21yq61HSURV9 HOUR SURVe DAY SURV, WEEK SURV, MON3TH UNINJlRFD.V10H INDOORSq2SXP5.2,SXFS.2,7X,2(FS.2,OX, F,FS2
4.i1/uN OUITDOfRS,24X.FS.2,8XF5.2,7X,2(F5.2,8X),F5.

2)WRITE(69AO4) UNJINJqFATALATNJR
404 FORMAT( //30H TOTALS FOR THIS NODE (PEOPLE),//17H NUMBER UNINjUjRED

2,7X9F9#O,//24H NUM'BER OF FATALITIES ,F9909//19H NUMBER OF INJURI
3ESq5XqF9#01
IF(IAC.GT.0) GO TO 10
TUNINicTUNTNJ*IININJ
TFA TAL= TFA TAL *FATAL
TAINJR=TA INIJR+A INJR
WRITE($,.405) Tl-fNINJaTFATA~qTAINJR

405 FORMAT( //1H3) CUMULATIVE TOTALS FOR ALL NOME (PEOPLE),//17H NUMBE2R I.NINJtfPEtl-,4X*Fl0.,,~/23H NUMBER OF FATALITIES ,FZO.O.//19M NUMB
3ER OF INJUPIES,4X9F1O.O0)

10 RETURN
END
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ATSFTC BILDS
C SUBROUJTINE FILMIS

c DESCR!AES POST ATTACK CONDITION OF STRUCTURES AT NOIW

COMMONRLKI,/ PC* TQ.RI,PONAI ~CGMM10r/b3LK/ Nl~¾PERCWI(1O)'.PORI~r-(10),r3UILOW(IO),PB!LPLT(1c),CONPER

2PtaR[AKl1')qlWALLT(1ln),IHT(1O) 9PERCOA95 I TIHT( 10)
3 ~C(>'M0N/8LKA/ pPtRTSrIO,99,PPERTI(10,9)4ARKMAS

IF(Flr.A.L.T.PCiAKCT1.A?ID.PO~I1LD(U).LT.BRKM4AS) ,RITE(6412)

~oyRITE(b,013)

ICON T4 I I[ '
n~ FO PM A 13 0OPM S 7 A ACK or SC R I PT04 OF SRý)C7LIQES)

11F, GR NA j H '11 IOlI l~Zi( TYP Ei ,3)
1 ? F-ýPrIA- 31hCEWTRIO14 WALLS HAVE ~tlr% FA-ALF1/39pH INTER:Or MASONRy WAL

1L'- riAvF* NO FATLETI)
%3 C2~~T.~ WALLS, HAV5. FAILE.Z-/3514 INwTERIOR MASON-PY fiALLS H

3.AVE FILFLp
14 rC,ýT3.-ET O *ALLSP HAVEi %04 FAILLO/35'1 INTRIOR 'vAS3OIRY WAL

15 AT2-EwAO 'ALLS niAVE FAýLý.D/2f6' NO MASONRY INTEPIOR WALL
IS)

IBLOCK "T
COMMON/,BLKfl/LISTI(6),L15T2(9),L!ST3(31),LIST5(9),LIST6(7),LIST7(9)
JISK!PfA)vLTST9(9),AnETA,!ACICOMMON/RI KO/ U189Y~W .H0rY0DWTiMH0 UHltDYTT ,DWKT
11qDMTHTIDHDqDnlYDqflWKnDMt~Trq DHODDW9DM
COMMON /RLK17/ DDYTHI,nWxTH!,DMTTH1,DDYTHODWKTMOD)MTTHO

I ~COMMON/RLK13/ AVEWT~,RAOGRAflNDH8OOiDOBDMBOPH8I ,DflqtI ,MBJ,
IDI)OONI .flW!~nN! ,!M!OPNI q0flNOqDWTONOqDMIONO
COMMON/RLKI4/T! TIODIUDIqOF!!,F!ORI!,R!OThJNINJTFATALTAINJR

* ~~DATA KT/O/DFTDfRMB,8,
"U 81DDROUMgn?!,TD1YTqT)nWKTIQDHTHTIDHTODDYTO~flUKTODMTHTODHDnDW

9,OM,DHDDDYD.DWKDPMTDDDYTHM!,DWKTHi,*DMTTHIPDVTHODWKTHOD)MTTHO.
1DD!ON1,OWIONT,4nM!ONtDDIONODWIONODMIONO/34*O.O/,A5ETA/O.O/I ~nATA TTTT?~OljM! D!(¾r!TtF!OQI! RIO/,t*tl,/,IAC/O/
ENDI
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S TAFTC IPJPT
SUSROUTINE INPUIT (KPRINT)
COMMON/BLK2/ G7XO7YXNyNSSSF4,SWSLSlS2,PHT
COMMONRLKS/ WHBVTS.XO.FFRAIRDIEN, TSEASNTODAY
COMMON/8LK4/ AVEHTAVEWTAVEWAVEL,,HMAXA1 ,A2,A3,A4,A5,fll D29D3.O4
19~~v'>W rW9K*TT0IM~nLDFACT1,FACT29XNDX (5) ,AAA(5)f

7-,1 ý.jL 91 u'l pF" I It 00 ,I9EACS1,REACSgREACLY

l(30),ByLflWT(10),00POsPf(3,,POSPRI(3),NFL(1O),A!NTRL(109oEXRL(10)9o
2PBREAK (10) ,WAL-LT(lfl) .187(10) ,PERCOA.8!LDHT(10)
COMMON/RLKA/ PPERT8(1O,9)gPPERTIf1099),BPKMAS
COMMON /PLV~fl N14!LLNX(1O),HYf1O),H!LLHT(1O),HTLLL(1O),H!LLW(1O)
COMMON /RLKII/ WALPANh1O),WALDrN(1fl),FLORTH(1O),VLORDN(10)9ROOFTH(
110) ,ROOFP'N(10) BASETHNIO) ,BASEflN(10) ,SOILON(10 ,SILHT(1O) ,PERSCR(3.
Zfl).PERAC,(1O),PFRGG(1O).PERDBB(1O),PERG(10)9PERPME(1O),PERGGS(IO)

91dSK!P(6) .LTST8(9) .ASETAqjAC
C
C READ LYST OF DFSCR!PTORS
C

NP=O
1 TEZO

MU!1UMATrH(LYST7*KtMl
GO TO(1q~q3q3q4)*!1

3 TX2ZX*l
Mao
!F(IX-12)29191

4 KISK
GO 7O(5913923956975987971972)oKl

C WEAPON PARAMETFRS
C

5 JXUO)
Mal

6 !l=MATCH(LTST1#KqM)
GO T()(7*7q7,7,A)q11

7 !XzIX41
Mc
IF(IX-12)69s5,

8 K12K
GO TO(9910911.J291) .Kl

9 11UMATIeN(JBK93)
WUSK*1('O0.
GO TO

10 IIZMATrH(Js8K91)
FFR:8K
GO TO

11 !isMATCH(JeSK93)

L
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- -----

GO TO 5j 12 TIZMATCH(JIue,3)
GZX=AK
T1:MATCH(JRK,3,
GZY=RK
GO TO 9

c
CWWEATHER ANfl TOPOGRAPHY
c

13 !X:O
M 1

14 Tl=MATerH(LTST2vK9M)
GO TO(15915*15,15*16) .11

IS IX=IX.1
M=(0
JF(1X-12) 14,1I3,13

GO Tnfl(7 1~v91919 19q21 2291)o

GO TO 1318 1 jMTH(9~1
VIS=RK
S0 TO 13
T1:?IMA~rH(J9Kv3)

!F(NHI1LL*LF.O) GO TM 13
flO 20 Y:1,NHYLL
T 1=MATfH(LIS72s6Kql)
T1l=MATrH (JBK,3
HX ( I) =K
7 1=MATCHCJqPK91,
HY ( I) :fRK
y1:MATrH(LYST298K91)
YlxMATfH(joMKsl)

HILL. (T):OK

20 HIALAMETERS
GO To 13



23 1 x~o
MalI

24 ?1UMATCH(LtST3*KM)
GO TO(2Sv2S5,S25,25,2M.!

IF (IX-12) 24,23 *23
26 K12K [

APO TO (27.28,11O,37,45,1ln1,1O5,I9,sS~l5,1935,38.39,AO,4l,42,43,44

2? IUZMAT("H(J*K*31
NN2K [
Go TO 23

P8 1I1MATCH(J9BK,31

T11MATirHfjtBV 914)

29 YNXPK

110 DO III 1=1.NN
I 1UMATCHtJ9K 931

Ill TPT(1)=K
GO TM 73

A? DO 112 KOU)NT21,NN
I1lUmATCH(J9RK0 )

12 CONPFR(KOIJNT)=PK
GO TO P3

4SDO 113 KnUNT:1,NN

TIzMATCI4(J98K*3)

102 BULnH CKOUNT):f"K
GO TO 23

101 DO 106 KMUNTZ19NN

106 BILDHTfKOUNT)ZPK
0O TO 23

105 DlO 106 KfltJNTx1,NN

106~ BILDTI(KnUNT)2PK
GO TO P3

SSS8K~fq891

SS11UMATCHCJ*BK911

SNxBK
t11MATf~I4JgBK,3)

SEUSK
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GO TO '3
1155 NP=NP.1

PERCOAZ!RV
GO TO 73

3A DlO .30 K~OINY=1,0IN

30 WAPNKJ')P
GO TO 73

34 DO 31 V01INTrtINI
I 1=MATfH(J*8K91

31 WALDFlNe(K¶)NTI~nK
r30 TM 23

4M10 32 KOIINT=1,k'N

V 32 L0RTHj(Kf¶JNT)=fK
ro TO 73

*41 ?10 33 VOlINT~lKIN

33 FL,'R?"N(K0uNfl=mK
GO T() 7

4;' 1-0 '4 Vo;1N4T=I-A
Tl=MATrHtj,8kq')

34 POr)THVeOIJNTI=PK
?00 36 vC)IINT=1,NN

.16 PO0)FrN(K0UktT1)rnK
CO TO 23

43 ?)0 1?0 KOiJNjr:1.NN
* TI=MAT(CH(JM~Vlb

120 BASETHIKflUNTIPK'
n0 171 K¶JUJT=1,NN

CO TO 73
4"4 '00 1;.2 KmtJsT=1,NN

122 SOILflN(K0UNT)=AK
GO Til 23

47 P0O 123 KMOIThIT:INM
T 1=MATrH(JoK ,3)

123 NFL(KOIINT)=K
GO TO 73

4A n0 124 KnLUIJTZI*NN
T1zMATCH(J*BK0l)

124 PEPCWI(KMUNT)=rK
GO TO P3

4 q 00 125 KmUNT=1.NN
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125 S ILHT (VOIINT) mB3V

11A nlo 131 KV9UNT=1,NNJI I MATrH(J-PBK 0

GO TO P3

51 DO 126 KniUNT:1,NN:1

Xl =MATr~ (J4tiK,A

GO TO P3
13 nlo 123 KOIJNT=IqNN

T =:MATCH (J 9 K 0~)

GO TO 23
132 n0 128 KMIUNT=1,NN

!1:MATtHljvBKq3)

133 PERSG(VOlINT :llb/1OO.
G-O TO P3

13P DO 125 KOUNTC1.NN
YlzMATcfHJlBK,3)

125 PEPGG(cKOllNTrHK,1oo
GO TO 23

53 n0 129 KnUNTZ19NN
?1:MATrH'(Jl8K0a,

129 PFAR(mNT=K10
GO TO) 23

5 4 00 130 KOULJMT~l,NN
I1=MATrH(JqBK0a,

130 EXRL (fKOjIJNT=:K
GO TO P3

87 00 602 KnUNJT=1sN
11.=MATrH(Js8Kq'%)

602 A!NTRLCKOUNTflRK
GO TO 23

C
c CHARACTEPISTICS OF WALL FR'"GMENTATION
C

56 TX=0

57 I1:MATrH(LTST5oK,m)

58 TX=IX.I

IF ( I X-1 2) 57 .r6.,56
59 K1:K

GO TfltA0*61,64s,66q6Af73,lvl80)*Kl
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6011' O601KOUNT=1,NN

61 Ii=MATrH(JsK,3)

j GO~~6 TO KOINA¶,'

64YO65 KR~eOINTT *NK
GO 6O 56l~

!1=MATf'Hljsi,K,l

GO TO 56

Y1=MAT(*H(J.8K,31

GO Tn 5f6

I73 DO 74 VOIINT=1,NN
flO 74 1=19N

t74 PPRjK(JTT=k
GO TO 56

l~n T1=MAYCH(J,5Iel)

P c UCSCPInTTo'N mF PEPSý!-NNFL
C

75 T X=0

76 T1=MATrH1LTS76,K,M)
GO TO(77,77,77,7717 0)t1 1

77 7X=IX+l

TF( TX-12) 76,75*75
78 K1=K

rGO T!0 (7,8O,A1,83v4,1j,vj
79 1 tMA TCH !t i~l * A

Go TO 75
80 Y1=MATfH(JvP,'A,)

GO TO 75

ln~l POSPOICII=RK
GOr TO 75
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lflR3 POSqPPOt1LZPK
H GO rMO'5

A4r Y1=MAT! Hf JB

REACLY=fIK

GO T
72 T X=O

GO TO t17GI7O.17CsI 7 tl*17 1 )9yiI

TFCXX-121170 07~,72
171 K1--K

GO Trj(l', 17 3'I7'.,7417!*IT6,177,1,178) ,K1
172 TSk!P(I)=i

GO TO 12

17.11 TOK1Po'I
GO TO 72

GO TO 72
177 1 SK P(4) 21

CIO TO 72

178 IAC=l
GO' TOl 7?

C
c Tf NSIPJ HS
C

A7 REIJRN
ENfl
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StAFTFC EFFVC
IISUB~ROUTINE EFFFCT(KPRNY) r 0%0 A

COMMON/ALKP/ GZX G~y NYN.5SSNSW,$ESF.,S1,24P4I

Li rO0hMmfN/ALK3/ WHP.VYS. XOJFFRAIRflEN,!SEASNTnO!AY

CO~mON/BtK4/ AVEH-4 ?VE14T*AVEW,*AVEL ,HfiAXv~A'&A2A3oA~tA5t01 ,d~tU39?64[~~ i SWi, ?W3, W4.S,IeA,L TOT ,D1SMAX.OEL TD,7AaCT1FACTP*, IIfX ( ) AAA (SI

COMMONflMLKS'/ TA*CLJPWVq9flYPoPREFiiCOMMON/ALK6/ Pn, TQ,PT,PONA
COMMON/1BLK 7/ NkqFRW(t)PBL(Oo~fn~o-ITL(O.'Nr

2PI3REAK(l0)qIWAILT(I)?,~g(]O),PP~COASI
3 ILfHT(IOI

COMMnN/fKLK)3 1, ~ ~ D~PnoH~gn3*M~~O~eV~o'(1

1f)OION. DIIIN I orlM! O)NI ,Unl()N'otlW10NflMj0
C

C CALCULATF OVýROPESMLJRE ANID POS!TIVE PHASE DXIRATJON AT WOE 0MINTS

C (FREE FIF~j') Akt) PPTNTy

C
A7 XO:SORTC(G,7x-xN)*7(Gzy-fN)**?)

