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ABSTRACT : 

The French Army p r e s e n t l y  stores its ammunition i n s i d e "  I g l o o  type" 

magazines,  t he  u n i t  c a p a c i t y  of which is 60 metric tons.  Within t h e  framework 

o f  py ro techn ica l  s a f e t y ,  t h e  S.T.B.F.T. w a s  asked by t h e  Army S t a f f  t o  

determine by tests t h e  e x t e n t  of  t h e  hazardous areas r e l a t e d  to t h i s  type of  

storage and to  compare t h e  r e s u l t s  t o  t h e  q u a n t i t y  d i s t a n c e s  ( Q  - D )  

s e l e c t e d  i n  t h e  French r e g u l a t i o n s .  

The f i r s t  phase o f  t h i s  test campaign, t h e  s u b j e c t  of t h i s  paper ,  is 

on ly  concerned with t h e  assessment o f  Q - D r e l a t e d  to  b l a s t  e f f e c t s  ( H D  

1.1). 

Twenty-one s c a l e d  tests (1 : 3) w e r e  performed i n  e a r t h  covered steel  

a r c h  i g l o o s .  D i f f e r e n t  arrangements were t e s t e d  i n  o r d e r  to determine the  

i n f l u e n c e  of va r ious  parameters.  

During t h e  whole campaign, more than 300 b l a s t  p r e s s u r e  d a t a  were 

reco rded ,  which enab le s  to  make an a c c u r a t e  comparison with t h e  French 

regular Q - D and to  add use fu l  information to  t h e  numerous tests a l r eady  

performed i n  t h i s  area by o t h e r  c o u n t r i e s .  
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As f a r  as t h e  pyrotechnical. s a f e t y  is coricerned. French regulat ion 

spec i f ica t ions  o r i g i n a t e  from the  NATO AC 258 working group. 

I n  p a r t i c u l a r ,  t h i s  group has  determined the  Q - D reduct ions t o  apply 

i n  case of explosion of HD 1.1 amnunition i n  an igloo type i q a z i n e .  

N u m e r o u s  tests and s t u d i e s  have already been performed i n  several  

countr ies .  p a r t i c u l a r l y  i n  t h e  United S t a t e s  and in the  United Kingdom. i n  

order  t o  l i m i t  t he  ex ten t  of  hazardous areas i n  that case. 

The methodology adopted by the  S.T.B.F.T. during these  experiments LS 

d i f f e r e n t  i n  so f a r  as the same tests were repeat&-several times i n  order  to 

gather  a l o t  of coherent da ta .  

Moreover, some complementary tests were performed i n  p a r t i c u l a r  

condi t ions i n  order  to  determine the inf luence of  vasious f a c t o r s  such as the 

loading r a t e  and the environment near the donor. 
~ 

Before giving the  r e s u l t s ,  it seems important to r e c a l l  briefly some 

specific points  included i n  the  French pyrotechnicti3 s a f e t y  regulat ions.  
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SITING RULES FOR FACILITIES HAZARD ZONES 1.1 
FRENCH REGULATIONS 
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I1 - !BE SPECIFIC ASPECTS OF THE FfENCH ~ T I O N S  : 

The d i f f e r e n t  i n s t a l l a t i o n s  to be p r o t e c t e d  a g a i n s t  t h e  e f f e c t s  of  

a c c i d e n t a l  exp los ion  i n s i d e  a py ro techn ica l  site are d iv ided  i n t o  t h r e e  l a r g e  

c a t e g o r i e s ,  depending on t h e i r  type and l o c a t i o n  i n  r e l a t i o n  to  t h e  site: 

- b u i l d i n g s  or f a c i l i t i e s  i n s i d e  t h e  py ro techn ica l  s i te : ca tegory  a .  

- e x t e r n a l  p u b l i c  t r a f f i c  r o u t e s  : ca tegory  b. 

- b u i l d i n g s  or f a c i l i t i e s  o u t s i d e  t h e  py ro techn ica l  site : ca tegory  c .  

Tab le  1 i n d i c a t e s  t h e  a l lowab le  hazard leve l  t h a t  is t h e  p o t e n t i a l  

l a c a t i o n  of t h e  va r ious  categories of f a c i l i t i e s a e n t i o n e d  above i n  every 

hazard zone de f ined  as fol lows by : 

- t he  py ro techn ica l  p r o b a b i l i t y  a c c i d e n t  l e v e l  s e l e c t e d .  

- t h e  ca t egory  o f  b u i l d i n g  or f a c i l i t y  considered.  

