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DEPAP.TiffiliT OF SCIENTIFIC AND INDUSTRIAL RESEARCH 

Road Research Laboratory 

REPORT FOR THE MINISTRY OF HOME SECURITY 

METHODS OF LIMITING THE ACTION OF UNEXPLODED BOMBS 

SUMMARY 

A description is given of experiments 
conducted in order to determine the amount of sand 
which it is necessary to place over delayed-action 
bombs buried at various depths so that the effects 
of the subsequent explosion may be restricted. Full 
scale tests have been performed using 250 lb. A.S., 
500 lb. G.p. and 250 kg. bombs buried at different 
depths in clay and sand soil and with different 
amounts and distributions of sand cover. By means 
of experiments vri_th smaller charges (8 lb. Polar 
Amnion gelignite) the effect of a cavity round a 
bomb has been examined, as well as the protection 
affsrded by a wall and by a circular sandbag revet
ment. The movement of the earth near the bombs 

' has been measured and high speed cine pictures of 
the explosions have been obtained. The results 
show that:-

(1) In clay soil, 80 tons of sand in the form 
of a cone 6 ft. 6 in. high and 125 tons in a cone 
6 ft. high are sufficient cover for 250 lb. and 
250 kg. bombs at depths of 10 and 12 ft. 6 in. res
pectively. After the explosion, the debris appears 
in the form of a raised mound. 

(2) In sand soil, 120 tons of sand in the form 
of a cone 10 ft. high, and 180 tons in the form of 
a cone 6 ft. high, suffice for 250 lb. and 250 kg. 
bombs at depths of 10 ft. and 13 ft. respectively. 
After the explosion, a well-defined crater is 
observed. 

(3) Sandbags are as effective as loose sand 
provided the weight of sand and its distribution 
are the same. 

(4) A given weight of sandbags stacked in the 
form of a frustrum of a cone is not as effective as 
the same weight of sandbags piled in a cone. 

(5) The permanent horizontal and vertical earth 
movements in sand soil near covered 250 lb. A.S. 
bombs 10 ft. deep are practically the same 3s those 
at corresponding distances from a similar uncovered 
bomb 10 ft. deep but the maximum horizontal earth 
movement is greater for a covered than for an uncov
ered bomb. 
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(9) The use of a belt conveyor greatly 
increases the speed with which a sand or sandbag 
cover may be erected over a bomb, and at the same 
time affords some considerable measure of protec
tion for personnel engaged on the work. 

In the practical application of these 
results, at least two ceses will arise, viz:-

(i) where it is desirable to prevent debris from 
being thrown more than a few feet from the crater 
in order to prevent damage to the superstructure 
of buildings, but where earth movement is of little 
consequence. 

(ii) where it is desirable to minimise earth move
ment due to the explosion in order to prevent 
damege to service mains and to the foundations 
of buildings and structures, but where debris, 
fragments and blast can be tolerated. 

Case (i) may be dealt with by the use 
of a sand or sandbag cover, whilst Case (ii) may 
perhaps be dealt with by digging a cavity round 
the bomb. In order to stop damage by fragments 
emerging from the oavity a sandbag revetment could 
be erected round the crater area; in this case, 
the splinters and blast emerge vertically upwards. 
Ah alternative method of dealing with splinters 
might be to dig a relieving trench to allow splin
ters and blast to escape mainly in one direction 
(chosen so that the minimum amount of damage would 
be done.) 

Introduction 

In the following Report, a description is given of a general 
method of restricting the explosive effects of bombs by covering them 
with sand. The object has been to find the weight of sand required to 
cover a given size of bomb so that the effects of the explosion above 
ground level are limited to such an extent that no debris is thrown more 
than a few feet into the air. 

Preliminary experiments 

Preliminary small scale experiments were carried out at the 
Road Research laboratory using small charges (2 oz. ) buried 1 ft. deep 

clay soil and covered with sand. The -mount and distribution of " 
the sand was varied. The results, which are described in Note No.D.36, 
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showed that the distribution of the sand was important and that the 
greatest tamping effect was obtained by having a conical mound of sand 
spread over the cratering area. On the assumption of a model law, it 
waa calculated that about 60 tons of srnd would be necessary for a 250 
lb. bomb 10 ft. deep in the ground, 

Further tests were made in clay soil at Stewartby using 3 lb. 
charges of Polar Amnion gelignite buried to a depth of 4 ft.. and 67 lb. 
charges buried to a depth of 8 ft. A cone of sand, 12 ft. in diameter 
and 4 ft. 6 in. high, containing approximately 9 tons of sand was suff
icient to tamp the 8 lb. charge, whilst a cone 24 ft. in diameter and 
6 ft high containing approximately 44 tons of sand sufficed for the 
67 lb. charge. 

Full scale experiments 

Full scale experiments were performed at Stewartby in clay 
soil and at Ashley Walk in sand soil, using 250 lb. A.S. and 250 kg. 
bombs buried 10 ft. end 12 ft. 6 in. deep respectively. The cover con
sisted of either loose sand or sandbags, and three methods of loading 
were compared, viz:-

(a) hand shovelling with a portable belt conveyor, 
(b) piling sandbags with a belt conveyor, and 
(c) stacking sandbags by hand. 

Arrangement of tests 

Particulars of the sand coverings over the various bombs are 
given in Table 1. In the Table, the depth of the bomb refers to the 
deoth of its centre of mass below ground level whilst the v/eight of the 
sand cover is an. approximate figure which is considered reliable to 
within -10 ner cent. 
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Bomb 

Clay_Soil 

250 l b . A.S. 
10 f t . deep. 

250 kg. 12 ft. 
6 i n . deep. 

Sand Soil 
250 lb . A.S. 
10 f t . deep. 

I I I I 

250 kg. 13ft. 
deep. 

Covering 

•*> -P+ d ia . 6 f t . 6 i n . h igh . 
Sand cone 5J f t . t na . « 

, c ff riia 6 f t . 6 i n . h i g h 
Sand cone 35 i t . a i a . u °i 

Sand cone 40 f t . d i a . 6 f t . h igh . 

Ni l . 

Sand cone 17 ft. dia. 8 ft. high. 

Sand cone 32 ft. 6 in. dia. 10 ft. 
high. 

Sandbag cone 28 ft. dia. 9 ft. high. 
3,400 sandbags. 

Sandbag frustrum of a cone 30 ft. dia. 
of base, 12 ft. dia. top, 5 ft. high. 
3,000 sandbags. 

Ditto 35 ft. dia. of base, 19 ft. dia, 
of top, 5 ft. high. 4,500 sandbags. 

Mound of sand. 40 ft. dia. of base, 
5 ft. 8 in. high. 

—Lions 

60 

80 

125 

Ml. 

25 

120 

90 

80 

120 

180 

• ,-Ie a sur eme nt s 

The following measurements and observations were made;-

(1) A profile of the ground configuration and sand covering before 
and after the explosion. 

