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ABSTRACT

Experimental results are given for the effect- of shock wave in-

duced interior flows on small objects placed inside a 1/12th scale base-

Dent shelter. Pressure-time records and high speed photographs of the

internal air flows created by exposure to outside shock overpressures 4

of 5, 10 and 20 psi are presented. Flows down the inside stairway into

the model were found to create a large scale circular motion around the

room. Cross-the-floor components of velocity caused by these flows are

given for the motion of the various objects placed inside the model.
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I. INTRODUCTION

Initial results obtained from a 1/12th scale model of a basement

shelter were reported from a study of the interior blast created flows

obtained from the HRL 24-inch Shock Tube. The experiments were designed

to simulate the flows and loading w~thin a 100 person basement shelter

when the above-ground floors have been 2emoved by the incoming blast

wave.

Earlier results obtained by a smoke tracer method from two-

dimensional models indicated downward directed flows from the entrance.

These results tend to be verified by the pressure-time records obtained

from the present three-dimensional 1/12th scale model. In addition,

low pressure vortex regions were measured from positions near the open

stairway withirn the model.

A second phase of the experiments colsisted of photographing with

a hig#. speed camera the flcw-induced motion of linear scaled (1/12th)

OCD survival packages placed within the basement model. The density

of the scaled objects was left the same as the full-size packages.

This report shows pressure-time histories from various interior

positions of the model, selected prints of frames from the high-speed

photographs (Fastex at about 3000 PPS), calculations of average

component velocities of some of the objects placed inside the model,

and post-shot sti'-l photographs to show the final object placement after

motion has stopped.

II. EXPERIMENTS

The results from the two-dimensional model reported in BRL

Memorandum Report No. 2118 indicated strcng downward directid flows

when the shock waves entered overhead. The object of the first part of

the present experiments ulas to measvre the interior pressures which were

indicated by the two-dimensional results. This was done with pressure

probes using a three-dimensional model with a stairway as the entrance

to the basement. During the second part of the experiments, the
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pressure probes were removed and small objects were placed inside the

model. High speed photography was then used to observe the motion of

the objects as the shock wave entered down the stairway.

A, Pressure Measurements

The 1/12th scale model of a 100 person basement shelter which was

used during the experiments is shown in Figures I and 2. The orienta-

tion to the shock wave is as shown with -dhe shock wave moving down the

stairs. The transducer locations are shown in Figure 2. The front of

the pressure probes were positioned two inches above the floor, facing

toward the stairs, and at the positions shown. The side-on pressure

transducers were mounted two inches to rear of positions as shown, flush

with the floor. eositions 1 and 1-A transducers were used as pressure

monitors from shot to shot.

Susquehanna Instrument Model ST-2 transducers were used in both the

flush positions and the probes. These piezoelectric transducers were

coupled through Kistler Model 566 charge amplifiers to a Bell and

Howell tape machine, Model VR-3300.

B. Photographic Reccrding

For the photographic phase the pressure transducers were removed

except for one transducer to monitor the pressure ac the center of floor.

Small objects were made to 1/12th the linear scale of several OCD

Survival Packages. These are listed in Table I with pertinent informa-

tion. Pictures were taken of the motion of three of the nylon cylinders

exposed to input shock overpressures of 5, 10 and 20 psi at several

locations inside the model. Figure 5 -hows these location3. The totai

number of objects were then stacked together to simulate possible

storage positions of the OCD Survival Packages. Figure 4 shows the

stacking and positions used.

The motion of the objects was observed through a window in the end V

of the model away from the stairway. A 16mm Fastex camera operated at

about 3000 PPS slowed the motion sufficiently for observation. Five f

500 watt photoflood lamps (DXC) placed very close to the glass windows
gave sufficient light to record on either Tri X or on Extachrome 7242

10
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color film if the developing were increased for the color film.

