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ABS 1’RACT

This report s u m mar i z e s  the  p roceed ings  of the  DCPA—sponsored Con—

ference on blast/fire interactions held March 18 through 22 , 1979 , r~1t

Asilomar , C a l i f o r n i a .  This conferet~ce , following within a year a similar

conference t hat  WaS held to reeva luate t h e status of this area of tech-

nol  ogv , was convened to allow a sd cc ted group of author it ies on fire

etf e cts , air—blast effects , structural responses , and related technolo-

gies to reassess the problem area and to evaluate t he  contr ibtit ions made

to its solution by recentl y funded studies. Recommendations are offered

for a continuing research program to upgrade the state of the art at a

rate consistent with need and nationa l priorities.
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SUM MA RY

F i r e  from a n u c l e a r  weapons a t t a c k  is a direct threat to the popu—

Litton ot the United States and an indirect , long term threat to national

surviva l because fire can  dest  roy t h e  s h e l t e r , s u s t a i n i n g  r e sou rces , and

industrial machiner y essential to economic recovery. Unresolved questions

about interaction between blast effects and fire effects preclude any

reliable estimate of the incendiary outcome of a nuclear attack on the

United States. As such , these uncertainties are a major obstacle to

defense planning and they interface With national security policymaking

at the highest levels.

To rectif y the technical deficiencies in predicting the incendiary

outcome of a nuclear attack on the United States and to formulate a well—

directed program of research , the Defense Civil Preparedness Agency con-

tracted with SRI International in 1978 and again in 1979 to convene a

conference of authorities on fire and blast , structural response , and

related technologies. This report covers the proceedings of the second

confe r en ce , and it describes the earl y—on activities of an optimally f unded

program of 5—year duration , whose objective is to achieve an analytical

method for reliabl y pred icting fire behavior and incendiary outcome.

Within a framework of crisis relocation planning, several questions

and decisions need to be resolved promptl y. A work ing list of critical

resources is paramount to realistic thinking about the fire problem and

countermeasures to mitigate the threat. To avoid delay in strateg ic

p l a n n i n g ,  th is  l i s t  should be available , at least in preliminary f orm ,

by 1980.

A comparison of the recommended and ac tual  fund ing  to da te  shows

that the program is getting under way at less than 60% of the orig inal

goal as urged in the 1978 conference. Accordingly, in assembling the

revised F? 80 program during the 1979 conference , a somewhat more austere

program was acknowledged as a more realistic goal. The focus is F
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_ I

r e s t r i c t ed  to v u l n e r a b i l i t y  of c r i t i c a l  f a c i l i t i es  and resources and to
the threats to survival of key individuals. This program is nonetheless

cons i s t en t  w i t h  the broad ob jec t ives  of the program as la id  down in the

t irst conference in 1978.
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*P1 an s t F t l i t ’  - 
‘ I L  e F e l i c e

On be.’ i t . i l i  o t  t h e  ) , - I  e f i s i  C i v i l  I r t p . i r e d n t ’ s s  A g e n t - v  m d  S R I  I n t e r -

n al  t c a t  1 • ss Ic C t  t o  t he Se ad ot t  t i t i - t i c e~~ ‘a B l is t  / F i r i  I n t  ~ r u t  i oi ls .

T he i r st  ‘a t  e r i - a  ~
- , h i I d  n o t  q u i t  &‘ .i v i m  r 1 ~ , in M m  V of I ~ 78 , I 0 1 1 owed

s ev e r a l  vt m r ~ o t i n , i c t i v i t v , i t  le ,mst by I)CPA , in t i t i  i m ; ’ o l t . I n t ’ , m r i - . m  o t

b l a s t / i  L i t  t - s ~~. m r c h .  I n  l e t , Ito t ire ti-citno1 ~~g -  ri-sco rch wi s being

spon s~ re d by  D CP .\  o’u m r  i g o

l i s t  ~I i  v ‘ s co n I e r e n c  ~ v i  s t h i  t u r n i n g  p o i nt  . l iver i — h i  11 I I  1 i o n

d l  1 m i ~ , in  r e s c , m r c i m  s t u d i e s  h i v e  been i n i t i a t e d  s i n c e  t i t o t .  t ira and all

