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Abstract  

The Impact Physics Branch of the Terminal Effects Division of the Weapons and 
Materials Research Directorate (WMRD), U.S. Army Research Laboratory (ARL), was 
tasked by the Armor Mechanics Branch, WMRD, ARL, to perform blast measurements 
in ARL Experimental Facility 108 A/B. This memorandum report briefly summarizes 
the results of four blast tests that were conducted on 8 November 1999. The purpose of 
this test program was to measure the blast pressure exhibited on various walls of the 
experimental facility's chamber (108A) as a result of the detonation of various size 
spheres of Detasheet and to determine the maximum explosive weight that could be 
used in this facility without extensive modifications. 
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1.   Introduction 

The Impact Physics Branch of the Terminal Effects Division of the Weapons and 
Materials Research Directorate (WMRD), U.S. Army Research Laboratory (ARL) 
was tasked by the Armor Mechanics Branch, WMRD, ARL, to perform blast 
measurements in ARL Experimental Facility 108 A/B. This memorandum report 
briefly summarizes the results of four blast tests that were conducted on 
8 November 1999. The purpose of this test program was to measure the blast 
pressure exhibited on various walls of the experimental facility's chamber as a 
result of the detonation of various size spheres of Detasheet and to determine the 
maximum explosive weight that could be used in this facility without extensive 
modifications. 

2.   Test Setup 

Hand-formed Detasheet spheres were detonated on top of a target table 57 in 
away from the entrance door of the chamber. Again, it should be noted that the 
Detasheet spheres used were handpacked and not cast, but they were considered 
adequate for the purpose of this study. An RP 87 detonator was used to detonate 
the explosive. The detonator was placed in the center of the explosive and was 
positioned facing toward the door of the chamber. This was done to ensure that 
the maximum pressure obtained by the detonation was aimed at the door and 
that the majority of the fragments from the detonator were propelled away from 
the pressure gauge mounted on the door. The door to the chamber is made of 
1/2-in steel and has a 1/2-in bar stock locking pin, which is shown in Figures 1 
and 2. Figure 3 shows a PCB 102M230 pressure gauge mounted into a lead "pig" 
pressure mount, which is attached to the chamber door facing the inside of the 
chamber. This pressure gauge was mounted so that it was in the direct line of 
sight of the explosive. The distance between the center of initiation and the 
pressure gauge was 72 in. (Figure A-l in the Appendix shows a schematic of this 
pressure transducer. Figure A-2 lists the operating specifications of this 
transducer model. Figure A-3 is an engineering drawing of the lead pig pressure 
transducer mount.) A second PCB 102M230 pressure gauge in a lead pig mount 
was placed at the opening of a vent located on the sidewall of the chamber. This 
location was selected because the walls of the vent are constructed out of sheet 
metal. It was feared that this duct would be ruptured or severely damaged from 
the blast waves. The vent has a 1-ft2 opening. Figure 4 shows the pressure gauge 
and lead pig mount at the entrance of the vent.   (Calibration curves for both 
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Figure 1.   Photograph of entrance to chamber showing locking mechanism and target 
stand. 
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Figure 3. Photograph of pressure gauge and mount clamped to entrance door. 
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Figure 4. Photograph of pressure gauge and mount at entrance to vent. 

pressure transducers can be found in Figures A-4 and A-5.) Figure 5 shows the 
approximate layout of the chamber with dimensions. The approximate volume 
of the chamber is 669 ft3. The chamber has an additional baffle that can be 
opened. This baffle has a 107-ft2 opening and is shown in Figures 2 and 6. 

Two Lecroy LT344 500-MHz oscilloscopes were used to capture the data 
obtained in these tests (Figure 7). Data were sampled at 1 us per point for a 
duration of 190 ms. The 190-ms duration was used to enable the signal to return 
to baseline as much as possible, which gives us an idea of the venting rate for the 
chamber. Two plots for each signal are given in section 3. The first time history 
is a full-duration plot to show how the pressure levels change with time. The 
second time history plot is a short-duration plot of the initial pressure wave 
measured and the initial reflected waves that were seen shortly after. It should 
be noted that all of the measurements shown herein are reflected pressure. The 
impulse of the pressure measurements obtained on the door were calculated for 
the first blast wave that struck the door. Impulses from secondary reflections 
were not considered. In all, four blast tests were conducted. 
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Figure 5. Schematic of Experimental Facility 108 A/B chamber. 

Figure 6. Photograph of steel baffle door. 