Still photographs of starting positions and end locations are

presented in the Results Section along with prints of selected frames

from the 16mm films to illustrate the motion of the small scaled objects. I
III. RESULTS

I

The experimental results are presented as pressure-time records in

Appendix B and as selected frames from the high speed fi.jms, shown in

Appendix D.

A. Pressure-Time Records

Table A-I, Part A (Appendix A) lists information pertinent to the

pressure transducers' locations, the ambient conditions, and descriptions

of the observed waveforms. Figure 5 shows pressure-time records obtaired

from the front row probe positions for a shock wave of 5 psi outside the

model entrance. Pressure-time records from other positions are shown

in Appendix B. A study of the traces show several characteristics.

(1) The traces from positions nearest the stairway showed large

pressure dips between 3 and 5 milliseconds with the largest dips recorded

near the bottom of the stairway. These dips probably indicate the

presence of low pressure vortices from the stairwell edges. (2) Some of

the positions (such as (1)) gave traces with quite large pressure peaks

indicating probably reflections of the shock wave from the walls of the

basement model. (3) Records from positions near the center of the floor

showed most nearly ideal smooth fill records indicating a lack of both

vortices and reflections. Figure 6 displays the results of the BRL

room fill predictions with experimental data observed at the center of

the floor. There is a slight displacement of the data from zero time

§ (entrance of shock wave onto stair.- due to the arrival time of the

diffracted shock at the center of "_ne room. An entrance choking para-

meter and a plot routine (Figure 7) have been added to the program as

reported in BRL Memo Report No. 1987, June 1969. The sonic fill case

also has been included (see Figure 6-C at the beginning of the curve)

18
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but does not seem to better the predictions.

B. High Speed Photographs

Table A-I, Parts B and C (Appendix A) list the results of the

experiments with small objects placed in the basement model. The motion

as observed by the high speed camera is listed as a function of the type

of stairway (open or closed), the .3osition in the model, and the shock

pressure, P , to which the model was exposed. Figure 8 illustrates one
5

case of this motion. Other positions tested are shown in Appendix D.

Post-shot st..ll photographs are shown in Appendix E to show where the

test objects finally ended up on the model basement floor. A general

clockwise pattern of motion about the room was observed in the motion

photographed.. The details and magnitudes are summarized in Table A-!.
These are pointed out in the Summary and Conclusion Section.

IV. SU44APY AND CONCLUSIONS

The experiments reported made use of pressure transducers and high

speed photography to measure the pressure-time profiles and flow

effects at various location'; inside a 1/12th scale model of a 100 person

basement shelter.

The pressure transduce:.s recorded three major wave shapes within

the model during loading with exterior shock waves. (1) A low pressure

dip was reci,rded at positions near the stairway and is attributed to a

vortex sheet extending down from the stairwell. The greatest pressure

dip, or lowest pressure, was measured near the widest stair opening

which is at the foot of the stairs. (2) A generally smooth pressure

filling curve was observed at positions near the center area of the

floor. (3) Multiple pressure peaks were observed superimposed on the

general filling curve when the transducer positions were near walls.

These peaks were probably the result of internally reflected shock

waves from the various interior surfaces.

22
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As the exterior loading shock wave was increased in over pressure

from S - 20 psi, the low pressure vortex effect extended greater

distances into the model, away from tha stairway.

A comparison of the high speed pictures of the motion of the nylon

cylinders for the case of the open stairway indicated the following
Sthings. (1) The general notion of all the cylinders indicated that the

air flow spilled over the edge of the stairway and gave a clockwise

rotation to the flow (for the model-shock wave orientation used).

(2) The stronger flows existed near the bottom of the stairs since objects

placed there showed the greatest motion. (3) Cross the floor components

of velocity ranged from values of 4 - 14 ft/sec at Row 1 for initial

motion (during time for the room to fill) to values of 1 - 2 ft/sec for

long term velocities which occurred well after the room filled.

(4) Ntion appeared less at positions near the center area of the room.

