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SUMMARY

I. INTRODUCTION

The work reported here is a portion of a study requested by the
Defense Civil Preparedness Agency under Project Order No. DCPA 01-75-C-
0285, Work Unit 1123C entitled, '"Blast Loading in Existing Structures."

An experiment is described in which shock waves enter a two-room
shelter model. The resulting motion upon model dummies during the shock-
filling process is shown by means of high speed photographs.

II. EXPERIMENT

A 1/12th scale two-room shelter model was exposed at the end of the
Ballistic Research Laboratories' 24-Inch Shock Tube. Pressure trans-
ducers before the model and in the two rooms were used to record pressure-
time histories of the input and fill pressures during exposure to the
shock wave.

Motion of two model dummies in the front room was observed by means
of high speed photography. Measurements of average translational velo-
cities were made as a function of the front entrance area and input pres-
sure. Entrances of 49 and 20% open were exposed in the 3 - 10 psi pres-
sure range.

III. RESULTS AND CONCLUSIONS

Fill pressures of about equal to the reflected outside model pres-
sure were measured inside the rooms. The shock tube had a length such
that for the model volume to entrance area ratio chosen, the rooms would
fill during the shock wave's flat portion of duration.

Translational velocities of the dummies were found to vary as a
function of input pressure level, location within the room, and entrance
area. Predicted pressure filling and translation parameters are given
for full size shelters by scaling up the experiment to full size.
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I. INTRODUCTION

The work reported here is a portion of a study requested by the
Defense Civil Preparedness Agency under Project Order No. DCPA 01-75-C-
0285, Work Unit 1123C entitled '"Blast Loading in Existing Structures."

Results of an experiment are described in which shock waves enter a
two-room shelter model. The shock-filling process and related interior
air flow effect upon model dummies was observed. The translation
velocities of the model dummies are measured as a function of room
entrance area and the shock pressure level used. See Reference 1 for a
similar study for models of basement and mine shelters.

II. EXPERIMENT

The experiment was designed to model the case in which an incoming
blast wave hits a multistory apartment house or office complex. It is
assumed that the rooms being studied will receive full reflected blast
wave pressure. Rarefactions from nearby rooms are not considered.
Windows are assumed to break upon blast arrival. All walls are assumed
intact. A 1/12th scale two-room shelter model was built and installed
at the end of the BRL 24-inch shock tube. Figure 1 shows the three
configurations chosen for the experiment. Entrance areas of 49% and
20% open front were used with the back closed. A third case was con-
sidered with a 20% open front and with the back 47% open. All walls were
1/2 inch thick except the front wall which was made 2-1/8 inch thick in
order to mate to the shock tube end sections.

Pressure transducers of the ceramic crystal type (Susquehanna
Instruments Model ST-2) coupled by BRL impedance converters to transient
recorders (Biomation Model 802) were used to record on oscilloscopes
(Tektronix Model 565 - with Polaroid cameras) the pressures at the
locations shown in Figure 1-D. A high speed HYCAM camera on the left
side recorded on film the motion of the model dummies inside the first
room.

Figure 2 shows the grid floor plan for locating the model dummies
before exposure to the shock waves. Shots were taken with the dummies
positioned on grids (4, 6); (4, 12); (4, 18); (10, 6); (10, 12); and
(10, 18). These are referred to as 6, 12, and 18 inch lines for the
two dummies.

The model dummies were made of nylon material pinned together at
the joints. All joints were tight enough to allow the model dummies
to stand alone. The arms were loose enough to be free to rotate about

lGeorge A. Coulter, "Blast Loading in Shelter Models - Basement and
Mine Shelters,'" Ballistic Research Laboratories Memorandum Report No.
2476, April 1975, AD A0l0322.
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(C) 20% OPEN FRONT WITH 47 % OPEN BACK-CASE I

/SHOCK TUBE FRONT BACK
T /noom ROOM
gnp - J

-IN— SHOCK WAVE ——» L \
?YIBH \@ \ \\@
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(D) MODEL POSITION ON THE SHOCK TUBE

Figure 1. (Cont'd) Two-Room Model Shelter
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the shoulder joints. The weight of each model dummy was about 0.28 1bs
(No. 1, 127.9 gm and No. 2, 129.8 gm). Both were about 7.5 inches tall.

Pressure-time traces, high speed pictures, and motion parameters
for the model dummies are presented in the Result Section.
ITI. RESULTS
The results are presented in three parts. Part A shows the pressure-
time traces from the four transducer locations, Part B describes the
motion of the model dummies, and Part C lists the results in tabular

form.

