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1 . INTRODUCTION

A. Back g round

The Department of Defense Explosives Safety Board (DDESB) has for the
past five years sponsored scale model studies at the Ballistic Research
Laboratory (BRL)1 ,2 . This work was sponsored in an effort to supp l ement
and complement , as well as aid in the design of, full scale field tests.
It was shown in Reference 2 that blast parameters from scaled models as
small as 1/50 the full size storage magazines could be correlated directly
with results from full scale tests. With this background knowledge and
experience the present test program was planned and executed .

B. Objectives

The primary objective of this project is to furnish information that
will aid in the design of a large scale field test. The objectives of
the large scale field test are (1) to demonstrate the safety of explosive
storage in economically constructed non-circular steel and concrete arch
magazines at a minimum side-to-side separation distance and (2) to use
a smaller uncovered charge to produce the blast loads generated from a
much larger explosive source contained in a standard earth-covered
storage magazine similar to the one used in the ESKIMO III test 3 . The
planned full-size field test is designated ESKIMO V.

C. Approach

The approach to meet the primary objective was first to meet the
following secondary objectives:

1. Design the scale model structure.

2. Establish the charge configuration .

3. Establish the charge.

4. Establish the instrumentation system.

5. Conduct the test series.

1R. E. Reisler, L. Gig lio-Tos, G. D. Teel, “Air Blast Param eters from
Pentolite Cy linders Detonated on the Ground,” Ballistic Research
Laboratories Memorandum Report No. 2472, April 2975. (AD #B003883L)

N. Kingery, G. A. Coulter, C. T. Watson, “Blast Parameters from
Exp losions in Mode l Earth Covered Magazines,” Ballistic ResearcI~
Laboratories Memorandum Report No. 2680, September 1976. (AD #A031414)

3F. H. Weals, “ESKIMO III Magazine Separative Tests,” Naval Weapons
Center Report TP-5771, February 1976.

9



6. Recommend charge weight and locat i on .

7. Predict blast loading on the full-size structures to be exposed
on ESKIMO V.

I I .  TEST PROCEDURE

The test procedures followed to meet the primary objective were those
required to meet the secondary objectives noted under Approach .

A. Model Magazine Design

The standard munition storage magazine being scaled for this test
series is shown in Figure 1. The overall width is 27.43 metres (90 feet),
length 35.05 metres (115 feet) and height 4.88 metres (16 feet). In
ESKIMO III the distance between the center line of the donor magazine
to the center line of the acceptor magazines was 34.75 metres (114 feet).

From preliminary calculations it appeared that a 13,620 kg (30,000)
pound TNT charge would give the required pressure of 5.37 to 6.55 bars
(78- 95 psi) and impulse 44.83 bar-msec (650 psi-msec) over the top of
the structure. Based on these preliminary estimates the model scale was
established as 1/30. This implies that a .454 kg (1 pound) charge would
simulate 12,259 kg (27,000 lb) of explosive . The 1/30 scale model , as
desi gned for this test series, is shown in Figure 2.

In the later phase of the test series it appeared desirable to
simulate a 41,370 kg (91,125 lb) TNT charge . Therefore a 1/45 scale
model was designed so that blast loading could be simulated with a .454
kg (1 ib) pentolite charge . The dimensions of the 1/45 scale model are
shown in Figure 3.

B. Test Charges

Before the test charges could be cast it was first necessary to
establish (1) the type of explosive required , (2) the configuration most
appropriate, and (3) the weights required.

1. Type of Explosive. The BRL has over the past 25 years established
a wealth of basic blast data from pentolite charges. Pentolite is
relatively insensitive t~ shock , making it safe to handle and it gives
good repeatability from shot to shot . Although TNT is planned for the
full scale test it does not have the repeatability required of the small
charge weights. Therefore , pentolite which has a TNT equiva1ency’~ of
1 . 17 was selected for use on th is program.

~T-M 5-1300, “Structure to Resist the Effects of Accidental Exp losions ,”
Anny Manual, June 1969.

10 
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2. Charge Conf igura t ion .  The charge confi gu ra t ions  f i r s t  considered
were a hemi-cylinder as used in Reference 2 or a cylindrica l charge as
used in Reference 1. After plotting the shock profile (iso-pressure and
i so- impulse  contours) a long  the 0 , 45 , 90 , 135 and 180 degree lines it
became apparent that the loading on a structure would be quite non-
symmetric. Therefore, a recommendation was made to the UDI1SB that a
hemispherical charge be considered for the full-size test.

3. Charge Wei ght s. The recommendation for hemispherical charges
as the donor confi guration was accepted and an order for three charge
weights was issued . These charge weights were 0 .454 , 0.908 and 1.135
kg or 1, 2 and 2 .5  pounds of pentolite. The amount of explosive these
charges will simulate :~nd the location from the centerline of the
acceptor magazine are discussed in later sections of th i s  report .

C. Test Instrumentation System

The test instrumentation system consisted of (1) the pressure trans-
ducer, (2) the tape recorder with amplifiers , calibration and timing.

1. Pressure Transducer. Piezo-electric gauges were used throughout
the series of tests. Two types were used. One type was the Susquehanna
Instruments Model ST-4 with tournialine sensors and the second type was
a PCB Electronics Inc., Model 113A24 which has a quartz sensing element
and a built-in source follower.

2. ~~ pe Recorder System. The tape recorder consisted of three basic
units - the power supply and voltage calibrator , the amplifier and the
FM recorder. The FM tape recorder used was a Honeywell 7600 having a
frequency response of 80 k Hz. Once the signal was recorded on the
magnetic tape it was played back and recorded on a Honeywell Model 1858
Visrecorder. This oscillograph has excellent frequency response and
the overpressure versus time recorder at the individual positions were
read direct ly from the oscillograph playback . The overall instrumenta-
tion system is shown in Figure 4.

D. Test Layout

The test layout depended primarily on the selection of the model
scale and charge weight because the gage locations on the model are
fixed. The charge weight then governs the distance from the charge to
a specific model scale.

1. Full  Size Magazine. The locations of the gages on the full-size
structure exposed on ESKIMO I I I  are shown in Figure 5. The distances
from the gauge locations l is ted in Table I are measured along the ground
surface to the geometric center of the interior  of the donor structure .
Also l is ted in Table I are the peak overpressures and impulses recorded
at similar  positions on the two acceptor mag az ine s. These value s are

14

- 
,
~

- -- -————--— -- .



~~-~~--- 

- -

~~~~~~~

----. —--

o~~~~~~~~~~~o

_ _ _ _  .~~~

~~~ 
... . r~~i~~~ 

.
~~ 

C) ~~~ 

~ I ~ ~ I
s~~. ~~ I ~~~~ I . C) I

-j
— a_

Ar ~~I c .) =
it

0. L&~~~ ~~~ CD~~ ‘~~C.D

~~~ ~~ 
—

uJ ~~~~ —

— ~~~~~~~~~
~~~~IC) a—

L_4u~~~~~ Il_ LI~a~ IL
U_a~~ I I~~ ~~~



1 3 0

12 0

II ~ i sos

6 0  
_ _ _ _ _ _

I IOA

I I g tii ~&’ 5. 
~Ii~e l ocat i O f l S  (~I1 I - u i  I Si t’ Ma~ a: I in

I 6

_ _

_ -~~ ~
-. --

~~
-. — 

-.4



Table 1. Gage Positions on Full Size Magazine

Peak
Position Distance Overpressure Impulse

No . in ft  bar ba r-msec psi -mscc

2 22.6 74 7.59 110 - -

8 . 28 120 55.4 804

5 28.7 94 - - - -
11.4 165 45.7 662

6 31.7 104 5.52 80 36.5 529
6.55 95 55.6 806

11 37.8 124 5.38 78 42.9 622
5.86 85 44.3 642

12 43.9 144 2.76 40 33.4 484

13 53.0 174 3.45 50 45.0 652

lOA 33.8 111 5.17 75 42.5 616
3.79 55 41.4 600

lOB 39.6 130 4.14 60 54.8 795
2.76 40 40.9 593

NOTE : Position lOA and lOB bracke t
Position 10 on the Model Structure.