The package cc.•taining all the objects moved much the same as the

single cylinders did. The following observations were made. (1) The

left front corner under the stairs seemed to give the most protection

for the S and 10 psi loading. (2) All positions tested at the .0 psi

loading showed motion of "pack'.'. The component objects were blown out

of the "pack" at velocities of 10 ft/sec to 82 ft/sec, for the lighter

sobject "El. (3) Initial notion of the "pack" occurred within the room

filling time.

A comparison of notions of the cylinders for the open and the closed

stairway showed about the same kind of motion for each case. A somewhat

smaller cross-room component of velocity was measured with the closed

stairway except when the 20 psi shock wave was used. The incoming high

speed flow was apparently expanded in area enough at the 20 psi loading

to include the right end cylinder within the initial flow. The direction

of motion changed from toward the right wall to a new direction,

diagonally toward the left rear of the basement model. The long term

motion of the cylinders seemed about the same -"or the open and closed

stairways.

24



Work now in progress includea the addition of a side window Zo the I-

present basement model to observe lengthwise notion along the room. A

new model is being designed to simulate a 1000 shelteree size basement

shelter. A much longer shock wave will be used to load the new model.

This should help to predict the motion of the objects as a function of

i the exterior shock waveshape.

tU
=

*
I
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25 The folliwing page is blank.
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APPENDIX A

TABLE A-I. SUMMARY OF SHOTS
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I

USE OF APPENDIX C
The computer program for the prediction of the average pressure-

time fill of a room is written in Fortran IV with slight modification

for the BPi.. computer. The plotting routines are for the Calcomp

Plotter. See ARDC Tech. Report No. 6, July 1970, Aberdeen Proving

Ground, Md. 21005.

The input data are shown at the end of the program. In the order

listed, they are: the area of the entrance (square feet) to the room,

the volume of the room (cubic feet), a characteristic time (seconds)

chosen to give a smooth filling curve, for example, about equal to

( 05) (Volume/Area)/(Ambient Sound Velocity), ambient pressure (psi)

before the shock wave enters the room, and the density (slugs per cubic

feet) of the input shock wave.

The second set of i'aput data is made up of time (seconds) and

pressure (psi) points from the input shock wave.

The third set of data (after the negative control card) is time

(seconds) and pressure (psi) points from the experimental fill curve

that is being compared. A negative control card separates sets of

data.

The ambient density in the room before the shock wave enters is

given on Line jl of the prograq as D3. This value is changed as needed

for new condi.tions.

Fill curve tables are vrinted out a-, a function of time and a riot

is made which contains the input wave, the predicted fill curve, and

the experimental data points.
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*S15r04kANY :-HAMHER r1 L PA!TY CO.JL!ER ;- 72
LISTCCARDS) 2

o4~xTg 3) m~$3 
I10 'A XO( 2 00 C I - 1%r-S4 V

O1mENSI0OJ xc5o0) .Y(50fl),Tx(530).P2C50C).TI(10),T2(l0) .73(10).

COMMON 83(5nO~l)
±FORMAT(-E.2.6)a

2 CRAT(=lý.3v4Exb.6) 19
3 FORMAT{ R0x) 14 FORMAT(iX.5H'.EA1,9X.6HV0 UMF.12X, 4I.4'ME,11x,FN~PRESSURF, 211

1 x.7Hn.4fEsj~y) 12
5 rOM~lw.m-1XBPP~jE1X4iE,-1x2l2 i3

1 13x*3HDaT) j4

1 12Xo3A4P-1z 16
G2=,285.1 18

10 READ(5,-)A2.Vx,T!.P30A,Pl 2

22
WRIT=(6.2)AŽjv,T3T!.a30A.Dl 23

WRITE(6.5,' 25
WIT'P'6.6; 26

wR!T=(6.3) 27
1 28

T:o. 29
P30:-39t.:44, 30

r,3=P30 32 1;

20 REAV(5:1!T-R3,A.0,fC., 34
!F*(RT.; T.0-0) G3' 3a, 35

X( * .)r 38

46
00 40 :1.%- 47I I -II3i4 j
CFP.GT.~r -O 60 563

30 :395~l 44.:35
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JE *CW *UE 
60