A. Pressure-Time Traces

The pressure-time traces are shown in Figures 3 - 10. Case I refers
to a front opening of 49%, Case II refers to a front opening of 20%,
and Case III refers to a front opening of 20% with a back wall opening
of 47%. Positions 1 and 2, the upper picture, give the input and re-
flected traces respectively as the shock wave hit and reflected back
from the outside front of the model. A decay near the front of the
reflected trace, Position 2, shows the rarefaction effect as the model
was filled with pressure. The discontinuious drop at the rear of the
records is trace rewrite, not a pressure drop. Traces from Positions 3
and 4 are shown in the lower picture of each figure. A steady rise of
pressure mixed with internal reflected peaks is typical for the fill
traces. The greater the front opening, the faster is the fill process.

Figures 9 and 10, Position 4, illustrate the effect of the opening
in the back wall. The first room, Position 3, tries to fill but the
record from the second room shows a large rarefaction which decayed the
pressure below the ambient value. Computer code predictions for the
pressure filling are shown in Section IV-A.

B. Motion of the Model Dummies

Figures 11 and 12 are typical of the motion recorded by the high
speed camera. Other examples are shown in Appendix A. The pictures
were taken from the left side of the first room of the model, with the
entrance to the front of the model dummies.

The prone position was recorded with the front of the heads at one
of the cross lines. In Figure 11, for example, this is the line 6-inches
from the entrance. Dummy No. 2 was located 4-inches from the right
side wall and No. 1 was on the entrance center line. Distances from
the wall were kept constant for each case but the distances from the
front wall were varied; 6, 12, and 18 inches during the experiment.

The same locations were also used for the shots when the dummies were
standing. The dummies' body axes in this case were aligned over the

17




PRESSURE, PSI

PRESSURE ,PSI

UPPER - INPUT TIME,5MS/CM
LOWER- REFLECTED
(A) SHOT 24-75-1568
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WUV . S

TIME, 5 MS/CM
UPPER-FILL,FRONT
LOWER-FILL, BACK

(B) SHOT. 24-75-158
POS. 32 84

Figure 3. Pressure-Time Traces - Case I, 3.7 psi
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PRESSURE , PSI

TIME, 5 MS/CM

UPPER- INPUT
LOWER- REFLECTED
(A) SHOT 24-75-150
POS. 1&2

w
a
w
1 4
or
w
w
w
o
a

TIME, 5 MS/CM

UPPER- FILL , FRONT
LOWER-FILL, REAR

(B) SHOT 24-75-150
POS. 38 4

Figure 4. Pressure-Time Traces - Case I, 7.4 psi




PRESSURE , PSI

PRESSURE , PSI

TIME, 5 MS/CM
UPPER-INPUT
LOWER-REFLECTED

(A) SHOT 24-75-159
POS. 1 &2

TIME,5 MS/CM
UPPER- FILL FRONT
LOWER - FILL REAR

{B) SHOT 24-75-159
POS. 384

Figure 5. Pressure-Time Traces - Case I, 11.4 psi
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PRESSURE , PSI

PRESSURE , PSI

TIME, 5 MS/CM
UPPER- INPUT
LOWER- REFLECTED

(A) SHOT 24-75-162
POS. | & 2

TIME, 5 MS/CM

UPPER-FILL FRONT
LOWER- FILL REAR
(B) SHOT 24-75-162
POS. 3 & 4

Figure 6. Pressure-Time Traces - Case II, 3.7 psi




PRESSURE , PSI

PRESSURE , PSI

TIME , 5 MS/CM
UPPER - INPUT
LOWER- REFLECTED
(A) SHOT 24-75-172
POS. 1 &2

TIME , 5 MS/CM
UPPER- FILL FRONT
LOWER- FILL REAR
(B) SHOT 24-75-172
POS. 384

Figure 7. Pressure-Time Traces - Case II, 10.9 psi
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PRESSURE, PS|

PRESSURE , PSI

TIME , 5MS/CM
UPPER-INPUT
LOWER - REFLECTED
(A) SHOT 24-75-179
POS. | & 2

TIME, 5 MS/CM
UPPER-FILL FRONT
LOWER-TRACE LOST
(B) SHOT 24-74-179
POS. 3 &4

Figure 8. Pressure-Time Traces - Case III, 3.3 psi




PRESSURE, PSI

PRESSURE, PSi

...............