Distance between center lines of
Donor and Acceptor Magazine is
34.7 metres (114 fee t ) .

First value is from Magazine A
Second value is from Magazine B

bar x 100 = kPa

17



taken from the full scale test ESKIMO III report , Reference 3. The
gage local ions have been given posit ion numbers to correspond with those
used in  the scaled m ode I

2.  Scale Model Magazine . The locations of the gage position s on the
1/3(1 scale mode l are shown in Fi gure 6. Not all positions were instru-
mented omi each shot . A maximum of 13 position s and a min imum of 7
positions were instrumented during the ser i es of tests. The relative
positions of the gages remained constant for a particular model scale
hut the distance between the charge center arid the center line of the
mode l was varied for each charge weight used .

F. Test Series

There were four series of t es t s .  In series I , I I , and I I I  the model
size was held constant while the charge weight s were changed . In the
series IV tests the model scale was changed. Each series is described
in the fo l lowing  sections.

1. Test Series I. In test series I a 1/30 scale wooden model was
instrumented as shown in Figure 7. The objective of this test series
was , through the use of a scaled model , to de te rm ine  the peak overpressure
and impulse that might be expected on a full size storage magazine when
subjected to a 13620 kg (30,000 lb) hemisp herical charge of TNT placed
at a distance of 34.7 metres from the centerline. The method used to
determine the scaled distances of the gage positions relative to the
charge center is presented in Table IT .

2. Test Series II . In test series II the full size magazine is
assumed to he subjected to the blast  load from 27240 kg (60,000 ib) of
TNT. Since the charge weight was doubled then the distance from the
mode l centerline to the charge center must be increased by 21/3 or
1.26. Therefore the 34.74 metres for series I must become 43.77 metres
for series II. The method for calculating the scaled distances for
the increased charge wei ght is presented in Table 111 . In test series
I I  it was desirous to obtain the same peak overpressure hut increase
the positive impulse.

3. Test Series III . In test series III the same scaled model 1/30
was used but it was formed with  sand . A photograph of the ins t rumented
mode l is presented in Figure 8. The record quality improved consider-
ably when the sand model was used . Based on the results from test
series II there was still a need to increase the positive impulse.
Theref ore , a charge weight of 34050 kg (7 5,000 Ib) was selected as a
candidate for the f u l l  scale t e s t .  The procedure as noted in Tables I I
and I I I  was used again to determine the scaled distance to place the
small charge . The method is  presented in Table IV along with  the ful l

18 
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Table II. Gage Distances - Series I Model Tests

Position Full Scale Distance Scale Distance
No. m ft m ft
1 18.3 60 .62 2.03

2 22.6 74 .77 2.51

3 26.2 86 .89 2.92

4 26.2 86 .89 2.92

5 28.7 94 .97 3.19

6 31.7 104 1.08 3.53

7 38.7 127 1.31 4.31

8 35.4 116 1.20 3.93

9 35.4 116 1.20 3.93

10 36.9 121 1.25 4.10

11 37.8 124 1.28 4.20

12 43.9 144 1.49 4.88

13 53.0 174 1.80 5.90

14 25.6 84 .87 2.85

15* 34.7 114 1.18 3.87

Given : W 2 = 1362 0 k g (30 , 000 lb) TNT

R2 = 34.7m (114 ft)

Determine: Scale distance R1 for W 1 equal to .531 kg(1. 17 lb) TNT .

= Scale distances from Charge Center to Mode l Center Line

R 2 = Full scale distance from Charge Center to Magazine Center
Line /~ 

1/3

= R
2k

1
1/3

= 34.7 (0.0339 1)

R 1 = l.18m

NOTE : TNT Equivalency of Pentolite = 1.17
*Center line distance , R2

21



Table LII . Gage Distances - Series II Mode l Tests

Position Full Scale Distances Model Scale Distances
No. in ft in f t
1 27.3 89.6 .93 3.04

2 31.6 103.6 1.07 3.51

3 35.1 115.3 1.19 3.91

4 35.1 115.3 1.19 3.91

5 37.7 123.6 1.28 4.19

6 40.7 133.6 1.38 4.53

7 47.0 154.1 1.59 5.21

8 44.2 145.0 1.50 4.92

9 44.2 145.0 1.50 4.92

10 45.4 149.0 1.54 5.05
11 46.8 153.6 1.59 5.21

12 52.9 173.6 1.79 5.89

13 62.1 203.6 2.10 6.90

14 34.6 113.6 1.17 3.85

15* 43.8 143.6 1.48 4.87

Given: W
2 

= 27240 kg (60,000 lb) TNT

R2 43.8 in (143.6 ft)

Determine : R1, Scale distance for W1 
equal to 1.062 kg

(2. 34 ib) TNT

R 1 = Scale distance from Charge Center to Model Center Line

R 2 = Full scale distance Charge Cent er to Magazine Center Line

‘WI
1’3

R
1 

= R2 1/3
2

= 43.8 (0.03391)

R1 = 1.48ni
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_ _  
Table IV. Gage Dis tances  - Series I I I  Mode l Tests

Position Full Scale l)istances Model Scale Distances
No. ft in ft

1 30.7 100.7 1.04 3.41

2 35.0 114.7 1.19 3.89

3 38.5 126.3 1.31 4.28

4 38.5 126.3 1.31 4.28

5 41.1 134.7 1.39 4.57

6 44.1 144.7 1.50 4.91

7 50.1 164.5 1.70 5.58

8 47. 5 156.0 1.61 5.29

9 47.5 156.0 1.61 5.29

10 48.8 160.0 1.65 5.43

11 50.2 164.7 1.70 5.59

12 56.3 184.7 1.91 6.26

13 65.4 214.7 2.22 7.28

14 38.0 124.7 1.29 4.23

15 47.2 154.7 1.60 5.25

Given : = 34050 kg (75,000 lb) TNT
R
2 

= 47.2m (154.7 ft)

Determine : Scale distance R 1, for a W 1 equal to 1.328 k g
(2.925 lb) TNT = W1

R 1 = Scale distance from Charge Center to Model Center Line

R 2 = Full scale distance from Charge Center to Magazine Center
Line

‘w l/3\
R — R ’ 1  ~1 

- 
2~~w 1/3 1
\2  /

= 47.2 (0.03391)

R1 = l .6Oin
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a nd model s c a l e  d i s t a n c e s .

4. Test Series IV. Although test series III gave  t h e  desired
pressure and scaled impulse it was decided to conduct ofle ~c r i c S  sIth
a s m a l l e r  model 1/45 and one of the p rev ious ly  used charge wei g h t s .  A
sand model s imi la r  to the  one shown in Fi gure 8 was used on t h e f i r st
shot and a concrete model as shown in Fi gure 9 was used for the second
and th i rd  shots. The method for ca lcu la t ing  the dis t ances from the
charge center to the structure center line of the full scale and mode l
structure is presented in Table V.