ct their ire m di rec t out  gr owt  h ot  t lie r i - s i t r c i m  Fec  t ’ r i m i n d  i t  i ‘as dc v i i ap ed

by 1 ~1 5 1  \‘ i , i  r ‘ s con  I e r ecs

O:me ol  t h e  p u r p ose s  o t  this c on f er e n c e , a~ in t h e  p r e v i o u s  ‘at ,

w i l l  be to  s kep t  i - t i  l v  ex a m i n e  the foundation o t  t h e  t i c h n o l o g v  a n d  con-

clusions ~mb, ’tit th e tir e jnjtatjon proi’ess associ ated with t h e  d e t o n a t i o n

of j i m  l e a r  w e t  p o t t s  and ti m e ri sIt I t i ug dama ge p r od ue  ed by c o m b i n e d  b l a s t

and f i r e  c i  f e c ts .

Se’’ e r i  I o f  t lie c r i t  i c a l  i n f o  r mLt  t ion need s  t h a t  we inns t a d d r ess  i r i

t h e  f o l l o w i n g :

• Threshold a ir— b last condit ions fo r  the  ex t i n c t  ion
of fires initi ated by t h e r m a l r a d i a t i o n

• Process of rekind l in g  in  f u e l s  p e r t u r b e d  b y b l a s t

• Effects of  st  r ue t ur i I damage on t h e  process of

~ i r i gr owt  ii and  s p r e a d

• Descript ion of d e b r i s  fields in sufficient d e t a i l
to permit calculation of fire spread rates and
burning rates.

*
By U. Bensen (DCPA).
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Time uncert i [nt  i c s  ;lssoc i .tted w i t h  these information needs and the ! r

i m p o r t  a l i c e  to St  r a t e g i c  d e f e n s e  a r e  d i s cu s s e d  f u r t h e r  in the  p r o c e e d i n g s

ol the  1978 Con I e ren ce  ( 1 )  .

Al icr a cons ider at  ion of  t h e s e  and ot h e r  i inc i ’r t a  j u t  ii ’s i d e n t i f i e d

d u r i n g  t h e  & o m m r s i  of  1 i15 t vt — m r  ‘ s i o n f e r e t t i e , i t  Was concluded t ha t

ri ’l t a b  I c , q u a n t  i t a t  i vi’ i’s I m a  t i - s  of  t lie m n i t c o m e  i f  a n m m c  lear attack on

t h e  U.  S. cou ld  not  be made and a b l a s t/ f i r e  r e sea rch  program was pro—

posed to  a l l  cv t a t e  the  r ecogn ized  d e f i c i e n c i e s .

I t  was proposed to assi gn f i r s t  o rder  of bus ine ss  to the  d e v e l o p m e n t

cif t h r e e  m o d e l s :

• A genera l urban fire distributio n/spreai model ,
applicable mainl y to ar e a s  of light—to—moderate struc-
tural damage; intended to give t ime—phased frequ ncy
distributions of burning and burned—out structures
f o r  each d i f f e r e n t  u rban  u s e — c l a s s  (or  s t r u c t u r a l — t y p e )
t r a c t  as f u o c t  i ons  of d i s t a n c e  f rom g round  zero (or
l ime  a t  ion in an a r b i t r a r y  co o r d i n a te  sys t em)

• A “ h o l e — i n — t h e — d o u g h n u t ” model , app l i c a b l e  to  areas
of t o t a l l y c o l l a p s e d  structures , continuous debris
f ields , and innumerable fires; intended to deal w i t h
f i r e  i n t e n s i t y  versus t ime onl y——the spread of f i r e
b e ing  i n c l u d e d  i m p l i c i t l y onl y.

• A s p e c i f i c — r e s o u r c e  v u l n e r a b i l i t y  model , a p p l i c a b l e
t i m  •i s ing le  s t r u c t u r e , f a c i l i t y ,  or r esou r ce t h rea t en ed
by f i r e  exposure  within the context of a genera l fire
description , provided by one of the foregoing models.

It WaS invisioned tha t these models would provide a structure for

the program , and , through sensitivity anal ysis and iteration , would pro-

duce q u a n t i t a t i v e  and defensible criteria for establishing priorities

f o r  p rogram e l e m e n t s .