TIME,5 MS/CM
UPPER - INPUT
LOWER -REFLECTED
(A) SHOT 24-75-180
POS. 1 8 2

TIME,5 MS/CM
UPPER- FILL, FRONT
LOWER- FILL REAR

(B) SHOT 24-75-180
POS. 3 8 4

Figure 9. Pressure-Time Traces - Case III, 7.3 psi
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PRESSURE, PSI

PRESSURE , PSI

TIME , 5 MS/CM
UPPER- INPUT
LOWER- REFLECTED
(A) SHOT 24-75-181
POS. | & 2

TIME, 5 MS/CM

UPPER-FILL FRONT
LOWER- FILL REAR
(B) SHOT 24-75-18l
POS. 3 & 4

Figure 10. Pressure-Time Traces - Case III,

10.6 psi




SHOT 24-75-147
FRAME NUMBER TIME, MSEC. FRAME NUMBER TIME , MSEC.

0 0.2 215 112.0

153.6

75 39.2 415 216.0

80. 8 535 278.4

Figure 11. 49% Open Front-Prone on 6-inch Line, 7.5 psi
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, SHOT 24-75-150
FRAME NUMBER TIME,, MSEC FRAME NUMBER TIME, MSEC

b s
|

125 65.2

Figure 12. 49% Open Front-Standing on 6-inch Line, 7.4 psi
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SHOT 24-75-150

SHOT NUMBER TIME , MSEC SHOT NUMBER TIME , MSEC
P Tl L
s , __.i - -

75.6 148.4
- | 3
i
¥ |
1656 86.0 345 179.6
:‘ ~.
205 106.8 262.8
o ph LR
3
.:——i
q
245 127.6

Figure 12. (Cont'd) 49% Open Front-Standing on 6-inch Line, 7.4 psi
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floor grid intersections for the shots.

The frame time in milliseconds is calculated from the shock wave
arrival inside of the front wall of the model. Distance moved across
the floor grid lines divided by the frame time was calculated to give
an average translational velocity along the model room. Arm rotation
and whole body rotational velocity were calculated for several shots,
as well.

Generally, the motion of the model dummies can be described as
follows. In the prone position (Figure 11), No. 1 rotated up and back-
wards to rear of room. How fast and how far depends both on the pressure
level and line location. No. 2 tended to move forward toward the front
of the room with a rotation about the body length as well as a forward
tumble.

In the standing position (Figure 12), No. 1 model dummy moved to
rear of room in an almost upright position. Body bowed forward and the
arms rotated backward. No. 2 rotated about the length of its body,
moved somewhat to front of room, and fell into the right wall of the
room. Again, pressure level and room location determined the magnitude
of the velocities observed. The results are tabulated below.

C. Tables of Data

Tables I, II, and III list the results according to shot number,
input pressure level, position, and location of the model dummies.

Table I lists the results for Case I - 49% open front, Table II for
Case II - 20% open front, and Table III for Case III - 20% open front
with 47% open back. The tables show values of translation from "little
motion,'" < 1 ft/sec to about 50 ft/sec. Rotational velocities of the
arms vary between a few rad/sec to about 200 rad/sec. Table IV
summarizes the three separate model configurations for quick comparison.

IV. COMPUTER CODE PREDICTIONS

This section shows the results of room filling predictions made by
a BRL computer program taken from Reference 2. The predicted flows are
then utilized to calculate the motion parameters. The coefficients of
drag used for the translation calculations are taken from Reference 3
for full size persons, and are assumed valid for the model dummies used
as well.

2George A. Coulter, "Blast Loading in Existing Structures - Basement
Models," Ballistic Research Laboratories Memorandwn Report No. 2208,
August 1972, AD 751769.

35. F. Hoermer, "Fluid-Dynamic Drag," 148 Busteed Drive, Midland Park,
New Jersey 07432, published by author, 1965,
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Table I. Data from Case I - 49% Open Front

Shot Input Ambient Ambient Grid Line
Number Pressure Pressure Temperature Position Motion
psi psi °C

24-75-129 3.8 14.9 20.2 Prone-6" @®moved forward at
3 ft/sec

24-75-158 3.6 15.0 21.5 Prone-12" Little motion

24-75-142 3.8 14.8 315 Prone-18" Little motion

24-75-147 7.5 14.8 29.0 Prone-6" (@rotated up and
back at 12-18
rad/sec

@moved to right
wall at 9 ft/sec

25-75-146 7.5 14.8 28.9 Prone-12" ®moved forward at
4 ft/sec

24-75-143 7.5 14.8 31.6 Prone-18" Little motion

24-75-148 10.4 14.8 2287 Prone-6" JYmoved to rear at

4 ft/sec. Rotated
up and back at
16-19 rad/sec
@moved forward at
S ft/sec. Arms
forward at 14 rad/sec

24-75-145 130 14.8 29.0 Prone-12" Mmoved to rear at
S ft/sec. Body
rotated up and
back at 17-22 rad/sec

