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their appreciation to the Suffield Experimental. Station personnel 
whose assistance and cooperation made this test possible and to 
the Ballistics Research Laboratories for blast instrumentation and 
photographic support. 
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This report covers one of the u. S. projects of the 100-ton 
high-explosive test at the Suffield Experimental Station on 3 Au­
gust 1961. This project was designated US-5• The objectives were: 
(1) To obtain an insight into the blast phenanena which contribute 
most to the failure of earth walls of excavations and (2) to deter­
mine the vulnerability of the two-man foxhole to blast considering 
the soil type existing at the Canadian test site. To accomplish 
these objectives, 11 test excavations were exposed to the blast at 
overpressure ranges of 15 psi, 25 psi, and 30 psi. 

The report concludes: 

a. Damage to foxholes at the 15-psi overpressure level indi­
cates that the incident blast wave and its reflections in the exca­
vation are primarily responsible for earth-wall damage. 

b. Damage to foxholes at the 25-psi overpressure level indi­
cates that air-induced growid shock may be an important factor in 
earth-wall failure. 

c. In the soil existing at the Canadian test site, the stand­
ard two-man foxhole showed, qualitatively, a high resistance to col­
lapse from peak overpressures ranging up to 30 psi. 
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AN ATTIMPr TO ISOLATE THE BLAST PBENOONA WHICH CONTRIBUl'E 

MOST TO THE EAR'rH .. WALI, FAILURE OF EXCAVATICJfS 

I. INTROOOCTION 

l. Subject. This report covers Project US-5 of the 100-ton 
high-explosive detonation which was conducted at the Suffield Ex­
perimental Station, Ralston, Alberta, Canada, on 3 August 196i. 

1 

This project was sponsored by the Defense Atomic Support Agency and 
was conducted by the Nuclear Effects Section (formerly Special Proj­
ects Branch}, Demolitions and Fortifications Branch, u. S. Army En­
gineer Research and Developnent Laboratories, Fort Belvoir, Virginia. 
The objectives of the project were: {'a} 'l;o obtain an insight into 
the blast phenanena which contribute most to the failure of earth 
walls of excavations and {b} to determine the vulnerability of the 
two-man foxhole to blast, considering the soil type existing at the 
Canadian test site. 

2. Backgrowid and Previous Investigation. In several nuclear 
tests, specific field fortifications were tested to determine their 
response in various overpressure regions and to determine the pro­
tection offered by these fortifications against thermal and nuclea 
radiation. In these previous tests, however, no attempt was made 
to determine exactly what blast phenanenon was primarilY. responsible 
for fortification failure. An attempt was made during the US-5 test 
to isolate the various blast phenanena and thus determine the fac­
tors that contribute most to earth-wall failure in excavations. 

II. INVESTIGATION 

3. Description of Test. The standard two-man foxhole was 
chosen as the basic excavation with which to accomplish the objec­
tives of this test. Simple construction methods were used to vary 
the blast loading. Including the basic open foxhole configuration 
(loading not altered), .five different designs (11 test excavations) 
were exposed to the blast frcm the 100-ton high-explosive detona­
tion. Table I lists each design, its purpose, and the estimated 
peak over-pressures at which the designs were exposed. Drawings of 
the designs are presented in Figs. 1 through 5. All designs were 
exposed with the broadside to ground zero, as indicated in the fig­
ures. Figure 6· ind1ca.tes the arrangement of the excavations at the 
test site. 
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Design 

A 

B 

C 

D 

E 

Table I. Purposes of Designs and 0verpressures 
at Which They Were Exposed 

Approximate 
Purpose Overpressure 
- (psi) 

Ba.sic foxhole configuration 30, 25, and 15 

Vertical pressure magnification 25 and 15 
with ground shock 

Pure ground shock 25 and 15 

Minimize ground shock 25 and 15 

Magnification of sudden drawdown 25 and 15 
and reflected pressure effects 

4. Field Procedure. The excavations were dug by hand, and 
the earth walls were trinmed as smooth as hand tools and soil condi­
tions would permit. 

Pre-shot and post-sho~ wall measurements were made in 
order to determine the amount of earth-wall sloughing or collapse. 
Horizontal measurements were made from a plumb line suspended from 
a. straight-edged member positioned horizontally across the excava­
tion. Stakes were driven in the bottom of each excavation at the 
corners to use a.s references to position the horizontal member. 
Measurements were made at 6-inch horizontal. and vertical intervals 
a.long the walls of the excavations. 