(2) The maximum horizontal earth movement at various distances near 
the bomb, as observed by means of inertia-type displacement meters. 

(3) The permanent horizontal and vertical earth movement at various 
distances near the bomb, as revealed by pegs in the earth. 

(4) High speed cine photographs of the explosion. 

(5) The time required to erect the send covering. 

Results 

(1) Cover necessary for 250 lb. and 25i kg. bombs. 

Clay soil In clay soil, 80 tons of sand in the form of a cone 6 ft. 
6 in. high is sufficient cover for a 250 lb. bomb 10 ft. deep in the 
ground, whilst 125 tons in a cone 6 ft. high suffices for a 250 kg. bomb 
12 ft. 6 in. deep in the ground. After the explosion the debris is 
found in the form of a raised mound over the crater area. (Fig.l and 
Plate 3). 
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IS - ^ 3 0 1 1 I n sajld soil> 12° t o n s " » t h c form of a cone 10 ft. hi£h x 
sufficient cover for a 250 lb. A.S. bomb 10 ft. deep in the ground whilst 
180 tons in the form of a cone 6 ft. high suffices for a 250 kg. bcmb 
13 ft. deep in the ground. After the explosion, a well-defined crater 
is found. (Fig.2.) 

A conical heap of sandbags 9 ft. high containing 3,400 bags is 
more effective than 4,500 sendbags stacked in the form of a frustrum of 
a cone 5 ft. high and 35 ft. diameter of base (Fig.3 and Plates 1 and 2) 

(2) Earth movements in sand at various distances from covered bombs 

The results of the measurements of earth movement show that:-

(i) The permanent horizontal and vertical earth movements at dis
tances up to 50 ft. from covered bombs were approximately the same PS 
those at corresponding distances from uncovered bombs buried at the same 
depth in sand soil. (pig.4) 

(ii) The maximum horizontal earth movement at various distances 
from a covered bomb was, however, greater than at the corresponding dis
tances from the uncovered bcmb. The maximum horizontal movement at a 
depth of 1 ft. was in all cases greater than that at 3 ft. 6 in. deeo 
in the ground. (Fig. 5). 

(iii) The difference between loose sand and sejidbags for covering 
bombs is ina.p-orecie.ble, judging from the similarity in earth movements 
at corresponding distances. The total weight of sand and its distribu
tion over the crater area must, however, be the same. 

(5) Time required for piling sand by different methods 

(i) Stacking sandbags by hand 

The time required to build a frustrum of a cone containing 
4,500 sandbags end with dimensions 35 ft. diameter of base, 19 ft. dia
meter of top and 5 ft. high was about 360 men-hours. This time included 
filling bags, transporting ebout 25 yd. on a light railway, carrying and 
stacking. The standard rates as given in the R.A.F. Pocket Book for 
1937, p.824 aggregate 475 man-hours for this work, made up as follows:-

(a) Filling sandbags - 20 be.gs per.man per hour. (225) 

(b) Carrying sandbags 25 yd., dumping end returning - (150) 
30 bags per man per hour. 

(c) Building revetment - 45 bags per man per hour. (100) 

The figures in brackets denote the number of man-hours necessary for 
4 500 bags. In the present experiments, some considerable time was 
saved by using a light railway for transporting the bags and the number 
of man-hours required for this part of the work was much less than 150. 
The actual construction of the frustrum involved 9 men working for about 
13 hours on or near the frustrum. Under practical conditions they 
would have been within the danger area during this time. 

(ii) Piling sandbags with a belt conveyor 

A small belt conveyor driven by a 3f H.P. Lister petrol 
engine with a maximum loading rate of about 40 cu.yd. per hour was used 
to pile sandbags (plate 4). The maximum rate of loading was found to 
be 20 bags per minute (or 32 tons per hour). The time required for 
3,400 bags was 3f hours, during which time it was unnecessary for per
sonnel to approach to within 30 ft. of the bomb. In order to maintain 
this rate of working it was found necessary for 6 men to v/ork in shifts 
of about 10 minutes each and to ensure that there was an adequate supply 
of sandbags at thf loading ond of the conveyor. 

/(iii) 
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*,A -hv be l t conveyoi. ( i i i ) pjJ^n^s?nd_by_Hid-i 

ft,, n n to the b e l t conveyor by shovel and the ^ 
3 ? n d was fed on to t n ^ ^ ^ ^ . ^ r a t e & t t & > 

ra t e of loading was ^ J ^ n u m b e r which could be accomodated round 
hy employing 10 men ^ ^ x ? n d c o U i d only have been maintained by 
the loading end 01 the c ° f ^ * ' r p t e o f loading was 26 tons per hour 

=^3^-w - ~~~ """for per" 
the belt conveyor, it is essential to ensure that there is an adequate 
supply of materiel at the loading end. In the tests described, the con-
vevor used was one of the smallest models made, but it may be possible to 
use conveyors v.dth * much greater rate of lording. Further consiaeration 
will be necessery to arrive at the best type of machine and at the quickest 
method of loading it. 

(4) High sueed cine -photographs 

Cine films were taken before, during and after each explosion. 
The speed of the film varied from 64 to about 150 frames per second in 
different experiments. 

A fev, prints from these films are reproduced in Plates 1 - 7 . 

Plates 1 and 2 show four different coverings over 250 lb. A. S. 
bombs 10 ft. deep in sand soil. The photographs show clearly that the 
maximum height of eruption is very much less with a conical covering than 
with one in the form of a frustrum of a cone. The maximum radius of 
scatter of sandbags for the three sandbag coverings was as follows:-

(a.) 5,000 bags in a frustrum - 30 ft. 
(b) 4,500 bags in a frustrum - 27 ft. 
(c) 3,400 bags in a cone - 22 ft. 

It may be concluded that the distribution of the load in the cover is 
important and that a cone provides a better covering than a conical frus
trum. 

Plate 3 shows photographs taken during and after the explosion 
of a 250 kg. bomb 12 ft. 6 in. deep in cle.y soil covered with a sand cone 
containing 125 tons of send. 

Plate 4 illustrates the portable belt conveyor used in the 
tests to pile sand and sandbags. Plate 5 shows the crater produced by 
the explosion of a 250 lb. A.S. bomb in an open cavity 8 ft.'x 4 ft. pt 
the top, 6 ft. x 4 ft. at the bottom and 11 ft 6 in. deep. 

Plate 6 shows the explosions of an 8 lb. charge of Polar A.mon 
gelignite 4 ft. deep in sand soil, surrounded by a circular sandbag' 
revetment. 