@moved forward at

7 ft/sec. Body
rotated toward
left at 22 rad/sec

24-75-159 10.9 15.0 21.6 Prone-12" @moved forward at

6 ft/sec
24-75-144 11.3 14.8 2505 Prone-18"" Little motion
24-75-149 3.6 14.8 24.6 Standing-6" moved back, stand-

ing, at 6 ft/sec
@rotated left at
20 rad/sec
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Table I. (Cont'd) Data from Case I - 49% Open

Grid Line
Position

Ambient Ambient
Pressure Temperature
psi °C

Shot
Number

Input
Pressure
psi

Front

Motion

24-75-151 3.5 14.8 22.4 Standing-12"

24-75-156 3.6 14.9 20.0 Standing-18"

24-75-150 UaeS 14.8 20.8 Standing-6"

24-75-153 7.7 14.8 | 24.7 Standing-12"

24-75-157 7.7 14.9 2350 Standing-18"

24-75-154 186 14.8 27.4 Standing-12"

24-75-155 101, ) 14.8 25.6 Standing-18"

Omoved back stand-
ing at 3 ft/sec.
Rotated to left
at 8 rad/sec

Orotated to left
at 8 rad/sec

O fell over
@remained standing

Omoved back at
21ft/sec. Arms
rotated backwards
at 60-250 rad/sec

@®had arms rotated
backwards at 75-
210 rad/sec. Body
rotated left at
85 rad/sec

Omoved back at
15 ft/sec. Arms
rotated back at
34-84 rad/sec.
Mhad body rotation
to left of 36
rad/sec

®Omoved back at
8 ft/sec. Arms
rotated at 14-60
rad/sec

@had a body rota-
tion of 25 rad/sec

Omoved to rear at
25 ft/sec. Arms
rotated backwards
at 125-187 rad/sec

®moved to rear at
13 ft/sec. Arms
rotated at 52-
151 rad/sec

@rotated to left
at 46 rad/sec.

NOTES: (1) Model dummy ) was placed face down or standing on centerline

of floor for all shots.

(2) Model dummy @ was placed on floor face down
inches from right wall for all shots.
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Table II. Data from Case II - 20% Open Front

Grid Line
Position

Input Ambient Ambient
Pressure Pressure Temperature
psi psi ot

Shot

Number Motion

24-75-167

24-75-162
24-75-174

24-75-169

24-75-165

24-75-172

24-75-168

24-75-163

24-75-173

3.5

11.4

151

10.9

14.9 17.4

14.9 20.6
15.0 21.6

14.9 16.8

14.9 16.0

15.0 28%5

14.8 17.5

14.9 16.0

15.0 21.6

32

Prone-6"

Prone-12"

Prone-18"

Prone-6"

Prone-12"

Prone-18"

Standing-6"

Standing-12"

Standing-18"

®moved to rear at
2-3 ft/sec.

@rotated left at
8 rad/sec.

Little motion

Little motion

@Omoved to rear at
12 ft/sec.
@rotated about
body, face to
left, at 17 rad/sec.

®moved to rear at
9 ft/sec.

@rotated upward
at 19 rad/sec to
hit ceiling.

®moved to rear at
12 ft/sec. Rotated
up at 37 rad/sec.

@moved slowly
forward and to
right.

(®Omoved to rear at
15 ft/sec. Arm
rotated at 60-90
rad/sec.

@moved arm forward
at 19-23 rad/sec.

@®moved to rear at
12 ft/sec. Arm
moved backward at
43-49 rad/sec/

?had a body rota-
tion to left of
14 rad/sec.

(®moved to rear at
11 ft/sec.

@moved slowly
forward and fell
down.




Table II. (Cont'd) Data From Case II - 20% Open Front

Shot Input Ambient Ambient Grid Line
Number Pressure Pressure Temperature Position Motion
psi psi <

24-75-170 10.6 14.9 13.5 Standing-6" moved to rear at
47 ft/sec. Amm
rotated back at
100-500 rad/sec.

®had arm rotated
forward at 109-
154 rad/sec. The
body rotated to
left and moved
forward at 35-
88 rad/sec.

24-75-164 11.1 14.9 16.0 Standing-12" @moved to rear at
40 ft/sec. Arm
rotated to rear
at 127-314 rad/sec.

®had a body rota-
tion to left of
34-48 rad/sec.

24-75-171 10.6 14.9 15.2 Standing-18" ®had body rota-
tion to left of
30-43 rad/sec.
Arm rotated to
rear at 50-127
rad/sec. Dummies
interchanged for
this shot.
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Table III.