CALL WF~k(i~HqnTj~00
c

c ~USF Q- FQI'ATI'NNS YO COMPtUTE SHOCK VELOCITY, WIND VEL.OCITY* PEAK

c DYNAMIC PRSSURE, AND REFL?-CTEV OVER PRFtFStJRF ANTI PRINT

CUviI2A.,*SORT(I.6.9*QPO (1+iOPn1,9 )

C CALCULAyr THFRUAL ENERSY AT NOD)E PnINT (CAL/C'4**?) AND PRINT (FF,

CH ~TQ7FTRF(WWOH~iVT5 )

C CAtCULATF YON17IN6 fAv)A~TrN IN PAnlS ANP PRINT (FF1

C

C COMPIITF ATTFNUA- fl ?TFQ!n COVERPRESSIWRE FOR EACH IRIJILT)ING TYPE

?41
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STAF7C wFAP
SUARnU,1IJE wFACON (WXOHPOVEROPOSP~4qATTI

SATLNAW8.O)OCL

13 OVERPCALFrAIVRfSHT
1? RZYT/IIAN
ovrp=FN!'99XS

PO HI-1 H 'AL
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';T~RTC DlINT
'4 UNCTIMN FN0 TW-,'~)

X38A0::ll40::402O.:i4\Cfl.,41AO::4260.:4350,:4440,:4530.,4620:,4710.:

X4A-I ,.4 ?0*4~ ~ $0 0 , 12,r2~ S 7 .S 4 ,60428.,f,086.

IX7240oq.-4.70. ,7370-.7 )In.r-,l.q4A7.*4740-. 4610.,44540. ,44A0. 43RO.
X4270tq4l4o.,'4040,.,3Ci'..3790.,3630..352C.,1370.,t322', .3C50,.2900.-

)(X 0 .?40.,?200. -09 t - -.300.
I I fATA (r,( T .1) 1, 72i/

X3049 5 4 , ,36.,42..36C,09218. 9

KX?44A, 411414. q75f. 92512l.?254,..25I6.t254A.92561 1160. l~ql40. ,1 0.1 F .

X X140#,f' .-04 n qe 00. -q -0.. -0. -0Ci. -0.' -0,.
X -0., -C)., -08, -0., -0., -0./

Xt Xl3,3. *j17vq.13A0.,1316. 1408. 1 140 , 181043. 91845*147. *1492.91510. 9
X192,14,15~l,4*50,52i$4956*54. A.21.70.,2180.

X 7004,,,370,5~0. -- 1*21 ,?0?,.56 -no of -0 t 0,,~i. t -Coq -0. 9

4 X 0. 0. -0 .. -0. * -0..0i -. O9 0.

- ~ X -01O,?10 q~r .?0.,20,10. 930.. -
IDATA (P (T q tl.).I'xv72'/.?6.20

X16#~..674,~60..150.l4~..190.J1sCI. A60.,9 640#, 310..
X -0.. -.1 -0.. -ce 4 -0.. -0.. 14c. -*. -C., 0.

.1~ K 0*9 -0,% -0. -. * C..-..- -0-0. -0.. -0.. -0.4

DlATA (r' (I e 6) I =1 o.72,

Il 1 .l:O ,2 i q27~ lq .l l e l4 .
X 13 02A) L"2 4 1 417 4 7 4 5 , 14).,15 s 43 4 8



X -06.. -0.,1 -0.. -0.. -i -0. 0 10.. 0. 0., 1 0. q. O -0.. 0.

A - ... -2. -. -0./

X 629* ?6. 81.e A42.q 848,, 655,v 863., 872., 880, 890,. 902.,

X 1150.,.41 110., %.1 A3.1 191. a .192,14,17.15.10 A7.. 661,.a
X6~22. 'S.5,, 546.,, 505.,9 458, 400,, 34791 295.,9 -0., -0.. -0.,
K Og -0 6g0,' 0.,* -Ott -010. 9 0, *0.0M -0., -004 -Ot

K -0.,0 -0..q -0..1 mO..1 -0,% .0., -0a * -0.. -0, v 0. a 0..X -0.. -0.. -0.., -09. -0.. -a. 0, o. -0./.. -.
flATA (P ( 101) a T Ii 1721

X 766, a 765., 7A?. , 172.,4 6129, 612.. 630,, q 4., 8648, o' 7,, 667 .,

X 670.. 349 4 Z .o 177.1 438.. 392.. 34?.t 29, 239.. -Opt -0..
K -0., -0.. -D., -0.. -0.9 0`0.% -0., -0.. -0.. -04. -0j,9
K -09 a -00.. -Do a -0.. -091 Oa -0.. 1 -0., -0.. -0..~ 0. 4 0.,)
K -O., -0,4 -0.. -0.. -0.. -09/
tDATA (P'( 10) *I=,' 9 72

X 4*0.. 4P04,, 5A79i r495*, 500., 590,. 5192. 595,. 591.. 512.. 3409,

X 303., 2660.i 209., 415.9 -0t -0.,s -0..9 -3.. -239 -., 13t 0.,
K -0.. -0.. -0.. -Des -Oaf* -0.. Oa -0., :0. :., -0.9, -0.9
X -0,. -0..- -0..1 -0.,9 -0..1 -0., -0., 1 -- 0. -0.., -0..s -0,.q
X -0..1 -0..1 -0.. -o -0.. a. -0..1 -0., -. s -0. -0..1 -0..4
X -0., -0.. -0.. -0.., -0.. -0N/
DATA ()(T.11jj=,!17P)/
K 300. 3% . 36 aa40..a 3465 3. , 356o 67, 368., 36.. 369.0.1 472.., 379.,

X 303s, 3R8,, 2~096% 19t~. 3-0.. 20.. 22., 173,0 14, -0 ., De -0#9
K -0.. -0., -0.. -00. -0.. -0.. -0,. -Ogg -0., -0.. -0..
X -0 i -0.9 -09 9 -0. -0..g -0., -0., -0., .- 0.. -0.. -0..0
X -0.. -0.. -0., -Ot. -0.. -0.. -0.. -090 -0.. -0..% :0..
K -0.. -0..1 -0.,a -0.,9 -0.. -0. 0. 0. -u. -. , -
S330,. -07., -40., -0A.. -50.. -0./ 6nq35. 6as32v 7

X 3A4,9 248.. 248.% 19G.s 250., 250., 250,. 50.. 251..i 253., 263..X 00 K 6..20., 10.. 136.. 610. -0., -0.. -0., -0.. -0.. -0..
X -0..4 -0.. ..0. -0., 9 0. % -04 , -0.. I 0..4 -0. .1 QDq -0.,

X 061-0..0 -0..1 -0..q -001 -0.. -0.. -0..wý -0.,4 -0..4 -0.,

X :09 1 -00.. -0. 9 -0.. -0., a U -0..a -0., :0..O -0. a 0. a

X -09 -0 a -0 4 00 v "09 244o

IfAt(T1)1=0 )

X~~~ ~ ~ ~ 2So 4at2-?S*-59-20-2-* 5,421925# 6.



TFlHT-inn0.)P2,l.

2 flELT:2K.tý

5TAQT=M.0

GO TO I

STAP.T=1000.
jj=41

31 tP0 7 I=J~jq72

!F (HT-iTtNTl 4q'~q7
7 5TART=STPARY~ELT

5 F0Rm4T(27HOPPE-SURF OUT R) PNrE/4M HT~qE21l.A//W. STAR).I

1T=*E2D9A/6" 'ElT=*F70.A)
4 RATTO0(STAQT.HT)/lFt.T

r10 If) T~ -

q 7(T =0,0 TI -AI0~(

inl CONTYNIIF
D0 20 ?=1 91

IF( (7(15-%0) 2 '2?

20 CONTTN''F

GO TO 25
21 F!Nfl=C ft-il*(C(T)-C(T-1) *(7(1-1)-X01 /(7Ul-11- (I))
25 RETUPN

'trnF'C DECA
FUNCTION OEFCAY (PqTPsy)

RETURPN
FNn
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%1IPFTC FINY)T Mq4,XR7
FUNCTIMN FTNflAT(HT*XOI

flATA CNo/ne04s0,O7oO.IU.lSOq2*O*25*Ot3QOoO4oO5OtuO*O6Oi,o 8O~l.O -

tDATA ((,~11V)

IDATA (o( s?) iJj3)/a

X385,o3A2.0172.,345,.305.,%2%)3.190.,30*0.0/
DIATA '(.).l.3/

DATA (?4 113/

nATA ((,~I~3)

X740. ,718, .730. .717. .691. .672, .644. .610. .568. .520, ,46A, ,405. .3l5.,
X215**21*l.n/
DATA ((.,1l3)

X.825. ,8?O, ,A13. .800,.784. .760. .735. .700. .660, .620, .572. .5?O. .460.,
X39.,9300t, 120,o214b0,0/

DIATA (P ( T t) 9 1=137)/

X62A..572.,tr0P8,41P..32O. ,194b0,0/
nAT A (P(0 .1=i07)/
X1100..1103., 1100. ~ 1093., biG., bA?., 1050., 1023. ,997, ,967., 932.,
XA96.,98'i, ,Aln. 760. .710. .647, .590. .515. .425,. .280. 16*0.0/
'OATA (P (IslN* ,71s17)/
X1240,.t242..1241..1?34..1225, .1210,. 1192., 1168. .1142,.1.,1080* .lBO~
X1OSO. .1015, ,qeO. 93'q. 897,.v844. gO.80.745. .685, .607. 16*0.0/
nATA (P(l.ll)vl~l137)/

xison, .1490,,i4MO.,1470.,146Go. ,450..1432.,1414.,91396.,13Tho~d360.,

X15*00/0
m DATA (P(T.12),T=1*37),

X 1730 q 1 V28 , 726. e 1724 .91722 , 91720 # 91704 ov1698. 916 72, t1656, 1640,

X680. 91400.0/
D)ATA (PtT.13)sTz1.371/
X23506 .*734,?,,346,v?4~44,,342, .2340,92328,,2316*.42304. .2292, .2280,.
X2254.,'>2~8.,2202.q2176..2150,,2120..2090.,2060.,2030,,2000,,1870.,
X1730..l40**10,,lOo.1*?O.0/
IATA (P(T*l4)sY=19372/

X2848*.?826,,7804,* 2782. .2760,.2736. .2712.,2688.,92664,.2640,.2530*,
X2'430.,?7250.4000,:*1740.,1300.,600.,900.0/

X3540., 158 3516,.3534.,3532 .93530, .3524,, 3518. .3512 * 3%06.,3500.,
X348fl.,3460..3440..'ý420.,3400..3370,,3340,.3310..3280,.3250,,315.,t
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DATA (P t Y161 ,?=IAT)-
X4 l 6o,.4 0' O l' . f2f 9~.40.416 * 1 8 ,4 103 ~lo56. * 09 , 4O g *4 8 .4 flnATA (Pil,17) ,T1z,17)
X46P.O.*6A.i 46,, o4..42.v46964,J70O,,4A94, 4688.46'i2.,4676,94670.*

* ~X4652.,464,.4616.,4',9P...4580,,4560.,454.,i452O.4500..4'4PO.,4340.,

X 1650 . 120. 2*0.0O/

3X2860.,04?O. 1900.4. tlO,/

X37609*14V109oJ~40. .27l0.1
!F(HTofW.F10OM.1 GO YO 1
flELT=5n.