Table  2 determines t h e  e x t e n t  o f  hazard z o m  HD 1.1 i n  case of  open 

a i r  b u r s t  or i n s i d e  i g l o o  b u r s t  as w e l l  as t h e  i n c i d e n t  p r e s s u r e  l e v e l  

expected a t  t h e  boundaries  o f  each zone. 

These scaled d i s t a n c e s  are t h e  p r e s c r i p t i v e  f i g u r e s  to which the 

experimental  d a t a  have been c o r n p a d .  

I n  s p i t e  o f  some s p e c i f i c  aspects. t h e  F r e n a  s e l e c t e d  Q - D f o r  f r e e  

a i r  b u r s t (  8 ,‘I3 - 15 Q113 and 22 are paoghly i n  agreement with 

Explosive Workshop. Pub l i c  T r a f f i c  Route and I n h d i t e d  Bu i ld ing  Distances 

(EWD. PTRD. I B D )  mentioned i n  t h e  NATO r e g u l a t i o n s .  
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I11 - TRIALS SPECIFICATION : 
A l l  tests were c a r r i e d  o u t  a t  l : 3  scale. 

31 - Donor characteristics : 
During the  whole campaign, only one type  of donor was used. I t  was a 

metal a r c h  sand covered s t r u c t u r e ,  t h e  main c h a r a c t e r i s t i c s  of  which can be 

seen  i n  f i g u r e  1 .  The s i z e  o f  t h e  donor and its sand mound were reduced t o  

1:3 scale compared with t h e  a c t u a l  i g l o o  con ta in ing  60 metric tons ,  which 

can be  b u i l t  with metal or r e i n f o r c e d  conc re t e .  

Scale Loading kg/m3 
density 
87 

66 
inimal lhicknes 

Fiy 1 
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32 - Configuration of tests : 
(Table  3)  

22 tests were pe r fomed .  21 w e r e  s e l e c t e d .  One o f  them w a s  no t  taken 

i n t o  account because o f  i ncohe ren t  d a t a . T h e l o c a t i o n  of t h e  donor igloo w a s  

modified f o r  every test. 

Most o f  exp los ive  t r i a l s  w e r e  conducted under i s o l a t e d  

igloos.However, 6 trials were c a r r i e d  o u t  wder igloos which were p a r t i a l l y  

or t o t a l l y  surrounded by sand mounds s i m u l a t i n g  ad jacen t  i g l o o s  i n  o r d e r  t o  

determine t h e i r  p o t e n t i a l  i n f l u e n c e  on the e x t e n t  o f  t h e  f i r s t  hazard zones 

i n  the v i c i n i t y  o f  t h e  donor.  

I n  t h e s e  cases. the d i s t a n c e s  betwen t h e  doner and its neighbors  

w e r e  f i x e d  to R.5 Q1’3 s i d e  to s i d e  m d  0.8 Q1’3 rear to  f r o n t  

according r e g u l a t i o n  specifications. 

j j  - Explosive charges involved : 

According to t h e  a v a i l a b l e  s t o c k s  t w o  types o f  ammunition w e r e  used 

f o r  t h e  composition of 2.2 ton charges w h i c h r e p r e s e n t e d  60 metric tons 

f u l l  s i z e  . 
- Charge n‘ 1 : composed w I t h  164 snake demoli t ion M3 c a r t r i d g e s  

(13.5 kg TNT equivalency p e r  c a r t r i d g e ) .  

- Charge n*  2 : camposed wi th  44 Benoto torp%does (50 kg TKT equivalency 

- 

per t o rpedo) .  

I n  f a c t ,  t he  TtiT e q u i v a l e n t  weight of t h e  American ammunition had 

been underestimated. S p e c i f i c  tests revea led  t h a r  t h e  real TNT e q u i v a l e n t  

weight of  a c a r t r i d g e  was about  17.5 kg. 

F i n a l l y ,  t h e  t w o  types of charge useclI-epresentad r e s p e c t i v e l y  2.2 

tons  (60 tons f u l l  s i z e )  and 2.9 tons  (78 tiiiiii f u l l  s i z e ) .  

These orthorombic ahape charges were pllaced a t  t h e  center of the  

donor and were i g n i t e d  i n  two p o i n t s  on t h e  G p o s i t e  of the headwall ,  
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SCOPE OF THE TESTS 

Sperirnental 
;et-up 

~ 

IONOR separate 
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urrounded 

)ONOR surrounded 

-. -. -. . 
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weight (Ton 
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- 

2.2 

2.9 

- .. __ .... .- 

2.9 

TOTAL 
- -  

Quantic 
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13 

2 

4 

-_ 

2 

. .- . . 

21 

~ 

Quantity of 
reliable pressure dat 
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47 
- - .. ._ - 

66 

- . . _. 