Shot
Number

Data from Case III - 20% Open Front with 47% Open Back

Input Ambient Ambient
Pressure Pressure Temp

psi psi i

erature

Grid Line
Position

Motion

24-75-179

24-75-180

24-75-181

24-75-182

24-75-183

24-75-184

3.3 14,9 13.0

T3 14.9 13.5

10.6 14.9 M50 7/

3.5 14.9 19.4

7.6 14.9 19.5

10.8 14.9 19,2
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Prone-12"

Prone-12"

Prone-12"

Standing-lZ"r

Standing-12"

Standing-12"

(Mmoved backward at
3 ft/sec. Rotated
face to left at
25-50 rad/sec.

®moved forward at
2 ft/sec.

®moved to rear at
11 ft/sec. Rotated
upward at 23-49
rad/sec.

®moved slowly to
front.

Omoved to rear at
37 ft/sec.

®not used.

(®rotated arm back

at 151-218 rad/sec.

@moved to rear at
16 ft/sec. Arm
rotated to rear at
42 rad/sec.

Dummy @ replaced (.

Omoved backwards
at 28 ft/sec.
Arm rotated to
rear at 84-192
rad/sec.

®Omoved to rear at
37 ft/sec. Amm
rotated to rear
151-218 rad/sec.




Table IV. Comparison of Data from Cases I, II, and III
Average Input Grid Line
Case Pressure Position Position Motion
psi in.
I 36 Prone 6 3 ft/sec
49% open 12 <1 ft/sec
front 18 <1 ft/sec
7.5 Prone 6 9 ft/sec,12-18 rad/sec
12 4 ft/sec
18 <1 ft/sec
10.9 Prone 6 5 ft/sec, 16-19 rad/sec
12 7 ft/sec, 17-22 rad/sec
18 <1 ft/sec
3.6 Standing 6 6 ft/sec, 20 rad/sec
12 3 ft/sec, 8 rad/sec
» 18 <1 ft/sec
755 Standing 6 21 ft/sec, 60-250 rad/sec
12 15 ft/sec, 34-84 rad/sec
18 8 ft/sec, 41-60 rad/sec
10.9 Standing 12 25 ft/sec, 125-187 rad/sec
18 13 ft/sec, 52-151 rad/sec
II 3.6 Prone 6 3 ft/sec, 8 rad/sec
20% open 12 <1 ft/sec
front 18 <1 ft/sec
10.9 Prone 6 12 ft/sec, 17 rad/sec
12 9 ft/sec, 19 rad/sec
18 12 ft/sec, 37 rad/sec
3.6 Standing 6 15 ft/sec, 60-90 rad/sec
12 12 ft/sec, 43-49 rad/sec
18 11 ft/sec
10.9 Standing 6 47 ft/sec, 100-500 rad/sec
12 40 ft/sec, 127-314 rad/sec
18 33 ft/sec, 111-314 rad/sec
II1 876 Prone 12 3 ft/sec, 25-50 rad/sec
20% open
Srant snd 7 Prone 12 11 ft/sec, 23-49 rad/sec
47% open 10.9 Prone 12 37 ft/sec, 151-218 rad/sec
back
Standing 12 16 ft/sec, 42 rad/sec
Standing 12 28 ft/sec, 84-192 rad/sec
10.9 Standing 12 37 ft/sec, 151-218 rad/sec
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A. Fill-Time Predictions

Fill-time predictions were made by means of a computer code as noted
above. Predictions were made in two ways. First, the shelter model was
treated as if it consisted of the front room only. Then, it was treated
as one large room equal to the volume of the two rooms. The fill pre-
dictions were then made for the cases of 49% open front for a small room
and a large room, and 20% open front for a small room and large room.
All cases for the model shelter were predicted for 3.6, 7.5, and 10.9
psi input pressure measured before reflection at the front of the
model.

Table V shows a sample set of predlctlons The first head1n§ glves
the input parameters of entrance area (ft2), the room volume (ft3),
time increment of calculation (sec), ambient pressure (psi), and den51ty
of the initial input shock wave level after reflection (slugs/ft3).

The second heading gives the predicted fill parameters:_time (sec),
average room pressure (psi), average room density (slugs/ft3), flow
velocity at entrance (ft/sec), and the entrance dynamic pressure, Q
(psi).

The complete predictions are presented in Appendix B. Plots of
pressure-time for the rooms filling are shown in Figures 13 - 18. On
each plot the dotted line represents the reflected shock wave as a step
input; the solid line represents the predicted fill curve, and the
x-symbols are the data points taken from the oscilloscope records.

Most of the scatter is caused by the reflections of the internal dif-
fracted shock waves as the room fills. The computer code predicts the
average room pressure and does not allow for diffracted waves. A more
elaborate three-dimensional hydrocode might be used if greater accuracy
is required.

Fill parameters for full size room shelters are also tabulated in
Appendix B and will be discussed later.