III. RESULTS j
The results will be presented primarily in tabular form with

selected overpressure versus time histories to show the loading at
pertinent gauge locations. The major portion of the tests was conducted
using a 1/30 scale model and three different charge weights. Only one
charge weight was fired against the 1/45 scale model. The shot matrix
is presented in Table VI.

A. Scaling Blast Parameters

1. Standard Atmospheric Conditions. The Hopkinson scaling law 5
was used in th is  report to desi gn the m od el test l ayout , select the
charge weights and predict the blast loading that might be expected on
a full-scale munition magazine. Scaling laws allow the prediction of
blast wave properties from small scale experiments to any other scale ,
provided the type of explosive source , the geometry of the source , and
atmospheric conditions are identical.

Theoretically, a target located a distance R1 from the center
of an explosive source of weight W1 will be subjected to a blast wave
with a peak overpressure of amplitude P. a duration t ÷ 1 and a p os i t i v e
impulse I~~. Now the I-lopkinson scaling law states that the distance R2
at which a target must be placed to receive the same peak overpressure ,
from a di f ferent  charge weight W 2 ,  is a function of the cube roots of
the charge weights. The relationship is given by

R
1 

_ _ _

1/3 
— 

1/3
Wl W

2

and 
~~ ~ l/3

=

5B. Hopkinson, British Ordnance Board Minutes 1356&, 19Th.
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Fali Ic V. (agc Distances — Series IV Mode l ftst S

I’os i t  ion  FL~ 11 Scale 1) 1 st~~ice Mode I S c a l e  I ) i s t ance
No. 

- 
in 

- 
f t  ~~~m ft

33.8 111 .79 2 .60

2 38.1 125 .89 2.93

3 41.5 136 .97 3.18

1 4 1 . 5  136 .97 3 .18

5 44.2 145 1.03 3.39

6 47.2 155 1. 11 3.63

7 53.1 174 1.24 4 . 0 7

8 50.6 166 1.18 3.89

9 50.6 166 1.18 3. 89

10 51.8 170 1.21 3.98

11 53.3 175 1.25 4.10

12 59.4 195 1.39 4.56

13 68.6 225 1.61 5.27

14 41.1 135 .96 3.16

15 50.3 165 1.18 3.86

Gi v en : 4 1370 k g (91 , 12 5 lb)  TNT W 2R 2 = 50.3 m (165 ft)

Determine: Scale distance R1 for W
1 equal to 0.531 kg

(1.17 ib) TNT

R
1 

= Scale d is tance fr om Charge Cen ter to Model Cen te r L in e

= Fu l l  scale distance from Charge Center to Magazine Center Line

R
1 

= R
2 (

~~~
l/3

= 50.3 (.02341)

R
1 

= 1.18 m
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Table VI. Test Matri x

Model
Shot Cha rge Wei gh ts  Sca le Model T)pe Series Remark s

kg lb

0.449 0.99 1/30 Wood I *

2 0.45 1 0.99 1/30 Wood I
3 0.89 7 1.98 1/30 Wood 11
4 0.897 1.98 1/30 Wood I I
5 0.903 1.99 1/30 Wood 11 **

6 0.898 1.98 1/30 Wood II

7 0.451 0.99 1/30 Wood I
8 0.901 1.98 1/30 Wood I I
9 0.8 96 1.97 1/30 Wood 11

10 0.4 49 0.99 1/30 Wood I
11 0.90 2 1.99 1/30 Sand II
12 0.451 0.99 1/30 Sand I
13 0.452 0.99 1/45 Sand IV

14 1.135 2 .50 1/30 Sand I l l
15 1.134 2.50 1/30 Sand I I I
16 1.125 2 .48  1/30 Sand I I I
17 1.136 2. 50 1/30 Sand I I I
18 0 .447 0.98 1/45 Concrete IV
19 0.448 0.99 1/45 Concrete IV

AVERAGE WEIGHTS
1/30 Model 2w , 7w , lOw , 125 - 0.45 1 k g (0. 99 lb)
1/30 Mode l 3w , 4w , 6w , 8w , 9w , 11 - 0.899 k g (1.98 ib)
1/30 Model 14s, lSs , 16s, 17s - 1.133 kg (2.50 ib)

1/45 Model 13s , 18c , 19c - 0.449 kg (0.99 ib)

*Shot 1 - Data not usable

**Shot S - Misfire
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1:01. s i m i l a r  condi t ions  then

/ w 2 \~ 
/ ~

Impulse 12 = 
~~~

and

/w \l/3
Duration ~~~ = t÷1

Note t hat th e sca l i n g factor required
1

-ç~ scale the 1/30 model results
to the ful l  s ize structure is (W 2/ W 1) ‘ or 29.49. Results from the
1/45 scale model must be scaled by a factor of 42 .72 .

2 . Al t i tude  Corrections. When blast parameters are scaled from
standard sea level conditions to altitudes where the ambient atmospheric
conditions are appreciably different then corrections must be madeb .
The correction for overpressure is

P
= p

0 (~)
where 

~a 
overpressure at alti tude

p = overpressure at sea level

= ambient pressure at altitude

P0 ambient pressure at sea level.

The corrected value for distance (R) for the new overpressure level is
given by

/~ 
\1/3 fp \l/3

R — R ’ 21 (0
a o~~W1/ ~Ya

6R. G. Sache, “The Dependence of Blast on Ambient Pressure and Tempera-
ture,” BRL Report No. 466, Aberdeen Proving Ground, Md. 1944.
( AD #AT I 39393)
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where R d i sta n ce at altitudea

R = d i stan ce at sea lev el

= charge weight  - fu l l  scale

= charge weight - model scale.

For impulse at altitude , the relationshi p is

1W \1~’3 /p ~2/3 /T ~1/2
— ~~ ( 

2~~ ( a~ ( 0
a o~~W I t P I t I ’

~~1i ~~oi ~~a

where Ta temperature at al t i tude - degrees K

T~, = temperature at sea level - degrees K.

B. Blast  Loading on a 1/30 Scale Model Magazine

The dimensions of the 1/30 scale model magazine are shown in
Fi gure 2. The locations of the airblast gages are shown in Figure 6
with their distances from ground zero or charge center given in Tables
11 , III , and IV .

1. Charge Weight 0.454 kg (1 ib) Pentolite. In planning the test
layout the pentolite charge was assumed to represent 1.17 that amount
of TNT . Therefore , in the scaling relationship W 1 was equal to 0.531 k g
(1.17 lb ) TNT. The tests conducted with this scale model and charge
weight are noted in Table TI as Series I Model Tests. Although the
model was constructed with 1-inch thick plywood and heavy internal
bracing the results were dissappointing. Some gage positions received
excessive accelerations which were superimposed on the record of over-
pressure versus time . During this series Positions 3, 4 , 8 and 9 were
removed and Positions 14 and IS were added. (See Fi gure 6) .

On shot 12 a 1/30 scale sand model was instrumented and tested.
Position s 1, 7 , 8 , 10 , 12 , 13, 14, and 15 were instrumented as shown in
Fi gure 8. The results from the sand model were excellent and a l l  but
two of the following shots were conducted with sand models.