Figure 7. Photograph of data acquisition equipment. 

3.   Results 

In test no. 1, a 10-g sphere of Detasheet was detonated. The 107-ft2 steel baffle 
door was closed, which is shown in Figure 6. Time histories from the gauges are 
shown in Figures 8-11. Table 1 summarizes the peak pressures obtained in all of 
the tests. A maximum pressure of 10.1 psi was measured on the door with an 
impulse of 2.2E-3 psi • s. Figure 12 shows the impulse of the initial pressure 
wave striking the door of the chamber. A maximum pressure of 2.1 psi was 
measured at the entrance to the vent. No damage was done to the chamber. 

In test no. 2, a 20-g sphere of Detasheet was detonated. Again, the baffle door 
was closed for this test. Time histories from the gauges are shown in 
Figures 13-16. 

A maximum pressure of 14.1 psi was measured on the door with an impulse of 
3.4E-3 psi • s. Figure 17 shows the impulse of the initial pressure wave striking 
the door of the chamber. A maximum pressure of 3.5 psi was measured at the 
entrance to the vent. No damage was done to the chamber. 

In test no. 3, a 50-g sphere of Detasheet was detonated. The baffle door was open 
for this test.    Time histories from the gauges are shown in Figures 18-21. 
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Table 1. Experimental Facility 108 A/B blast study. 

Test No. 
Explosive 
Weight 

(g) 

Pressure on 
Door 
(psi) 

Impulse on 
Door 

(psi • s) 

Pressure in 
Vent 
(psi) 

1 10 10.1 2.2E-3 2.1 

2 20 14.1 3.4E-3 3.5 

3 50 30.5 6.4E-3 5.4 

4 35 24.2 4.8E-3 5.1 

A maximum pressure of 30.5 psi was measured on the door with an impulse of 
6.4E-3 psi • s. Figure 22 shows the impulse of the initial pressure wave striking 
the door of the chamber. A maximum pressure of 5.4 psi was measured at the 
entrance to the vent. In this test, the pin locking mechanism for the chamber 
door was severely bent as shown in Figures 23 and 24. 

In test no. 4, a 35-g sphere of Detasheet was detonated. Again, the baffle door 
was open for this test. Time histories from the gauges are shown in 
Figures 25-28. 

A maximum pressure of 14.1 psi was measured on the door with an impulse of 
3.4E-3 psi • s. Figure 29 shows the impulse of the initial pressure wave striking 
the door of the chamber. A maximum pressure of 3.5 psi was measured at the 
entrance to the vent. In this test, a c-clamp was used to temporarily secure the 
chamber door. The c-clamp was knocked loose during the detonation, but no 
other damage was found in the chamber. 

4.   Conclusions 

A maximum allowable explosive weight for this chamber should be less than 
50 g of explosive unless modifications are made to the chamber door locking 
mechanism and other critical areas. No damage was seen at 35 g of explosive 
with the baffle open. The door should be secured with the locking mechanism 
instead of a c-clamp. Peak pressures at the vent were relatively low—especially 
the initial blast wave that was seen at the entrance to the vent. Over time, the 
peak pressure ramped up due to multiple reflections and the establishment of a 
quasi-static over pressure. The maximum pressure at the vent was 5.4 psi, but it 
should be noted that the vent is partially blocked by a steel interior door. 

11 



<L> 

13 
en re 
tu 
s 
w 
3 

ON 

N 00 

(S   *   |SJ)    ssindui] 
12 



CT> 
\ 
CO 
\ 
<H 
<H  b 

0 
- 0 no 

4* 
(0 s 

4* ID 
«4* 
0 S 

•-«  3 m o 
z n 

\   - 

en 
GOO 
CON 

•H    QJ 
P-4    0} 

■* s 
Ü   * 
* w 
b 

tf 
4*4* 
£ (9 
0) 0) 
EE- 

•IH 
SH 
0) 

X 
H 

I  I I I  I I  I I I  I I I I I  I I I  I I I  I I I  I I  I I I  I 

 I  I I I  I I  I I I  I I 

CO 
E 

CD 

S 
LA «-I o 
<H o 

"O 
c o 

T3 
Ol 

4-* c 
3 o 
6 
Ol 
60 

CO 3 

E bo 

6 Ol 

* en 
O 01 
IS  0) 
<H E IS 

■n o 
H o 

■4-» 
en 
2 

o> 

e o 
B 
(0 

s 
CO T3 

E 
O S 

■ cN 
CD ■M 

m 01 
H 

ci 
1-H 

Ol 

CO 
CD 

eo LD IS w 6 in CD m 
• > ■ ■ ■ ■ ■ ■ 

m N IS N m N O N 
*-) *H *H 1 

lu 

(isj)   ajnssgjj 

13 



fr 
cr> 
\ 
00 
\ 
<H  h 
<H  O 

0 
*Q 

CO 
4>  S 

CO  0 
0) 