B. Translation Parameters

A simple stepwise calculation with a computer code (Ref. 1) was
used to predict translation parameters for the model dummy when placed
on the flow centerline of the front room.

The method used was to calculate the drag from the predicted room
filling parameters - entrance flow velocity and density. Coefficients
of drag times area (Cp A, ft2 ) for a 168-1b man in the prone and stand-
ing positions were taken from Reference 3. They were also assumed to
apply to a model dummy when scaled to its area, The dummy's trans-
lational acceleration, velocity, and distance were then calculated as
a function of time by using the predicted dynamic pressure as a load for

the Cp A of the dummy. Tables VII and VIII show some sample parameters.
The remalnder are given in Appendix D.
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Figure 13. Pressure-Fill Predictions - 49% Opening, 3.6 psi
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Figure 14. Pressure-Fill Predictions - 49% Opening, 7.5 psi
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Table VII,

TIME=SEC

0,0005
040010
0,0015
0,0020
040025
0,0030
040035
040040
0,0045
0,0050
0,0055
00060
00065

04,0070
0,0075

Predicted Translation Parameters - Prone Position
at Entrance - 49% Open, 7.5 psi

TWO=RODM MODNEL=V/ASS.IFT

DISTANCE=F

ng0002
ng,n007
Ng0015
n,n026
Ng0N40
Ng0056
04,0075
0,0094
;0115
Ng0137
n,0159
Ng0§82
0’0206
n:nzzo
Ng0253

TIME=-SEC

0,0005
04,0010
0,0015
noN020
040025
04,0030
040035
040040
00045
040050
040055
040060
0,0065
040070
N,0075
NgNNAN
n,0085
0,0090
040005
ng0inn
Ng0105
Ny0110
ng0115
Ng0120
ng0125
n,N130

SHOT 24=75=150, 7.%5PSI

T

TWD=RONM MONEL=V/A=B_54FT

SHOT 24=75=150, 775PS1

DISTANCE=FT

ng0002
ngnna7z
N.NNL5
ngnnz7z
NgNN42
NgNNGEO
ngNNAn
ngoyn3
ngny2s
N D155
n;nan
ngn215
n,0246
ngn280
NgN314
04,0349
n,N385
Ng0421
NgN4s8
Ny0496
nN,0533
Ng0872
NgN610
NgNK4B
n,0s87
NgN726

VELDO

45

VELOCITY«FT/SEC ACCEL.=FT/SEC/SEC
0,5625 1325,0051
143420 1358,9100
1,9891 1204,2264
2,5518 1125,4648
340334 963,1823
3,4390 B11,1976
3,7747 67144227
4,0476 545,7249
4,2647 434,2465
4,4332 336,9275
4,5599 253,5n54
4,6513 182,8577
4,7136 124,5201
4,7523 77,3953
4,7729 41,2552

CITY=FT/SFC ACCEL.=FT/SEC/SEC
0,6625 1325,0051
1,3354 1345,7464
2,0171 1363,5397
2,6777 1321,n704
3,2871 1218,8688
3,8462 1118,2198
4,3563 102n,2n12
4,8192 925,6826
5,2367 A35,n434
546112 748,9706
5,9451 667 ,8322
6,2400 591,6107
6,5011 520,4769
56,7284 4%54,5165
6,9252 393,60156
7,0942 337,9433
742377 287,1181
7,3583 241,0882
7,4580 199,4326
745391 16241315
746036 1291533
746537 100,07n8
7,6911 74,8808
7,7178 53,3650
747354 35,3077
7.7459 20,9135




Table VIII.

TIME-SEC D

0.3305
0.3010
0.3315
0.0020
0.3025
0.3330
0.3035
0.0040
0.J345
0.3050
0.3055
0.3060
0.2365
0.207¢C
0.3075

Predicted Translation Parameters - Standing
Position at Entrance - 49% Open, 7.5 psi

TWO-ROOM MODEL-V/A=5,.1FT

SHOT 24-75-150, 7.5PS1

ISTANCE=FT VELUCLITY-FT/SEC
0.0013 5.0962
0.0051 10.2b664
0.0115 15.1¢298
0.0201 19.2966
0.0306 22.R055
0.0627 25.7083
0.05¢2 28.0640
0.0707 29.9368
0.0860 31.3894
0.1020 32.4821
0.1184 33.2752
0.1352 33.8197
0.152¢2 34.1664
0.1593 34.3605
0.1865 34 .4459

46

ACCEL «=FT/SEC/SEC

10192.3473
10340.5206
9726+ 6587
8333.7259
7017.6688
5805.7643
%“711.4057
37645.5104
¢905.1568
2186.5613
1585.0039
1086. 1154