The records of pressure versus time for each position were
tabulated at equal time increments and an average overpressure versus
time established . These averages for each position are listed in
Table VII.
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( rom th e  avera ge overpressure  versus  t i Ifle t UbU hit i O n s  , I l f l j )U 1 se
vL’rslls t i me was  ca I cu I at ed and  these ca l  Cu I at i o n s  a ri I i  st ed in ‘I ah Ii.’
V I I I . At the butt urn of each column the total impulse s noted . The
t ot  a 1 1 1111) 111 se v a t  ues l i ’orn the  mod el  we’re scaled u p  to  full s i ze and arc
also listed in  ‘l’abh’ V I I I  . ‘I’he’ gage cal ibrat ions are for pounds per

~ l~~ re’ i n c h  ( p s i )  and t h e r e f o r e  t he  l i s t  in g s  in  ‘I’ ab l e’ V I  1 and V I I I  are
OV eI’ I)r e ssuu’e in pSi and impuls e ’  i n  p s i  — msec

(‘he results from the  Serj es  1 t e s t s  ar e  s u m m a r i z e d  i n  ‘Cable  I X
where  the  p res su re  and i m p u l s e  va lues  are l i s t e d  in  both pS i  , bar and
ps i -m se c , ba r-msec.  The va lues  l i s t e d  in  ‘I’a b l e -  I X  are presented  in
Fi gure 10 to show the peak overpressure (bars)  and impulse  (bar -msec)
d i s t r i h u t  ion of the various posi t ions over the f u l l  ~c a I e  m u n i t i o n
sto rage m a g a z i n e  exposed to a 13620 k g (30 , 000 Ib)  h em ispherical  TN’!
charge.

The peak overpressure recorded at P o s i t i o n  15 was satisfactory
hut t h e overpressure impu lse was too lo w , 30.9 h ar - msec vs the  required
4 4 . 8  b ar-msec.  Therefore , the charge wei ght was doubled and another
tes t  series was conducted .

2. ~~~~~~ Wei ght 0.908 k g (2 Ib ) Pen t o l i t e .  These t es t s  are
desi gnated as Series I I  and in Table I l l  i t  is noted that  the p e n t o l i t e
charge i s  as sumed to represent 1.062 k g (2 .34  Ib)  TNT. A 1/30 sca le
model was instrumented and as noted in Series I not a l l  gage p o s i t i o n s
%‘.ere instrumented on a l l  shots.  Average values of the overpressure
versus t ime  recorded at the various pos i t i ons  are l i s ted  in Table X .
The average values of overpressure versus time were used to ca lcu la te
the impulse  versus t ime at each gage posi t ion . The impulse  versus t i m e
c a l c u l a t i on s are l i sted in Table XI an d t h e t o t a l  imp u ls e i s l i s ted at
the  bottom of each column for the scale mode l w i th  a second va lue  for
the  i mpulse  to he expected on the f u l l  s ize  magazine .  The peak over-
pressure and to ta l  posi t ive impulse values from Series II  are l i s t ed  in
Table L X .  The values l isted in Table IX are presented in Figure I I  to
show the pressure and impulse  d i s t r i b u t i o n  to be expected over a f u l l
scale  muni t ion  storage magazine exposed to a 27240 kg (60,000 Ib) hemi-
spherical TNT charge .

The peak overpressu-r e meets the  e s t ab l i shed  c r i t e r i o n  but aga in
t h e  overpressuure i m p u l s e  i s  too low - 4 1 . 2  bar-mscc versus - 14 .8  bar-
m sec.  The charge weight  was increased 2 . 5  t imes  the series 1 charge
wei ght and a third test series was conducted.

3. Charge Weight 1.135 kg (2.5 ib) Pentolite. These tests were
desi gnated as Series Ill and in Table IV it is noted that the pentolite
charge is assumed to represent 1.328 kg (2.927 ib) of TNT. A 1/30 scale’
sand model was used for Shots 14, 15 , 16, and 17. The instrumented
positions are given in Table XII where the average values of over-
pressure versus time are listed . The average values of overpressure
versus  t i m e  were used to c a l c ul a t e  impulse versus t ime  at each gage
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PEAK OVERPRESSURE bar
O 2.48

02.0

04.62
0 4.0 0 4.16 0 5.24 0 5.52 2.69/3.86

L 06.97

0115
0 15.4 0 14.6 0 (4, 6

02 0.2

0 14.8

IMPUL SE bar - mt

0 29.5

0 27. ?

0 32.1
0 30. 8 0 30.8 0 40.2 031. 7 34.1

0 16. 6

0 83. 1
0 12.6 0 71.2 0 65. 1

0 128

0 79-9

i giirc I I . ‘ F l  —- - 9 I j r l’ and 1mph 1 I )  st i - i  h u t  ion on
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‘t ab le  X I I .  Average Overpressure (psi)  versus Time (msec) Series 111

P o s i t i o n  I 7 8 10 11 12 13 1-1 1~
Time msec

.00 181 71 ~2 78 42 67 34 37 211 87

.05 118 53/92 45 62 38/60 55 28 31 165 70

.10 78 31 36 53 43 44 25 26 132 a3

.15 60 26 32 47 33 43 23 23 100 43

.20 42 19 28 35 29 31 19 20 73 32

.25 33 17 22 27 27 33 18 18 51 27

.30 32 14 22 23 22 29 16 16 38 22

.35 28 9.5 19 20 20 23 15 13 28 18

.40 20 4 .7  16 18 19 22 13 11 23 16

.45 22 5.0 16 15 16 20 12 8.7 20 15

.50 17 3.6 12 13 14 17 11 7.7  16 13

.60 12 2 .6  11 10 13 11 8.8 6.5 13 10

.70 9.0 0 9.6 8.4 8.7 5.5 7.1 5.0 11 8.9

.80 8.0 7.8 6.6 6.3 2.8 5.5 3.6 7.3 8 . 4

.90 6 ,3 6.4 3 ,3 5,5 0 5 ,0 4 .8  4 ,5 6 .4
1.0 4.5 4.4 2.1 4.1 3.2 3.5 3.3 4 .7
1.1 3.8 2.9 1.0 3.6 3.6 2.5 .50 3 .2
1.2 2.0 2 .7  .5 3.3 5.1 1.7 0 1.5
1.3 1.8 2 .7  0 2 .2  4 .8  1.1 .80
1.4 2.0 4.9 1.0 4.9 .80 0
1.5 1.0 3.3 .10 4. 7 .58
1.6 .75 1.4 .50 4 .3  .87
1.7 .25 1.5 0 3.8 .87
1 .8 .13 2.2 3.5 .25
1.9 0 0 3.2 0
2.0  2 .6
2.1  1.9
2 ,2  1.3
2.3 1,1
2.4  .5
2 .5  .5
2.6  0

* * * *  * * * *  * * *  * * * *  * * * * *  * * * *  * * * *  * * *
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p osit ion . The impulse versus t ime ca l  CU l a t  ion  a l t ’  l i s t  e~1 i~ lab le X I I I
wi th t he  t o t a l  impulse  noted at the bottom of each column . ‘Ihe peak
Ll vI ’I’ l’) I’e ssuI’e and t o t a l  posit i ve  i mp u l se  V a I I ) e c  f r o m  St-n t- s I I I are
l i s t e d  in  ‘Fabl e I X .  ‘I’he ai’c pre s t ’n ted  i n  F i g u r e  1 t o  sh ow thc pres—
sure and i m p u l se  LI St r I but ion  to  be -xpI-c t 1-Il over  a f u l l  s cat  t’ nun i t  iOn
St or ag e  m a g a z i n e  exposed to a 3-I , 05( 1 k g (75 , 000 1 h )  h e m i s p h e r i c a l  ch a r R e
of TNT .