EH*« 
0) 

CO  P 
«  S 

~< o 
PQZ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

PQ 

CON 
S3 vH 

4*  OJ 
•pH   ö> 

^  3 

C0 U 

N 

10 
4* 
S 
03 
E 

0) 

X 
w 

11111111111111111111111111111 111111 I 

CO 1-4 

E 8 
CD T3 

■ c 
m o 

V, 

0 
6 
0) 
on 
3 « 
M) 
OJ 

3 (« 
m 
1-4 

CO  0) U, 

E E O 
S   >P4 fr 
•H o 

** en 
^ 
01 

C o 
•X! « 
a 

T3 
-i J >-. 
O 

JZ 
</3 

00 «N 
E -1-4 

en 
S3 01 

I— 

co 

CD 
■ 

CD 

6 

ifi CD 

L0 

L/3 

N 

CD 

S3 

Ln 

CM 

CO 
E 

CD 

CM 

tt. 

(isj)   aansssaj 

14 



c 
o> 
> 
.5 
1 

I 
p bo 
a 
bo 

i 
9 
a, 
o 

c o 
■xi 

f 
Ä 
in 
01 

s U) 
■ N 

en • 

U) Lfl 

N 

6 LA 

■ 

03 

(isj)   aanssajj 

15 



er» 
0"» 
\ 
GO 
\ 

<H e 
0) 

(4 

(4 
Q) 

E-« 

(0 

0) 
+» 

s 
0 

mz 
n - 
\ 03 

so 
00M 
(S TH 

4*  0) 

-* s 
•H    |0 

m 
N 

«4* 
4* 
P4* 
0) et 
E 0) 
-H 
(U 
0) 
PH 
X 
w 

MIM n^-h+H-W I I I I I I I I I 

c 
> 
C 

18 
o 
s 
60 
3 
P 
bO 

s 
o 
fr o 

4-1 
en 

OI 

C o 
•J3 
(8 

I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I 
03 

CM 

<£ N 03 ^ 03 ^ 
■ ■ ■ ■ 

63 03 03 S3 

(tsj)   ajnsssjj 

16 



-m ii i\yt i i i i 1 i i i i | i i i i | i i i i 1 

en ! / — 

01 [ 
N j 
00 - / 
\ * 
<H  U / 
<H  0 X— 

0 1 
■»« 

(0 _ 
4* ff 
w o 
Q 
H* 

ID 
4*4* 

CO s — 
* s 

~N    0 
HE - 

m - 
\. <£ 
«en 

<£ 
CON 
(S *-l — 
*H 

** 
J» M 

4» 0) 
.*  ft 
~«  3 
—*    tf 
Ü w 
0 
h   •> — 

N 
M 

«4* 
4* 
P4* 
0)  (4 
E  « 
-H 
b 
ID — 
A 
X 
W — 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

CO 
E s 
ui 

CO  d) 
E E 

■E- 

1 
CO 

8 
3 

I 
IN 

0J 

CO 
E 

CD 

en" 

Ä 

en 
I w 

LA 

en 

en 
I 

w 
s 
en 

I w 
LA 
CM 

N 

cn 
I 

w 
Lfi 

(S 

CD 

CO 
E 

09 

(S  *  Psj)   asiiidwii 
17 



CO 
E 

CO 

CD 
Ln k4 

o 
rH o 

T3 
c 
o 

HI *-» 
c 
o 
& 
01 
60 
3 

CO (0 
to 

E 0> 
cs ä 

■ en 
CD 01 

S CO a, 
•H E V4H 

O 
■IH 

H o 

c 
o 

•J3 
(0 

a 
CO 
E 

60 
C 

CD o 
• « 

CD 4-1 
05 

U) E2 

(ISJ)    3JnSS9Jj 

18 



11111111111 1111111111 l^rj I I I t Mill 

- j - 

tr» - j?   - 
er» 
\ 
00 ~ i               "— 

\ 
*H 
<H   U ±¥^^       

0 ■ 

-   0 
no \        _ 

4* 
G»  P 
0) o 

E-i %T                 mm 

•« 
4» 0) 
»4* — 
« c 
^ 3 
PQ  0 

C 
PQ 
\    * 
«sD ~~" 