START:O.n

CSTART= I noT
JJ=27'

I D 7 1:jJql7

TV (HY-ST ART) 4.7 .7

WRTTE(6.51 H?.XO,START*DFLT
SFORMAT!2AH0APRTvAL TM U FRNE4 ~-F104 0i?087
XSTART:,F2Q,8/6H lLT4 ~ n8

4 ATTn=fSTAflT-HT)/nFlLT
n00 10 7 =1 919

60 TO 10

In CONTINIIF

70 CONT!NI"F
2? FINUAT=C(J1

GO TO >S

2' RETURN
VNn
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ItPFYC F!NnP Mq49XP7
FUNCTt,,N F?NflTO(HTxoX)
DIMENSION NJP(7l ,Ct7l*P(31*7) .!(7)

IIATI
X160.,l7ofl0/

Ii DATA (P1 1,9,I41.131)/

DATA .7P,.*7a).,=25.,e/216 .9^5.,9o25. .90.,95.,90. ,5. 2?,i270,,R5
X2950o%635 495*.32..15 130

nE1Y=0.,or0
SlTAR(T~nOi 113

DOT 7 1=1%31 131)

7lELTARTSTn.0 E
wTRTYE(995 HC)9SAT~3

5FORMAT(PAHOPHASF DURATION OUT OF RANGE/4H HT:,E?0.8/4H XO,-E20,8/
X7H STAPT=,F2O.AAH t)ELTZ.E20.8)

a ~ 4 RATIO= fSTAPT-I)lyr,/nwLT
0O 10 T=197

9 7(1)=O00
GO TO i0

10 (CONTIN11F'
no 20 7:1167
J=T
TF(ZU )-XO)2n*,2i2,

PO CONTYIJuE
22? FNDTO=C(j)

GO TO PS

25 RETURN
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ATAF~TC PONOD Mq41tX07
FUNCTInN POYf)Nlr(Hq,f4PO)
PONOPIEZ (0. n6'"'/H+,Q45) *PO
!FlPflNonFl.rT.of') PnNOnF:PO
OFYITHON
ENfl

%TFnFTC P08PE !4944X0'7
FUNJCT I N ppoEfl(x,pt))

DIMFNS!ON Y(111

DlO 1 I=1*11

JZI

1 CONTINIIE
if ? YI:Y(J)

GO 10 4
3 vI1:3.a(Xy-x1*ey(J,-ycJ-1) )+v(J-1)
4 POAPFD=YIoPn

flET'UPN

4AInF~TC THFRMt M4q4,XP7
FUNCTI',N FTRF(Wq!X0qHA*V')It C ETERMYNATION nF (0 Ry GP90NIS EQUATIONS

SF(AGT.70*XO.A=20.3

T=0.78*EXPt-1.9I*S/V)*(j*4eA/V)
FtPF~1.O44sWoT/ eS0S)
RETURN
E NO)
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$TiTATC RA!)!
SUBR()U,!NF RAI3'O'4 WXO,M.4T,R jRACGRA1lN)

C !)ETE4MINAON4 nF' IONYI7N(A RADI!ATION IN PAD FQOM SOFT TARGET qTUrIYA c

FruWonT*2,n).iANnDaW*LE,100*fl GO TO I
I(Wr-T.1flo.)ANflcW.LE.5O00.)) GO TO02

!FIw.6Y.5an00. 60 Y0 3'I GO TO 4
I WPZO,614*W**lo163

GO TO 4
2 WPZO#495*W**1.P14

GO 70 4
IWP~fl.0n5*1W4*1.74O
4 AK~1

RAnlm I.F9OAK*1.2*WP*EXPI-fl,36O.)/cL~or)
RAOIN: 1,F98Ak'*15.5*W"vXP!..,"j21a.,)(D*D)
RI:RADO+QAflN
QETUANj
ENt)
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41 TQFTC GO
SUB~ROUTINE GFOME1'rKPAINT)
PAMtMAb ,itl le 1ý, r~.7 V r.7 V - V LI - YI CC. C f * C W.* * Ik - - w
COMMOIi'*LK4 fA(TA~TAE,~LHMAX.A1,A2,A3,A4qA5wfl1 ,D2,D3,fl4

1,05, Wlw, W3, W4 W5,KA, ATO)T, DSMA DEL TDqrAC?! ,FACIP4'?, 0X (5) ,AAA (s)I
2*IN0X1.1N0YP*PFIR~TN9 P0)VN4RfACSIEACTsPE~ACLY

COMMON/FBLK7/ Nl'*ECI1)ýD~(OIIL)(O,%I!TI~CNF

-,2PrPEAK(1O)-,WALLYt10),IT(10)tPE-RCOA,91ILDHT(1O)

COMMtON /nRAAET*A),P'ND~~tlBvW0"41DaltPl
ifloToNi nw,flNT .fmToNt ,0fl1ONO9,'IWIO9NODm!0NO

t C CALCIIL&Tc AVERACF QUANTITIES AND MAXIMUM HE!r,$!

PI=4.4*ATAN(1.)

AV!L:O0fi

AVFHT=M.0C
AVFW!B~L),
HMAX=O.0
D)O 115 1=1,oN~
HMAXcAMAYl(H4AXqB!LrHT(Ifl
AVEWTB=AVEWTB3.FUTLlw (1) *CONPE ( ! ) *10
AVEL=AVEL*FkTLDI T(I4OCflNPRfI)/10fl.

11)AVE TAVFHW+m!LDWIH(!)*CONPFR(I)/)J.ý-.

I ~AVEWT= (SS5+';N4.5F+.SW) /4*

p S2u(SESw)/2.

c COMPUTF K~nFl P-yNT AREAS ANDl D!STANCE5

KA=OI D~H!=ATAN (ABS ((GZY-YN, / (GZX-XN) )
IF(PHI.Lr.O.0.t'R.PH I;.GFP!/2.)GO TO 154
Al= 5l*(?IVEl 1-SlUC-0TAN(PI 4I)).1A11.00 roTo15
A2= Slký52*0,5052*S?OCOTAN(PHI)-

D2 l!.s2/COSfpHT)
A3= 51* (Sl *C0AN(PHI) -52)

n3z S!/3-?N(5'4')
A4= 57,"-r,**.5*S2*TAN(PHy)
n4= D7
A5=52*fAtVEW-S2*TAN (PH-))
tF(AS~tF.O.0) rO TO 154

AToT=A1.A7&Aj+!A4*A5
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W2nA2/m2
W3xA3/'"3

I I W4xA4 /n4

Go TM ISS
&154A2,*WVL*St.S1*S2

KA j
nl1=2,*AVEL+59'

W2uA2/'"?

A4=0.

flISmAX=AmAY1(D1vD2)

RETUR~N

1 ~ENT)
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'tTfWTC BLAS
SUBOUTTNF BIAST(KORTNT)
COMMON~/gBLK4/ AVEHT.AVrWr.A',rWAVELHMAXA1 ,A2,A5,A4,A5,D1 ,02,03,fl4II~ ~ ~ tý- 1,5W1W W-04W~~. TTS uL ,FALTj,FV,2f:*qNuiXi)tAAS

2,INrjXlIN0X2*PFRPIN, P0DOsP~t EACSI#REACST*R!EACkv
CO14M0ti/gLKc6/ Pr~l TQ,fI,0'0N&IICOMMON/Al.K7, N-,,PC1ýW(Yý!P,' BJLn(1O),BU!LfW(10)9B!LrLTttO).oCONPrP

CO~)/L9 DH.riYFý.fwy 5DI4TO,OqDYTOOWKTOlIM!I.TO,!ýT! L.T'ýYT! ,WKT

COMMON/SLK13/ AVFW .tPA ,DQADNtflHI3ovflfloMet¾InHg! rrR~,rmEvI

c CALCULATF "FQCrNJT OF PLtA5T CAS!!ALTIES VqQ IEACH TIMF' TO DFlATH4 FOR

DHAVFPR=5.0R

c flUTSIC:O.O T~jtT~)

c

1F(PONiS.LE,37.e) C6O To 156
L PERO:1.-PFPPN#1OO.

PERO:PrR')/lfl.
nwflO:B1ASTw(PONAfl3PVR0
!0AOtBLASTr(0CSNA) *PrR0
nMR0OLASTMC00O0A)4PFQI'

IC INSIPE CMNTRTUt4TflN

PEQ=PE~PPN/l.E6

!FrPfBLr(T).Lr.37sr) GO TO 157

r~pO!=tmp!*'') m Pn ,*E

P UP\E r

156~ 5 3~Y



FUNCYI!'N BLA-%TWPI

IF(P#LF..v?,5) GO TO S

DO0 1 125021
TFPPGr.PKUI-1,.ANJ.P.LE.PK(!l) GO TO2

I CONTINIIE
GO yn A,

GO To7
5 BLASH2OO

SO TO 7
6 BLASTt4=i00*0
7 RETURN

$1 AFTC D
FUNCTInN tiLAST'1P)
1P (PL?.40,n) PLASTfl:0,0
IF CP,GF .40.0.ANnP, PLT. 65.0) BLASTO:35,0
IF(PGF.E65*p*Av'IJ.PLE*'130.0) ýiLASfl':wO.S38*P4&70

IF (8LA5Tf.LT .0.0) PLASTDr0.0
TF(t3LATflD1.GT100.0) BLASYfl=100#

FUJNCTION BLASTM(P)

IF(P*Lr1 4o9o) PLASTM=0,0
IF(PvGr.4O,0,AMT).P.LE,120*) fBLASTM=1O0,-BLASTH(P)-BLASTfl(P)
!F(BLASTMLYC.0) SLASTM=O0*
RETUR N

ENI
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%TP4"TC BLSMS

CO"PN/MKP/ GZXi,'ZY.KN, YN.SSSNSWS~%SlS2,PHI
COMMW-N/RLe4/ AVFHT.AV !T.AVFW.AVELHMA .AI;AO.Al.A4.ACý.,N,),t3
1at5 W,~W, 4,W5,A*A?(vrTj!MAX DlELTsA T FAC .!9x (5) ,AAA~sl

2 *iNN 9! kI2,y QPrPP v Pfýrj'NqRFAC.STPEACSTPREACLY
COMMN/9RLKf,/ "no Yjpl~Y

COIM/L7 '%Ery!;2~L(0*U~WI~~~I'1$CNE

1I C 3Lt ý P59 3 c5P f)tF 0 ANTL(0 ,XL(0
"1Kiy , [flO p, -1:1l,3PD

'RI T -k N T IV I 1 ) C

c CAL~tLAT LS IPAEETEFCSO US

PV U,)VFL ( JI) e

~ J51'COTPIN"El
H=40(1,~5)

151 RATUP O~T!EPDL EOIYMARxr.5c/MDSAC,
1P WDHSC9AIX '4ST IG9,5L!N/1:=A~lIi=A ( r



00 153 J21910

lF(KPR1NY.GT60$ WP!YElA.1S2) 0g%(PVEL(IJJ9,1l93l
152 FORMAT(11 *4r14o6)

ii 13 CONTIN1Fi

C CALCULW~ OLASY D!SPLACEMENT EFFECTS ON It4SIfl OF BUIJLDINGS
C

A6 TPP!NT~o
n0 160 IsioNk'

DISMAX:A'4AX1(BTLD)L7II) BILTWIU))
OELTD:n~MAX/1fl.

IF(POSPRT(JloLF.O.O' Go TO 61
JPR !NTml
14:AO(J)
XL A P (.j)
WDTH=A ( J)

ALP=AS ti )
GAM=AT (j)
X J:AI~ ( J)
ETAZAV tjl
CALL DIS'LA (HvLWDTHALPGAMXJ.ETAIIELTDVFLKPR1NT)
DO 161 JJ=:1. -

PVELI (Y*JoJJ',:VEL(JJ)
161 CONT!NIIEI

61 CONTINIIE
TF(.NOT.(KPR!NY.GT.O.ANrJ.TPRTNT.GT,O)) G~O TO 160
WR!Tr(&oi6p) i

* 16? FORMAT(3?HO!NST!JE VELOCITY MATRIX FT,/SEC)/14HOPULD!ING. TYPE91319H
IOITNC X.HT~INt~ 7HSITTING.9XSHLYTNG///)

n~o 760 J=1411
0IJ=DP~fFL Tf
IF(KPRINT*GTO,0 WPR!TE(69152) 0D), PVELT U ,JJ9J),JJ=193)

*760 CONTIN11F
:1160 CONTINU~E

c CALCULATF PEPCENT nF BLAST CASUALTIES FOR EACH TIME TO urATY4 FROM

C TRANSLATION 1 NDOOQS
C

D)HTMO.19

D)WK T=O ' (
O)MTHT:0.fl
1DO 163 11.oNN
DO 163 J=193
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1 00PVCON=PVCL t ( to.,.Ji)j
0VCr)S:3yqANC.(PVCMN)/lOC.