On test series lii the peak overpressure  crit erion was sati sfied
at Positio n 15 w ith h.() bars (87.0 psi ). The requirement was from 5. 37
to ( ,55 bars (78 - 95 psi). The overp r’essure impulse requirement was
-1- 1.8 bars (650 psi—msec) and at Position 15 an overpressure impu l se  of
-1 5,h bars (661 psi-msec) was obtained . Therefore , a recommendation for,
the full scale test was a 34 , 050 k g (74 , 000 1b) h e m i s p h e r i c a l  charge of
I N !  p l a c e d  4 7 . 2  m (155 f t )  from the  center l ine  of the  acceptor  maga-
ines .

C. B l a s t  Loading on a 1/45 Scale Model M a g a z i n e

The dimensions of the 1/45 scale model magazine are shown in Figure
-~~ . —~ photograp h of the instrumented model is presented in Fi gure 9.
[his test series (Series IV) was conducted to determine the blast load-
ing to be expected from a 41 ,370 ~~c’ (91 ,125 ib) TNT charge placed 50.3 m
( 165 f t )  from the  c e n t e r l i n e  of the  f u l l  s i z e  m u n i t i o n  s torage magazine .
-\s not ed in Table VI , on Shot 13 a sand model was  used w h i l e  on shot s
iS and 19 a concrete model was used . The gage pos i t ion  and charge
wei ght are given in Table V.

Values  of ’ the average overpressure versus t ime for the three  shots
are l i s t e d  in Table X I V  for a l l  posi t ions  ins t rumented.  These average
values  of overpressure versus t ime were used to ca lcu la te  v a lues  of
average impulse versus time which are l isted in Table XV . The t o t a l
p o s i t i ve impulse for each pos i t ion  is l i s t ed  at the  bot tom of each
column . Th e second val ue in the colu mn is t he sca led ~p v a l u e  of t o t a l
i m p ul se  to be expected at the  same l o c a t i o n  on a f u l l  s i z e  s t ruc ture .

The d i s t r i b u t i o n  of peak overpressure and impulse to be expec ted
over a fu l l  s i ze  magazine is shown in Fi gure 13 .

-Vi t hough the f u l l - s c a l e  charge wei ght f or Test Series  I V w o u l d  he
app r o x i m a t e l y  22 percent greater  than the 34050 k g ( 75 , 000 lb )  con-
sidc red for Test Series I I I , t here was very l i t t l e  di f ference in the
sca led  up overpressure impulse  va lues  on the top of the s t ructure .
Compare the  overpressure impulse val l e s presented in Fi gure  12 ve r sus
1 - i gur e 13.
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I
‘l’a b l e  X I I I . Average  I m p u l s e  ( p s i -m s e c )  ve r sus  4

Ti me (msec) - Series i l l

Posi t  101) 1 7 8 10 11 12 13 14 15

‘1’ UU C— 1)15CC

. 00

.05 7.48 3,10 2.68 3.50 2.00 3.05 1.55 1.7 ( 1  ~) .4 ( )  3 .93

.10 4.91 3.08 2.03 2.88 2.58 2 .48 1.33 1.43 7.43 3. 08

.15 3.44 1, 42 1.70 2 .50 1.90 2 .18  1 .20  1 . 2 3  5. 80 2 . -I! )

.20  2 .54  1.11 1.50 2.05 1.55 1.85 1.05 1.08 4.33 1. 88

.25  1.88 .91 1.25 1.55 1.40 1.60 .93 .95 3.10 1. 48

.30 1.64 . 78 1.10 1. 25 1.23 1.55 .85 .85 2 . 2 3  1 . 2 3

.35 1.49 . 56 1.03 1.08 1.0 5 1.30 . 78 .73 1.65 l. 0()

.40 1.19 .36 - .88 .95 .98 1.13 .70 .60 1.28 .85

.45 1.04 .24 .80 .83 .88 1.05 .63 .49 1.08 . 78

. 50 .98 .22 .70 .70 .75 .93 .58 .41 .90 .70

.60 1.48 .31 1.15 1.15 1.35 1.40 .99 .71 1.45 1. 15

.70 1.06 .13 1.03 .92 1.09 .83 .80 .58 1.2 (1 .95

.80 .85 0 .87 . 75 .75 .42 .63 .43 .92 .8~

.90 .71 . 71 .50 .55 .14 .53 .42  .59 .74
1.00 .54 .54 .27 .48 0 .41 .42 .39 .56
1.1 .41 .37 .16 .39 .34 .30 .04 . 40
1.2  .30 . 28 .08 .35 .44  .21 .03 .2-1
1.3 .20 . 27 .03 .28 .50 .14  0 . 12
1.4 .19 .38 0 : 1 6  .49 .10 .04
1.5 .1 5 .41 .06 . 48 .07 0
1.6 .09 . 24 .03 .45 .07
1.7 .05 .15 .03 .41 .09
1.8 .02 .19 0 .37 .06
1.9 0 . 11 .34 .02
2 . 0  0 .29 0
2.1 

- 

.23
2 . 2  .16
2.3 .12
2 .4 .08
2 .5 .05
2 . 6  0

Model 32.64 12.22 20.37 21.15 19.84 19.91 17.71 13.09 4 1 . 8 2  2 2 . -I
F u l l  962 360 601 624 585 587 522 386 1233 66 1Scale
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I V . I) I SCUSS ION ANI) RECOMMENDA’F IONS

Ih e  results from t es t  S e r ies  I I I met t he  rcqu i renient for an impu l se
oF -1 4 .8  ba r— msec ( (4 50 psi -insec ) on tI-ie earth c o v e r  at t he apex of

the arch of the acceptor magaz ine .  A comparison of the data  from I :SK JM ()
I I I  an d l es t  Ser ies  I I I  w i l l  he made i n  this sec t ion . ‘l’he predic ted
values for E SKIMO V w i l l  a l so  be presented.

~-\ , (~~~p~i r ison  of Res u l t s

The peak overpressure and impulse  obta ined at the  gauge locat ion
sh own in Table I and the scaled-up va lues  recorded at s i m i l a r  pos i t ion s
on the model, as presen ted i n Table  IX , are l i s t e d  i n Tab le  X V I  fo r a
d i r e c t  comparison . The peak overpressure and overpressure impulse
v a l u e s  obtained on ESKIMO I I I  and the va lues  obta ined on Test Series I I I
sea led  up to 34050 k g (75 , 000 ib)  TNT are presented in  Fi gure 14. There
is ver  good cor re la t ion  of peak overpressure from Pos i t ion  5 throug h
P o s i t i o n  13. The reason for the large difference in peak overpressure
at Po s i t i o n s 2 and 14 is believed to be caused by the  d i f f e ren ce i n t he
ang le of the  slope of the earth cover and the shock front generated from
two d i f f e rent explosive conf i g u ra t ions .

Ih e  covered exp losive charge from ESKIMO I I I  would produce a curved
shock front propagat ing downward toward the slope , probably  producing
a regular  r e f l ec t ion  at the toe of the s lope.  The hare hemispher ical
charge  used in Test Series I I I  produces a ver t ical  shock front s t a r t i n g
up the  toe of t h e slope which  in turn prod uces a Mach r e fl e c t i on , a n d a
Mach stem moves up the slope.

