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ABSTRACT

Experimental results are given for the effects of shock wave in-
duced intezior flows on small objects placed inside a 1/12th scale base-
ment sheiter. Pressure-time records and high speed photographs of the

intemal air flows created by exposure to outside shock overpressures
of 5, 10 and 20 psi are presented.
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Flows down the inside stairway into

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

Cross-the-floor components of velocity caused by these flows are
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given for the motion of the various cbjects 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 2 study of the interior blast created flows
obtained from the BRL 24-inch Shock Tube. The experiments were designed
to simulate the flows and loading w3thin a 100 person basement shelter

when the abuve-ground floors have bsen 1emoved 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 within the model.

A second phase of the experiments consisted of photographing with
a high speed c.amera 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 stiZl 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 directed flows
when the shock waves entered overnead. The object of the first part of
the present experiments was to measvre the interior pressures which were
indicated by the two-dimensional results. This was done with piessure
probes using e 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 a2 100 person basement shelter which was
used during the experiments is shown in Figures 1 and 2. The orienta-
tion to the shock wave is as shown with the 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. +rositions 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 prescure 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 0CD
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 % shows these locations. The totail
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 Y

+ Rone R At P s 5 A

of the model away from the stairway. A 16mm Fastex camera operated at
about 3000 PPS slowed the motion sufficiently for observation. Five
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 l6mm films to illustrate the motion of the small scaled objects.

ITI. RESULTS

The experimental results are presented as pressure-time records in
Appendix B and as selected frames from the high speed fi:ams, 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. [ressure-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 iow 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 stairs” due to the arrival time of the
diffracted shock at the center of “ne room. An entrance choking para-
meter and a plot mutine (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)
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but does not seem to better the predictiomns.

B. High Speed Photographs

Table A-I, Parts B and C (Appendix A) list the results of the
experiments with small cbjects 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 osition in the model, and the shock
pressure, Ps, to which the model was exposed. Figure 8 illustrates one
case of thic motion. Other positions tested are shown in Appendix D.
Post-shot still photcgraphs are shown in Appendix E tc show where the
test cbjects 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-I.
These are pointed out in the Summary and Conclusion Section.

IV. SUMMARY 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 locations inside a 1/12th scale model of a 100 person
basement shelter.

The pressure transduce:rs recorded three major wave shapes within
the model during loading with exterior shock waves. (1) A low pressure
dip was recirded at positions near the stairwsy and is attributed to a
vortex sheet extending down from the stairweli. The greatest prescsure
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
filoor. (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.
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As the exterior loading shock wave was increased in over pressure

from 5 - 20 psi, the low pressure vortex effect extended greater
distances into the model, away from th2 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
things. (1) The general motion 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 rooa to fill) to values of 1 - 2 ft/sec for
long term velocities which occurred well after the room filled.

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

The package cc.:taining all the objects moved mich the same as the
single cylinders did. The following observations were made. (1) The
left front comer under the stairs seemed to give the most protection
for the § and 10 psi loading. (2) All positions tested at the 20 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

object "E". (3) Initial motion of the "pack" occurred within the room
filling time.

A comparison of motions 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 =xpanded 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.

-

S R P

ISR BRI S5,




WA L T

e,

Work now in progress includes the addition of a side window to the
present basement wodel to observe lengthwise motion along the room. A
new model is being designed to simulate a 1000 shelteree size basement
sheltar. 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
the exterior shock waveshape.
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APPENDIX A
SUMMARY OF SHOTS
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APPENDIX B
PRESSURE-TIME RECORDS - MODEL 40
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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 BRL computer. The plotting routines are for the Calcomp
Plotter. See ARDC Tech. Report No. 6, July 1970, Aberdeen Proving
Ground, Md. 2100S.

PR,

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 (siugs per cubic
feet) of the input shock wave.

The second set of japut 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 3] of the prograa as D3. This value is changed as needed
for new conditions.

Fill curve tables are printed out as a function of time and a riot
is made which contains the input wave, the predicted fill curve, and

the experimental data points.