34 

LOCATION SCHEMES FOR PRESSURE GAGES 

'. ._ 

Table 3 

t 

Fig 2 



34 - Measurements of blast parameters : 
- p r e s s u r e  : 

The p r e s s u r e  measurements were recorded by v a r i o u s  range p i e z o e l e c t r i c  

gages depending on t h e i r  s i t u a t i o n  away from t h e  donor .  

- 0 - 7 b a r  (0  - 100 psi) 
- 0 - 3.5 b a r  (0 - 50 P s i )  

- 0 - 0.35 b a r  ( 0  - 5 Psi) 

These gages were l o c a t e d  acco rd ing  to  d i f f e r e n t  l ay -ou t  schemes 

( f i g .  2 ) .  

A t  t h e  beginning, a f ixed  g r i d  was p l a c e d  and t h e  d a t a  recorded i n  

t h e  d i f f e r e n t  d i r e c t i o n s  were achieved by t h e  donor displacement .  

Then i n  order t o  o u t l i n e  t h e  i s o h a r I c  p l o t  0.05 b t h e  gages were 

placed r a d i a l l y .  

~- - Impulses : 

A s  t h e  French r e g u l a t i o n s  do n o t  e x p l i c i t l y  refer to impulse l e v e l s  

expected a t  t h e  d i f f e r e n t  hazard zone boundaries ,  t h e s e  ones were not  

considered.  

35 - Additional surveys : 
The whole tests w e r e  covered by high speed and v ideo  cameras. 

Aerial surveys were performed i n  order to  i n v e s t i g a t e  the  shape and 

t h e  s i z e  o f  t h e  craters. 
~ 

F i n a l l y  t h e  l o c a t i o n  of some’debrfs o f  t h e  donor which could be 

e a s i l y  i d e n t i f i e d  w a s  surveyed. in p a r t i c u l a r  t h e  i n i t i a l  s h e e t  o f  t h e  

donor rear and P m n t  walls. 
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IV - RESULTS PRESENTATION : 
For each d i r e c t i o n  considered, the  recorded values were p l o t t e d  on 

log-log graphs including the Kingery curve and t h e  s t e p  fonct ion which 

corresponds t o  the  regular Q - D spec i f ica t ions .  

Three series of c u r v e  w e r e  p lo t ted  : 

- 1st series : 2.2 metric ton charges. 

- 2nd series : 2.9 metric ton charges. 

In the  3rd series the  curves of 2.2 and 2.9 ton charges were gathered. 

I n  order  t o  get a clear p i c t u r e  only the  3rd series of  curves is shown 

points  i n  f i g u r e s  3a - 4a - 5a. The mean curves derived from the  d i s t r i b u t e d  

may be equated by : 

- f r o n t  : p = 5.82 x 

- s i d e  : p = 5.31 x 

- rear : p = 4.03 

with : p expressed i n  bar  (10 kPa) 

-1.64 

-1.63 

2 

x : scaled d is tance  expressed i n  m/kg 1/3 . 
The experimental Q - D values have been derived from these equations for 

pressure l e v e l s  appl ied a t  the  hazard zone boundaries and compared with Q - D 

values mentioned i n  the  French regulat ions ( f i g .  3b - 4b - 5 b ) .  

Simultaneously with these experimental mean values ,  maximal values 

corresponding t o  the  envelope curves w e r e  determined (Table 4 ) .  In order  t o  

be conservat ive while taking i n t o  account the  s c a t t e r  of r e s u l t s  i t  seemed t o  

be s u i t a b l e  t o  neglec t  5 .% of  the h ighes t  pressure da ta .  

F ina l ly  these experimental values se lec ted  w e r e  compared t o  the  regular  

Q - D  

- for under ig loo  b u r s t s  ( t a b l e  6 + f i g  6 ) .  

- f o r  open a i r  b u r s t s  ( t a b l e  7 + f i g  7)  
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V - INTERPRETATION OF RESUL'IS : 

51 - Influence of various factors : 

Loadinp; rate of t h e  donor 

S t u d i e s  l e d  i n  t h e  framework o f  t h e  AC 258 working group have t r i e d  t o  

determine t h e  i n f l u e n c e  of t h i s  parameter on t h e  Quan t i ty  d i s t a n c e s  to  be 

considered.  

The two load ing  rates tested d u r i n g  t h i s  campaign, 66 kg/m3 and 87 

kg/a3 d i d  n o t  reveal. a s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  q u a n t i t y  d i s t a n c e  

va lues  expe r imen ta l ly  obtained.  This obse rva t ion  has  enabled t o  g a t h e r  

t h e  r e s u l t s  o f  both e a p l o s i v e  charges  t e s t e d  i n  t h e  same group. 