PJ 
GOvO 
03N — 
TH *H 

an a) 
4*   CD 
— s 
P*   (0 
•* us mm 

Ü 
0     - 
fef) v»       — 

4*+» 
  

e w 
0)  0) 
E H 

•M 

fc 
0) 
PH * 1 

X 
w J 

1 
— 

■ 

1                            1 

111111111111111111 h 

- 

11111111111 :i i i i 1 

CO 
E 

CD 

LA 

CO  V 
E E 

03  »H 
H 

CO 
E 
6 

m 

T3 
C 
o 

1 
60 
3 
P to 
01 

en 

s 
o 

£ 
en 
2 

c 
o 

•J3 

CO 

CD 

I 
• PH 

PH 

03 03 6 03 03 03 03 
■ ■ • • ■ ■ ■ 

6 LA CD LA 03 LA 03 
en C*J (M -i *H 

LA 

CO 
E 

03 

N 

(TSJ)   gjnsssjj 

19 



c 
> 

o 
6 
V 
M> 
3 

m 

en 

O 

b 
o 

01 

C 
o 

•S3 
re 

60 
C 

j2 . 
m 

d 

B- 

6 IS 6 IB 

W ^ m N 

s 
IB 

03 

(isj)   aanssgjj 

20 



c a; 
> 

18 
o 
£ 
t>0 
3 re 
60 

I 
en 

u a, 
o 

en 

2 

c o 
•J3 
re 

o 
JC 

en 
en 
*J 
en 

u. 

Ul w CD Lf) 
N ■ CM 

■ m ■ 

in 

m N 

Ln 

6 

(9 
N 

(tsj)   aanssgjj 

21 



o> 

'S 

01 

0) 
en 

C0 

01 

yß \S) m N 

(oas  *   ?sj)   ssxndui] 
22 



11/8/1999 11:39am 

Figure 23. Photograph of door with damaged locking mechanism. 
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Figure 24. Close-up photograph of damaged locking mechanism. 

Figure 5 shows the position of this door relative to the vent and explosive. No 
damage was seen in the vent during any of the tests but the vent was protected 
somewhat by the lead pig pressure mount and the interior door. Assuming this 
door is kept in the position shown in Figure 5, during most tests, the vent should 
be safe. However, it would be advisable to examine this vent to ensure that 
repeated use does not have a cumulative damage effect on its structural integrity. 
Once again, Table 1 summarizes all of the peak pressures and impulses 
measured in these tests. 
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Appendix: 
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APPLICATION 
NEXT ASS'Y USED ON VAR 

REVISIONS 
REV DESCRIPTION EON' DATE APP'O 

PRESSURE SENSOR 
GROUND ISOLATED 

1.37(34.8) 

.88(22.3) 

^ZS\MODEL 065A30 
SEAL .688(17.48)  HEX 

IJ A 1/2-20 
MOUNTING  HOLE  PREPARATION: 
0.453(11.51) THRU 777-* 
TAP   1/2-20  UNF-2B       VY/l 

'UNF-2A 

ELECTRICAL CONNECTOR 
COAXIAL  10-32 UNF-2A 

MODEL 060A18 
7MM  CLAMP  NUT 
MAT'L:   17-4PH  (H900) 

MODEL 061M15 . 
THREAD ADAPTOR 5/16  HEX A\ 
MAT'L:   17-4PH  (H1025) 

MODEL 069A44 
SPACER .060(1.52) 
MAT'L:  ST STL 

MODEL 065A08 SEAL 
.027(0.68) THICK 
MAT'L: AL ALY 
MODEL 065A22  SEAL 
.015(0.38) THICK 
MAT'L:  VESPEL 
ABLATIVE TAPE  (BLK VINYL) 

THRU "X"   -  THIS  LENGTH TO  SUIT 
I USER REQUIREMENTS 

5.) ADAPTOR AND  SENSOR ARE A SEALED ASSEMBLY AND  SHOULD  BE  RETURNED TO 
THE FACTORY FOR SERVICE AND/OR REPAIR. 