DES (P13 **G1 )*D3 
61

REsUE OD EOA2 0T T 
63

R3NZD3ov3-RE 
64

V3N3R3N/V3 

6

P3N2P3-CRSE/V3 ).(U; 2/G4+P1,DE,) 
66

U2 xoUE 6
D2cDE 6

60GO TO 7 0 
6 9

60p3lvp3/ 01 
70

CW z0,9 l5 wO .34 5,4 *P3 l 
71

IF(P31.LT.D.528)GnT3 90 
72

U2283G3 *P1 /D lT) *(1  .-P3l**G2) 
73

30TO 91

9 0 J 2 ? x(g .8 3 3 *o ,&/ O j1 ) / 3l 
75

9 1 
72: 

Q T U 2 
6

02=(fP31*.Gj ) *P1 
78

R2xU2*A?*D2-TI 7

R3=D3.V3 
80

82

P3N:D3N*(u22fG3*PS/D2,P3*932Vn3)/(l .4R32) 
83

70TzT *TI 
84

P3NA Z( P1N-P30 /j44, 
85

PDT:92s%,2.-U2/?88. 
86

WRT(-)-3AoNuE 
87

P3=P3N a
D3 =D3.1 89

CALL HOLDtT.OS5VA*TX#P2#4) g

!F(T.LT.x(Nfl) 5

CALL OUT(Xpvy,TXPP2#JN! 93

GO TO in 
93

END93

DIMENSI-IN XT(l) ,F.(1),Tcle) Du935
N=ND ODIN 94

31 Nl=(N-1'/2: 
DON 95

N2=tN/2 
DOIty 96
DON 98

7: N:NPN?. 
I)IN 970

41 N4 =N142 
?ION 19

IF(XT(l1.XTi2)22,80,63 
INil

22 CONTINULW 
nn!N 101

IF!X-2,*XT(1)*XT(2) )20.20,2l 
nOIN 1042

21 IF(X-.OXTINP,.xT(ND-1 ))4 ,2 2 nn N 103

42 IF(X-XTrU4))4543.4j 
D'31N 104

43 1F(k4-N3)44.45,44 
nnIN 107

44N4zN4+1 
ODIN 106

6070 42 
nDIN 107

45 N4zN4-1 DDI 1108

N5=N4-N 
flOIN 109

&D0451z1.N 
ODIN 110

T(j)zFTCN5) 
DOIN 113

46N5zN5+1 
ODIN 112

L: (Nt1) 2 
ODIN 113

TR=T(L)ODIN 116
N6zN4 M 1
N7zN4*1 ODIN 117
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Ju xDOIN 119
UN2: 1.0. DD!N £20

U1)n .I fNl 121
0012,j-:£ N? O! 2
N5=N4.N! !Dn!N £23

~j3~~jwJn)DN £24
~O~~a,.3 DDN 125

N8zN5*j DI 2
TU)cT1. -T j ) /CXTeJ8).XTcN5) ) DDIN 127

9 N5=:,j5. i DDN 128
Q0TO~jq~jflfl!DN 129

IC Ur=W2 .~r~ DDIN £30
OiDINi 131

N6N6- £ DflhN £32G0 T0 12 DDtIN 13311 UN=UN.'y-Y-TCN7) ODN! 134
JU~l Dfl!N £35
N7=N 7 +1 ODIN 136
L=L1 DO IN £3712 TIR:TqR.II.T C L ODIN £38
CA=TR ODIN £39
qETURN DDIN £40