693.4219

386.1500

170.8279




Table VIII. (Cont'd) Predicted Translation Parameters - Standing

TIME-SEC

n,00n5
n 0040
NgNnis
n,onzn
N N625
NgNG3IN
n.nns%
n,nnan
(l’nﬂdg
640060
n,NNES
ngNN&N
e NN6S
N 0070
n,0n7%
N NNAN
n,nnes
hgenNGN
n,Nn0os
(l.nlﬂn
N NINs
NeN110
NgaN115
0,0120
NyN125
(0130
n.n135
N N1an

Position at Entrance - 49% Open, 7.5 psi

TAD=RIOM MONEL=V/AmB.S54FT

SHNT 24-75=150, 7.5P§!1

NISTANCE-FT

N.0Ny3
n,nnsi
noniysd
n,nand
nN316
NgNasn
NgNKN3
N,N773
n;waso
N 1158
N 1369
N, 1590
n,1820
N,?N58
n,23n2
N,2552
n,2806
N,3n64
n,3325
n,3588
n.3853
n 4120
0,6337
N,4654
n, 4922
n.s19n
Ne5459
N,B727

VELNCITY=FT/SFC

5,0962
10,2170
15,3504
20,2627
24,7331
28,775%
32,4080
35,6510
38,5286
41,7633
43,2806
45,2048
46,3605
48,2716
AQ.46IA
50,4527
51,2671
51,9246
52‘4442
52’8440
53,1415
53,3524
53,4924
53,5763
53,5181
53,6322
53,6332
53,5374

47

ACCEL.-FT/SEC/SED

§n102,3473
1n243,36n02
10264 ,99R9
9824 ,6298
8940,7701
ANR4 9374
7264,94R9
64R7 ,7338
5753,51n3
5N69,2711
4434,6606
3848,3984
3311,4246
2R22,2163
2379,51N5
1982,7477
1628,5264
1315,1357
1nX9,1509
709,6025
504,9012
421,8093
2RN N5R7
1r7 ,R248
R3,5477
28,%4n8
1,93n5
B.35n4




Figure 19 compares the maximum predicted translational velocity at
the entrance with the average dummy velocities measured. The important
thing to notice is that higher translational velocities are predicted
and measured for the longer fill time as seen from the case for the 20%
open front compared to the 49% open front.

V. SUMMARY AND CONCLUSIONS

This section will summarize the experiment and show some predictions -
for full size room shelters.

A. Summary of Experiment

A 1/12th scale two-room shelter model was exposed to shock waves
for a reflected position at the end of the BRL 24-Inch Shock Tube.
Dummy models were placed in the first room of the model shelter and the
motion caused by the shock wave filling process was observed with a
high speed camera.

Pressure-time fill records were recorded by transducers in both
rooms of the shelter model. Computer code predictions of the filling
process were made and compared to the experimental filling. Some
translational parameters were predicted for the position near the
entrance and compared to the observed motion of the model dummy which
had been positioned on the centerline of the room.

Table IX summarizes the experimental cases tested and lists the
cases of corresponding full size predictions. The latter are described
in the next section.

B. Predictions for Full Size Shelters

Again, as for the shelter model, pressure-time filling predictions
were made for a full size two-room shelter exposed to reflected blast
pressure from an assumed 1-MT source. Reference 4 was used as a guide
for an assumed wave form and duration at each of the input pressure
levels of 3, 7, and 10 psi before reflection.

Figures 20 - 25 are plots of these input waves and the predicted
pressure-time filling as given in the tables of Appendix C for other
full size room shelters.

Again, as for the model dummy, maximum translation parameters for a
168-1b man were calculated for a position near the entrance. Tables X
and XI list sample cases; the remaining tables are given in Appendix E.

“H. L. Brode, "A Review of Nuclear Explosion Phenomena Pertinent to
Protective Construction," Rand Document No. R-425-PR ECD-AD 601139,
Rand Corp., Los Angeles, Califormia, May 1964.
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Figure 19. Translational Velocity of Model Dummy as a Function

of Location on Floor
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Table IX. Summary of Model and Shelter Parameters

Input Entrance Volume Fill
Model or Shelter Pressure, psi Size Area Area, ft Time,sec Remarks
Model-Front Room 346 30 x 10 x 10 in. 97.5 in2 5.12 .0065 0.28 1b dummy
49% Open Front 7.5 .0085

10.9 .0095
Model-Both Rooms 3.6 50 x 20 x 10 in. 97.5 in2 8.54 .0115 Cp A =0.013 ft2
49% Open Front for prone.