Ti=PC0NlrPVCrN)/10y.
IF (PVCm-NS*rT *0.v o *o' j. -PVC0NS

!F(PVC0NS.1E.0.n) ', TOi 16.3

!FCPVC.CT.0F.O4IAN.P.VCONS.LT.
015) GO TO 166

IF(PCANSrE.-5.AI".PCCN.LT*,9)GO Tfl 16-7nHT*PHTAtFpan
GO TO 161

10 nmTHTzrMTHTAVrpPvr
GO TO 16

1A6 OWKT=DWKT+AVFPrDj
-~ GO TO 163

L167 nDTDYrArv
163 CONTINuIE

IF(DHTGT.1,0ý flHT=I~n

f ?IF(0WK'.GT. .0) !IWXT=1 .0
IFD0MTWY.GY.1.n) flmTHT1.0
flH? I~fWT*P~qP7h/JNA..0

'jWKT!flwKT*PvRv N/j00.
DM.THT I =MTHTp rRP TN 1,~
TY!:TI !*PEPPTN/11~0 ,

c CALCULATF PrPCrNT Ov RLAST CASUALTIES FOR EACH TIME TO OFAT'4 FOR
c TRANSLA To I C)' ntTTljr5p

C T I 0=0~

110Y T=0 .0o

00 101 J=01
PVL=PvrL 19J'

oA r P VF T ( I. j 0s10

p !P 'n Mf 1
DO 169 J=*3
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AtNPVELtAN~PVEL@ (1 .-PfRPIN/1n00.
TI=YTvt~r. usI
IF(PvELCJT) .Gr.0.fI) TT:1.UJ-PVFL(JT)

jF(PVEj(JqY)sGEr1.9s9 GO TO 170
Ir PvEL(J91)oGr0o.5l GO TO 171
jFvcIVEL(J,T).GE.ons1 GO TO 172
IFPF~sv*"00 GO TO 073

170' PROA Hf IPR(OBfH(n.ANPVrL

11PRfl~DMT=PRI-Br¶)(Dhe"NPVFL
60 TO 169

17 RRWI=R)n()APF
GO TO 160

173 PROP0MC!1PRMB'IM(T)+ANPVEL -

109 CONTINfIE
!F(KA*FQ*01 GO TO 190

DEL T.SflEL T11

D2x02*P,.-SI
K AA=O

JF(KAAFl.O) GO TO I
DEL Tnlsfl/jm.
IKNOX I-I 0
!N12X2?f2/fl1*1O .0 .5
GO TO A

1 ?3ELTnl~T?/10.
KNDX2?tfl.

3 ?F(!NDX1.GT.10) iNnx1:1o
IF(INDXI,Lyel1I!NDXIZ1

*1 FIr(NDXV7.GT.IC !N0.X2:10

FACTI:OELTO,/ATO'T*Wl
DO0 174 !ND=1,INDX1
TIO)Tlo.pRABT (INI))@ACTl
rHT=nHYPRfOBTH (!NtP) *FACT I
D)DYTmOOYT4+PROBPO C TNE-) oACTI
rIK=DK+ 0n( NTr OFACTI

174. LMTHTOVMvHT+PRO8PM(1Nfl)oFACTI

n0 175 TN=IJqlI"nX2
T!O=TIC+PRflR!(INV)aFACT2
D)HT x rH7+PRmBrH(TNT')*FACT?
0DYT=DV3Y'.'RM8MI ( I NnlI FACT2
DwKT%0WKT+PRO5'"W ( NY) *FACT2

175 DfATHTnMTHT.PRf'RnM(!ND)*FA(-T2
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DEA(1DW1*PLTS~

TAA (34) =?W4/nL t"D'

A4TAAA (2) =w*A T"~

AAA 1~1TJ1!f~

flHT=flHT-.OpRmAfHtNPI ýrAC T
!)YT r"Y1'Cp lrn T 'Jf) *'FACT

IR I r)MTHTM4?rH+PR'ltnm ( 7Nn) *FALT
185 CONTINHtE

!1O'HTG'T.ntUT) gHRT~tIJT
TF(P"Y!.GT,3tiT) flrYT=OtUT

TFAPmTHT.GT.eU7) -"74THT:OUT

'-DYTfl~nrIYT

?)MTHTO~flMTNT

PET UPN
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'?IFkFC DISPL
SURROu?!NE DY SOL A (H -o L oVW IIf7H*ALPHA 9GAMMA* XJCG9EYA, OftLTDVEVLKPRIN

C ~PFOPLE fl!SPLACEMENT

jl KPLT:1O r

WEIGHT=160#

CDF:O.5

!POS:OM

PI14.*.5TAN(1.)
1DT2 00 Al
ANIJ=ATAN (ALPHA/H)
PXY=SG'PT ALPHAOAL.PHA+H*H)
lFC!POSJFQ.1 PXY:=4
IF (H-XL/2.) 3,4,4
3sHCl/2.

GO TO 11

11 PH?=ATAN(ALPHA/GAMMA)
XJ=XJCG*+WETGHIT*(ALDHA*ALPHA+GAMMAUbGAMMA)/3.22

PREEZ2,*PO*(7.*l4.74#4.dPo)/(',*l4o74Pfl)

FO=1.44.*PRPFE*XL*H
QO=S@/?,?*Pfl*PoO/~ 47+

TS=3.*S/II
T92(VwTDTH*ETA*S) /11
TI4ZAMAX1 (TS*TB)

WQUUVW!DT H/U
FTSupf~l* .- TSTO) OrXP c-7TSTJ CDFbQO(1.-TSTO) **2*EXP (-2.**75701

7850T0:(TP'.WOJ)'(T0-W0U)
PBTB3Prt(l.-TT0)OFP(-TT0)4Cn CnoO*(1.-TBOTO)**2*EXP(-2.bTeOT

10)
XM~wFIGHT/il2o2
KYTESTzo
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XLQ=SQ0TlAL PH A**2.GAMMA**2)
NL=50
KOtiNYP=1

C SET P~ COrFFFICIrNYS AND INITIALIZE TIME

C(5) 1 -SORT 10,.5)

C ( 4:2.C 51*

C (7) :Ct i~*flT
C (9)=C (7)
C(IO'=nT/6*

T=O.fl
Eps~flT/2,
tF(KPRNT.LE.O) GO TO 30
WRTTF (f67)

I VORMATUIt ,4WT1MEAX,'.HPRES,8X,4HN1), X%,4I4YE?),AX,5MYP(1),7X,5NYP
1()7oHP416tHP()1X2XoO%4HqX3Y~9sHC*

P~4HKCnDf)
c
C SLIDlING ANfl TIPPING COMPtUTATIOM
C

10 DO 140 I~1.2
A Y(I)-0.0

yp(1 )znl~n
YQ(I)=I9.O

14C YOP(T)=O,0
MOTIONW1

4() IF(lTMf.HGNE.01 GO TO 73
lF((y+FP5).GE.TM) CALCHTTMECC.!FPSIT4CN4GvDT)

73 DlO 141 K=194

14 F(T.El.nflj Gm TO 143

PBTTZPPT(T)
- FT:144,0dPrTT-P5!TT*H*XL

11K3:3*'k

K 12 K 3-?
IF(IPn~l*E0*l) GO In~ 8
tF(.NOT.(TPOS.FQ.1.ANr,.Y2).LT.0.O)) G0 TO 17
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YP (2) U0. m
YQ (2 :-0'r
YQP'12~)= o.

12 EYA=PHI-Y(2)U

YA:XLRa*CPS (BFTA) ~a

YDZXJ/xm

YE%(FT)D-WFIGHTI*XLPO5TN(FETA1 )/XM 1YPP(l):(YB*YT1.SYE*YA)/RyD..yAoYC)
YP012)=(Y8*YC..YE)f(YA4'YC..ytl,
yF(yPP (p),.LTo.O.OANr9T9EQ*0o0) MOTON=-1

A IF(!POSl.sO.1) YPPM=FT-pXMU03?.2
TF C POIý1.EQ. 1' YPP(2'=oe,O
XH=Y (11 +PY*SIM (V(21- ANU)

XHTWYP I1)*.QXY*YP(?)*CoS(y(2)-.ANU)

TN!1:'.QPT( XHfno I.4fl.YHP*OYHDl,
XCG=V(11+XLR*S'N(YM2..ANlJ)

IF(K*NF.1', GO TO 16
IF (K PR YNT.L E,O0) GO TO 1215I

19 GO O

90 F(XCGn.T~,LTOO' GO TO19
IF(Xt4.LTFnllST) GO TO 16
VEL 0( WD:TI.?

KD=KDfl.
P'DST=FnYST~nELTD
TF(Kfl.GT.1O', GO TO 18
GO TO 16I

21 !F(yP(4',.GT.",,fl', GO To 22
1F(KTTFST.FQ,1) rGO TO 20
GO TO ?3

22 KTTEST~1
GO TO 23K 219 00 24 11=Knel,1

24VEL(tfl:THP
GO TO la
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16 "0O 562 I~io2

VP ( I )r(:y J*YQI !)Cf?*o)

F ~YRP (1)tC Klt)*YP( ! )-C (K2)*YQ0 (!

GO TO( 146% 141 0 46 141 *K,
146 T=T4r ( I
141 CONTI'NUIE

Is GO TO 40

11 F. I18 RETIJPN

C PRESsuRE ON FPONT FACE

COMMAN/BLKI /TS,PRFF,PFT5.PO),TocflFqQOWOUTB.PPTRCDM
ITF( T-TS1) 1, 7 q2

1 PFT~tprr5-cPREE)OT/TS+PREF
GO TO ol

2 IF(T-TM)3*4%4

GO Tn
4 pF'T=r.V
6 'RETU'PN

FNfl

$T9FTC PA M94,XO7
FUNCTIMN PFýT(T5

C

C pRFSSUPE ON RACK FACE

COMMnN /BLK 1vrSP F, pr?, Pf, )TO, CflF , 00.WOti, TFPP T8, CrP

I PATuO.0
GO TM A
2 F(T-TP)11~4s

3 pB=8R(.(-A/WUT)
GO TO A

~.-14 lF(T-Tf9-WO'l)S4,77

IWOUW/(TO-WOU)3*ý*2*EKP1-2,*(T-WOU)/(TO-WOIJ))
GO TO A

7 PBT~nonf
6 PETLJRN
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tTAFTC CHTIM MQ4*XP7
SUBROUITME' CHT'ME(C*EPS*ITMCHG*DYI
DIMENST0N C(l()
DT=09O!

c(2121.90
c C (3) ZC ( 1)

C (6) 32.C (41I

CEA)uct8)*n

IC I(9) C (71
RETURN

STPIFTC OT

FUNCTION STRANS(PACVEL)

PACVFL=APS (PACVELI
IF(PACVFI -75.) 1,1q3

1 STRANS=O09
2 RETURN
I IF (PACVEl.-S. I g,4 *4
4 STRANS=lflO.0

GO TO P

5 !F(PACVFL .0T.2v,.0.AND.PACVEL.LE. 31.0) STRANSz1,67*PACVEL-41.8

!F(PACVEL(T.31 .0.A'IDoACVFLoLE.4leO) BTRANSr890*PACVEL-238*
IF(PACvEL.rT,T.4',.AND.PACVErL.LE.55.0) BTRANSzo*7l5*PACVEL*60*6
IF(OTRANS.LT.O.0) fSTAAN5=Q0*
!F(t3TR14S.,GT. 100.0) BTRANS=1O0.0I GO TO P

$1PAFTC PCON
FUNCTInN PCONT(V)

c INJIURY CuIRVE FOR FiLAST TRAN~SLATION
PC§NI=7fl,*V-2Ofl,
IFIV.GT. 15.) PCON!:100.
!F(VoLT.10.. PCON!:fl.O
RETUR N
ENn
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~ TTFTC DEBO

COMMON/FRLv'/ WeH~oIVSXOFFRA!RflEAN T5E4SV~)1tDAnY

2jNX~kUYFPN POPD)N-AEACSI ,gEACSTPEACLY

COMMO/V-.K7/ NlPFR, I10POFBtLD(10) ,BU!LflW(10) ,B!ýTLfLT(O) ,CONPER

COMMON/SLKA/ PET(09,PPI1*)bKA

DIMENSION Pp~njipoO(0*~rIW~l),PoM(O

cCOMPUTF lE6.THS nlUE TO OU~noOR t1EPRTS

T M A X = S n p T¶H M1X/ 1 6 
sP 5

IFKMG O TO 6

A~Tk4OK( 1):P1/PEL'00.51*VL

WTYZAFL*(S2/FTN DO)AVWC)SPI

rlLTlA(2~2Dl-T/1(

AAAX(2)~n4l0FLTM +.