TB175  FORThAN THMBER FI | RAlTY = COuLTER FcCB 32
LISTICARDS)

%aXT({ 3y ~ixag
MAX0¢ 206003 IAES
DIMENSION x(500),Y(5002,Tx(530),02¢500),T1¢15},T2(10),.73(10),
ivyi{500)
COMMON B3(S5n09)

[ i~ B« B SJL VR RV TR SV, N RS

i FORMAT(~E12.6)

e - CRMAT(212,3,4E156.6)

3 FORMAT(30x) 1

4 FORMAT(SX.5HAREAL,IX, 6HVO UMF,. 12X, 4HYIME,11X,BHPRESSURE, 1
1 BX, THDENSTY) s

> FORMAT( Ix, 4T Mz, 10x,8HPRESSRE, $0X, 44NENT, 13y, 2Hy2, 13

1 13X,3upoT)
6 FORMAT( 4X, 7nSECONSS, 10X, 3-PS1,10X , B4UE-52/F 4, 11X, 34FPS,
1 12X,34P<0)
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=

=
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E' §§ 16 READ(S, " 142,y3,T1,P30a,01 20 ]
g = ARITE(6.3) 21 %
E = WRITE(S, 4 22 3
¥ B WRITZ(6.2)42,v3,71,3304, 58 23z
!E = xR1TE16.3 2a £
= 5 WRITE(6.5! 25 3
g = WRITE(6.5: 26 3
e ¥ - WRITE(6,3) 27 2
3 g% 1=t 28 2
s = =0, 29 3
. = . P30=°351e:4¢, 1w 3
E £3=,580233 31 %

= . £3:P30 32 ]

= Js 32 z

= - 2

= 20 READ(S:-:1RT., R, 8404004 3¢

% 1IF(RY,. *,2,0) g2 *CG 3p 35 EA

= X (1)=R~ 3 3

§§ X{l+1)=a 37 g
X(le2)=r 38 =

g Y(IY=Rp 33 3
Y{le1):=8 a6 3

§§ Y(le2)zy as ;‘j

B I1=1<3 42 %

3 60 T4 2¢ 43 2

a2 30 Mzz.i P 3}::

NNz N a5 2

HE Y 46 E

= DO 45 X=1.N- &7 E

: YY{I3=Y(!) 48 3

%% Y(I)3Y{i)elaa. +23n a9 =

= 40 1=1e} Sg >§

;% 50 TA=YeT1 51 =z

3 CALL BVIINT(T,Pa,xsYsNN,2) 52 2

g§ CALL DVAINT(TA,25,X,Y.N¥,2) 53 2

& N1z (PA+2B) /2, 54 =

= DiT=({P1/Y{1))eaG1)=D1 55 E

= 1F¢(P1,GT,531Gs 7§ 6§ 56 j_%

£: P13:P1/P3 57 E
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UExSQRT(UE2)
JECWeUE
DEz{P13+0G1)eD3
REzUEeDFeA2eT]
R3IN=D3e\ 3-RE
DINZRIN/VI
P3N8P3-(RE/V3)o(ULZ/GSOPIIDE)
U2zeyg
D2=3E
G0 T0 70
p31=p3/01
cWzQ, 915’0 * 3‘.)‘.':31
IF{P31.L7.0-528)G6n12 90
U223 (G3+P1/D1T)e(1.-P310e(32)
3070 93
J222(p.833e24/D17)1/51
J2:80RT(y22)
J22Cwey2
D2=(P3108G1)eNgT
R23U2sp2eD2aT1
R3=Dp3Iev3
R3I2=RI/R2
DINS(R2~R33/V3
P3n=g3N0(022153¢P31920P3'E32/n3)/(1.0R32)
T=TeT]
PINAS(2IN-P3ID) /144,
PDT=0D2su2vU2/788.
WRITE(6.2)T,P3n4a,33N,y2,PrY
P3=pP3IN
D3=D3N
CALL HOLD{T.RP4XA,7X,P2sy)
IFCT, LT X(N)) 6070 59
CALL QUTHUX,YY,TX,P2,J,N}
GO 70 4n
END
SUBROUTINE NVIINTIX,FX, XY, FT,a0,nD)
DIMENSION X7€1),F7(1),7(18)
N=ND
Ni=(N-1)/3
N2z=N/2
NI=SNP=-N2+1
§FINPaNYS], 61,63
Né=N1e2
IF(XT(1)xT{(23322,80,42
CONTINU-
IF{X=2,04T(1)*XT(2))20.20+2%
1F(X=2,sXT(MP1exXT(NP=1})42,42,2g
IF(X"XT:118))45,43.43
IF(N4=N2}44,45,44
N4sN4+q
GOTO 42
N4zN4-1
NSzN4=N1
DO4s1=y-M
Y(1)TFT(N5)
N5=NSe1
Lz(Nely /2
TR=T(L)
NEé=N4
NTINa+y
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BolIn
DN
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polv
noIN
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D012 =1 .N2
NS=sNbent
N3ZNey
U0% (31,2
NBENS+
T(X):(T(l*l)-T(i))/(XT{V8)~XT(N5))
NSz:5+1
GoT0e10.211, 9y
Unsune(x=XT{N6))
Ju=2
N6=NS-1
GoTg 12
UN=UN®{X=YT{N?}))
Jus=1
N72NT oy
Lsl=1
Tﬂng‘U\'.T(L )
CA=TR
RETURN
PRIMTSH, X.XT(11,XT(\P)
STOP
FORMAT(>3n aR3, NOT In TABLE Xz ,F14.7,94 XT(1)= ,
E14,7,19% XTI(N2)= ,Ez4.7.6H DBDIN)
PRINTS5¢.N2, D
FOR:S;(gzu VA3LZ 707 SMaAL . NPz ,15,6H NDT ,15,6H DDINY
S
IF{x=2, . xT(2)+x7(2)161,20.2¢p
!F(X°2.axT(¥P)¢XT(%P'1))23.72.72
IF(exT(Ne2173,73,43
1F(N&4~N3)a,45,74
N4=h4eq
GOTC 72
PRINT 2 .xX7(1,
STaP
FORMAT 23+ CONSTANT TABLE XT¢y)= +E14.7,6H DDIN)
L1ST
=KD