Plate 7 shows a series of photographs taken during- the explo
sion of a 250 lb. A.S. bomb in an open cavity. The initial oh-se of the 
explosion consists in the expulsion of a spherical mass of incandescent 
gas which has an initial rate of expansion of not less than 4,000 ft./. 
The jnass of incandescent gas is projected upwards where it burns rela
tively slowly; some of it persists for about | second. 

of a 250 k f ?bLb S°JJ ^ o t o ^ ^ taken during and after the explosion 
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3u": 5idi-ry experiments 

Ccrtrin additional experiments were carried out e.t the sugg
estion of the Director of Bomb Disposal. 

(1) Two 500 lb. G.P. bombs with their centres of mass 4 ft. deep 
in sand soil were exploded (a.) with no cover arid (b) with a sand cover 
containing about 50 tons of sand. The movement of the earth near the 
bombs and the vertical distribution of fragments at a distance of 15 ft. 
from the bombs were measured. The object of this test was to determine 
how the vertical distribution of the fragments was affected by a covering 
over the bomb. 

(2) A 250 lb. A.S. bomb was exploded in an open hole 8 ft. x 4 ft. 
at the top, 6 ft. x 4 ft. at the bottom arid 11 ft. 6 in. deep. Measure
ments were made of the earth movement near the bomb. The object of this 
test was to examine the reduction in earth movement resulting from 
digging a. cavity round the bomb. 

(3) Snail scale tests employing 8 lb. charges of Polar Atnmon gelig
nite were performed to obtain some idea of the protection afforded by a 
sandbag revetment in the form of a straight and a cylindrical wall 
against earth movement and debris respectively. The earth movement on 
either side of the straight wall was measured. 

The results obtained are summarised below and in Figs.5 and 6. 

500 lb. P.P. bombs 4 ft. deep in send soil. A vertical canvas screen 
28 ft. high, 10 ft. wide and 15 ft. distant from an uncovered bomb 4 ft. 
deep in sand soil we.s pierced by 70 fragments. No fra.gments pierced a 
similar screen e.t the same distance from a bomb covered by a conical 
mound of sand 22 ft. diameter of bese and 8 ft. high containing about 
50 tons of send. The inaximum horizontal eerth movement at various dis
tances from the covered bomb was nearly twice as great e_s that at the 
corresponding distances from the uncovered bomb. (Fig.6) 

250 lb. A. 5 bcmb in open cavity. The cre.ter dimensions - and earth move
ment e.t various distances from a 250 lb. A.S. bomb exploded at a depth of 
10 ft. in a cavity 8 ft. x 4 ft. at the top, 6 ft. x 4 ft. at the bottom ' 
end 11 ft. 6 In. deep are much smaller than when a similar bomb is exploded 
in a ce.vity 5 ft. x 3 ft. x 11 ft. 6 in. deep filled with loose 
(Fig. 7gnd Pl-te 5). It is evident that the open aperture allows a con
siderable proportion of the energy due to the explosion to be expended 
vertically upwards rather than dissipated in the ground. As a result there 
was appreciable bl-̂ st pressure which was noticed by observers at 90 and 
150 ft. from the bomb. 

.Small scale tests 

Sandbag wall. An 8 lb. charge of Poler Ammon gelignite was exploded at 
a depth of 4 ft. in sand soil immediately below one side of a straight 
sandbag wall 20 ft. long, 4 ft. 6 in. wide and 4 ft. high containing 650 
sandbags (about 16 tons). The centre of the wall collapsed and bags 
v/ere flung away from each end. The crater was approximately circular. 
There was no significant difference between the earth movements on the 
two sides of the wall. Th. results of this test are inconclusive but 
they suggest that a much larger wall is necessary to afford protection 
against eerth movement in sand soil. 

Circular sandbag revetment. jn 8 lb. charge of Polar Ammon gelignite 
as exploded at a depth of 4 ft. in sand'soil at the centre of a circular 

bag revetment with an internal diameter of 9 ft. 6 in., an external 
r of 16 ft. and 5 ft. 6 in. high. There were 1,200 sandbags with 

nd content of about 30 tons. A section about 10 ft. long (measured 
cire 2 ft. high was flung from the top of one side 
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ear the centre of the we,ll were- a-
o f the revetment. The s a n d W ^ M S U ] n c d a bulge a t t i e o e n t , ^ 

l a o e d o u t w a r d s s o t h t t h e - ^ . ^ ^ ^ ( p l e t e 5 ) . 
Debris was flung aoou 

, ^ 4- +vtP ^nndbaE wall had some effect m I t was concluded that^the s a n d b ^ ^ & ^ . ^ ^ ^ 

limiting the projection of the ae 

P ^ d c a l _ e p p l ^ ^ 

in practice, the most suitable protective treatment to be 

applied to an'unexploded bomb W £ ^ J » £ S j ^ n f i S I S t i a n 
more important being the size and depth of the bomo *» 
relative to buildings and service mains. ^ua}^'h°lZZ[se carnage 
be possible to decide whether it is more desirable to minimise dam 6e 
due to earth movement or to debris, splinters end blast. 

Earth movement tends to damage the foundations of buildings, 
service mains, bridge suooorts and railway lines whereas debris, spun 
ters and blast usually have little destructive action on them. Debris* 
splinters and blest, on the other hand, have a more serious effect than 
earth movement on the superstructure of buildings, 

The results show that earth movement may be miniiiised by 
offering relief to the explosion by excavating a cavity round the bomb,. 
whilst damage likely to be caused oy debris, splinters and blast may be 
minimised or eliminated by covering the bomb with send or sendbags. 

The following suggestions may assist as a guide for dealing 
with certain typical cases. 

Case 1. 

In the case of bomb buried several feet deep in the ground on 
one side of a railway line, the treatment to be applied would depend on 
the distance of the bomb from the line. If the distance were 50 ft.or 
more, the aim of protective work would be to stop debris falling on the 
line; if 25 ft., the aim would be to stop debris and to minimise earth 
movement and if the distance were 15 ft. or less; it would be desirable 
to minimise earth movement. Fig.8 illustrates the types of treatment 
suggested. For the more distant bombs, a sand or sandbag cone placed 
over the bomb vrauld afford adequate protection against debris and would 
permit traffic to continue on the line. For bombs at about 25 ft. a 
sand or sandbag cover would stop debris and a trench, preferably semi
circular in section, dug out between the bomb and the line, would minir?dse 
earth movement. Suitable dimensions for the trench might'be 5 ft. wide 
in clay soil (or less in sand or gravel), about the same deeth as the-
bomb and either 50 ft. long or approximately semicircular with a radius 
of 20 ft. For bombs close to the line, it is suggested that a trench 
12 ft, long, 4 ft. wide and about the same depth as the bomb, dus out es 
shown in the figure, would materially reduce earth movement/ There 
would, however, be some debris and appreciable blast so that it would 
probably be necessary to limit traffic on the line to slow goods traffic 
owing to the likelihood of serious window damage in passenger trains" 

Case 2. 