AAA(l)=wo.*PELTfi

6 CONTTNI'E



PROMYII t :0.0
PROsAWD( I I=no0.
PR0BflY I)=0* 0

2 1 P R !J 8 W 0( ? ) = A , 0 mi

PRKD0MM' 0~.
DT!O020" U
PEROl:O l,0 - U/00

flDYO~'As
ni.,n

C CALCULATE r!STANCE*VELOCITY VS. TIME RELATIONS FOR EACH SIZE

DO 200 1=109
DO 211 IL=1,NN
TF(PPEPTA(ILs11.GT*M0.o 00 TO 212 -

Pit CONTYIFuE
GO TO 73n

21? RArWzAnTIISM I
no 20% j:1,1nl
PROP! (J:O.0*
PRconTH U) :fl4
PROBrD(J) :0.0
p0ROlw (j) :0,0

205r PROBlM (.J) =M,0
IF(KPRTNY~Tr,TC' WATrE(63O,00 A,1lITIIVHT1 *0~~O

303 FORmATU16HnPARTICLE RAD!U5,F:0*2/39H0flE8RIS ID!STANCE-VP2LnCITY RELA
ITIONSHYPS/5HnrTIME,7X,4HDTST,9X,8HVELOC!TV/ lIXe !53X,71?2,29XF12.2

C
C FOR FACH INCREMENTAL DISTANCE91DOWNRANGEOBTAIN AVERAGE VELOCITY

C ANDI fANrE rM TTME(PANGE OF INITIAL HEIGHTS) TO GIVE THIS VELOCITY
C

Do 920 jmhqfl
fl!STT=FL0AT(fl DELTT'
!F(tITSTI,GT,'n!ST(100O) Go To 920
JFUSjLTnA~) Go TO 201

DO 202 Kr2410OG T 0

IFOSIL~ITKN.)SIGITK1)GO TO 203

23VMAX=VMAX(VFI ),FK))
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v AVE=( ~xvMjAXVI Ikl 2.
TM IN=TmAX/!0.'lFL^~AT K- I)
TfL MVt-TKAvJ~ li F~ - % i

cI
c OP r4r.i B''!LD'NG TY"F_ A,,:D EAC TORSO POSIT!')N FINE' YHE MAXIMUM

C PROF'4 n'F. 'ýAYHTN y-ýACH TYMi. TQ DfJATH fCATAGODKY FOR~ tfifC I&'Lr.4EIJTAL
C fl!STANýF

110 A?O L--1'N"I

NFL S=NFL (L)b ~ ~FHT=PlF~I JH'rL) ,rL0A7(NFLS)

I~Tr(T1.LT.0..24e)3) r-e) TO 217

13)-
PVLNAAIBRýIVVoAl)BTAIVVI~.2iTAIVVoA
113)
V1INlJMX P VEL T N

AMAXRPPVE!MAY1PrAAAf

29AMAXrAP~f!LA
VlINJMX=0M) -0 ~ r~g
T-10 11 COTN=1

?1IF(AMAHPLT.O.0k) G!) X!) 204 C

AMAXLP=AMAXj(PVFAAAf

vR~f3T1H r-l.TMX) COT 199:'r~

7n& COTI267



GO TO PO

I 1 210 PR08IlM(Jl=PRflBfM(J)+flfEB

20 CONTTNIIF I
DO 22 fjlt
PROBI(T~J):AMAXI(PPOA!flJ).PROtiI(J))
PRO8HD(J$i:AMAXI(PROtMýflcj).mROBDHIJ)) -

PROOflY(J)=AMAXý(PPOPDY(J),PRO)BDD(Jfl
PROBWDfJ)=ANAXIiPRORWD(J),PROBDW(J))

22 PRBDJ=MX(CADJ*RBD(I
Po0 CONTIN"IE

IF(KAerQ,01 GO TO 215
FACTl1:fELTflOWDYN/ATnT
flO 176 INn:I1,0
!1IO=DlnflPRC'6!I (NP)*FACTIOPEROtiT

DHIl t nlPRnBID(!Nfl)*FACTl*PEQOtJT

0WKD=DWn+klPRnBWfl(TNfl) FACTIOPEPOUT f[176 M=Un*RMDl)*AT*ROI
r. DO 216 INDuleVII3EX

D1Omfl10+PR0Bl8I(1NrI)4FACT
fiND flHTnPRnBHl(TNfl)*FACT
tlnYDm~nflPRMBfiYtlNl,')*ACT
flWKDI3WKn+DRnBWD(!Nt)) *FACT

216 flMTDcDMTflPROB~lDtTND)) *FACT
C -

C INSIDE !IFORIS FROM nUTSIDE WALLS
C

220 TMAX=1.0
D~O 30 T:i.1O
PROBlI(!)=0*0
PROSHO(I)cfl.0
PROSDY(l)zO.O
PROEBWD ( ) cO.aO(

30 PROBMDIIj:fl0O

ID20.0

CALL TPAMAT(WPONA,1.ODISTIVEHPADtiISePPERTRPPERTI,DISTMsVEHP4I
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DlO 224 =*

PP~O~fH(K):fl *

fRORl w2 0Of wK) .O

P A I= P A 1111(J)

IFP~tL*AFKlR.~RSIJ.EC10 GO To 250

A L EN= AM A xI 'B TL%~ T I L trL) W T (1I

j (WALT(T)E0*0) T'ELTD=ALEN/1O.

PO 2P3 <=lei!l
flIST?=rL(0AT(K)*flELTnl ~ QT 5

1FDSTL.1TA(o) rOt TO 227
flO 225 KT=P*IOM
TFl!IS¶!.LT."ISTM(J,Kl).&Nn.T'ISTT,GT.DISTMrJ9Ki-1ll GO TO ?22

775 CONT!N1IF

222 VAVr=VFi4(,)2

60 YO 227
?26 VAVE2(VEHM(J,KT).VF'"M(JKI1l)B'O.5

TMjNmF1..0T(KY-1 )*TMAX/10nI
p27 YMX=TMjAX/1Q0.*FL0AT(KT)

nO 223 M=1*3
I !IF(TM!N.LT.O.Q71477W G) f To 228

Go TI) 72q

?2 PEAMAXFPPrAX (nYQANT VAVE.R!AP. ),TqA~J! (VAVrRAn.2) ,fTRANI (VAVE,RAID

VINJMX=PVELIN.

GO TO 733
?P2 q AMAXRP=0sO

v!NJMX=O00

DO 235 N=143
NF=(FHT-AMANHTCMqNf)l72..1
TF(Nr.t.F*.0, F~
DO 234 KKK=1,NF
iJTF=FLnA'(KKK) '12.
TH=S1RT (HTF,16a0851

IF(TH-LT.TP4IN) GO TO0 234

AMAXRP=AOAYJtPVFLAsAMAXBP)

I 269
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PVfLTN=8TRANY (VAVE.PAD*N)
VINJMX=AmAX1(VTNJMXPVFLlN)
1F(TH.nT9TMX) r60 TO 235

234 CONTINIOE

P33 IF(AMAXRP.LT*0.0) AMAXOP2OtO

PYVELACA MAPP
nINJXIOO*-PVELA
IF(PVEl-A,LF.nsni~ fliNJ:vimJmx
PROBI(K):PROM!(K),~l!Nj*CONPER(I)*PO$PR1(M)OPPEpTig(IJ)/1eE9*(1,-PE
1QCW! (1) 1OOel*PlELTD/ALt.NlOO -

IF(AMAXRiP.LT,10*) GO TO 2403
!F(AMAYOPeLY.509) GO TO 247
IF(AMAXFRP.LT,9fl.) GO TO 24A -

PROSDH(I() PROB'lH(K)+DnEB
GO TMl 923

24.A PROADUE(Kl=PRO)BfD(K)+DDIE8
GO TO 9123

247 PROBN (K I PRnBpw (K) +DfEB
GO TO 721

240 PRO nM(K)PRf3~nMtK)+DEBIE
223 CONTINIIE
?SO CONTINfIF

DO 31 V:h191
PROBTIt K) =AMAX1 (PROp!! (K) ,PROBI (K)) .

PROOHD3(K) :AMAXI1(PPROPHfl(K) PROBDH (K))
PROMJY (K) :AMAXI(CPPO~lY (K) PROB3DO K )
PCO8WO (K) EAMAXIC PORrWO (K) ,0ROBDN (K))

it PPOBMD(K):AMAX1(PPOOýMfl(K2,PROeEIM(K))
224 CONTINIlE

FACT=PVRP TN/100.
DO 249 J:1,10
fll~uflIYPROBjI(J)*FACT
D=DH*MPRnBHD(Jl*rACT

DD=0PPRnB1)y(j)*FACY
flWUDW+PPo8WD (J) *FACT

7 49 DMZDM+PROBmD(J)*FACT
?45 Do 32 J=1910

PROBHD(j) :0.0
PROBDY Ci) :0.
PRO5WD(J)=O.l

32 PROBMD(J)zno~f

C COMPUTATIONS FMR tDEPRIS FROM INSIDE WALLS

DO 2S4 J21*9

270 i.



DO 2S1 K:1,10
PROPIT(teloto

PROn(K=.

no 50 ?:zl*NN
yF (PMNA .t.T~oPAFRAK (I) .AND.POBILD( I) .GT.BPKMAS.AND. IWALLT( ,#4E.O.A'J

ln*PFTCI~j~j.G GV*0,0 (o o TO

C. OUYSTUF WAILS "0 NOT FAIL FUT INSIDE MASONRY WALLS D0 GO
C

WRITE(IfisW) 1
IS FORMATU41HO!NSTflE nrfBRtS FROM INTEP!OR wALLSFBU!LDING913)

CALL T0AMAT (wobp,1.0,DTSTVEHPAflIUS.PPERT!,PPERTIDTSTM11,VEHM1)
TFKRNT U.AnPFRTIJ) .GT.O.O) WqITE~f.3031 PAnflI!,0ISTm1

nO 243 IT=1*100
nO 243 JJ=190
DI SYM? ejj,! I) =ISym1 (jji,!II

P43 VEHH2(jfJsI7l=VrHM1(JJ,!fl
GO TO 744

c OUTSIDr WALLS Go ANr INS!Dý MASONRY WALLS GO

5? DO 242 y!=Igq
DO 242 j1Of

P4? VEHM?(yI-JJ):VrHM(IT9:JJ)

244 11E L.Tr' A INJTO L. ( I1O

FH=IDHTTU)/FL()AY(NFLS,
DISTT7FLmAT(Ik1*T)ELTD

jF(D!ST!,GT.l~ISTM2CJ,1Q0)) Go To 50
IF(DISYT.Ly.nIqTM?2(Jv1l) Gfl TO 255
DO 256 KI=291OO
IF(D!ISTIL!.flI-Tm2(JKfl .ANrDTDSTI.GT.DISTM2(J.KI13I)GO TO 257

26CONT! NIP

TM!N=UO.

GO "r 759
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TM!N=FLOAT(KT-1 )*TMAX/j00.
258 TMxTYm~x/no.*FLOAT(KI)

n0 253 M=1*3I
JF(mlmLT,.07977ý4)GO TO 266

GO TO 16,9

268 PVELA=AMAIDRPV(VAVEALJAL1), 61PERRF(VAVERAO.2)951)Fl7REVAVERA!,13))

VI&NjMXPVEINJ
0O TO ?77

26~9 AMAXRP=CV.Q
VTNJMXOo~o
no 278 N=1*3
NF=(FHT-AMANb4T(MtN))*12,,l. I
!F(NF.LFo01 NJF~1
DlO 274 KKK:1,NrT
HTF=FLnAT(KKK) p12.
Ti~zStQR7(HTF/16. 085)
IF(TW.LT*TMPJ") GO TO) 274
PVELA=PTIFFBE ( VA VE 9RAD tN)
AMAXAtP=AMAX1 (PVELAtAMAXBP)
PVELIN:,iTRANT (VAVF,RAniN)
VIPJJMX=AM4AY1(PVELINiVINJMX)
!F(KPR?NT,6T.O1 WRITE (694 00J) M9NTMIN9THiTMX.)4TFPVELAAMAXBP

4.00 FORMAT 3:iH M,NTM!NTH,T.1XHTF*PVELA,AMAXBP,2Tr,9
6 EI4.S)

!F(TH.1,TTMo r.O TO 27A
274 CONTINI!F
?7A CONTTNI'E
773 !F(AMAXeBP.LT..0,) ýmAX6~PzO.0

P VEL AZAMAX P.p

!F(PVEL A*LF.Mlo) DINJ:VINJMX
PRO8!(It1ZPR0fil(KI61TNJ*CONPER(!)*POSPR!(M)OPPERTT (1,J)/l.E9*(ALEN-

1VXRL (In /AL EN
ODlE =AmAXBP*C0MPER(Y)*POSPPI(M)*PPERTI(!,j)/I.E8
I3DEA:U~rEA/10,*(ALFN-.EXRL(l) )/ALEN
IF(KPRINT.CGT.0 WRITE (6,401) K*MAMAXBPIljEB

4.01 FORMAT C 1H K .MAMAXAPP9rDEBt2!592E20*8)
!F(AMA~13P.LTS1O.- GO) TO ?76
!F(AUAX8P9LT,5l.) 60 To 275
IF(AMAXBP.LT.90.) GO TO I
PROBOH (K ) =Pt~'H +DflES

* GO TO P5
*I PRORflD (K PRO~nT) K ).DDEBF

GO TO 751
27", PRosflw(KI=PpflBrIW(K)+DDFlR

GO TO ?51
276 PRO8flM(K)=PRnBflM(K)+DnER
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?53 CONJTINttF
50 S CONTTN"IE

no 31 ieli

PROPD(K =MIAXII PQnwn i iePonanu iv%I33 PR!ýFMDi(K):tmAX1(PPOsqMf(K,0~pOBDm(K,)IF PTrrTo WP!T[9694,4 d (K9PROBHfl(K),oPRO)SY(K)PRO9WV(K)P~cr
42FOAMATf1'- .!S,4E20@A)

I 254FACT=PVa fNt/j0V,

I ~DH=DH*P'~RrBHD(J)*FACT
DD=D.PPn"BIrflJ)*P~AC!'

nWDW*PW.ROIBWDl J)*FAC'I 777 flnM=V+PRO~mrflj)*FACT
RET UR~N

VTPFc TRAmA
SL)SPOUTTNE TRAN4AT~w,PO,TMAX,!,!5TVFHRAn!IUSPRESSOPRESS1J!ISTM~vE

1(1O)98TL'MUIO~lP()SnRO(3),POSPR!(3)qNFL(10),ArNTPLc1o),EXPLc10),
2PBRFAK Un) y wALL! (lfl) TFT1O) oPERCOAgoBLH? IiO)DIMENS~flN aAnlIUSC1),VF-H(),oDTST(flD!STM(9,1OO,,VEHMta9,Oo),PRESSO

10 ,99) * PQESSI( H9)I DO0 1 I1=19
Do I jz1,lflO

I ~00 5 J=14ilN

I 2 CONTINI'T

S CONTTN'T

pETUIRN
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FUN4CTIMN fRflERREfVFLRAD*!POs1
DIMENSION PR'AB3039211
DATA ~P~11f 112,9,9,1OO.19,1.17.2.