COMPILE DI3C, _&BS_Ar A L

SUBRogT!NE ngT(X,Y.Y'DZ.J.Nn)

DiMENSIIN X(500),Y(500).T (5 P ’
AR (] 00),P2(500),71(10),T2(10).T3(190)
NT=JS J=D

FORMAT (YCHAMBER FiL. - BRL', 1+

FORMAT(*PRESSURE - 2S1v,1H>)

FORMATZ'TIME = SECOND'21HD>)

CALL PLYCCB(1A,0,1,38¢1),8B(5000))

ENCODE(100,50,T1)

ENCODE(100,51,7T2)

ENCODE(100,52,73;

YNNSY(NN)S vY(NN)=0,0

CALL FIXSCA(Y(1))NN+6.0.PS,PMIN,PMAX,PIN)

Y(LN)SYNN

CALL FIXSCACT(9),NT,12,0,TS,TVIN, TMAX,TIN)

CALL PLYCCS(2.0,10.0,TMIN.PMIN, TG, PS)

CALL PLTCCD:1,90,7(1),P2(1),NT,0, THMIN, TMAX,FMIN,PMAY)
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CALL PL?CCD(‘.ODXfI)lY(l)oNN»D-r"’N.Y"‘x.PM!N.PHAX) 178
o SRR PLcha(TIN,Prn.TMIN.YMAX.PMIN.PMAX.Q) 179
XTaTMIRaTSen,q¢ YT:PHIN’PSQZ.s 180
CALL erccr(o.1.12c1>.1.o.o.o.x7.vr> 181
XTEIMIN®TSe5,08 YT22MIN~-PSeQ. 6 182
CALL Pchcrco.1.75<1),o.o,1.o.xr.vr; 183
XT2THINSTS®3,S YT2pyaxeoSep. o6 184
cALL PLTCCT(0.2:71¢1),0.041.0,x7, vy 185
DX=TIN 186
CaLll LABELA(DX.PW,THIN. fMAx.FM,N.PMAx.i.o.i,o) 187
LG 25 M=1,NTS P2(m)z0.03% T(M)z0,p 188
25  CONTINUE 189
80 30 1=1,110.5 i?0 ;
QEAD(50300)T(1):P2(I).T(101).92:}¢1),7(102).p2(1o2), 191 E
17(1'3):92(103).T(I*4).P2(1~4) 192 H
300 FORMAT(10(F8,0)) 193 i
0G 28 1X:£1,58 jK2iK-1 194
9 XF(T(I6JK).'T.0.0)GOTO 29 195
28 CONTINUES GnTp 34 196
29 NT2l1egK~1$ gOTD 34 197
30  CONTINUE 199
31 IF(NT.EC.0)G0To 4 199
ALt PL?GCP_2,1;311>.=2:1;.&T,;,:hin.|Max.pnx~.9nax> <8y .
40 CALL PLYECP 201 !
RETURN 202 ;
END 203
c 204
SUBROUTINE HQLD(T-PZNAnTX.PZ,V) 205 !
DIMENSION Yx(509),P2(50p) 206
JzJetS Tx{ur=Tg P2(J)zP3NA 207 :
RETURNS END 208 .
. DATA 209
« 26400 +3704E01 «25E-23 +149€82 +3349«p2
+ 0200 1103202 .14E-~02 .107¢02 «281E~g? .112g02
421E-02 +113rp2 .561E=02 113€902 «899E-92 111g02 :
+B42E-p2 +108Ep2 .982R~p2 . 102882 W112E-p1 .975€p1 :
1127g-91 1939cp1 +14g~01 91801 +154g-py .884g01
v168E«01 +B43c91 .1p2E=g1 «814E01 +197E-01 .783E01
211E-01 1 764c01 «253c*p3 +676g91 «309€e-p1 -545¢c01
+351g-01 +443c01 -497g%93 +321¢01 1449g=p -23e01
+505g~01 +128F01 .547cegg +68E00 +8604g-p3 .53F00
~1.0z=02
0,0 0,0 .0014  1.59 -0028 2,63 0042 414 -0056 502 :
,007 5,97 .0034 §.78 .03%8 7'7s 0112  p,4¢ .0126 8,88 :
1014 9,10 .0154  9.12 .0168 gl91 0162 8,63 .0197  g,1% '
100211 7,66 .0252 .55 -0323 455 0379 3,41 0435 2,34 .
,0535 1,28 .0533 .95 -0561  0ls1 +0590 0,38 .0604 p,28 :
.1| {
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Figure E-L. Pack Started in Position 2