20 DRpINT50,X.XT(j1 XT(%P) nnIN 141
STOP DDIN £42

a50 FORMAT(,;3? AR,;. N~OT IN~ 7ABLE X= .F14.7.9'i XT(1)= WO~nN 143
1 E14.7,1P)H XT(N=)= #E14.7-6 4 ODIN) OflIN 144

9130 FINT5j.N3.,O DIN 145
5£ FORMAT(22.z TA'3L= TO- SMAL- NP= *15.64 NDr PT5,6H DDIN) ODIN 146STOP DOIN 147
60 !FCX-2.-XT(i-)*XT1(2))61.20.2 0  DDIN £48
61 IFx2*Xf *7(.-)20,72.72 ODIN 14;72 I"-XT c No1 )73, 73, 4=,DN 573 IF(N4-i3)!4#45#74 flOIN £51

74 N,=N4*1DOIN £52GOTC 72 ODIN £5380 PRINT 5ý .X7(i ODIN 154
CSTO)P ODIN 155

52FJRMATi-3r4 CON~STAN\T TAB-E XT(j)= *E14.796H DDIN) DOIN 157
..IST £58

to 159c £60
C OM'PILE DISt> LABEELA, AtL 16£

t £ 62SUB3ROUTINP flUT(XysTP2,J.NN) £63
D'40ENSION XCg500 9pYC500).T (SOo)sP2(500).Tl10£),T2(£o),T3(10) 164
-COMMON 89(5050O) £65
'JT=J$ J=:0 £66

50 FORMAT(ICHAMBER FIL- - BRLI,11-)) £67
51 FORMATvtPREqSURE - -

5'S'-£H>) £685i FORMAT!9TImc - SECOND'1H>) A6
mCALL PLTCCR1-l.G,1,3P.(1)pBBC5O

00,) £1 0ENCODE £o0~ 0#q' £71ENCODE(1oot,1£,T2)17
ENZOODE(100#52-'?3 173
YNNZY(NN)S v(NN)0O.0 173A
CALL FIXSCA(Y(£) .NN9 6 .0.PSPMINPMAX.PIN) 174

CALL PLTCCD:1,.O,(1 ) P2 (1),NT,0,TMIN.TIMAX,FMINPMAX) 177
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CALL PLTCCD(4.OxI),(I9N

CALL PLTCCT~o.±,
1,T2 .1 *1'0#0.0XT#yT)18

T2MNT*OSYTR:1MIN-PS*.Q
6  

182CALL PLTCCTC;.1.TSAj,0.0.,1. 0,xy,yy) 
182

XTzT~M1N*TS*
3#s YT=PIAX*QS*.0 2 5  

184CALL PLrCCT( 0.2'?ll),D.D0.0-XT.~, VT) 
285

CALL LABELA(DX,P1N,TMIN.rMAXPHIN.PMAXIol 

186Do 25 Mzl,NTS P2(14)0.0S TfM)=g,0  
18725 CONTINUE 

1890030 121.110,5 
0

qEAD(5.300)T( I 'P2ii 41 l~jl 'P:1.1).rc '2).P2c 1.2), 191
300 FRMATln(F.0))192DG 28 IKtloiS JK21K-1199 IFCT(I~j),4K.0T0)G3To 29 

19528 CONT'INUES GnTo 30 
19629 4JTaI.jK-IS GOTO 31 
19730 CONTlINUE 

9.3 1 lr(NT,Eg.O)GOTO
0  

1 9940 CALL PL!CCP 

0RETURN 

201=No 
203c 

~203QS U B R O U T I N E 4 Z D T P N * X P , )2 0 5DIMENSION Txt503i)-P2(500) 
206,J=J~iS TXCJ)=TS P2Cj)=PSNA 
907RETU1RNS END 
208

*DATA 
9

a264EOO *3704E01 .25E-03 -149F02 .390.OEoo ,10302 .14E-02 1.07F02 .281E-02 1EO.* 421E-02 :113r1:02 .5616-02 
ti1