341,*42,,43.,44.,45.?.46.5,4 7.3,4c9,O,51,954*959./,(PROB(1(3,1~sl:1,
421l)12%,.q9ci,31.O,.31 .R3, O*,32,5,33.,0.3395,34.,34.,'S35.,35.4,i3&.O,
536 .5 37 .n 17.*5438. 0.39, .41. 44.,*50.1

424,129.,l1..31.5,32. .32.8,33.2.34. ,34.3,3'..8,35.35.2,36,O.37.0*
537.5,3A.Ol8.7.39.?,41 .944.9499/

I IFAJ.0 GO T') 7

IF (RAI) Fn?.tM GO T! 3

GO TO 9
p ~

GO0 TO q~
A imp

GO TO9
4 IF(RAD.F0.1.O) GO 1f) 5

60OTO I

GO TO
6IF(RAtJ.En.l.n) GO Yn 7
IF(RADEO.1.A% GO TO 8

GO TO q
7% J82i l ) G O 1

q IF(hNOT.(VFL*LTPPRO(IPOS*J1HG O1
BDEBPEza .0

GO TO 13

IF(VELGF.PROgt!POSJ.K-1).Aý!D.VELLE.PROB(IP0S9JK)) GO TO 12
11 CONTIN'1EF

GO TO 13
12 MDEInfEt5,*FLOAT (K)-15,*t(PqOBt(TPOSJK)-VEL)/,PROB(1PO5.oJK)-PR0B!IP

1OSvJ*K-11)
13 RETURN
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1 !(b~u.r,1O)GO Tn 4.

IF(PAfl.Lr.?.-) GO Yi5

I3x-64a.
GO 7n 1

4 AM=4$0
F=-260,
GO TO 10

5 AM=2So

GO Tn 10

2 TF(RADOLrol.O) GO Tn A
AM:A6ob

GO TO lo
6 AM=3,41;

GO TO 10

3 !F(RAD.LF-1-0) GO TO 7

AM=6, 67

GO TO In

*7 AM=2,O4

Go TO 10
A AM59,26

10 BTRANIrAM*V~n
IF (ITRANT.LE*0*0) PaTRANT40*0
lF CBTPAN! .'FdrJO.O, FTRANI=1OO.

A RETURPN
ENnl
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SU~ROU'TINE TPAJ(W,0VRPR*01o,DISTTMAXqVEH)

COMN/Ln/IT(4iISZ9qLS3(1,LIST9C9I ,L!STE6(7) ,LIST?(9)

C 9 !SI 6 L ýýC# ATA, !AC

TIMFNSTn fl5T(l)iVFH(l)

TMtX 0 =o*S9?77
PRFCt:i.V2Fq*(1OO./W)**(-.PIREXP/3,)

PT=TMAY /SOl.
KO0U NT:l
FTXTMAY/WOO
RAT3:RD/ I?.
PROVPQAv~ppq
ARGml to
nEt TAT=0,0

SlrMAX=0.0
TIME=O, 0
5 M SF v :0.

IF (ARETAOLF n).n) M3FTA:360.4)RAD

REFSFV=11O0.*S0RTC1.+.*.REF'P/103.)
S0MSFV=5llMSFV.'VFFFV
%,APT= YMFCT*CRK!G*STGMAX)**TmExP
R~onQ:0,04( (7.40ý.*PR0VR/1I4,7)/(7..PRO)VR/1497))
W!NflV=53.4*FPOVR/SQRT (1 ..6,*PROVR/103,$
flum:wINflV-Xt~nT
IF (DOIMi 3,o 3,v4

GO To 5
4 C = -0
5 AEpTAx-r*ABFTA/vHfl

CONST1zARG
CON5T2=ARG/8lF.TA* XrT-0TWTI4DVj
DI5TYzAETA*ALOG(ARG)
DEL TA T El
TIME=TY¶MV *1Ti
IF(T!MECE.FT) GO TO 9

8ARGz (CONST1,(C~OIST2*flEL TAT)"EXP (wYNDV*DELTAT/BETA)
DI STXCRFTA*ALOIG(APG) -nl!STY

XDOT=ICOkI4ST1*WINPV.CONST?~tBETA*flELTAT*WINDV))/(CONSTI*CONST2ODELT

XOLD=STc~m4X
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SYAPP=0RCTY*(Rh'G4STGMAX)O*tfwPREXP)

TSTA0:?STAP,?MELTAT-(5rGMAX-XOILrn/STAPV
PROVOQ=7PEp(1.-TSTrAo/CAPT)*EXP(-YSYAQ/CAPV)

9 tTF(K('LNT-I=t'p6n64,

63 KOUNT=VOIINT.l

CIO TO p
64 RE~TOPN
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SIAFTC TH4EP M9',XIR7
SUOROU7INE T'4ERM(KPPINT)
COMMO)N/RLK2, G7X .GZYXNyN,5SSNSwSES1 ,S2,PHI
COMMON/BLK3/ WHBVISX0,FFRA!RVEN, ISEASNeTtODAY
(L C-m0tfkLnK4/ AVEHT,.AVEWT,AVEWAVFLHMAXA1,A?,A3,A4,A5,D1 ,D2,03,D)4

-~ 1 1 l5tw1 WleWsW3,W4,W5,KAATOTgjJ!SMAXDELTDPFACT1,FACY2,1NDX (5) ,AAA(5)
2sINDfleINflX2tP7RP!PI4 POPDN;RACS!Y'lACS? 'ACL

COMMO.N/BLK6/ PM*, TQ,*t!,P(NA -11 COMMON/SLK7.' NNPEWr(1O)ýOB)ILtD(1O),BuILDW(10)sBILDLTc10),oCNPE I
2PBREAKf10) .?WALLT(10) .!BT(1O) ,PERCOABILDHT(10)

fCOMMON /MLK11/ wALPAN(1O),WALDEN(I1O)FLORTH(10),FLORnN(10),ROOFTH(
110).ROMFlN(1fl),5ASETH(10),BA5EDN(10),SO!LD)N(10),SILHTC10),PERSCR(I
20) ,PFRSGC(1f),oPERGG(1O,,PERUBS(IO),PEPG(10),PERtDE(10),PERGG;S(10)
COMMON /MLK1P/ DDYTHI.DWKTHIDMTTH1,ODYTHOI2WKTH0OMTTHO -

COMMON/RLKI4/TTI ,TIODI I,DIOFIIF!O,RIIRIOTUPJINJTFATALTAINJR
DIMENSION I4T?3),Ati),ADE(3).ASCR(3),AG(3),ASG(3),AGG(3),A6G$(3),AD

105(3) ,ARFAO(5) ,DTSTI5S .AOUT(5) ,RAD.X (7),
2 ABURN(7),PPKT(7), APB
3URNf2,?5oPK129),PPK(3,15),,PKDEM(394),PKSRM(.,4,,PKGp4(394),PKSGM(3
494),PKCGM(3,4),PKGGSMg3,4),PKDBM(3,d.)oPKflEW(3,41PKSRW(394),PK(;W(3
594),PKSGW(l,o4),PKGGW(394,,PKGGSW(3,4)IPKtDBW(394),PKDED(3,A),PKSRD.(
6394),oPVGDC(3.4).PKSGD(3,4,,PKGGn(3,e.)oPKGGSD(394),PKDBD(3,4),
8 PKTM(1,7),PKTW(3.7),PKTD)(3,7),PKTDO(7),PKTWM(7),PKTMO(7).TKM(39,;i.2

DIM4ENSION TKT(3,4)oP!NJ(397)

'OATA(PPK(2,II),II:1,10)/10U,,89.5,75.,60.,51.5,43.5,28,5,25.l5,14.t

DATA (TIME (IJ) , J21,3) /2. .6. ,10 .1
DATA(HTIU) ,Iz13)/5,76,1.58.1,0/

* 106 FORNAT(3140A=,El5*8) -

90 FORMAT(1X.4(E15*'8,2X))
* 91 FORMAT(7H4ORAnEX:,E15s8)

92 F0RMAT(7wOABVRNmE15@Sv2XvSH PK~z9E1S.8) ~
56 FORMAT(19HTOTIAL DEAD IN EJAymqE15.8sON TOTAL DEAD IN WEEK~vEI5.Av

121H4 TOTAL DEAD IN MONTHavElSoB)
54 FORMAT(AI4OTIME=,E15,8.2X.2HQ~EE5.8)
4ae FOPMATf~1lIfPFRCENT KILLED nuTSIDE IN DAYv9[15@e/32H PERCENT KILLED

I I 1 OUTSI"1F IN WEFK=9E15,8/33H PERCENT KILLED OUTSIDE IN MONTHasE15,8
2)

* 25 FORMAT(14HIBIJII.DING TYPE#13)
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0 (41 --Tlý

TMAX2fln I *ov)1Y LW,
TIME t4):Tt4Ax

T0TmAX=T?4Fijjj) jTH~AX
1F(TOT'MAX.GT.1ln,) 6n TO S2

51 011j)= TG@PFRCTHITOTMAX)I

GO TO 15
S2 NQ=IJ

35 flDYTH=MO.
flWK7'4~O.f
DMTTRHr .0

CTNTH=YO/HP
TANTI4:HB/xn
WINflfl~10,*SnRT(PERewCWIM/1oo.
THETA= ATAN(XO/HPR)
SPW=5ILHTC ThbWINflW
DAV=CDI*Al.D7*A2.fl~*A3,OD4*A4.fl5oA5,/ATOT
IF( *N0TtCKA.GY.Ofl GO TOI
flAV=Sfl*A1*SyN(PHIl+S2*APOC05CPHy))/(A1*SIN(PHI),A2.COS(PHI))

1 CONT!NIIE
HSHAflE:(AvPFHT-TAN7H*DAv)
IFCHSHAUF.t.T0.o0o 4SI4AOE =04O
FLMTmnTLDHTCT)/FLO1AT(NFL Cr))
PL00RS=HSHAnE/FLb4v
K FL OORmFLOMS

) XFLOOR!:KFL(nOO
tFCHSHAnF.VLE.C(CFL00R*FLHT+5PWfl GO TO 10
KFLOtOR:KFLInQP.1

10 XNFLzNFL f I -kFiO'IR
00 3 1!1=10

!F(CTNTH*SPw.LF.EXRLTI) ANTLI.SILHT(!) .GT.HT(!1)I AItI)mCTNTM*XL*(HT

IF CCTNTH*SDW.LF.EXRLC!),AMI3.SILHYCI)#LE*HTCI)fl A(1I)11CTNTHi'XL*SPW

IF(CTNTH*SPW.GT.EXRLCU .ANflS!LHTC!)OCTNTHLE.EXRL(1~,ANt~,SILHT(l)
1.GT,H4T(Ib)A(I?)=XL*CFXRILCI)-CTNTH*(S!LHTC!)-*HT(1i)))
TFCCTNTH4SPW.GTEXRLCTI.ANP*SILHTC4IOCTNTH.GT.VXRLCI).ANII.SILHTlI)
1aLT.HTUIH) A11I):EXRLI1)*XL
IFCCTNTHOSiPW.GT.EXPLCI),ANfl.SILHTCI)*CTNTHGTEXRLC!),ANDSILHTC,)

1.G!.HHT(TY ANflSIL.HT(!,-EXRLCT)oTANTHLT.HTCTfl) AC!!)vXL*(EXRL4I)
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2 ..(S!LHT(y)-Hr(Iy~*CyNTH)
IFIKPRTNY.GT,O) WP1TE(6,106) AM(1)
AZIIA(1I)*XNFL
ADEtI1)zAIyoPE~PE( iI

~~AG(SCRul i 0Pi"ICA! o ikSC i
ASG(!1):A!1*DE10SG(T, 

-

AGGS(IT)wAlT.PrRGGS(1)

3 CONrrN(,F
AASAVEI4T*CTNTH
AREAO(1)NAI
AREAO(P)%tA?
ARAO(A)WA
AREAO(4)=A4
AREAO(S)=Au

01IST (21 D
PI ST (3) =?02
01 ST (41 CM~

Tr(AOU?(T 1) LE.0.) AOUTC I'0.~0O

AA:RFS*cSY(PH!)