The overpressure impulse shows the same trend except the mode l
va l u e s  a re h i gher at a l l  th ree front slope pos i t ions  than recorded on
the ES KIMO I I I  front slope pos i t ions .

Al though  the peak overp-ressures recorded at Position 6 show
e~ ccJ 1e n t co rre l a t i on there  i s a dramat ic  d rop in the overpressure
i m p u l s e  obtained from the scaled model . Here aga in  it appears to he
a func t ion  of t he explosion sources and the angle of the shock r e l a t iv e
to earth cover on the structures. As the shock front moves up the
front slope of the model magazine a Mach stem is formed ; and when the

~Ia -h stem reaches the top of the slope and moves across the top surface
of the structure a vortex forms behind the Mach shock front causing a
lowering of pressure within the shock wave. This lowering of over-
pressure versus time will of course generate less impulse than a shock
wave L-,ithout the influence of a vortex. The a n g l e  of the  shock f ront
imp ing ing the fu l l  si te ’  structure on ESKIMO I I I  apparen t ly  did not
form a Mach stem up the front slope nor a vortex across the  top of the
s t ruc ture . Therefore , the impulse is lower than the  model up the slope
and h ig her at Position 6.
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11 . Sho..- k  R e f I  c-ct iou and I ) i f t t : u c t  i on  — I h e o r y  and I F. J le I U C R ’ u l t

( h e  th e o u ’ e t  ~al t r e a t m e n t  of shock reflect jol t and di ft u ’a i t l oll p i i - -

Sc -ui  t e~I I T I t I i i  S si-ct ion wa s taken from Re fe T C l l l.’ i’ 
—‘ 

, I t  c ou i t  t i l l s  .1 5 u h F  -~ I ’
i ) t  net liods for p r e d i c t  i n g  t he  e f f e c t s  of t e r r a i n  on b l a s t  s : u t t  r I I , u ~ ’ u  -

t iou

I . ~l i i ’h R e f l e c t i o n  l’ r i ’h — s u r e on t h e i r ont  SIII1IC - llie ~~ i l  ‘ 1 i ~

r e f i  c-ct ion o t e r p r e s sn u - e up r,]~~~ center of t h e  f r o n t  slope I l l t h e  f l I / Id I  I
i ’ tu c t o  r’ i- can he de te m i  ned f rom t w o— d i m e n s  i on a 1 t heo mc . A t ~‘p i a I ‘-I . i i