Sand or 
sandbag cover 40 ft. dia. of base 

'•>A/m?s'M'#.y'>,<»)£)>,),..„,,»,„...,) w///• . 6 ft> ^ ^ 

250 kg. bomb, 4 ft. deep. 

If a bomb were buried at a shallow depth in the floor of a 
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hang?r or large factory building, blast might damage the building and 
splinters might damage valuable aircraft or machinery- A sand or 
sandbag cover would afford adequate protection to the building and its 
contents. 

Case 3. 

—_r-~ 
Sand or sandbag cover, 
40 ft. dia. of base, 6 ft. high. 

250 kg., 4 ft. deep. 

In the case of a bomb which has fal len close to a busy thorcurfir 
fare,but has penetrated to cnly a shallow depth,serious consequences due to 
sp l i n t e r s and b l a s t might resu l t from the explosion. I f there were 
no buildings or service mains in the immediate vicini ty, ear th move
ment could be neglected. The erection of a p i le of sand or sandbags 
over the bomb would eliminate any likelihood of dama.ge by s p l i n t e r s 
or b l a s t . 



Sendbag coverings over a 250 lb . A.S. bomb 10 f t . deep 
i n sand s o i l . 

4,500 sandbags 
Diameter of base 35 f t . 
Height 5 f t . 
Approximate weight 120 tons . 

3,000 sandbags 
Diameter of base 30 f t . 
Height 5 f t . 
Approximate v/eight 80 tons 

Before Explosion 

.rf^PSc 

Before Explosion 

During Explosion 
Maximum Height of Eruption 

During Explosion 
Maximum Height of Eruption 

After Explosion i ifter Explosion 
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During Explosion 

?3earch Laboratory Note No. ARP.121/HJHS. 



PLA-: 

Explosion of a 250 lb. .... : ,b jr. sn :: :. 
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PLATS 7. (Continued) 
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PLATE 8 

SAND COVERING- OVER 250 KG-. BCMB 13 FT. DEEP 
IN SAMP SOIL 

Diameter of base 
40 ft. 

Height 5 ft. 3 in. 

Approximat ight 
I8C tons. 

Before Explosion 

During Explosion 

Maximum height of Eruption 

After Explosion 
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Road Research Laboratory 

REPORT FOR THE MINISTRY OF HOME Si I 

PENETRATION TESTS ON PROTECTIVE ;_v^: 30DI£i ., ' -

NOVEHEE5. 29TH 1940 

Penetration tests have been ma 
of protective helmet bodies and various ;î .t.r: 
su^ested for use in their construction. 

jt. civilian pattern steel helmet resisted a. 
2-in. diameter shrapnel e-all strikint at 45J ft./s :. 
and gave a dent similar to that produced in a 22 S. iv'.G. 
mild steel helmet previously tested. The resist;. 
of two leather helmets compared favourably with that of 
mild steel and was superior, weight for weight, to any 
alternative materials so far tested. The mini 
penetration velocity for "Pernax" was 550 ft./sec. Vnich 
compares favourably with that of many other suitable 
materials previously tested but vulcanisea fibre wood 
pulp press'ooard and "Orobello" metallized plas 
weight for weight, compare unfavourably-. 

Penetration tests have been made on a number of protective 
helmet bodies and materials suggested for use in their construction. 
The tests were made in accordance with the procedure described 
No. ARP/103. 

,-. summary of the test results and details of 
given in Table 1 and details of the sheet materials in Taol 
of the tests are given in Jables 3 and 4. 

The dents formed in tht civilian patii . ^ . 

were similar in size to those formed by balls strii: 
steel helmets previously tested and reported 

The resistance of both of the leather helmet b< 

favourably, v/eight for v/eight, with that of mild steel and was 
to that of any othe-r materials tested. 
for the pliable sheet material, "Pernax", was 550 ft./: 
material could be obtained in slightly thinner she .. s. 

/it 
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Fige 1* 

Results of tests with shrapnel balls of -g-in. 
diameter fired at 400 and 450 ft./sec. at 
C ivilian Pattern Steel Helmet. 
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Note No. ARP.124/RiiM. 
Decenbe r 1940 . 

DEPARTMENT OF SCIENTIFIC AMI' INDUSTRIAL RESEARCH 

Road R e s e a r c h l a b o r a t o r y 

REPORT b'OR TIT; MINISTRY OP HOME SECURITY 

THE EFFECT OF PENETRATION OP A CHARGE B3SATH T E RSIKbuRCB-S:. 
OF A CONCRETE SLAB. 

VARY 

A doubly reinforced concrete slab 6 in. 
thick (which would withstand, without serious dam
age, the effect of a tamped 2 oz. charge of Polar 
Annon gelignite in contact with the face) was cast 
with a hole 2£ in. deep and I5 in. diameter in the 
centre of the front face. A tamped 2 oz..charge 
of Polar Amnon gelignite -was placed in this hole 
end detonated. The tamping corresponded approx
imately to that experienced by a charge at a depth 
of 1 ft. 3 in. in earth. Very serious damage was 
caused to the slab; this damage was not greatly 
reduced in the case of an untamped charge placed 
at the same depth as the tamped charge. 

The results indicate that it is necess
ary to give special consideration to the reinforce
ment of slabs intended to resist the destructive 
action of charges which penetrate the surface rein
forcement . 

The slabs tested were all 2 ft. 6 in. square and 6 in. thick. 
The reinforcement in each of them was arranged in the form of two mats 
consisting of a mesh of 12 S.W.G. steel wire forming squares of § in. 
side in one mat and if in. side in the other. The -g-in. mat was placed 
£ in. from, and parallel to, the rear face of the slab, whilst the l§-ir. 
mat was 5 in. from the front face. 

Arrangement of Tests 

Three sets of two slabs were tested and were subjected respec
tively to the following tests:-

(a) Temped 2 oz. charge of Polar Ammon gelignite in contact with 
the centre of the front face. 

(b) Tamped 2 oz. chprge of Polar Ammon gelignite in a hole in the 
centre of the front face. 

(c) Untomped 2 oz. charge of Polar Ammon gelignite in a hole in 
the centre of the front face. 

The slabs tested 00 nt (b) and (c) each had a hole 24 in. 
in. diameter cast in the centre of their front faces during 

s of such a size that all of the charge could 
placed Just beneath the reinforcement near the front face. 