The recommended , op t ima l  F? 79 research program on b l a s t / f i r e

studies was as follows :

Study Area Funding

~BInst analysis of individua l structure $ 200K

2

• ~ I~~~~~~~L’~’
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~Comp lementa ry  b l a s t  s t u d i e s  ( d r a g / l i f t
exper iments , hydrocode calculations of

- flow in enclosures , i n i t i a l  e x p e r i m e n t a l
verification ) $ lOOK

~I n it i a t e  search f o r/ a n d  development  of
b l a s t — f i r e  p r e d i c t i v e  models 200

~S e n s i t i v i t y  a n a l y s i s / p r o g r a m  p lanning  60

Repeat  secondary f i r e  anal ysis  100

~Shock tube  s tud ies  of b lowout  mechanisms 200

~I n i t i at e  development  of theory  fo r  shock/
f i r e  i n t e r a c t i o n  ( i dea l  f u e l s/ ge o m e t r i e s )  50

P r e p a r a t i o n  fo r  p a r t i c i p a t i o n  in MIST? CASTLE 10

Total for F? 79 (Re commended) $ 920K
( A c t u a l )  $ 530K

~Program e lements  DCPA was ab le  to f u n d  in FY 79. Two s t u d i e s ,
not  s p e c i f i c a l l y  i d e n t i f i e d  in the  recomm ended program , the use
of scale models to desc r ibe  b l a s t / f i r e  interac t ions and cas ualty
e s t i m a t i o n  in a b l a s t/ f i r e  envi ronment , were also funded t h i s
f i s c a l  yea r .

Assuming tha t  the e n t i r e , recommended FY 79 program had been imple—

mented , th is  would logical ly be fo l lowed  in FY 80 by the fo l l owing :

1. I n i t i a l  blas t anal ys is of c ity complex $ 250K

2. Verif ication experiments (MISTY CASTLE) on
struc tural response , debr is produc t ion and
d istr ibu t ion , persis tence of ignition and
fire behavior in blast—damaged targets 500

3. Complementary blast studies (con t inued from
FY 79) 100

4. Analytical development of blast/fire models
(continued from F? 79) 100
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As indica ted  in the agenda , all the back ground l ec tures  and repor ts

of particular interest to the blast/shock authorities are concentrated

in the Sunday evening and Monday sessions. This arrangement has been

adopted to min imize  the c o n f l i c t  w i t h  a concurren t DNA Symposium on

Blast E f f e c t s .  N o r m a l l y ,  general—session p resen ta t ions  would have been

interspersed a bit more with the workshops.

‘I
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• I l l  . t-iOt ” ( I ’

*. 1 ol in Rt ’nup tu I i i  t ’ , t m  1 W I  cl i i  t’ i i  I 
-
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Mt ’u u l o  i’ , u i k  , CA ml t i ) 2 i W m m s l u [ n g t m m n , I) . ’,’ . ,‘ I,i t~~I

.loluit R~’~- k t ’t t I l l  ( ‘l i i i , ’ k W i l t  omu I i
N i t  j , m f l , i  1 t t m m r e m u u m  o t  S t . m u i d , i r d m m  Sc ( em i t  I t  t m  St ’ i v  I m i ’s , l i l a ’ .
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-t
Ds, I’ \ ‘~ t ~“ t  cit  , mi ; m I m u t t  m t ’i i t  ‘tm t I V  I t  i~~~,,

I ~m , m m i i  m , ; m t  1 1 l’ ,\ ~I ‘~ m z i m m i i  i ’ m  t m i ‘‘ i t t ’ I t t t ’ m-m l i i  I I t t , , ‘t , ’u u m  - - I ,i n u i ~ I ~‘ , m t

t i  . t , k t i m - i i ’t ~~i c • I l i i - r u  I ; ; ,  t t ’ i l  , , ‘; t ,  t ’ m t u s  m ’ t  I I i i ,  ~m ’ m ; I  ,~~~ m l ; , , u i ~~ ’ :

• i . t m ; ; ; l I t  t , ’ ’~

• I’m m st i t t im I,, t , , ‘ t , t  t

I ’ m ,‘,,umu li l ‘ , i ”  1~i l ’ \  l ’ , - , , - , i , ’ m m ,~~ ‘i c t o t - , ’ l v m ’ ,I ~~~~ t It 1 , , m ’ u t t  i l l S  i t V ,‘t  m t  i - i

m, ’nt t, i 1 1 1m m ’ -  ,‘ll ;m ’ m fl , ’t  It , i m mS t , c I i t .