ri ti c-ct  ion p a t t e r n  u s  shown i n  I~i gore  15. He re t h e  l i i i ’ i d e n t  S h I l L  (I i - I —

~~~~~~ u - i t  ~~ : is P . /P  , where  P i s  the  peak i nc ide nt  1 ) v i - rp rc-S s t u ’ i- :In11 IS (4 5
u s at m o s p h e r i c  p r e ssu re . l’he pressure rat to for t h i -  ~‘ I : l L ( 7  i’i’Ilc’ cti d I I I

: i s  P F , whe r e P i s t h e  peak Mach ov er p r e s su r e  and I’ i ‘~ a t  hi l I F e  C I  c
“I o m o

p r e s s u r e .  The an g l e  0 i n  F igu re  15 i s  26. u d e g re e s .

The i n c i d e n t  shock p r e s s ur e  i- it 10 : for  a h cm t~~p h e r i ~~. u (  u i t i 1 -
s t u r ’ t : l c e  bu r s t  is  p l o t t e d  ver s us  s ca l ed  d i s t a n c e  i n  Fi r Il re ft. ( h  -

t’.as deve loped  ‘f r om da ta  p resen ted  in Reference  I . When i s  dt- t ~rn rI  1
for .i S i ’ I ected scaled distance up t lic ’ f ron t  SI  ope t h e n  t lie Mach ri  t~1 I t  1 - F

r a t  t o  can he d c - t e r m  i ned from F i gure 17 where : i s p lotted as a t u r i c  —
m in

t o h  of = for a slope angle of 26.6 degrees. l’his c u r \ e  w a s  d e v c I ~~pi-d
from d a t a  presented i n  Reference  7 .

The values of 2 d e t e r m i n e d  up t he  f r o n t  s lope  for selected scaledm
dis tances have been p l o t t e d  i n  Fi gure 16 and 1 isted for  t h e  ga ug c -  p o s i t
2 , I-I and  (4 in  Table XVI I . The Mach p r e s su re  rat : t a  hues wc’t’c- c~~ l 1 —

in

t ’erte d to P values for a d i r e c t  compar i son  w i t h  e x p e r i m e n t a l  v a l u e s  of P
in

2. Si-tock Diffract u n  Pressures on the Roof. ltheii a mis i n g  slop e
changes  to  a f a l  I i ng  s lope  then the  Mach r e f l e c t  ion pr ocess e h a r i r i s  t o  a
shock diffraction . The process is reversed and the  press ure  On t h e  ~ t i l ’ -
face become s less than the input pressure. T h i s  condition is shown i n
I- i ghure IS where : becomes t h e  input  shock r a t i o  and the d i f f u ’ a c t c d  shoc~
p 1 e~;s ur e  ratio is noted as - w h i c h  i s  P ,/P where P is the ot-erj ’)l-cssll re1 l o  T
on t he top of t he st ruc ture an ’! P is the atmospheric p r e s s ur e  . -\ P l o t

of as a funct ion of 2 for 0 equal to 26.6° is presented in F i g u r e  1 - s .

Based on the assumption that the diffraction process is a i’evers:i I of t h e
r e f l e c t i o n process the overpressure ratio across the top of the m o d e l

s t r u c tu re bc-comes equa  I to : , t he i n c i d e n t  overpress iure  ra t  i o  shown i l l
F (g o re  16. The t’a I nc-s of l’ dete run i n  ed f r om F i gure  18 ha v e  been ~ I o t t II
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‘lab  Ic- XV I I . M a c h  Ri ’ fi c-ct To il aitil l i i  i f r a  e I i (III -‘I’Iti-o my
a ti d F X f h c ’  r i n h e u i  t

Ser ies I

Pus i t  I Oi l  Sca l ed  P e a k
Number  l )j s t , i u i c i ’  = 2 Mac h  Ovcrp, r ess u r -e

Ill
A I ’heo r> l :xpe l 1  I C c - l I t

f t / l b s~~ ’
~ psi p si

2 2.51 15.0 23.0 338 338
14 2 .85 11. -I 17.6 59 235
S 3.19 8.7 13.6 199 177
* 3 . 3 3  ~.3 11 .4 168 —

zm F

(4 3 .53 10.8 6 ,9  l Ot) 97
15 3 .87 8 .9  5 .6  82 76
11 4 .20 7 . 4  4 . 6  67 59** 4 . 3 1  7 .0 4.3 63 -

Z
T

12 4 .88 3,2 1.8 2 7 2 1

Series 11

in

2 2.79 12.0 18. 5 2~ 2 29 5
14 3.06 9.6 14.9 219 212
5 3,33 7.8 12 .2 179
* 3.5, 7.0 11 .0 162 -

(4 3 .60 10.4  6 .6 97 10 1
15 3.87 8.9 5.6 82 76
11 1 .1 -1 ~

“ .6 4 . 7 69
4 *  4.22 7 .3 4.5 66

12 1 .67 3 .6  2 1 30 2 (4
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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lab Ii - X V I I .  Ma ch R e f l e c t  ion  and  Di  f f m ac t  i o n -  ( I l L - l I l y
a thu i :x per’ i Inc-nt (Coot I ntui— d

Series I I I

I t  lo ll Sca led Feui k\ h l h l l h i ’I’ Distan ce t(a e l ( )veLJ~~~~~~~~~ u r - e 
-

- -

f t / 1 h s~~~ p s i  p s i
2 2.5 1 1 .0 17 .0 250I 3.12 9.0 1-1 .0 206 21 15 3.3 7,8 12 .2 17 9 1603.55 6.8 10 .7 157 -

2 2 .m ‘I

F 3 .62  10 .3 6 .5  96 92IS 3.87 8.9 5.6 82 87I I  - 4 .12 7.7 4.8 70** 4.19 7.4 4•(4 (45 -

12 4.61 3.7 2 . 1  31 34
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l ab Ic \\ h i . Mac it Ri’fl c-ct  i on 11111 1 )1 t f h ’a~ t t I l l  — ‘ I l u c - l I c
1111(1 [xpi’ t ’ i  ICc - i t t  ( Coot i l ined

Series ( V

Pus i t i on  Sca l ed  Ph _ - a k
N r u l h u h e r  D i s t a n c e  = = M a _ - l i  O V u ’ h ~ O F L - < - ’ h I t ’ i’

Il l -— — — — -  — —

A ‘l ’h i ’o r I ; X J I C  I’ I Sell I

f t / I t s ’ P~~i ( I S I

2 2. 93  I O . j  1 6 . 4  2 1 1  3 17
14 3 .1 6  8 .9  13, 9
S 3.39 7 . 6  1 1 . 9  175 1 1 7
* 3.43  7 . 3  11 .4  168 -

z
in 1

6 3.63 1 0 . 0  6 . 3  93 9( 1

15 3.87 8.9 5.6 82 81
11 4.10 7,8 4.9 71 7))
** 4.31 7.0 4.3 63 -

:
~ 

Z
R

13 4.56 3.9 2.3 33 31

*Top of front slope.

**Reuir  edge of r o o f .

NOTE : WHERE :

= P IF P = Peak incident o t er p r e s s l l h e
5 0 S

Z P /P P = Peak mach overpressurc
in m 0 n

2. = P /P P = P eak overpressure on t opF T o  I of structure
= P /PR R 0 P = Peak overpressul-L- on reai-

s lope

P
0 

Atmosp heric pressure .
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i i i  I i gore  t o  - h u e  t a  I n c - s  d e t e r i t i  i ned at sea 1 ed d i si 111C ( ” - I I ) !  ) 7 1 1  10’ ’  ~l l  - -

t ions 0 , 15 , 7 t f l i I  I I I r e  I i s t e d  i t u  1 ; t h  Ic- \V I I 1( 1 1’ di t’ ei t i’I ) n h l J I ; u r  I - ‘ l i i  l i i
l l h i ~~l S l h u ’ c - d  t a  l ut es I I I  ph_n IL &I\el’ p l’ i-ssLl!’ e .

3. Shock Di  f t r ’ a t - t  ion Pressure on th i ’  Ui ’a r S l o p e .  I t i l t - I l  t I l l -  . l l I ) c  I
‘a s se s  o v e r  t h e  t op  s u r f a c e  ot  t h e  strhtetlire and starts lIuwil t lii
sF Il’ t ;ti ’e , a seconil shock  di f i r — a c t  i o n  occurs  as 511 00 1 i l l  I 115 111 15.  h o -
di t tu ’ ;tcted shock r a t  ~ :

~ 
now bc-collIes the i n p u t  p~ ’t~~~s~~ ri’ rat I I )  ittt&l F i l l

pr es s~ u~’c- i-at ii) down t h e  rea r s l o p e  hecotiie s Z
R 

wh I t ’l l  ‘-i P 1~/ l ’ , whc ’ ,~ I’ )
i s  t h e  peak ov er ’ p r essuu l ’e  oIl t i l t -  m t - a r  s l op e  and  I’ i~~ t f i i  ; l t l n h h l - ~p i l I - r  I i ’ 5 1 1 ’ S —

Su r e  . -\ p l o t  ol :
R 

t-eI’stus 2
1 

i s  p r e s en t e d  i n  F i gu r e  18.  \ ; I l h u i ’ s of t I l l

s e a l  c-il d i  s t a n c e s  down the rea r’ s lope weu’i’ dc-term i ric’d f r o m  I - i  gor e 15- to
d e t e r m i n e  v a l u e s  of :R w h i c h  are  plotted in Fi gure 16. A t ;i l uc of :~
determined for Posit ion  12 on the rear slo J ) e  is  I i  stc’ d i n  l a h i  e \ \  I I 11111
c o n v e r t e d  to  h )

1~ 
f o r  a d i  m ee t  c o m p a r i s o n  w i t h  m e a s u r e d  t- ; l 1 FH-s -

-1 . D i 5Ct1SS iOfl of ‘lheo r n l ~xper_i mcnt  . ‘Flie de t e  l~h hl  i nat ion 0 t ( 1  I I
ov er p r es s u re s  on t h e  f r o n t  s lope , top and rear  of t h e  mode l  st r i o t i t i c-
w as  ma de  for  t h e  c o mp l e t e  s e r ie s  of t e s t s  u s i n g  t h e  t h e o r y  d e t ’ e lo p c -d  i l l
R e f e r e n c e  7. The compar i  5011 5 of the  t heo re t  ica  I t ’a I l l e s  I- i t l l  me :IshJr ( )