-1- /charge 

r 
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T 7 : : .-p.': 

Tests hfve been made'on the resistance to 
penetration of a Service respirator in its haversj 
against 3/32~in. steel balls striking at high veloc
ities. In some tests addition?.! protection - Lven 
by cellophane pads about 5 mm. thick placed in the 
respirator case. Strndard particles, penetrating only 
the haversack and respirator f°ce-piece, did not per
forate until the velocity exceeded 1600 ft./sec, 
whilst particles of much higher velocity failed to 
perforate when they struck the canister. The protection 
given by the face-piece was much increased when a cello
phane pad was placed in the haversack behind the respir
ator. TShen the pads were separately tested the 
specimen B mrde from 100 sheets (5 mm.) of "600-substrnce" 
cellophane gave the best result; the combination of the 
face-piece with this pad resisted attack by standard 
particles striking at rather less than 2950 ft./sec. A 
10 mm. pad of the "300-substance" material placed behind 
the f: ce-piece just resisted a standard p-.i-ticle striking 
at 3800 ft./sec. The weights of these additional pro
tective pads covering about .75 sq.in. were 0.B and 1.6 lb. 
respectively (20?c and 40̂ 2 respectively of the -'/eight of 
the respirator). No tests wer a the resistance 
of the cellophane to damp. 

Penetration tests have b e n mace on the resistance to penel 
of a Service respirator in its haversack when struck by standard proj 
steel balls, /32 in. in diameter, and weighing 53 milligrams - fired 
the micro-frr gment gun at various velocities. Further tests v.-, • 

rious types of cellophane prds were placed in the havers- • 

were made on the pads themselves. 

The tests were made to investigate the degree of protec 
to personnel by the Service respirator again. ' L] nib-fr jmenti 
study what addition-1 protection could be provided by t] >f ce] 

ds inside the haversack. Cellophane pad Al consisted of 204 shi 
"300-substmce" cellophane laid i ogether and rivetted a1 
the centre. The pad was 5.1 mm. thick, rnd w< ' .75 g./s .cm. 

A 2 consisted of the pad Al folded double. Pad B consisted of 110 sh 
"600-substance" cellophane, laid together and >> 9 points. 

.95 mm. thick, end weighed 0.73 g./sq. cm. Specimen C was p 
)f "300-substance" cello* Lc Lmen /. 

by heating under pressur n hour. .-. s thereby 
- . [mil: rly | • • •• • ' ,,600-subs1 .• - " 

cellophane sheets. 

/The 
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[ARY 

This note describes penetration tes 
the 3/32 in. micro-fragment gun on a number of tanned 
animal hides and several types of body-armour. 
these materials except hippopoiarus hide, which wa; 
mm. thick, were perforated when the ball struck 
velocity of 3800 ft./sec. Several of the targets 
were satisfactory at a velocity of 2950 ft./sec. in
cluding the chrome steel body-armour and one of the 
orotective waistcoats. 

Penetration tests were conducted on a number of tanned aniit 
hides, a sample of chrome steel body-armour, and two protective waist
coats. These samples were supplied by Professor Zuckermann. The pr -
jectile - a 3/32-in. steel ball-was fired from the micro-fragment gun 
various velocities at the target. (Note No. ARP./125/tfSB.Jl). 

Details of the animal hides are given with the results : fch 
tests in Table 1. The specimen of chrome steel body-armour was ; 
to that employed in the U.S.A. and consisted of two sheets of steel, 
0.62 mm. thick, separated by a sheet of rubber 1.3 mm. thick. Waistcc 
A v,ras from an ordinary suit, and was lined with two layers of smal 
phane pads, 2 in. square. Each pad comprised 200 sheets of "5::- . 
stance" cellophane, packed closely together without an adhesive. 
thickness of each pad was 5 mm., the total thickness of the cellophane 
lining thus being 10 mm. 'waistcoat B (of the 'Saleeby1 type. 
thin cotton fabric very loosely padded with sheet cellophane, the 
ness when uncompressed being about 2 cm. The projectiles 
the fabric side in both cases. 

,,'aistcoat A was found to be much superior to raid 
was capable of withstanding a standard projectile striking with a 
of 2950 ft./sec. 

The difference is probably due to tlv . . . 
cellophane in the two cases, waistcoat B, with the c 
packed, being the inferior sample. 

The chrome steel body-armour was also found to lesL . 
tile striking at 2950 ft./sec., although it was corapletel; 
3800 ft./sec. 
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PENETRATION TESTS Oil TEE "CLARK-CRETE" SAFETY LIGHT. 

SUMIARY 

The "Glsrk-Crete" safety light consists 
of four thicknesses of plate glass of nominal thick
ness -gj-in, spaced at 3 in. intervals and held in a 
body of reinforced concrete. Penetration tests 
were made on a set of these plates held in wooden 
frames. It TBS found that, when plates 15/L6 in. 
thick were used, a l~-os. cylinder fired at 4950 
ft./sec. perforated three plates and damaged the 
fourth. When the tests were repeated with actual 
•gHin. plates, four plates were perforated but a 
fifth was not damaged. A 0.303 in. armour-piercing 
bullet fired at 2450 ft./sec. perforated two of the 
plates in a set and did not harm the third. It was 
concluded that the "Clark-Jrete" four-olate arrange
ment does not wholly vfithstand projectiles of the 
"splinter gun" type, but a five-plate arrangement 
does. The four-plate arrangement resisted 0.303 in 
armour-pierc ing bullet s. 

introduction 

The "Clark-Crete" safety light consists of four sections of 
plate glass, each hpving a nominal thickness of -g in., spaced at 3 in. 
intervals in a body of strong reinforced concrete. The glass plates 
are square end graded in size so that the housing tapers from approx-
mately 10 in. square to 17 in. square in a length of 16 in., the 
narrower portion being external. It is claimed by the manufacturer 
that this arrangement is bullet and splinter-proof. 

The concrete housing was not employed in the tests described 
in this report, but a set of wooden frames was used instead. The 
frames consisted of oieces of plywood, 1 in. thick and 12 in. square 
held together by four lengths of screwed rod of 5- in. diameter. Each 
piece of wood had a central square aperture of 5| in. side. Each of 
the glass plates was 74: in. square and was held between two of the 
wooden frames and bolted as tightly as possible, the spacing of 3 in. 
between the plates being carefully measured. The test arrangement is 
shown in Fig. 1. During the test, a 75 lb. weight was placed on top 
of bh ngement, end another similar weight at the rear, to stop 

rames from moving. This set-up should be equivalent to the rein
forced concrete housing used in practice. 

Its 

* o f tc' Lth plates which h?d an 

5/16 in. A set of four olatcs w*.s tested with 

Mp oz. cylindrical projectile at a 

/striking 



rear plate on left band 
side. 

Fig.l. 

Result of splinter gun test (1^ oz. at 49o0 ft./sec.) on 
four layers of 15/16 in. glass plate spaced at 3 in. 
intervals. The fourth ulate was smashed but not perfor-

(a) Side view - front of (b) View from front 
target shown on right 
hand side, 

(c) Fifth nlate after test 
showing scratches. 

Fig.2. 

Result of splinter gun test on five layers of ^ in. glass 
plate spaced at 3 in. intervals. The fifth plate was not 

perforated or broken. 