AOUT(2) ZCD?.*SIAA) 5A2/(U?.S11

203 KON=

Kto

IF(I(PIRNToGTo0) WRTTE(6,54.) TIME(J)Oolj)
RADEX(I)NO(j)
QADEX (?)wQ(Jl**67
RADEXM=00100)',6
RADEX (4)=Q Ci) 0,37
RADEX (S)MG(J)0*31
RADEX(6,)0Q(J)o.21
RADEX (7)wo*O
1F(W*LE95200091 GO TO 70
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GO Tn '3

LG=7

v4F(PADFXIL.4) L? v4. Go If
yF(PADrXf'M),G!*RCHJA) GO 7A

~ '..~.)GO TO 16

16IF(RADFXfV Gq*.Nr.Aoy .;-''H Go'c .P~ 15

GO TO 19

IF(ARuIQN(Lm! Ga'. AUNL)%
GO Tn 19

1S A8URN(LMl=0C4A
19 TF(AAU0N(LM).En..,) Go TM 22

H IF(ARLUoN(Lm),Gr.AO.) GO To 41

ORAD=O,

OR AO=OoAni~nRr

flRAr):OvA",TRF:

GO TO 1,0

GO Tn 13

41 P = '~On
?I uTNl'f.GT.O) WRITEi6*92) ABIJRNCLm),PKT(LMl

' P-fN(LM)mLT.1O.1 GO TO 24
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DRADIOORAfl*flAE
IF(ABUON(Lm).Gr.Ol.,ANID.ABURNILM).LE.2so) GO TO 28
!F(ARUQN(LP42.GTs2S..AND.A8URN(LM).LT.30e) GO TrO 27
!F(ASUQNtLM).GE,3O..AN0.ABORN(LM),LE,35,) GO TO 31
!F(ARUON(Lm).GT,35',ANO,ABURN(LM),LE.36.5)GO TO026

0A eW aUm 0, U. I--~Ui Mr aAa I A in AA 11 AL

LI DRAD24S,

tl RP(ARUPN(LM).GE.ORAfl.ANfl.AtURN(LM).LE.DPAD) 6O TO 29

ORAt33ODA¶14.fRE

30 DAAD=OQA!*n'RE
G0 TO 7

29 TDI77z(ARItIRN(LM)..ORAfl)/(DRAO)-ORAD)

IJN1J~1
PKTW(KLm)s(PKT(LM)/100.),OEPPK (1jI!)4D1FF*(PPK(IJ,11*l)"'PPK(IJ1II

PINJ (K gM) lOO*-PKT (LM)
!F(PINJ(K,Lm) .LT.O0.) PIPJJ(KLM)3OtO
GO TO 121

27 11R12P 5

ORAD=25,
-0 TO 10

ORAD=3fl.
GO TO A0

26 flRExl*5

11281
ORAfl336.5
GO TO '0 li

24PKTM (Kq, M)20*
PKTW (K*Lm) :100..PKY(LM) /100.
PKT11 (K ,wLm) X0.
PINJ(K*LM)vF!RINJ(A"URNILM))
GO TO 121

33 PKTM(K*LMlx0.
PKTW(KoLM)N0.
PKTD(K*LM)xlo0,IPKTILM) /100.
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PIN~J(KvLm)= (1OO.PKT(LM)
TF(PINJ(If9LM) LTv0s.O) PTI4J(K*Lm)zO*C

11IF(KKO;:NJT.FQ.O.ANn.ISFASN.NE.1) GO To 38

KKOUNT~l

QCHA~1a.

LG~1
GO TO 122

ig flENO)M1PLDWItI)Ot1L)LT(!)OFLOAT(P4FL(fl))
DEN0M?,eNOM
130 39 1121*3
PKDEM(11.J)3ADF(1!)/OFNOMGPKTM(K,1)*POSPRI(1l) /100.

PKSRMA(Y!,J)=ASCR(!T)/flENOMO~PKTIi4(K,2)*0OSPRl 111)/100*

PKrGM (!!,J):AG1,II)/DENOM*PKyM(K.3)*POSPRI(!T)/100a

j ~~PK!3BM(T.J) =A!~SA( )/ EIJOM4 TM(K,7)OPOSPQI (I!)/100.

PKrSRW(!11J)=AAS~(I)/DFENOMO~PKTW(K,2)*POSPRT(!I)/10O,
PKGW M(TIJkmAGG(11/DENOM*PKTWM(K3)*POSPRI (1)/100*

PKD6MW(T1sJ)i =ABS(!)/flEN PODKT(K,7)*PCOSPPI (11)/1100.

TKM(71IJ)=PKWE(11,J)*PKSRMC!!I.i)*KGM(JI ,J).ePKSGW(11qJ)+PKGGW(1!,

lJ*KW(1,J)K(TrJCOPnPFPPIj /~O4PEPN/)

TKfl(TIj)=TK!m(T!,J)OCONPE(I)/100.PERPN/l1E
4

PK1 FACTPOSPR' l~(TI /DFlN¶41OMO.) Kl)PSR(1)l

OKSnASRW coI=oAtNJ(K.2)/ .rACM$TWK2*OPYI/00

PKGflUA(!1*)=AGP1N/IJ(K,3).rATWK3*OPIl/1
PKSGWflIjA=AG(to1NJ(K,4OMOKWKACTOSR(1)10
PKG~GGW(Yt I)= ýrPTi)nF "OK ,5;4rACTICT)/0

PKIW(I~)=Aý~tT)DEOI-'-KI(K7)POPP283/00

TKW(II.J)=PK"Ew('TJ)*PK~r,'W* ...- -...-..-....--- IJ +PK GW( I



PIGGSDvAGGS (TI)*PINJ (K .6) FACT
Ptn8Dfl:ADSfIIneP!NJ(X,7,OFACY

YIC Ii. zKT (TIJ) 'CONPrý (I) *P~RP IN/i. E6
39 CONTINIIE
44 KOI~EQ0At.SES, l GO TO 5

IF(KPRYNT.0.0,O GO TO 55

'KDO 46 PTD! Vl1.3 ~ l

130 WRITE (6.1O) IRY(*0)A~AOgKM(~PTOJgKIOJ
133 FORMAT(39WIOUTANTINgPKM) ~ PTOJ*PTOJoE~

GO TO K36

GO TO L1*1116)1
132 WRITE (61135)
135 FORMAT(6HOLYA~ING)

16!KRNTL.)GO TO 466
11WRITF(60,47)KDM!J)PKR(IJ P;MI,),KGliJKG(

135 FORMAT(43H0PRIENn KTLRI OT n~:T xOUE~E583HP
13C6 N IFKPINLLED I O MONT 46RESz,1./0 PECNlowE OT

2 (INGE GLASS)PKEM15.8/41HPESRCENT ~oKILLEDIN MOTH (SCREENS,*PGLASS

47 5RMAT43H PFPCENT KILLED IN WENTK (DIRECT EXPOSURE):,c*I5.8/35H PER
ITCNT KLLED' IN MONTH (SCREENS~zE15,8/3H PERCENT KILLE3 IN WMKOSNT
2 SIGLE GLASS)=715.a6/40H PERCENT KILLED IN WEEKH (SCREENSGLASS)uE5
3v8/~aO4H PERCENT KILLED IN WEEKH (DOUBLE GLASS)UvE15,8/48H PERCEN I
iLED KIN WEE IN MONTHL GLASSSCREENS),RE15.8/40~8/H PERCENT KILLENE

ZEK842 PEPTOTAL KILLED INWEK(IRC WXOUEEKUEIS98/34H PEC
7ECNT KILLE?' IN WFAY (flIRECT )=EXPlJR~,E8/33H PERCENT KILLED IN EK(I
8GN DLAY SCRS)99E15*8/40H PERCENT KILLED IN DAYK (SIENgLEGLASS)uoE -'

985./40H PERCENT K~ILLED IN DAYK (DOUBEENGLASS)=*E15t8/39H PERCENT L

ILEDIN EEK DnULE GASSSCPENS)9EI~8/4H PECEN KILED N W
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a ~~~ V& n.!~tAy In0USIF GLASS)t,E1516/4
6 H-PERCENT KILLED Iti DAY (DOUl

7REGAS'4.SCPEENS)x$Ej5 8/13 9 H PERCENT klILLL iii uAw , 'b

8)z*lS*o5X21HTOYAL KILLED IN DAYU*E1S@8)

DWKTHmllWKT!
4.TKW (II NQ)

191 DMTTHnfMYTH*TKM(IINIJQ
F190 CONTINUE

IF(KPRINYGT.O) WRIYE(69461 PKTDO(NQ)qFKYWO(NQ)sPKTMtOINQl

TDnYloyZU9THPKTD0O(NO)
TUWKZDWK'H#PK TWO (NO)

TUMTZDWT7H+PKYMO (NO)

nl)YYTH1:D1YTH
T3WKTHIMDWKTH

nDYTHO3PKTflO(Nn')
OWKTHOxPK TWO (NM)
DMYTHO3PV TMO (Nl)

IF (KPRYN!.GT*01 WRITE(E,,56) TODTYTDWK97DMT
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STRFTC PERC M94,#XP7
FUNCTION PERCTw(TOrmAX I
DIMENSION PEQC(25)
DATA(PFRC(?lI=1.24)/CO,q.OO6,,O23,,O69.i 3,. 21,. 39v,48 5 9.57 59e 5 9 5'e

I 't a
TXmoo
flELTY=62 I
IFUO(TMAX*FQO.o) GO TO 2
IF(TnTMAXGE,1O.1 rOn TO 5 I

I 1F(YTOTMAX.gE.T!.ANTnTOTMAX.LE.(T1"t)ELT))GO TO 3
IF(TOTMAyC3E.1.O) Gn TO 4a
TI:T14nFLTY

GO TO II
I DI7rFv(TOTMAXwTY)/DrLTT
PERCTH:PFRC( I .DIFF*(PERr( !,1)-PERC CT))
GO TO 7

2 PERfTHzO,
GO TO 7

5 PERC~TH=81.5
GO TO

4 TI~1.O
DEL TT.5
12z6

6 !F(TOTMAY.GE.T!,ANDTOTMAK.LE.(TIODELTT)) GO TO 3I

TI=TITIELTT

GO TO V
7 RETURN

ENn

FTNCTFION FIR!NJCAREA) T
C INJURY ClIRVFS VlUE TO FIRE

END

4p
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SPqFTC NUCL------.. .

COMMON/BL P/ G7X .GZYt ,XXYNSSSNsSWSEsSI ,S2sPHI
COMMON/BLKI,/ W,Hf*VTS,XO.FFRA!~nE:N,!SEASNTOD)AYI

r ~COMMON/riLK4/ AVEH~TAVEWT.AVEW,AVELMMAXAiA?.A3,A'.,A5,D1 ,IJZD3,D4

2,p4DX1,IN0X2,PVRPIN, POPONsREACS19REACSTgREACLY
COMM()N/BJLK7/ NM,9PERCWI(10)'POB1Lf~l(O),BkJ1LD)W(1O),B1LrILTg10),CONPER
1(1O),ALNIT(10),PsPOSRO(3),POsPR1(3),NrLt1O),A1NTRL(1o),EXRL(1o),
2POREAK(In).!WALLT(VM),I8T(10),PERCOABJLDHT(101
COMMON /RLK11/ WALPANc10,,WALDEN(1O),FLORTH(1O),FLOR0)N(10),ROO7YH(V ~110)vPOnFlN(1fl),BASFTH(10O,,FASEDN(1O),SO!LON(10),SILH1A10),PERSCRd1
20),PFRSG(10),PVRGC,(10),PERVOfS(10),PERG(10htPERDE(1O),PERGGS(IO)
COMMONfliLK13/ AVEWTARAjDGRADNDMBO,nflD8moDM5o~fHiDD1,DimBi,
IDION!,flWtNTon1MION1.flDIONO0flW!ON0,gMIONO
COMMONBLK14/T! JT!ODIIDIO,F!!,F!OR!IRIO.TUNINJTVAYALTAINJP

I ~DIMENSTON KFLOPM(lr)),WALPA(1O).KRODFM(1O),TRHO(1O,100)qATTG(1a,100
1) qATTN (10, 10) ,RHOX (100) ,CELLA( 10) ,PCAFF( 102 ,PCAF( 1091O00),TIMRAD(I
20,100),rAEX(16),PKO(10),TIMRO(1O).BASET(10),pOOFT(lO),FLORT(10),
3KWALMT(lfl))PKB!Lfl(1O),PKFL(OR(100)

nwiON 120 0
!3M10N120.0

F- NBR:1
IF(MNNLF411 kMBP=O
K AVG MT :4
RG=RADn
RNR AD N

012:00.
ow~oeo
DM=000
IF(RO0FnNcfl.L'rv55*. KROOFM(!)=3
IFiROoroNU .*GE,55,,ANt3.ROOFnN(1) .LT.110.) KROOFM(T)ml
?F(q#)QFDN(?) .GEP.-10.) KROOFM(I)=2
IF FLORDNcfl.) LY95591 KFLORM(1)=3
rr(pFLOPnN(T) .GF.55*,ANJD.Ft.ORDN(I).LT,11O.) KFLORM(!)MI

*1 !F(FLOvnNU .oGF.11o,) KFLORM(I)=p
IFIWALnFEN(T) .LTe5S,) KWALMT(!)=3
IF(WALI"EN(T, .Gr.55..AND,WALDEN(I) ,LT.11O.) KWALMY(1)1
IF(WAL,9EN(T) .GFal10*) KWALMT(1)?2
!F(KPATN76ro.0) GO TO 4.0
WRITE ?6*41) 1

4.1 FORMAT114HIBIJIL12!NG TYPE9!4)
4.0 NF=NFLI!)

00 167 Mc1,NF
167 PKFLOR(M):A)
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GO TO 01

WI=8TLrWT (')
81THITA=ArAN(4ý11WO,
RHOPn=lAVFWTB/ (AVEI4T*AVEL*AVEW)
Pm (AW 9T*Kfl/HB) / (E S-PAW

TVU0 P-%(P).GT*.21 GO TO 30

TF(XLPEM.nF..2) r- o TO
IFXPG.. GVO TO 40

GO TO 11

!F(XLL.FQ,O 'rO TO 31

'~MMm;

d. F TH!CK ,LF..2SA)GO OT

CALL ATMrNI'(T&4qKKLH!CKA"OM

XN=Wj(HI/X)288
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EXNF=NF
t',i 71 U-1 ;kr
O7,2" N=I*NT

PKFLOR fm) :KFLf' (M-)+PCAF(M*N)I
72 CONTINuEF

PKFLOR(MP)Z0KFLMR (M) /XNTJ
73 CONTINU!E

IF(KPPTNT.FQ.Ol GO TO 20
WRITE (6*I6)(PvFLOP(M)vM=1qNF)

K Y16 FORMAT (76HOPEPCENT KILLED PER FLOOR~oEl5,g)
K20 PKRILE( 11 fl.