v a l u e s  i s  q u i t e  good . i’hie overall variation of t h e o r y  ~ t r~~~us - \ ; C t ’ t’ i ;: u F l t
i s  l e s s  t h a n  ± 5 p e r c e n t .

( ‘ , Fred i c ted  P re s su re  and I m p u l s e __for  E S K I M O  V

iwo m u n i t i o n  s t o r a g e  m a g a : in e s  w i l l  he exposed to  hem i s p h e r i c l i  VS
c h a rg e  c o n s i s t i n g  of 9 , 376 , 8-p ound d e m o l i t i o n  b l o ck s  m a k i n g  a t t a l
w e i  ght  of 3-1 , 054 k g (7 5 , 008 ibs )  . The structure wi l l  he p l a c e d  1- s O l i d  I S t a n ’
4~’ , 2 met res  (155 f e e t )  from ground zero (see H gore 1 9 )  - The su~~ t- - t  ci
gau ge l o c a t i o n s , d i s t a n c e s , p r e d i c t e d  j ) eak ove rp res su re , and i lnplll st-s Ire
l i s ted in Table X VIII . The peak overpressures to ht- expected OI si  I ’ I I L ~-

t u r e s  A anti  B are  p re sen ted  as i s o - p r e s s u r e  c o n t o u r s  i n  F i gure  20 .  I i i .
p r e d i c t e d  ove rp res su re  i m p u l s e  v a l u e s  for  t h e  f u l l  st -a l e  t e s t  I r L  1 ie -

sented as i s o - i m p u l s e  con tou r s  i n  Fi gure  2 1 .

The d i s t a n c e s  and impulse predict ions  have b c -c -ui s c a l e d  foi - c h I l - e~
w e i  g ht  o n l y  and not for  til e a t m o s p h e r i c  p r e s su re  or t e m p e r a t u r e  t h a t
m i g h t  he expec t ed  a t  t he  t e s t  s i t e  because  t h e  t e s t  d a t e  for  I S k l \ t o
has not been e s t a b l i s h e d  at t h i s  t i m e . The v a l u e s  It’e n o t e d  in 5 t h
bars  and ps i  for  p l a n n i n g  c o n v e n i e n c e  and  gauge  calibration .

N ot e  t h a t  the  gauge l o c a t i o n s on t h e  f u l l  si :e  s t r u c t u r e  do n t
correspond d i r e c t l y  w i t h  t h e  gauge  l o c a t i o n s  on t he  1/ 3 0 th  or I L t !
sca l ed  mode l s .

5~7
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l a b l e  X \ I II .  Sugges te d  ( i l u l g e  101 - a l  10115 , P r e d i c t e d
P r e s s u r e s  anil i fl u I )hlI s tS to,- 1 S K I M ( )  \

I t  on Dust alo e P eak
\ h l l l l l e r  f rom ( u.. (~~~~Ip ~’c - s 5 u r e  P o s i t  i v ~~j~j~r i l s e  

-

Me t re s  I c-ct bar  Psi bar-Msec Psi -Msi-c

* 1 3)) . 5 10( 1 . 1) 1 5 . 2  220 66 .3  962
A2 3 5 , 1  1 1 5 . 0  17 . 9  2( 10 1 0 0 . 0  145( 1
113 38.5 12 6 . 3  1 - 1 . 1  2( 15 83 . 1) 12 1)4
114 3 8 , 1  1 25 , 0  1- 1. 6  2 1 1  85 .0  1233
AS 38 .5 12 0 .3  1 4 . 1  205 53.0  1204
*(4 - 1 1 . 1  135 .0  1 1 . 1)  1(4 0 7 5 . 0  1088
*7 - 1 - 3. 2 14 5 . ( )  6.34 92 2 -1 .8  360
A8 50. 1 164 .5  4 . 2 8  62 4 1 . 1  601
A9 47 ,5 156.0 5 . 52  81) 4 3 .0  62—I

*10 47 .2  155.0 6 .0 1) 87 4 5 . 6  661
1111 4 8 . 5  156 . () 5 . 5 2  80 4 3 . 0  624
B 12 4 8 . 8  l o o . O  4 . 14  60 4 0 , 3  585
*13 50.3 165.0  4 . 6 2  67 4 0 . 4  587
1114 53.3 175 .0  3 .45  50 36.6 530
A l S  5 ( 4 . 4  185.0  2 . 3 4  34 36 .0  522
A I b  65 . 5  2 1 5 . 0  2 .55  37 2 6 . 6  386

~Common to S t r u c t u r e s  A and B

NO’l’E: Gauge pos i t i ons  on ESKIMO V s t r u c t u r e  not a l l  e q u i v a l e n t to gauge
pos i t ions  on Models .

Gauge Positions
ESKIMO V MODEL

1 =  1
2 =  2
3 =  3
4 = 1- 4
5 =  4
6 =  5
7 =  6
8=  7
9 =  8

10 = 15
11 = 9
12 = 10
13 = 11
14 = -

L 

15 = 12
16 = 13
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AC KNOW i F  1( 1 MEN -I - s

I T I e  ;iut th u r w i  s h u i -~ F u  a c k n o w l e d ge the  fo l  I~~w i  ug m d i v  i d u t a l  s a r ud
t( Ii ’i 0 5J)ecit!C c o n it r ’- i hst t ions. F i r s t , Mr . George Coulter , as f i e ld( u t l i t -e t  o f f i c e r , g u i d e d  t h e  day to day a c t i v i t i e s  on the t e s t  s i t e ,h .  Wa t son  oper’a tc ’d the  record i ng t r a i l e r - and Mr .  V i n c e n t  Ki ng

, t i i d  Ml - . Ke nn c - t  Ii l b  i t )  n ’ook c o ns t r u c te d , i n s t  rum eui t  i’d , and p l a c e d  theis d e l s . Mr. Kin g was also the explosive handier. Mr. William Matt Iw-~ sa-  s t s t 1 - ih i n  the desi gn of the models  and did the art work presented in
li e  r epo r t
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AI ’PL ND I XLS

PR ESSURE VERSUS TI ME DATA

l’he A p p e n d i x e s  show the  average overpressure versus t i m e  recorded
i t  t he  gage p o s i t i o n s  ins t rumen ted  on the 1/30 and 1/45 scale  models .
l ’hey are d iv ided  in to  four sect ions for presenting the different charge
wei ghts and model scales . The divis ions  are as fo l l ows :

A ppendix A - Model Scale 1/30 - Charge Weig ht .454 k g Pen t o lj t e

Appendix B - Model Scale 1/30 - Charge Weight .908 kg Pentolite

Appendix C - Model Scale 1/30 - Charge Weight 1.135 kg Pentolite

Appendix D - Model Scale 1/45 - Charge Weight .454 k g Pen to l i t e .

All plots of overpressure versus time are presented in units of
bars versus milliseconds , where the bar is obtained by dividing pounds
per square inch (ps i )  by 14 .5 .  The bar mu1t~plied by 100 is equivalent
to one kilopascal.

63



AP PENDI X A

Series I - Model Scale 1/30 Charge Wei ght 0 .454 k g Pe n t o l i t e

65 
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API’FNI) I X A — LIST OF I LL( JST RA I I ( IN S

I ~~i t u - , - ‘a ~ I

I O v e r h l r e s s ur c  v e u ’ S l l s  I i u l i e , l’o~~i t ion  I

\ 2 Oveu’p r e s su rc -  v e r s u s  ‘F i me , Pos i t ion 2 I

\ -  3 O v c r pr e s su r e  v e r s u s  b i u n e , P o s i t  i oui 3 

O t-er p r e s sur c  v e r s us  t ime , Pos i t  ion 4 0

-5 & ) u e r p r e s s u r e  v e r s u s  I inc . Pos i t  ion 5 

r Overpr essure  v e r s u s  Time , Pos it ion 6 71

\— _7 (4 t -e rpr essure  v er s u s  l ime , Posi t i on 7 

-\-S Overpressure versus Time , Position 8 7 1

\ -0  Overpressure versus Time , Posi t ion  9 75

\ - l O  Overpressure versus Time , Pos i t ion 10

\- 1 1  Overpressure  versus ‘rime , P o s i t  ion 11

\ — l l  Overpr essur c  ve r sus  T i m e , P o s i t i o n 12

A - i S  Overpressure  v e r s u s  T ime , P o s i t i o n  13

A - i l  Overpressure versus Time , Position 14

\ - . I S  Overpressure  versus F ine , P o s i t i o n  15 S I
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A PPENDIX B

Series II - Mode l Scale 1/30 Charge Wei ght 0 .908 k g P e n t o l i t c
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A P P E N D I X  B - LI ST OF ILLUSTRAT IONS

F i gure Page

B-i Overpressure versus Time , Position 1 85

B-2 Overpressure versus Time , Position 2 86

B-3 Overpressure versus Time , Position 5 87

B -4 Overpressure versus Time , Posit ion 6 88

B-S Overpressure versus Time , Posit ion 7 89

B-6 Overpressure versus Time, Position 8 90

B-7 Overpressure versus Time , Position 9 91

B-8 Overpressure versus Time, Position 10 92

8-9 Overpressure versus Time, Position 11 93

B- 1O Overpressure versus Time , Position 12 94

B-li Overpressure versus Time , Position 13 95

B-l2 Overpressure versus Time , Position 14 96

B-is Overpressure versus Time , Position 15 97
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