Photographs of the excavations were taken before and af­
ter the detonation. The end walls and sides were spray painted 
with yellow and white water-base pa.int, respectively, to provide 
better contrast, thus enhancing photographic detail. 

After photographs of all the test uni ts had been taken, 
the timber covers were placed on designs B, C, and D and anchored 
as shown in Figs. 3, 4, and 5. • 

5. Instrumentation. Ballistics Research Laboratory, self­
recording, pressure-time gages were used to obtain measurements of 
peak overpressure. Two gages (one 360 feet and one 45() feet from 
ground zero) embedded flush with the ground surface recorded free­
field pressure. A third gage was mounted on the bottom of unit 15C 
and held in place by sandbags. 
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6. Test Results. The peak overpressures recorded· by ·the two 
surface gages and by the gage placed in unit 15C are presented in 
Table II. 

Table II. Pressure Gage Data 

Gage Distance 
fran Ground Zero 

Estimated 
Overpressure 

Recorded 
Overpressure Duration 

(ms) 

(a) 

(b) 

(ft) (psi) 

30 
25 
15 

(psi) 

32.5(a) 
27.0 
17.4 
2.5 

116.2 
124.5 

Recorded peak 
pressure only 

Value based on reading frcm pressure-distance curves furnished 
by Ballistics Research Laboratories. 
Gage on bottcm of unit 15C. 

Of the 11 test units, only one (25C) was severely damaged. 
Damage to unit 25C consisted of sloughing of the front wall (wall 
nearer ground zero) and weakening of the rear wall, as shown by 
cracks at the surface. 

Cracks appeared around all the test units located at the 
30- and 25-psi ranges and around units 15A and l5E. Test units 15B, 
15C, and 15D were almost undamaged, with no cracks forming around 
the holes at the surface. 

Before the detonation, the 3/4-inch bolts (inserted 
through the ends of the 3-inch angle-irons used as anchor stakes) 
were in contact with the 6-inch angle-irons, holding them tightly 
against the timber covers. After the explosion, the bolts were no 
longer in contact with the angle-irons; a 1,5-inch gap between each 
bolt and angle-iron was observed in units 25B, 25C, and 25D, while 
a 0. 7-inch gap was observed in units 15B, 15C, and l5D. 

Table III contains descriptions of damage sustained by 
each unit. Figures 7 through 17 show the units before and after 
detonation. 

Figures 18 through 21 show the amounts of deformation (in 
inches) which occurred in the walls .of the foxholes as a result of 
the detonation. A negative figure indicates a bowing-in of the 
wall, while a positive figure indicates that the wall sloughed off 

7 
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Fig. 7. Unit 3QA. Top: pre-shot, ground zero towsurd top of
photograph; bottom; post-shot, ground zero to left.
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Fig. d. Unit 25A. Top: pre-shot, ground zero toward right
lower comer; bottom: post-shot, ground zero to left (note
cracks eiround side walls and bow in walls).
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Fig. 9. Unit 15A. Top: pre-shot, ground zero to left;
bottom: post-shot, ground zero to left.
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Fig. 10. Ifclt 25B. Top: pre-shot, ground zero to left;
bottom: post-shot, ground zero to left.
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Fig. 11. Unit 15B. Top: pre-shot, ground zero indicated by
arrow; bottcm: post-shot, ground zero to left.
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Fig. 12. Unit 25C. Top: pre-shot, ground zero indicated by
arrow; bottom: post-shot, ground zero indicated by arrow (on
right side of hole, note imprint made by one of the timbers, 
indicating cover struck ground when blast wave passed).
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Fig. 13" Unit 15C. Top: pre-ahot, ground zero indicated by
arrow; bottom: post-shot, ground zero to left.



Fig. l4. Unit 25D. Top: pre-shot, ground zero indicated by
eurrow; bottom: post-shot, ground zero to left.
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Fig. 15. Iftilt 15D. Top: pre-shot, ground zero indicated by
arrow; bottom: post-shot, ground zero to left.
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Fig. l6. Unit 25E. Top; pre-shot, ground zero toward bottom 
of photograph; bottom: post-shot (note sloughing of part of
left side wall).
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Fig. 17- Unit 15E. Top: pre-shot, ground zero toward bottom
of photograph; bottom: post-shot (note cracks around side
walls).
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Fig. 18. Difference in pre-shot and post-shot wall measurements 
of unit 30A. 
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Fig. 19. Difference in pre-shot and post-shot wall measurements 
of unit 25A. 
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Fig. 21. Difference in pre-shot and post-shot measurements of 
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into the foxhole. Measurements of wall deformation were not made 
for sane of the uni ts because the magnitude of spalling was only 
slight; in the case of 25B, the walls bowed to a degree which pre­
vented measurement. 