7.5 .014 )
10.9 .0155 Cp A =0.10 ft

for standing

Model-Front Room 3.6 30 x 10 x 10 in. 40.0 in2 12.5 .0175
20% Open Front 7.5 .021

10.9 .023
Model-Both Rooms 3.6 50 x 20 x 10 in. 40.0 in2 20.83 .029
20% Open Front 7.5 .035

10.9 .038
Full Size Shelter .0 30 x 20 x 10 ft 97.5 ft2 61.4 .075 168 1b man
Front Room-49% Open 7.0 .095
Front 10.0 .100
Full Size Shelter .0 50 x 20 x 10 £t 97.5 £t>  102.5 .115 = 1.2 £t°
Both Rooms-49% Open 7.0 145 fDr prone
et 10.0 .155 = 9 ft?

fDr stand1ng

Full Size Shelter 350 30 x 20 x 10 ft 40 ft2 150 .165
Front Room - 20% 7.0 .195 1-MT
Open Front 10.0 .215 blast wave
Full Size Shelter .0 50 x 20 x 10 ft 40 ft2 250 .255
Both Rooms - 20% 7.0 .295
Open Front 10.0 .315
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Figure 20. Fill Predictions for Full Size Shelter - 49% Opening, 3 psi
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Figure 22. Fill Predictions for Full Size Shelter - 49% Opening, 10 psi
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Table X. Predicted Translation Parameters - Prone at Entrance -
49% Open, 1-MT, 7 psi

TWN=ROOM SHFLTER=V/A=61.5FT

1=MT, 7PSI

TIME=SEC DISTANCE=FT VELOCITY=FY/SFC ACCEL.=FT/SEC/SEC
040100 ng0{00 1,9954 199,544}
n,n200 n,0395 349151 101,9644
0,0300 N.0861 5,390% 147,54n7
04,0400 N 1453 6,4632 1072723
040500 nN,2136 741945 73,1246
N, 060N N,2878 7.6512 45,6758
n,07nN N, 3656 7.8981 24,6862

TWN=RIOM SHELTER-V/A=]02.6FT
1=MT, 7PS]

TIME=SEC DISTANCE-FT VELOCITY~FT/SFC ACCEL.-FT/SEC/SED
0,0100 Ng0100 1,9954 109,5441
0,0200 NeNan1 4,0222 2n2,6736
0,0300 Ng0892 5,8138 179,1606
0,0400 nNy1550 7,3276 151,3803
n,0500 n,2345 8,5868 125,9230
N,0600 Ny 3255 9,6097 102,2864
0'0700 024257 10‘4207 8130904
0,0800 n.5330 11,0456 62,4959
040900 n,6458 11,5098 46,4177
04,1000 Ny7625 11,8382 32,8342
01100 n,8820 12,0534 21,5273
0,1200 1,0031 12,1782 12,4758
0.1300 1.1252 12,2332 5.4969
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Table XI.

TIME-SEC

N ngnn
ngyn2nn
0,NIN0
NgNann
N Nsna°
nonenn
n.n7nn

TIME=-SEC

n_oLnn
n_n2nn
n n3nn
A, N4aND
n,0snn
N nenn
n.ﬁ7ﬂﬁ
N NANN
n,ngnn
ng10nn
Ngl1nn
fh,12nn
n.13nn

® @ @ 4

Predicted Translation Parameters - Standing at

Entrance - 49% Open, 1-MT, 7 psi

THT-RINM SHELTERV/A=S] S5FT

NISTANCE-FTY

j=MT, 7981

VELNCITY=FT/SFC

N N74R 14,3658
n 2240 28,67
N,6337 39,0644
1,0504 46,0823
1,5426 5n,5523
2,16N8 53,0073
2.5977 54,2816

NISTANCE=FT

TWIRINM SHELTER=V/A=[N2_6FT

j=MT, 708

VELNCITY=FT/SFC

Nyn748 14,9658
ng2arl 29,6797
46574 42,188
141209 52,3060
1.6931 60,3334
243273 f6,5104
3.0156 71,1368
31,7435 74,4485
4,4903 76,5975
542733 78,1086
e NER2 78,8815
f,3aR7 79,2053
7.6a10 79,2630

58

ACCEL.-FT/SEC/SFC

1406,58n4
lSon;looD
1N1g,6611
701 7802 .
446,99R8
254,5065
118,424

ACCEL ,=FT/SEC/SFC

1406,58n4¢
1471,3884
1250 ,8392
1N11,7047
R02,7399
(»13‘50‘;3
461,7414
331,1705
224,8953
141,1186
77,2829
32,3845 -
5.7717




Figures 26 and 27 show the translational velocity for the prone and
standing positions for the man. They have been calculated for the full
entrance flow conditions as a function of the percentage of open front.

Again, the predicted velocities are higher for the longer fill times
as seen from the case for the 20% open front.
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