Research Laboratory Kote No. ARP.^y/ACW. 



striking velocity of 4950 ft./sec. The first three plates were per
forated and the fourth was chipped and scratched by the glass fragments 
and, possibly, the projectile. 

The "splinter gun" test wr.s repeated ".-ith a new set of plates 
and, once again, the first three plates were perforated. The fourth 
plate was found broken, but not perforated. The result of the test c- .. 
be seen from Fig.l. The -projectile did not pass through the fourth 
plate, but much glar s powder and fragments had passed through and it 
appeared that this material might be as dangerous as the actual splinter. 
In both tests, a large quantity of powdered glass resulted from the 
smashing of the plates by the urojectile. 

In view of the fact that the four-plate arrangement had not 
proved entirely satisfactory, a further set of plates v/as obtained from 
the manufacturer. These 'rare found to be g* in. thick as compared with 
15/16 in. for the first set. A five-plate target v/ith 3 in. spacing 
.s arranged and tested v/ith the "splinter gun". The projectile perfor
ated the first four plates and the glass fragnents chipped and scre.tched 
the fifth plate. The result of the test can be seen from Fig.2. Again, 
much powdered glass and many fragments resulted from the impact of the 
projectile. A repeat test was made and gave an exactly similar result. 
The difference between these results and those of the first set was due 
to the difference in thickness of the plates. 

It appears,-, therefore, thai a four-plate arrangement of •§• in. 
glass pla.tes spaced at 3 in. intervals will not withstand a projectile 
of the "splinter gun" type, but that e. five-plate arrangement, v/ith 
similar spacing will do so. 

T?hen a. set of the 15/16 in. glass plates was tested with a 
0.303 in. amour-piercing bullet fired from the Service rifle at 38 ft. 
range to give a striking velocity of 2450 ft./sec, the bullet perfor
ated the first two pla.tes but did not damage the third. 

Conclusions 

(1) The "Clark-Crete" safety light consisting of four -§• in. 
glass plates arranged at 3 in. intervals will not resist a pro
jectile of the "splinter gun" type. 

(2) Satisfactory resistance to this type cf projectile is 
offered by five glass plates similarly arranged. 

(3) A 0.303 in. armour-piercing bullet fired at 2450 ft./sec. 
will perforate two plates of the "Clark-Crete" arrangement. 

I ory. 
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PENETRATION TESTS ON FIBRE B0ATD PROTECTIVE HEIx.CST aUPPI ~~FJ 
?Y i.LESSRS. BA3C0CK & V.'ILCOX 

SUIfieARY 

Penetration tests have been made on a 
protective helmet supplied by Messrs. Babcock 
& Wilcox. The helmet body v/as made of "vulcan
ised" fibre reinforced at the crown v/ith steel 
sheet. The minimum velocity of penetration of 
2~in. shrapnel balls through the crown v/as 
500 ft./sec. The vulcanised fibre vizor, sides 
and neck shield withstood the shrapnel ball 
striking at 250 ft,/sec. 

Penetration tests have been made for the Ministry of Home 
Security, on a'Vulcanised" fibre protective helmet of rivetted con
struction designed by Messrs. Babcock & Wilcox and marked RE.30/12/8. 
The conical top of this helmet consisted of two thicknesses of "vul
canised" fibre with a sheet of 32 S.y/. G. steel between; the helmet 
sides and the neck shield consisted of a single thickness of the 
fibre. The -tests were made in accordance with the procedure des
cribed in Note No. ARP. 103. The behaviour of the fibre v/as a little 
uncertain and perforation at the limiting velocity was accompanied 
by mora or less extensive cracking and tearing, the holes not being 
clean. 

Details of the helmet are given in Table 1 and details of 
the tests in Table 2. 

Table 1 

p a r t i c u l a r s of Helmet 

terial 

!l Vulcanised" 

fibre. 

(Ton reinforc 
th thin 

steel.) 

Thickness 

Ton 
Fibre (2 thick
nesses) 0.13 in. 

Side s 

Fibre 0.07 in. 

i 

ight includingl 
light head har

ness 

(g.) (lb.) 

595 1.31 

Ln. pent 'atic 
velocity of ĝ n. 
dia. shrapnel 

balls 
(_ft./sec. ) 

250 J 

1 

/Te'Dle 2 . 
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ThE IGNITION 07 PETROL VAPOUR 3Y SPLINTERS 

SU.U.1ARY 

A series of experiments was ..ade to test the 
inflammability of petrol vapour - air mixtures and of 
petrol and ether soaked rags when struck by A.?. 
bullets or splinters, previously made hot by being 
fired through one or more steel plates. None of the 
arrangements tried firedthe rags. A petrol vapour -
air mixture was, however, ignited by a high velocity 
splinter. 

Introduction. 

Petrol fires occurring after the explosion of H.E. bombs have 
been thought to be due to hot splinters. This note describes attempts 
to produce this type cf ignition in the laboratory with petrol in tins and 
with petrol and ether-soaked rags. 

Details of experiments and results obtained. 

The details of the experiments made and of the results obtained 
are tabulated below. 

No. oi 
Experiment Conditions of Experiment 

petrol soaked rags etc. 

1 0.303 A.P. bullet, initial velocity 
2450 ft./sec. fired into petrol-
soaked rags through two § in. steel 
plates 4 .in. apart {5 experiments} 

2 As 1, but petrol-soaked rags be-
tween plates to catch sparks (l 
experiment). 

3 As 1, but 5 / 1 6 in- plates sub
stituted for f in. plates (1 
experiment). 

As 3, but large bundle of petrol-
soaked rags placed 2 ft. 6 in. from 
rear plate in line of bullet (1 
experiment). 

Result 

No igni t ion . Shower of 
sparks vrere produced 
between the two s t e e l 
p l a t e s . 

No ign i t ion . 

No ignition, bull 
passea through both plates 
shower of sparks behind 
plates. 

Bullet went throuj : rags. 
No ignition 

A 
-X-
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After a 50 k . German bomb had been 
ded nea r a bunale of rags 15 £t . from the bomb and 
covered wi th [a 4- in . s t e e l p l a t e , the bundle v.-as 
found t c be smoulder Log and the rags showed many 
small soorch marks about 5 in. JC^OSS. Numerous 
scorch marks were found on a s imi lar ly covered bun
d l e a t 19 f t . .. bu t uncovered bundles a t 21 f t . , 27 
f t . and 51 f t . shewed only a few marks. At 18 f t . 
from the comb s t r i p s of blanket and canvas soaked in 
l u b r i c a t i n g o i l were extensively damaged but showed 
nc s igns of i g n i t i o n . 