It ; t h e  1 il I m ’t I ’m ?? , I It, ’ ~‘m ’m l e t  i t t  , ‘t  1 t ’t m O m ’ , ’ m i t  I m m  t m m l  t i m  I’ m ~~~~~~~~

‘m ; i i i  v ’ m i ’ m  m u d i i  ,i l t i , m t  ( c i t  Ii i V  1 m m l , ’ti ~l ’ .\ ,\ F~ ~‘I  1’ , ’~ t o  mI ~~- t  , ‘ u m~’ i m i ,  ;,~ ; m 1  m c i  , t

ine ,mi u i t e l  i i i  , i t  (I ,I,’t , ‘ f l , m~ - p t  ‘ c t  mu ; m i~~Iit be sIm ’vm ’Im m pm ’d i, i t  !tm ’ti t ;n,i i ’ ’t t i m ,  t i m ; , ’

i n t m im I l u g  1’ , -~ , ‘n ,I t h e  ,- u m i  i cu t  , m u u i t m , m l  l t ,v , i ’l “ 1 , m I ’ o t i t  ~ l i u l mm , ; I I  t , ’ ; t  . C i i  ; , I ,  —
I I i ; , ’ s ’ . ; ;c , C , ’ s t  ,‘mI t Iu , m I t h m ’ ‘1 , ‘ m~~i , i l ’ ~ ~ l ;m ’tt  I ,1 I i . m v m ’ I lu t ’ C m ’t  c ut  1, 11  t , ’i m i t  ; ;;~~

— m ’iii ’ - l i i  I I  I m ’ I m~ m~~~ t l i t  i , l s  , i I  t l i t ’ ‘, ‘1’;; I , i m  1 m ’ l l .  1~m\- , , ~; m i  i i s t  , m ,‘i it~lt , ‘ s l  l i m , , i t  m m

t l u m ’ ~~u i i  ri it t m m l t ( t , i t  l o t ;  m u m  ‘~U mmm l I I  I ’;t , ; u m  V I V , ’i  i t  i t , ’ t l ; ; m ; e  I , ;  ,ho t t ’ s ; m I

I u u ) itt I I I i ~‘n ‘um i t  t o m  ‘m t I , t  I I t l i t ’ i t t I I , i l ~ I t ’ C i  ,‘t ‘‘‘1  - ‘ i l  15 t i ’ , m ’ ,I  - I I I Itt ’

i t m ’t,’ Cu  m m ’, i if ;  I m i t  i i i  , ‘ ;  i’ m ’ t ’ i i l  m t  i - , ’mt  i t ’ I, i , . i t  i , ’ ; t  i ’ m  , u t ; ~‘;‘t ;, ‘ m ; • I t t i ’ 1’ i ’t  m m  I i o n

- ; l t m ’i ;  I d  l it ’ ci I • ‘m t  i v ~~’ ,~vei ;  vl ;m ’;; i , , ’ t ~~’, ’ i I - - I I , ’ I , ’ t , u i  ~~~ , ‘,l i i ; ’ ; t  I I t , ’ I m ’ I, ’,, it ,‘,i

t ’ o p u l , i t  1, - u .  1 i I ’ -\ u,’ m m ;  , l i i  • ‘et  ,‘,l t m i m ’ ~~- i s t  t u t  t l u ; ’ ~ et  ; t m I t  .