TnO 74 u.,NI,74. CONTINIIE
PKAILD(0):cPKA!L0(!1/EXNF
IFiKPR7NTJFQO1 GO TO III
WRITE t6q17)PKAILnmT

17 FORMAT12SHnPFRCF'NT VILLED VUILflINGm,E1~s$)
III CONTINUE

PK IN=0;
TIO 112 I1=1NNI

lip PK IN=PV INIPKAILrI(I) *CnNPFR tJ /100.
IF'KPRYNT.FG.O, GO TO 21
WRITF (6*1131 PK!NJ

113 FORMAT(23HOPFRCENT KILLED) TNSIIJEciEl5.8,
21 KKOtJNT1l
84 OUTA=Sl*BILE3LT(11'S?O(FILDWI I )*Sl)

!F(NFW.VQon) GO'T A5V IF(THEYAGF.I1.09) r-n TO 85
PK0( 3) =o,
IF(TI4ETAmGT,,2A1A) 5O TO 68
7F(PH4I,GT.,7A54) GO To 83

FXPAPA=5l*CBIL'nLT(ii4s2)
SHAREA=zS7*IILOwI (1)
GO TO A6

P3 EXPARA=S?*(BTLnWI(I)+Sl)
SHAREA=Sl*M!t.DL T ( I

86 JJZKKOI'NT
QAnG:PAT1N+RAD05
CALL AFFCTIRAnNGoPFRCAF*TIMVTH)
PKO(JJ):PERCAF
TIMRO(jj)=TTktJYH

103 GO TO (1Cn4*1lO,IO8),KKoUNT
104 TRHzRHMt)RflTHTCK

KKL=KAvG'mT
CALL ATTFN11(TRNKKL9TM!CK ,ATGATT)
RADGZRA11G4ATGii ~R An'NuRA ON4AT T
KKO1UNT=2
GO TO A6
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WR ITF (A 300)( AT TG CMN) ,AYTT"N( 'ANiJ M:1,NP
10C FOAMAT (6HOATYG.QElS*S*6 H A"'N=*El5e8l
6 TF((N-4jT).FQ.01 Go T0 12

GO To gn
12 IV(RASFT'IIt.E0.O9. GO TO 11

TV(THEYA.LF**2618) GO TO 11

GO TO 10
11 NFONFL(I)
10 DO 35 NmlNT

DO 35 Mm1.NF
96 RAO)NCUQAnG*ATTG(MN).RAO)NOATTN(mNI

CALL AFFFcY(PAtNG9PFRCAF*TIMn'rH)
PCAP (M,N) s'EfCAF
TIMPADtMsN)=TIPMDTH
CONST=PERCAF*CMNPER (t)/i *4
PCAF!Nml,O-CnNST
IF(PERCAV.LEeC*O) PCAFIN=RADINJ (PADt'G) /1n00.
PITNuRYI IbPCAFIN
TF(TlmInTH.GE.0.,ANfl,TIMOTHLE.1.0) GO TO 121
IF(T!MnTW.GT,1.O,ANfl.TIMDTH.LE,7,O) GO TO 122
!F(TIM~TP.HGT*?eO) 5O TO 123
GO TO 35

121 flD=D*Fl~OmsT
GO TO 15

122 nw~flw.coNST
GO TO 15

123 0MzPMCONSY
35 CONTINI'E

CONSTxNT*NF
a DD!ONI~flPTONTYflf*PERP1N/( 100,OCONST)

DW!ONIUDWION!,mw#PERPIN/(100.*CONST)
DMIONIzflM!ON!,lmopE'ppIN/(10o,*CONST)
RI!:RIIRIyNOPFRPIN/(100.*CONST)
YF(KPRNTsEo9O) GO TO 7

'1 WRIrE(69301) CCTIMRAD(MN),PCAP(MN).Ms1,NF),NxlNT)
101 FORMATC8HOTIMRAD,!1l5.5,FH PCAF=,E15*8)

GO TO20
20i IF(ASTHETA*NF.s261) 60 TA 203

23PCAF (MN):PAFM-,

2n2 TIMRAD(Mq1) :TIMRAfl(M-191)
201 fXNTxNT
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hi TRH=TRHO(M*Nl
KKL:KRMOFM (1)

-Ail AV~r~uIItTH.KKL.YHit~K.ATG,ATT)
ATTG('M*N-)=ATOG
A'TTN(MtN)sATT[11 TRHO(M1 N~ZWALPb()(.SR(ECII/,0)*ADNl
YRH=TPHW)(M*N)
THICK~wALPA(Y)
KKL=KWvALmT 1)
CALL ATTFNllfTRH,KKL,THlCK*ATGsATT)
ATTG(M*Nl=ATC'
A!TN(MINI=ATT

IF(NnR.En*D) GO TO 15
34 Ir(8ASETH(T)sE0O*O) GO TO 3

EM=M-1
79 1F(N~RR'Fn*0) Gn TO 15

TF(THEA,LF..2F,18) GOr TO 60
IF(EM.LF,((AVEHT-iAWIES3*H~B/XO)/10O)) GO TO 32

IF(Ml,,T(AETE*BX) GO TO 33

39GO TO 15

lký 1GO TO Iq

,(KL=KAVGMT
CALL A!TFNl!(TRNKKL,9THICKqATGATT)
ATTG(MtNI=ATTG(MqN')OATG

j ATTN(M,N)=ATTN(MN)*ATT
00 TO 15

TRH=RHnX (Ml
rHlCKL'(AWT4*XLP(10*oEM*ES*XLP*HB/XO))/SIN(THETA)
KKLaK AVGmT
CALL ATTFNlICTRHKKLsTHlCKqATGiATT)
ATTG(IM. N) =ATTG EMN) OATS
ATTN ( MN)=AT TN CM N)*'ATT
GO TO 15

60 TFC(EM*10,).GEAVFH4T) GO TO 15
RHOX (M I QHOBD AW I *XL P
TRHSR HO X IM
THICKzh-h?*YLP
KKL.SKAVGmT
CALL ATTFNII (TR~qKKLTHICK ,ATGATT)
ATTGIM,N)=ATTGIM,N2

4'ATG
ATTN(MqN)=ATTN(MtN)4OATT

15 CONTINuIE
4 !F(KPR!NT.FQO) GO TO 6
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ATTG( 1, ', AT6C
ATYN (1, 1', tTT*ATTSI
MM22
00 TO 4

GO TO
F!A~THE!* YIE(O.Oal GO TO 54 1
NrUNFL(T)41
SS NO (NNF4UOrT I QON(112

'rRHZTRHO(NNFo1l

THlCK=ROOFTHI') /12,
KKLZKRFDFM( 1)
CALL ATTE,.JI(TRH*KKtsT'4TC~qATG*AYT)
ATYTG (N'4Fs11 =A TrJ
ATTN(NNF*1)=ATI

44 NNF=NNV-1
!F(WNFEOO) V~ "! 4-
TRHf)(NN) IýFV1POI)Q'..OFRTH( 11/120
TRH=TRUOUNM*ll i
!HlCKzVLflRTH(I) /12#
KKLzKXt~nQM(CT
CALL A!TFNflCTQWKvKL.TH1C~ ,AV'SATT)
AYTYG(N"IF , ) ATG@ATTG (NNF.1' :1
AlTNfN&)FllATT0Afl'N(NF,1,1

47? N TzI
GO TO 12

WALPAM=) WADI~ANCT) /12.

CELLA(?) =10.*WW II4 NMI
71 XNF=NF

!F(N.Eaell GO) TO 13

TF(NsGT,!.ANnqM.EQNF; Go To 14
TRHOCM*N)urLnRT~x)4ILORnDN i)
TRN:TRHO(M*Nl
7N!CK=FLflRTf!)
KKLZKFLOOMC1)
CALL ATTFNlfTRI4,KK~qTHlCK*ATG,ArTT
ATTG (MN) ATG*ATTG (m4.1N-1I

GO TO 15
14. TRHO(M*N)=ROnFT(!)*Qoo9~ON(I)

292



IF(PKO(2).ro.O.) C-0 T 141

IF(THETALF*,26A1) G~O TO 143

10PCAFO=(PK0(1,OrXPARA.PKoE2)*4SHARFA) /OUTAI

GO TO liii
141 PCAFO: (PKOC1) 4FXPARA4.PKO(2)@SHAREA)/OUITAI

TtMOU)TUTTMPO( 1
(1O TO llfl

142 PCAFO~flon

GO TO 110
14PCAVo:(PIC0t1)*rXPARAAPK0(2)OSHAREA)/OUTA
144 J=(TMRII*EXPARA.TIMRO(2) *SHAREA) /OUTA

GO TO 110
13PCAFO=(PKO(11.PKO(2))/2*

GO TO 110
85 SHAREA=O.

rKPAPA=OI'TA
KK f~tJNT=3
PKO(1 uO.O
GO TO A6

108 PCAFO:DKO(JJ)
TIMOUIT=TTMPO( 3)
GO TO 110

88 RSTAP=AVFHT*XO/HRi
IF(RSTAR.LT.F'S) GO TO 87
RSTAP=FS/2*

GO TO A9
87 AS!AR=RSTAP/?*
gq THICV=AVFHT/R!N(THETA)-RSTAR/COS(THETA)

SHARFA=RSTAR*AW!
FXPAPA=OIITA-SHAREA
KKOIJNT:1
GO TO A6

110 flO!ONO=0*O

flMIONO02,O

D~O 124 1=1,3
AREA=EXPARA/f9UTA
IF(IqEo.P)AREA:SHARFA/OUTA

lF(PIKO(1).LE.0o.()ANn.(,NIT,(I,Eql.1ANO),KKOuNTFG,3h)AND#~(,N§T4?.
-' JFQ,3*ANfjlKýOUNT,LT.3))) R!INURAADNJIRAONG)

IF((1.FQ.1.A'.ID.KI(OUNT.FQ.3) .OR,(!.EQ3,3AND.KKOIJNT.LY.3)) RII14*O00
R1OaRIO*1 TN/ 100.OARPA* Cl .PERP! N/100.)

PKXPKOC I) /100 ,OAREAO Cl ...ERPI N/100,)
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124 CON T I IEI -

A A" G4umR ,

IF (KPPfT.EQ*fl) GO To 221

19FOMT12H AYM OFDET tAYSu,%ElSq$*?lH PERCfNY'AGF AFFECTEDsorl

22 RETUR
E~I

wi, ( 9i " m U "CA
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S TPAFTC AFFE M941XPI
SUMROUYTIIE AFFFCT (RADNG*PERCAFTIMDYH)
DIMErNSION TAEXfI5),PCAFFPIO)

I~xI
25 IF(RAONýGGE.ORAD.ANO.RAD)NG.LE.(OPAO.50,:) GO TO 24

ORADNOPAfl,%O,

6O TO 25
p 24 PC~zALrMG(PCAFF(!X.1n)

PC ZALMG (PCAFF Il?
0IFF=(RA1nNG..ORAl) /50q
XNO:PC1.fllFrO(PC2wPCl)
PERCAFX.EXP(XNJ0I

.1 lF(RAODIG,Gpo'QO0O*) GO TO 65
IFR~,GG.~'#NIRD~L#09 GO TO 26
IF(RADý'GGE.4OQ..Aw!'.RADNe;,LT,6O00) G0 TO 27
?F(QADý,IG.GF'.60os.ANP.RAt)hIGt.LY150O.) COQ TO ?A

LI GO TO 79
22 PEACAF=0,

T!MDTH~100nO.
GO TO 400

pS PEPCAF=10o,

'V GO TO 16~V 26 YIMflTH=112o
GO TO 400

27 TIMflT~v56,I:! GO TO 400
f ~ TMTz~

AO TO 400I

3g IFiRADNG@GEXCRADANO.&RADNG.LE.(CRA!1'500.)) GO TO 37
it I CRA9=CQAr+500.

LL=LL.1

GO TO 1
37DIFF=(PAnNG-CRAD)l50O.
TOM1THs!AEX(LO1+IFF4 *(TAFX(t.L.1).4AEX(LLfl
RETURN

65 TZMDrTHZO*

400 RETURN
ENTI
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't~?RC ATTEN M94*XP7
SURPOUTINE AYT!NUJT0H*X.KtTW!CKqATG9ATT)
TN! CK U 'NICK 012.

'I~AYGxEXP(YR) j
SGO TO( 401,87O.K

66 EXUTM4!(K*O.flE,345
GO TO 69

67 EXUTHJ~rK*.1

68EXaTHICK4.flO6O7
GO TO 49

70 EXwTHICK0O.1*TPI.4/35. -

6,9 !FfAMS~f~X)GTslO.) Go To 51

GO TO S6
51 ATY&Os
4~6 QETURNf N! ::

S!F)FTC RADIJ
PFUNCTIMN RADINJ(tDOSE)

c INJUR~Y CU'RVES D'UE TO IONIZING PADIATION
AADNJm6*4So*lOSF-613*

IF IRADINJ.*LE .0 *0) RD~c
IF(RAD!NJ~fT,100e) PAfl!NJ10O.

IEND
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i]]
APPENDIX V

TABLES AND GRAPHS

~-;~-Tables 23 thrcugh 26 and Fig. 66 through 72 sumrfmarize"I the data employed in developing the various raass-velocity-
probability relatioiships for Table 5. Conventional statisti-cal analysis techniques were employed in determining the values
and models. Concussion to the head and cerebral hemorrhage

T have not been 'treated.
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