I n t r o d u c t i o n 

In a i r r a i d s , t i r e s are apparen t ly caused by t h e i g n i t i o n of 
m a t e r i a l s by E. 3 . bombs i n the absence o? damage to gas p ipes or e l e c 
t r i c a l c i r c u i t s . The p r e s e n t experiment wi th a 50 kg. German bemb 
was des igned to clbtain p re l iminary information, p r i o r t o a tes~ wi th 
a l a r g e r 250 kg. bomb, as zo (a) the p o s i t i o n of t e s . samples •which 
should be a s n e a r as poss ib le to the bomb cons i s t en t v.ith t h e i r s u r v i 
v a l (b) t he e f f e c t of i n t e rpos ing e. s t e e l p l a t e between the inflamma
b l e i r a t e r i a l and the bomb, 

Desei-i-ption of Experiment 

(a) Test: specimens. The va r ious specimens were.placec. i n b u t t s s i t u 
a t e d around the bomb, which was placed or. the ground in open oountry. 
Each t e a t specimen c o n s i s t e d of 30 l b . of r ags loose ly packed i n a wo 
and wire cage to make a bundle 2 f t . 6 i n . by 2 f t . 6 i n . bj . 
Each bundle was wrapped i n waterproof paper and he ld i n a sandbag b u t t 

i n s t ;-. ;.- i n . s t e e l p l a t e r e s t i n g on the r e a r wa l l of t he b u t t , fch 
2 f t . J i n . by ? f t . 6 i r . s i d e of the bundle ." Two of 
the . - - f u r t h e r ^ i n . s t e e l p l a t e in t . • . 0 . •. . 

t he bomb. . l ed ia tc ly before f i n i n g , t he v/aterp?. 
t o rn from thfe i a g s and the. specimen was spr ink] shes with .-.bout 

c c s . of p a i n t i '.'. : Ltute , r.c as to s imula te r 1 
• ng« 

I n £ Lt: s t r a Lied t and 0: hed 
fucd • on "D 
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BLAST TUNNEL TESTS ON PERFORATED ASBESTOS 
ROWNSON, DREW" ICV CLYDESDALE. 

SUMMARY 

Blast tests have been made on a sample of 
perforated asbestos cement sheet with the holes 
covered with viscose film. It was found that the 
resistance of the sheet to blast pressure was not 
greater than that of unperforated material.of the 
same type. Both the perforated and plain sheets 
were stronger than 24 oz. glass. 

Details of Tests 

Tests have been made on samples of asbestos sheet, submitted 
by Messrs. Rownson, Drey/ and Clydesdale, to determine their relative 
resistance to blast from explosions. 

The specimens consisted of sheets of 4 in. asbestos ceicer. 
27 in. square, one of which was perforated with eight 3 in. diameter 
holes covered with viscose film of 300 substance. The second sj 
was plain sheet of the same material. 

The specimens were mounted as for normal window tests at 
end of the blast tunnel, together with a square of 24 oz. sheet glass 
for comparison purposes. By firing balloons filled with a n 
hydrogen and oxygen at various distances from the other end of th 
it was possible to subject the specimens to waves of blast press. 
varying intensity, approximating to those due to a full size bomb. 
blast waves in the tunnel were of shorter duration thar those of a f 
scale bomb and on this account the test was somev/hat arbitrc.v . It is 
known, however, that the behaviour of materials in the tunnel i? sin 
to that observed in practice. 

Balloons were fired at progressively shorl ' oes, in 
steps of 2. 5 ft., until the fracture of one or other of the specimens 
occurred. The broken sample was then replaced with pi. l-i the 
test contined. The results are shown in Table 1. 

/Table 1 
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PE2-rTTRATI0K TESTS OK LAMINATED COr,iPRESSED TOOD PROTECTIVE 
HELMET 

S U M A I A R Y 

The minimum penetrat ion ve loc i ty of 
•g- in . shrapnel "balls on a laminated compressed 
wood pro tec t ive helmet was 200 f t . / s e c . 

Penetrat ion t e s t s have "been made on a pressed laminated 
wood helmet supplied to the .Ministry of Home Security by Messrs. 
Moulded Components ( jablo) Ltd.. The heLmet, which was comparatively 
heavy, was tes ted with \ in . dianeter shrapnel b a l l s f i r ed a t ve loc
i t i e s from 150 f t . / s e c . upwards. Resistance was poor as compared 
with t h a t of nressboard and other samples previously t e s t e d . Experi
mental r e s u l t s are tabulated below. There i s a well defined minimum 
pene t ra t ion ve loc i ty . 

Table 1 

Results of Penetration Tests on Compressed 
Laminated Vfood Helmet, 

Reference 
Mark 

None 

Comoosition and 
Surface, 

Compressed laminated 
wood - surface painted 
grey. 

Weight 

g-

746 

lb. 

1.64 

Thickness 

cm. 

0.59 

in. 

0.231 

Penetration 
Velocity. 

(ft./sec.) 

200 
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PEKETBATION TESTS 0 PLY1 3D MAD? 

SUGARY 

Penetration tests tuve been made on a 
protective helmet body made from gaboon veneers 
bonded with hot cured u./f. (urea-formaldehyde) 
resin. 

The minimum penetration velocity of 
•g- in. diameter shrapnel balls was 250 ft./sec. 

Fenetration tests have been made on a protective helr-et bo 
made by Messrs. jvferron Ltd. from a material described as "8 laminatic 
of 1 mm. gaboon veneers bonded by hot cured u./f. resin." rrhe 
were made in accordance with the procedure outlined in Fote 
KLCF. 

Details of the helmet are given in Table 1 and of the pent 

tion tests in Table 2. 

The resistance of this helmet was slightly greater, wei 
weight, than that of Die Moulded Improved Wood (jablo) Helmet repori 
in Note No. ARP. 134/JI, but the damage to the inner surf : ex 
tensive. 

Table 1 

Particulars of Helmet 

Material 

Gaboon veneers 
bonded with hot 
cured u./f. 
resin. 

te 
min. 
tion velocity 

La. 
balls. 

250 
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PENETRATION TESTS ON SUBSTITUTE MTSRIALS - I - SUTERSULPHATED CEMENT. 

SUGARY 

Splinter gun tests in which cylindrical pro
jectiles weighing li oz. were fired at 4950 ft./sec. 
at walls of Fletton'bricks built with mortar consisting 
of sand and supersulphated cement show that the sub
stitute material was as good as Portland cement. When 
used to make thick concrete slabs, supersulphated cement 
was found to be slightly inferior to Portland cement and 
required 15-in. as compared with 12 in. to resist satis
factorily projectiles of the splinter gun type. Concrete 
made with supersulphated cement was slightly better than 
that made with Portland cement in resisting perforation 
and rear spalling by 0.305-in. rifle bullets, but was 
more brittle and ant to crack. 

' Penetration tests have been made with supersulphated cement 
(Resistacrete) supplied by Messrs. Imperial Chemical Industries, Limited. 
The tests were:-

(a) "splinter gun" tests on walls of Fletton bricks made with 
3:1 sand:supersulphated--cement mortar. 