* Donor environment ~ ~ - 

This factor has  no s i g n i f i c a n t  i n f l u e n c e  for s c a l e d  d i s t a n c e s  h ighe r  than 

5 ,'I3. A t  s h o r t  range, t h e  igloos in t h e  neighborhood of t h e  donor 

seem to  a l ter  t h e  b l a s t  p r e s s u r e  level wi th in  a range o f  abou t  20 %.  

This i n c r e a s e  or decrease depends on the measurn p o i n t  i n  r e l a t i o n  with 

t h e  donor.  ~~ 

Nevertheless .  t h i s  20 I v a r i a t i o n  should n o t  be over ra t ed  s f n c e  an 

important  scatter o f  r e s u l t s  is always observed a t  s h o r t  range however 

c a u t i o u s  one may have been to perform tests i n  similar cond i t ions .  

52 - Camparison with Q - D regular values : 

Genera l ly ,  t h e  whole experimental  r e s u l t s  seem to be  f a i r l y  coherent  

i f  we cons ide r  t h e  r e l a t i v e  p o s i t i o n s  & t h e  mean va lues  i n  r e l a t i o n  with 

t h e  Kingery curve.  

Morever, for a e v e n  p r e s s u r e  level t h e  h i g h e s t  experimental  Q - D 

values are always found i n  the f r o n t  d i 6 c t i o n  whiLe t h e  lowest are i n  t he  

rear one. 
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When t h e s e  va lues  are compared with t h e  regular ones in  case of 

a c c i d e n t a l  explosion under i g l o o  i t  m u s t  be noted t h a t  : 

- on t h e  f r o n t  : t h e  experimental  r e s u l t s  are always lower than the 

p r e s c r i p t i v e  va lues  (about  7 %).  This  can be explained by the  f a c t  t h a t ,  

f o r  t h i s  d i r e c t i o n  r e g u l a r  Q - D are t h e  same for open a i r  and under 

i g l o o  b u r s t s .  

- on t h e  con t r a ry ,  as f a r  as t h e  s i d e  and mainly r e a r  d i r e c t i o n s  a r e  

concerned the  r educ t ions  p re sc r ibed  i n  the  r e g u l a t i o n s  seem too high : 

f o r  example on the  rear f a c e  the  experimental  value for  IBD exceeds the  

r e g u l a r  va lue  by more than 20 % (17 Q1'3 i n s t e a d  of 14 Q"3). 

P(bar) 06 0.3 0.1 0.05 

Mean value (1) 

Maximum value (2) 

Selected value (3) 

4 6.1 11.9 19.7 

4.7 8.9 15.5 22.5 

4.5 8 14 20.5 

REAR 

Mean value (1) 

Maximum value (2) 

Selected value (3) 

38 59 11.9 174 

4 2  7 5  152 20 

4 1  6 6  135 18 

(1) Regression curve 

(2) Envelope curve 

(3) The 5% most extreme data pomls not consddered 

Mean value (1) 

Maximum value (2) 

Selected value (3) 

Table 4 

3.4 5.3 10.8 15.8 

3.6 6.2 13.6 18.5 

3.5 5.9 13.1 17 
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This  experiment has  revealed a compaPatively seal1 d i s t o r s i o n  between 

t h e  f r o n t  and t h e  rear Q - Ds : 

Q - D Front = 1-2 -[average v a l u e ) .  

Q - I) Rear 

We m a y  i n f e r  that t h e  igloo e t a 1  type and its a rch  shape have 

s l i g h t y  reduced t h e  confinement level. s f  the exp los ion .  Th i s  could 

p a r t i a l l y  e x p l a i n  t h e  r e l a t i v e l y  high ra te  of energy d i s s i p a t e d  i n  t he  rear 

d i r e c t i o n .  

C e r t a i n l y ,  t h e s e  scale tests performed i n  aetal  s t r u c t u r e s  have 

s p e c i f i c  c o n f i g u r a t i o n s .  

Nevertheless .  t h e s e  series of t r ia ls  give a d d i t i o n a l  information to  t h e  

whole studies which have been conducted i n  sttteral c o u n t r i e s  for t he  p a s t  20 

y e a r s  i n  order to  d e f i n e  more a c c u r a t e l y  t h e  e x t e n t  of hazard zones r e s u l t i n g  

from a c c i d e n t a l  explosion i n  a storage igloo. 

O t h e r  types of hazard are still to be rssessed. mainly those  which are 

caused by fragments and debris . This g u e s t f a n  should be examined in f u t u r e  

trials. 
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COMPARISON WITH Q-D REGULAR VALUES 
( Under Igloo ) 
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COMPARISON WITH Q-D REGULAR VALUES 
(In the open air) 
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