A USE  .312(7.92)  NUT DRIVER TO TURN  SENSOR  INTO TAPPED  HOLE.  NORMAL 
LOCATION  OF DIAPHRAGM  FACE  IS  FLUSH WITH  INSIDE SURFACE.  WHILE  HOLDING 
SENSOR WITH  NUT DRIVER. TIGHTEN  SEAL TO OBTAIN   PRESSURE-TIGHT SEAL 
AND   LOCK  SENSOR  IN   PLACE. 

A RECOMMENDED MOUNTING TORQUE ON  .688(17.48)  HEX 20-25 INCH  POUNDS 
(2.2-2.8 NEWTON METERS). 

A ADJUST MODEL 065A30  SEAL TO APPROXIMATE  POSITION  REQUIRED. 

A COAT THREADS  OF THREAD ADAPTOR WITH  TEFLON THREAD  SEALANT IF REQUIRED. 
(FOR VACUUM TIGHT SEAL ONLY) 
UNLESS SPECIFIED TOLERANCES 

OniENSONS m INCHES 

DECIMALS    XX ±.01 
XXX ±.005 

ANGLES ±2 OEGRZES 

FILLETS AND RADII 
.003 -  .005   ' 

DOOM REV. B 03/13/98 

DIMENSIONS M MILLIMETERS 
(IN PARENTHESIS) 

DECIMALS    XX ±0J 
XXX ±0.13 

ANCLES ±2 DECREES 

FILLETS AND RADII 
(0.07  - 0.13) 

DRAWN MO    Sfe/W     «TO    3^5   g/fr. 
CHK'D (S*v\ ENGR /tr 6.m 

m       INSTALLATION  DRAWING 
MODEL  102M230 

PRESSURE SENSOR 

3425 WAIDEN AVE. OEPEW. NY  14043 
(716) 684-0001   EMAIL: SALESOPCB.COM 

CODE 
next. NO. 
52681 10946 

SCALE:     2X     |  SHEET  1  OF  I 

Figure A-l. Engineering drawing of PCB102M230 pressure gauge. 
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CALIBRATION CERTIFICATE 
Model: 102M230 
Serial #: 12636 Nail Freq: 
Description: Pressure Sensor 
Type: ICP 

Sensitivity: 5.133 mV/PSI 
Linearity": 0.46% FS 

Bias: 9.9 VDC 

* Zero based, least-squares straight line. 

500 kHz Date: 5/4/99 
By: Tom Johnston, Cal. Tech. 
Station:     Dead Weight #1 

Cert«:       32929 

l{ 

Notes: 
1 Calibration is traceable to NIST and complies with ISO 10012-1 and former MIL-STD-45662A. 
2 NIST traceability through project # 822/255136-95 
3 This certificate may not be reproduced, except In full, without written approval. 
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INPUT -PSI 

(0 70 W M 100 

TEST DATA 

INPUT 
(PSI) 

OUTPUT 
(mV) 

20 103 
40 203 
60 310 
80 413 

100 511 

  

PCB PIEZOTRONICS, INC. 
342S Waiden Avenue, Depaw NY 14043 
Tel: 716-884-0001 Fax: 718-684-0987 

Email: sales@pcb.com Web: wwwjx±.com 

ISO  9001   CERTIFIED 

Figure A-4. Calibration sheet for pressure transducer mounted on door. 
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CALIBRATION CERTIFICATE 
Model: 102M230 
Serial #: 12638 
Description: Pressure Sensor 
Type: ICP 

Sensitivity*: S. 158 mV/PSI 
Linearity: 0.45% FS 

Bias: 9.9 VDC 

* Zero based, least-squares straight line. 

Notes: 

Nat! Freq: 550 kHz 5/4/99 V, Date: 
By: Tom Johnston, Cal. Tech.   i [j 
Station:     Dead Weight #1 ' /.' 

Cert#:      32937 

1 Calibration is traceable to NIST and compBes with ISO 10012-1 and former MIL-STD-45662A. 
2 NIST traeeability through project * 822/255136-95 
3 This certificate may not be reproduced, except In full, without written approval. 
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TEST DATA 

INPUT 
(PSI) 

OUTPUT 
(mV) 

20 101 
40 204 
60 310 
80 415 
100 515 

10 20 30 40 SO SO 

INPUT-PSI 

70 to SO 100 

PCB PKZOTRONICS, INC. 
3425 Waiden Avenue, Depew NY 14043 
Tel: 716-6844001 Fax:716-684-0987 

Email: sales@pcb.com Web: www.pcb.com 

ISO  S001   CERTIFIED 

Figure A-5. Calibration sheet for pressure transducer mounted in vent. 
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