F I t e  i t t  i k ,‘ m t ’~ i i  , - m u ; ’ ; , ’ ; t t  t ,- i - , ‘m i ’ , - , - t i i t ’d 1’’, I’ \ , \ i  , m m , i  , liii ,m, - t , - i  t :,‘,i —

l i t  i i~~, ij i  o ,  t I t t ’ l i t  i t  i’d ~‘t  u t  i ’ m ; , I ; , ~ t, t o e  m u  m u ’ , t ’\~ ’, i  i , - n -  t u g  , m t  I m I ’ ’t  .‘ C . ’’ .

m ’ t t ’ r j i m , ’ mm m - m t i i i ’ . l i t , ’ ’.,’ , m i , ’ , m ’ . m , ’m ; i  . t t ; u  m~~’ - ’ ; i t  1 m m -  m i l l  i , ’ m ;  ‘,~ ‘~‘ 1, ’ . l i t , I ,

;u , m i m ud m ’t o t  t h e  p o l i t m l , m t  i , ’ mt i ’ m  i t  1 c m  1 i ’d l ’t  i i i  i, I i ,  I ~~m , I m , , ‘I  I m l  I , ’u i t  I i , l  t m  -

I ,m~u , ilt ’li t’tlmI 1;;~ tipm ’iu t hu m ’ t j t m n t l ’,’ t , ‘t e t  ‘mou , l  I ’ t i  m I ‘m i 2 t m , m, ;,~ - ‘ ( ‘ I  ‘~ ; m a ~i , ’ 2

o 1’,’ ,‘ I I c m l  i t ’ , ’ , i  I I I t t ’ I I no ’ - , I I Ii ’ ’ , u I I - u~- k

1)i’l’~\ I t ’t ,m ‘ ‘at  I i . m m  1 1 0 t l i t ’ S t  ‘ml  , ‘ r , - ~ I’ I - i i ’ ,  , m m  ~‘, t o  m~~~m ’ m i t  on S I’ m~~ I

b m -  I u~ t hue t’ , m m- ( t i t u s  t ’ I t ’mt ’i u l  s m ’ t t l;~’ I l i m i t  I m ’ m~e I ‘ s m  m u m  I 0 Ii,’ I ,I ,m - c m  i , ’ ’ ,  ‘ t

*
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i l l  ,~~, l , , l l i t  il’ m ’;iI ii) , x p m ’ m t m -  t h i  ‘ m t m 1 ; ’ ; t l  t l i t ’ , - o t n u t  t5-h , i I ; ,  ~,(

ii , ’ I t  - i  - - m u d  c c i i  t , S - ‘ - I i m i u t  I I h . ~ t I I, tm i, m~ t 1 C I t  I I m i t t  t ’t t ’ , m  I ’ m  ~m I 11mm

I m ’m~ I t I m ; ’ t , , I , fl, ’’, h u l l  m , 1  I ‘ , m , l  Cm t 1 , v ,  I - , i , t ng  t i l e  I r ow I t  ‘-m ’ , t h u t

i t  m i s  ; , - m t  p i  - ‘ ~‘, i t ; ’~ t - i - Ci - ‘ I . i ilt  - ‘‘‘‘I (it C ~‘ t ’ ’  li i 1 I i m ’u u ,u t i d  I m a ;  t i m  i n g

s ; ; i
~~ I~ - as ‘~ ‘ - e  ii 1 , t ’ m  - ‘ l i m  I t  e i -; .

i m m ~’ i ‘~~ i - m m  l m t v , ’ I \  e,i j,t c lop iit g pl u ; i m ’  t o  u m - l o , - , m t  m S i l  ‘i t  t ii ’

l .mt  I , ’m ; iu , - m t ’  t i m  h i g h  t j m i k  . u m i —  j i l t  m ’ h u t i  1, 1 ( i t e m -~ t , l ;  ( m i t  m,’o u l d  h i ’ k i n  I

, t l m ,  m O t e  i t - I mc t i l t  ‘,, - t  I i ,  i i  i t -  (cm ’ I m l  I ~‘ 1 it  ~‘ u ’ I m e t  ( m il l . l i i i ’ i m n m . t  m u  t i ; m . ’ u )

i,t’ ~ k m - ’, u. , ’ i k~ - t - ‘ , i i t d 1- ~ ~- ‘.t , m t 1 i u t  ‘~ ~~~~~~~ l~1 ii, - ‘,‘t e m i t  t . u  I I ‘m s t il t  m m  t i’d t o