3ED2 .699E-02 .111F02.942E-02 .0~2 .982F-02 .102FO2 .112E-Di '9?5FOl
t16SE-01 *843r-91 .182E-01. 1814ED1 *197E-01 .7831:01.211E-01 .764ca1 -253c 0 1i .6761:01 *3 09E01i *54SPOI. 3 51E-01 44c~ .407E-01 .3211:± .4 4 9E-01 .23F~o155-1 .128p03 .547E-01 .680E0 .604E-01 .5 3Foo
0,0 0.0 .0014 1.59 .0028 2.63 .0042 4*14 D00S6 5:02.007 5,97 .0984 6.7b .0098 7:75 .0112 e;44 .0126 8.88IC4 9.10 .0154 9.10 .0168 8:91 .0162 8.61 .0197 8.19.00211 7.66 .0253 6.55 .0323 4:5 .ss 0379 3:41 .0435 2.34.0505 1.28 .0533 0.95 .0561 0.61 .0590 0.38 .0604 0.28

PROB 
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APPENDIX D

HIG•I SPEED PHOTOGRAPHS - MODEL 40
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SHNT 521

Frame Number Tibe,!sec. Frame Number Timeflisec.

0 0 20 60.9

40 12.2 290 79.1

so 24.3 380 115.7

140 42.6 500 152.2

Figure 1)-I. Open Stairway-Cylinders Tied, Row 1- 5.hpsi
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SHOT 507JFrame Number Time,Msec. Frame Number Time,Msec.

Ii

24 7.7 514 1645

46 15.4 Sze 201.0

392 61. 331k 266.2

Figure D-2. Open Stairway- Cylinders on Row 1 - 2 0.3psi
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SHOT 511

Frame Number ThmeMsec. Frame Niumber T'ieysec,

4

272

o - -oo..-.

ii

I4 ~ 4O!1,

14

Figure D-3. Open Stairva-Cy~dncers cci Row It - lO.2psi



i

SHOT 512

Mrame Number -irmlPzec rae Ixmber T•ineqNsec,

7 73

I m m O 2407n

* i'

I

;I 11 $3 )1 402 1?tl.

Figure D-4. Open tairway - Gy.'inders on Row S - 10.1 psi



SHOT 514

Frame Number Tiwe,Msec. Frame Number Tirne,Msec.

74
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SHOT 515

Frame NMece Frame Number Tfrme,Mveeo

II

138 40.9 462 136.9

206 6; D 507 150.2

252 74.7 553 163.8

Figure D-6. Open Stairway-Pack Left Front - 20.5psi
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SHOT 526

Frams Number Iime,?lsec. Frame Number Time,Ysec.

ID 0 __0 ISO 5.

2.0 90.4

4 2713

so 19. 1120 3611

Figure D-7. Open Stairway-Pack Left Rear -20.7psi.
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SHOT 520

Frame Number Tlme,r.sec. Frame Number Tuae,Msec.o

0 0 140 45.5

go 6.5 ISO 56.5

M6 0.0 71.5

Figure D-8. Open Stairway-Pack at Rear -21psi
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SHOT 523

-rame Nunber Thime,Hsec. Frame Number T7me,Msec.

0 0 280 85.2

120 36.5 340 103.5

160 48.7 460 140.0

200 60.9 520

Figure D-9. Open Stairmq-Pack at Right Rear - 1O.5.psi
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SHOT 533

Frame Number Tim e,,sec. Frame lNumber Time,Esec.

0 0 173 59.7

33 11.4 213

93 32.1 253 87.2

133 45.9 293 101.0

Figure D-1O. Closed Sta1iray-Cylinders on Row 1 - 5.2psi
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GHOT 534

F-aaue Number ?b'me,14sec. Frame Number Taimegtsec.

0 14046.7

20 6.? GOD60.

60 200220 73.

to0 33I 60 i6. 7

Figure D-11. Clsdoairway-Cylndweor; o 02s

80



SHOT 537

Frame INumber TiDiGEsec. 'Frame Number Time,Ysec,

IJ

•.34 II.0 111 4 ;'13

S54 t 7.5 134 43.

SFigure D-12. Closed Stairway-Cylinders ort Raw 1 -20.6psi
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SHOT 537

.rame Number Time,1Esec. frame !Number Time,Ysec.