(b) tests with the "splinter gun" on thick concrete slabs of 
1:2:4 mixture of supersulphated cement, ̂ -in. Ham River 
sand, and f-3/16-in. Ham River ballast, water/cement ratio = 
0.60. 

(c) tests with an 0.303-in. Service rifle to determine the 
critical thickness of thin concrete slabs of varying 
thickness. 

The concrete and the mortar were 28 days old. at the time-
test. Tests of mechanical strength were made on brick samples con
structed from the mortar with which the walls were built (see Table l). 
Six 4-in. cubes and three 16-in. x 4-in. x 4-in. beams were made with t 
of the concrete slabs, and were tested to determine the compressive and 
tensile strengths of the concrete (see Table 2). 

Results of tests - brick walls. The results of the penetration tests on 
the walls of Fletton bricks are given in detail in Table 1. Cracking 
occurred at the rear of the cavity wall and of the solid 9-in. wall as a 
result of the impact of the li oz. cylindrical projectile fired from the 
splinter gun at 4950 ft./sec. The damage done to the 9-in. wall can be 
seen from Fig. 1, and, for purposes of comparison, Fig. 2 shows the rear 

i 

/of 

-1-



(a) Entry crr.ter (b) Rear of veil 
cracks 

?jg. 1 - Result of splinter gun test on 9 in. -.-11 of Fletton bricks built 
with 3:1 send-.supersulphated-cement mortar. 

?ront of wall showing 
ry crater. 

(b) Rer.r of vail showing 
cracks. 

Fig. 2 - R Inter gun test on 9 L] of PI ricks built 
with ?:1 s-nd:Portland-cement mort r. 

. 
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REFORT FOR THE MINISTRY OF HOME SECURITY 

BOMB EXPLOSION TEST ON AN OPEN TRENCH AT ASHLEY VfALK, 
SEPTEMBER 1940. (SATO SOIL) 

sm: ARY 

A 250 lb. A.S. bomb, with its centre of 
mass 10 ft. deep in sand soil, was exploded at a 
distance of 25 ft. from an open, unlined trench, 
semi-circular in plan, 5 ft. vide at the top, 7 ft. 
deeo and 2 ft. 6 in. wide at the bottom. Measure
ments of the earth movement in the vicinity of the 
bomb are recorded. 

The subsoil at Ashley Walk consisted of a topsoil of porous, 
dark red sand about 1 ft. deep overlying a layer of red loamy sand about 
3 ft. thick; below this was hard yellow sand. 

An open, unlined trench, semi-circular in plan and of 25 ft. 
radius was excavated in this subsoil (Fig.l.) The nominal dimensions 
of the trench were 5 ft. -vide at the top, 7 ft. deep and 3 ft. wide at 
the bottom. 

A 250 lb. A.S'. bomb was exploded at the centre of the semi
circle with its centre of mass 10 ft. deep in the ground. 

The main object of the experiment was to determine the earth 
movement in the vicinity of the bomb on the sides near to, and remote 
from the trench. The following measurements were made:-

(1) Permanent horizontal and vertical earth movements 
at various distances from the bomb as revealed by 
pegs. 

(2) Maximum horizontal earth movement at various dis
tances from the bomb, as observed by inertia-type 
displacement meters. 

(3) Ground disturbance at a distance of about 100 yds. 
from the bomb, recorder! by a horizontal vibrograoh. 

(4) Dimensions of the crater and a survey of the trench 
before and after the explosion. 

Results 

Permanent horizontal and vertical earth movements 

The results obtained are shown in Fig.2. The earth movement 
betv/een the bomb and the trench was much greater than that on the side 
of the bomb remote from the trench. The earth movement readings 
obtained in the ground or; the trench side suggested that the whole mass 
of the earth betv/een the bomb and the trench had suffered ôrUly dis
placement of about 7 in. away from the bomb. The appropriate curve in 

/Fig.2 

/ 
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Fig.2 shows that there was little difference in movement at distances of 
15 to 25 ft. from the bomb; at distances less than 15 ft., i.e., very 
near to the crater, the movements were greater. 

In the ground on the side of the bomb remote from the trench, 
the horizontal earth movement (permanent and maximum) decreased rapidly 
with distance from the bomb, in a manner suggestive of the earth move
ment in undisturbed ground. 

The vertical earth movement near the bomb was much smaller than 
the corresponding horizontal movement. Betv/een the "bomb and the trench 
the vertical movement was approximately constant except very near the 
trench, where it v/as somewhat greater. On the side remote from the 
trench the vertical movement decreased with distance from the bomb in a 
manner suggestive of that in undisturbed ground. 

On the far side of the trench no permanent movement v/as 
recorded but, at a distance of 1 ft. from the edge of the trench, a maxi
mum horizontal movement of ~ in. was recorded. It is clear that the 
trench afforded almost perfect -orotection against earth movement. 

In some later tests on the same site, a 250 lb. A.S. bomb was 
exploded at a depth of 10 ft. in undisturbed ground. The permanent 
horizontal and vertical earth movements near this bomb were greater than 
those recorded in the ground on the side of the bomb remote from the 
trench (Fig.3). This difference suggested that the trench offered some 
relief to the earth pressure on the side of the 'bomb remote from the trench, 
at the expense of considerable movement between the bomb and the trench. 

Ground disturbance at 275 ft. from the bomb 

A horizontal vibrograph situated 275 ft. from the bomb on the 
side remote from the trench gave a record shown in Fig.4. The wave 
form is comparatively simple and appears to consist of a short wave 
train with an apparent frequency of about 9.-5 per second, which may, however, 
be due to the superposition of two frequencies, followed by one of 
larger amplitude with a frequency of about 6.7 per second and finally 
by one with a frequency of 9.5 per second. 

The ground shock at 250 ft. from the bomb was feeble compared 
with that experienced at the same distance from a similar bomb buried 
10 ft. deep in clay soil. 

Dimensions of the crater and survey of trench after explosion 

Fig. 5 shows the crater produced by the explosion, as well as 
a profile of the trench before and after the explosion. 

The crater .dimensions, measured at and below ground level were:-

Mean diameter 20 ft. 
" depth 4 ft. 6 in. 

The shape of the crater was uniform and well-defined. 

The effects of the explosion on the trench and the ground surr
ounding it are shown in J-'igs. 1 and 5. The whole of the inner wall of 
the trench had moved bodily towards the outer v/all by about 7 in. (probably 
a little more half-way down the trench). There were several deep 
fissures in the top 3 ft. of earth but in only two places had earth broken 
away from the wall. On the surface between the bomb and the trench there; 
were several deep fissures extending most of the way round the inner wall 
of the trench (Fig. 1). The outer v/all of the trench was intact. The 
effect of the support given by relatively undisturbed earth at the ends of 
the trench is also shown in Fig.l. 

Road Research Laboratory 
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