~h i~~- t  m l  t t ’m ’ t m i  in  t l ;t ’ 1; ie l ;  r i m ~k u m , ’ i s .  I’ l t j — m  h I m - i - I - c- ’ tkiiot ,’i; ,m s lm r~~ei mm P

i t ;  t i s ’  SI ’ u ,~~~~ ,‘ t i 2~ , u t t d  l i t  i - u  mm , ’,l I I  t , d  I c i  h ; i m i e m t I i ;~~ j i t t i r ,I st m m u d

t - u ; , m n m m ’d ‘i , t ~ t imm ; P p r  I 5 t ’~ p i m v t -J t o  h, ’ I ; i~~I t l  v m m m ~~I m l  I m e t  Iv , - ,u u ,I S , tv t ’il

I m o l  c I l t , m i u  i l i u m ’ — m p i a  I t  t ’ i S  c i  t h, t i o l i t m l , m t  j o t ; , even  t.- I  I l ;  i ,- t , m t g t ’t l u g  r~’im ~
I , u t  ( c m i .

t u i r r t ’ l l t  . i ssut i t l l ’ t t O u t S  1 i t ’ t i t , t t  p i m t t , m n m  I) r~ 
Inc I s l  I I l i t - , o m ,  l i i i ’ ~

- iv  I I

m I t ’ I ct ;’~ - pn , m g r , m m m ,  .\ m m m o , t , - S t  ~~i t ,  I m ’,ist ’ i n  ~~ S i l  l u i ~;ds Stim ~~~m S (  s t h i , m  t I \ 5; 1

m , t  I I I’ , ’, - ’no ’ , m “ r am p ” V , - , i  F ji ;t ,’ i u m m ~ m~m .1n1  P p u  l imit ,
’ F or  p u m rj ’o s e s  cI  I I t t ’

; t l  l e n t  -~ t m m dv , i t  I —m ,m s st u m e d  t l;. u t  m i i o m ~m , i m m m  l pr 1w, ’ us’ i 1 1 be t l ; t ’ p i m ig r ,u i l ;

, ‘t  L i ii ’ m e t  m ’ I i t t  t i l t ’ .

i t  s it , ’;; Id  i’c m - l i j ’ i i i m i  I , ’e,i I k it  t h e  m - t i s i s  ; , , i  , ‘~- u t  i m ’i i  p l a n  t i )  p m (n i t ’)

mm a v i , m l -  I t ’ op t  u , ‘i; on l v  wh en I 1;e I’m’ I m i  m i n t  I I c  I m ’t; t t k n I t ’ . I n  t hi’ ‘t’ t ’m t 01

s u m m l m l , - ; ;  m l  t i - k , m k ’  c’, 1s t  h u g  ~~i~~’5i l1~i m i t  t , i I  l o u t  sk’ I t e r m i  tQm ’ u i I d  l ; , iv ~~ t o

s t i t  I I ’ - • ’ . ‘m t present, t h e  b l a s t  pt’ m ’ t e m ’ t  (cit m ’t ~ i l l  i~~. t i  t i ; m I t m - m t  l I t ’S , m t ; m h

i , I i  i t  I , ’ ;  i s  I in i t  i’d 1 m m p1 , iu u u  j u g  l;~-uc ha m ’den I t g  ,‘, m mu li t ’ m m It I m’vt ’d Is’ i t  ii

,mv .m I I .mb Ic mm , m t Or t i l  s in  . m s i t om I t lu te . N , ’ c m ’n s t  r u m , ’ I i on  I t un d  mi . I n i ’ , u v , i  I I —

, m h  I i ’ . \ I so  • I hum ’ I ( m i t  ot  km ’t ’ p~~m i 1 i  I c  ,t t ud  I .me 1 1 ;t  i ’ s  l m ’m i i  t u s  o i’m ’ mIt ’ I l i l t ’,1.

‘ m i  r I ot i s  I 1st  s ,i u t ’  . m I m ’ot  b i t t  um i t i m ’ Iu , iy e  bt ’t ’u; h i  t ’ m i m i t ’d liv h t t I ’ .\ ,  l ’l ;re m ’

, i ( m t  l o u i s  i n  k m ’v wit t k m ’t 1m r c t  m ’c I t on  ~u t m ’ t i i l t t t ’i m m ’ l s  m l m ’ m i t  00

• I i s t  m t ; I m ; t u t t ’ m ’ V , u , ;i , i t  ( c i t

• l-’x p t ’mI I t au t  slte  I t  em - s h . m m ’ d e i u t ’d t o  w i t list .mn d ‘u ) p . s .  I
0’,’ t ’ i - i- i ’ ss t tm ’ t ’