III. DISCUSSION 

7. Discussion. This test provided only some indication as 
to which blast phenomena contributed most to the failure of the 
walls of excavations. Additional uni ts deployed at equal overpres­
sures would be required to give more conclusive results. Also, the 
damage to the foxholes was not as severe as was expected. 

This test did not evaluate blast damage to earth walls as 
a function of the variations of soil properties. The soil types 
and conditions were approximately the same at all of the 11 test 
units. Information about soil properties was available for the 
area in the vicinity of ground zero and is included in Appendices 
B and C. 

At a distance of 45() feet from ground zero, the three 
covered excavations were wiaffected, while the two open ones sus­
tained cracks in the front and rear walls. This indicates that the 
incident air shock wave and its reflections in the cavity are pri­
marily responsible for earth-wall damage. 

At a distance of 360 feet. from ground zero, the three 
covered excavations, as well as the two open ones, were cracked in 
the front and rear walls. Except for unit 25C, the damage to the 
covered excavations was less than that sustained by the open ones. 
The failure of unit 25C appears to have been caused by the cover 
timbers bending downward under the blas~ overpressure and striking 
the ground. This may have been due to settlement of the bearing 
timbers prior to the blast or to defective design of the cover it­
self. The front wall of the excavation was sloughed away, and the 
rear wall was severely weakened as shown in Fig. 12. The imprint 
of one of the 8- by 12-inch timbers can be seen where the cover 
struck the ground. It was noted that, of all the other test units 
360 feet fran ground zero which received noticeable damage, the 
wall nearer the blast was bowed in toward the center of the hole to 
a greater degree than was the opposite wall _. This indicates that 
air-induced ground shock may be an important factor in earth-wall 
failure. 

The front and rear walls of test unit 30A would have 
sloughed had it not been for the long roots of the prairie grass 
which retained the soil (Fig. 7) . 
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IV. CONCLUSIONS 

8. Conclusions. It is concluded: 

27 

a. Damage to the foxholes at the 15-psi overpressure 
level indicates that the incident blast wave and its reflections in 
the excavation are primarily responsible for earth-wall damage. 

b. Damage to foxholes at the 25-psi overpressure level 
indicates that air-induced ground shock may be an important factor 
in earth-wall failure. 

c. In the soil existing at the Canadian test site, the 
standard two-man foxhole showed, qualitatively, a high resistance 
to collapse fran peak overpressures ranging up to 30 psi . 
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APPENDIX B 

PROmmES OF SOIL AT GROUND ZERO. 100-TON 
TRIAL AT SUFFIELD EXPERIMENTAL STATION 

Property 

Plastic Limit (i) 

Liquid Limit (i) 

Plasticity Index 

Toughness Index 

Shrinkage Liln:it (i) 

Shrinkage Ratio 

Shrinkage Index (i) 

Specific Gravity 

Percent Finer than No. 200 Sieve 

Moisture Content (i) 

Unified Soil Classification 

Result 

23.93 

45.95 

22.02 

217.50 

14.05 

1.80 

9.88 

2.71 

98.86 

13.32 

CL 

RO'm: Analysis run by Suffield Experimental Station personnel. 
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i APPENDIX C 

SOIL ANALYSES n\.TA FOR VARIOOS LOCATIONS OF TEST SITE 

Natural Distance Fran Depth Water Ground Zero (ft) Sample Description Content (ft) t!l 
0 0 Clay (CL), very stiff', tan 12.1 

0 1 Silty-clay {CH), very stiff, tan 13.4 

0 2 Clay (CL) , medium, tan 8.2 

0 3 Clay (CL), medium, tan 7.7 

0 4 Clay (CL), medium, tan 9.6 

50 0 Silty-clay (CL), mediwn, tan 15.2 

60 0 Silty-clay (CL), soft, tan 13.6 

70 1 Silty-clay (CL), mediwn, tan 11.1 

80 5 Silty-clay (CL), mediwn, tan 11.5 

NO!'E: Analysis run by Waterways Experiment Station. 
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