91

A g s A




IR SIS S S B

F<E-SHOT S5i9 POSITION 3
(a)

SHOT 519 POSITION 3 2C.5 PSI
(8)

Figure E=5, Pack Started in Position 3

ont e b e A A1 i w.m\m‘WMMWMWW

LT T TIPS P

A wa




ﬁw %%v%ﬁ@ﬂﬁﬁ%@ TSRO R RO NI 0TI, P70 L RO I s N 4 g e e - \
e
A,
ﬂ m
.
5
L3
: &
: Q
o
. ~
—.i
g -3
§
ord
by
; ot |
& ’
¢ a :
H < 5
: z
| S % “
! - P o
{ @ '
4
Q
3 m g ‘
. :
W . H
: § |
S & ;
! | (Ve g
-
| e
! n ¥
ﬁr,

|

uw

W

W M P . oo .

B A P S M

4 Pt g !
M 3 o
(MBI R o

: T LN St ) Nt
i lebon: cp bl bt b st b s acrn g bl S G pithsiiies Mt L LRI LR i ;;... P



Flh o FT3WRY TR

s ST P T R A b S b et

"y

R

NPT

SHOT 517 POSITION 5
(A)

SHOT 518 POSITION 5
(8)

Figure E-7. Pack Stzrted in Position §

94

20.5 PSt




A

=

0.3 PSI

POSITION 6

SHOT 525

I A SN S e R R AT,

J.%

gﬁaﬁﬁéﬁ%ﬁgﬁggzﬁﬁﬁ#§5§_ﬂ&ﬁﬁ%fizaz,ej:,,.‘_.i.,,s;,:, RRINAT A PR 5 0 (b e kWA ke WA h e A AN a

AT EICEY T

20.7?S!

PCSITION 6

SHOT 526

(8)

s A

Figure E-8. Pack Started in Position 6

(AN

14

= -

=




TR T T 3 SR A st Tam TeAm Gy e S M el TIRI TR f M TH I e = e R, W S e wEaee

" ‘f)

.,

R . ¢
ey
.
.

BALLISTIC RESEARCH LABORATORI ES

* fe

ﬁ

fuanky
Mw

MEMORANDUM REPORT NO. 2208

ot

AUGUST 1972

Py
3
==
335
ey =
'
=
%
s
Fe

SUMMARY
BLAST LOADING IN EXISTING STRUCTURES - BASEMENT MODELS

George A. Coulter

Terminal Ballistic Laboratory

. .
e 4 RRANNO LD e ) AR R & RTINS TN ORI

Approved for public release; distribution unlimited.

&

Progress Report to Office of Defense Civil Prepardness Agency
Work Order No. DAHC 20-70-C-0310
Work Umit 1123C

i 24
i
¥

ARSI

T ATy T A A P S A T TP R T O SAPTE  OA  T SE S  S EL O  SA et

ABERDEEN PROVING GROUND, MARYLAND

g6




T R e

(IS

L]

T T S S R A R DA R R K SO

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:e 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.

I1I. EXPERIMENIS

‘The 1/i2th 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 selscted frames from the high speed films.

The following major pressure-time records were recorded within the

interior of the model.

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.

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-
ject rotation around the interior in & clockwise direction (for the

model-shock wave orientation used). Velocity componerts across the floor
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ranged from values of 4-14 ft/sec initially at the front to lower vaiues

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

Work now in progress include the additicn of a side window to the
present model to observe lengthwise motion along the room. A new model
is being designed to simulate a 1000 shelter size basement.
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