49.6 194 62.6

174 56.3 214 69.2

Figure D-12. (Continued)
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I
SHOT 535

Fram Nwaber TimeMsec. Frame Mmnber Time,.sec.

0 220 66.7I4
40 13.3 300 100.0

s0 26.7 340 1 13

$q

120 40.0 460 153.3

Figure D-13. Closed Stairway-Cylinders on Row 3 - lO.2psi
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APPENDIX E

POST-SHOT PHOTOGRAPHS - MODEL 40
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I

SHOT 505 ROW I 5 PSi

(Ai

SHOT 508 ROW 2 5.3 PSI

Figure •-1.. 'irial Position of cylin.,ers - 5psi
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-A

11

PRE-SHOT 521 ROW I

_ (C)

- SHOT 521 ROW i 5.4 PSI

(G)

Figure E-1. (Continued)

87

S.)- - ~ ~ ~ - -z~-~~



SHOT 506 ROW I 10.1 PSI

SHOT 510 ROW 3 10.3 PSI

FFigure F-2. Final ?,osition of Cylinders - lpsi
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SHOT 511 RO'e 4 10.2 PSI

(C)

SHOT 512 ROW 5 10.1 Ps I

(D)

Figure E-2, (Continuied)
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SHOT 514 POSITION I IG3 PSI
i: (A )

SHOT 515 POSITION I 20.5 PSI

(8)

Figure E-3. Pack U'tarted in Position I
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SHOT 522 POSITION 2 5.3 PSI

(A)

SHOT 523 POSITION 2 10.5 PS.
S~(8)

Figure E-4. Pack Started in Position 2
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ii

|

F* E- SHOT 519 POSITION 3

(A)

SHOT 519 POSITION 3 2G.5 PSI

(8)

Figure E-5, Pack Started in Position 3
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SHOT 520 POSITION 4 21.0 PSI

Figure E-6. Pack Started in Position 4
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II

It

SP~OT 517 POSITION 5 10.5 PS I

SHOT 518 POSITION 5 20.5 PSI

Figure E-7. Pack Started in Position 5
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SHOT 525 POSITIONI 6 10.3 PSI

* (A)

SHOT 526 POSITION 6 20.7 PSI

Figure E-8. Pack Started in Position 6
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I. INTRODUCTION

The results are presented from a study of shock wave induced flows

in the interior of a 1/12th scale basement model. T•he experiments were

designed to simulate the flows and.loading within a 100 person basement

shelter when the above ground floors have been removed by the incoming

blast wave.

II. EXPERIMEN'iS

"The 1/12th scale basement model was mounted beneath the BRL 24 inch
shock tube. The shock waves of input pressures 5, 10 and 20 psi were

directed down the connected stairway, into the interior. Pressure trans-

ducets were mounted in the floor and in probes mounted two inches off the

floor to record the interior pressures. During a second phase of the

experiments, the probes were removed and small objects were placed inside

the model. High speed photography was then used to observe the motion

of objects under the effect of the internal flows.

III. RESULTS AND CONCLUSIONS

The appendixes of the report contain a summary of the shots, pressure-

time records, and selected frames from the high speed films.

The following major pressure-time records were recorded within the

interior of the modtl.

A. A low pressure vortex dip near the stairway was observed.

B. A generally smooth pressure filling curve was observed near the center

area of the floor.

E C. Multiple pressure peaks were observed superimposed on the general

filling curve when the transducer positions were near walls.

"A comparison of the high speed pictures shows a general small ob-

t ject rotation around the interior in a clockwise direction (for the

model-shock wave orientation used). Velocity components across the floor
Sq,7



f: ranged from values of 4-14 ft/sec initially at the front to !owor vaiues

of 1-2 ft/sec for greater times after the interior was filled with

pressure.

Work now in progress Include the addition of a side window to the

present model to observe lengthwise notion along the room. A new model

is being designed to simulate a 1000 shelter size basement.
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