• i p gr . m dt ’d b.t mi t’ntt’i;t slit’ It en s .
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t t ( m ’ , ’ t o t i s l t ’ , ~Iui ’ b I , u s t / t  ( i t ’ l imm .~, m t d m m  , t u ; t  j - , - j j ’ , t t m ’ il i n  .t u u t m I m ’ . m r  , i t t t , - k  I s - i l l

t n t  1 i l i u m - m ’ i l i t ’ i- . m m t k  I i ;  ~ ci  t lu st ’ ‘ pt  i t ins .

h i s  ‘,‘ m ’n v  m m ’ , m i t t  I t ,i~~ m-, k s (  i’d in  t Is’’’ t d , I  i t  1011,1 1 51 ud i t s  , i l i m ’ m i t  I

m t”it’ mi ,j t  l e s s  t h u , uu ;  .11 I o m i t  u t  t , i m k ’’ sm - t ’ m t , i m  i m ’s. Om it ’ . i ~ ’p r o m u m ’ l u  d l  F m ’ - I t ’d l iv

t he t , - i , ’ t , ’s- -~ l t i t , i l v , ’s ~t ‘ l I l t  , , ‘ t I I t t t ’ I l m ’t ’m i ’  , t t t , i m k ,  ‘F l i t ’ m ’ t i t e l ’ t i i_ ’, ’m i l ’ , ’t m-m

st ’ i L m ’ —~ , ‘I  m l  I t  k m--m~ , - n , t n i , ’m - m .m i ;~1 i s  ml i u m t t ’ 1I hi  I lii ’ O t t  I , ,  m i t  Fm , I i i ; o I o ~~v

, ‘ms sm ’ sm - m m - n t  t u ) I , \ ) , , t i t  - i ’ ’ ’ ’  , ‘‘ t i e  ( ‘ , - ; ; m ~m m ’ss.  1 h ; i s  s t u u i h t -  l u u ’ , ’ i ’ I t ’ t ’d ned , ‘;i

b u t t  i t  t . m m ’ km - . , h - I  l i t ’ ~‘uu m~~,i , m t  t , m , k s  m i t  , m~;’ Is’m ’,t j ’ m ifl • .m I i t s ’ I t ’i l i -  m i t I s ’ e .mp m ii ; s

cii m e t  1m; t ’n t e s~ m ’ o t i u t t , m t o i , , ’ i t  t i , -ks , mmii! iu,m ~ m i  m ’ x m h ;~u i ; g t ’s. C i t - i I d t ’t  m u m - m m ’

m:it ’as itnm ’s w~’uuId u’,mn’ ~- w i d e  I v  i t  u imid ’i - t ~ m k i ’n in  m ’am h t m ’t  t l u o m ’ t ’ 5 ’ c n m m r  t m ’S .

*I h  ‘~ t I i t  ~ i I S i t  I I k 
— 

\ I ‘-‘ — “ t i 1 , nip i i  ; —
~ ii

l ’ I i r m ’ m - pm ’ i i i t  s ‘,.‘t ’r t ’ m -:mip h i , ; s i , ’ i -~I i n  t h i s  d i s~~i ’ u t u ’st ’: r

• Why I hue Sot ’ I t ’t s j n v em- , t i’d i n  , - I i ,- I I  dm ~ I t’u l s i’

• t ) CI ’ .-\ ~
- o ns  i d e r . mt  i o t i s  in  an a l  i- i l u g pr  ic r i t  i m ’ mi

• How t m i m e , u s u m r e  n i l  i t  , m r v  i t t  i i i  i t  o t  pam - i s j ’,’t ’ d e t en s i ’ .

A bri e ; s u m r v i ’v , ‘ ; WW I I bi i il ; b ( t u g  n t ’s t t  i t s emp h~m s 1 m e d  t l i mi t  ( I  ) t~- i t  Ii sonic

0 1  1 0 1  t , (ii ’m i l i l t ’ C . ifl sor t ’ i Vt ’ t Iii ’ t i ~ m ’I5 m u i,’,i t’ , e . g . • m f l  l t ’ I , 
- of t he

1m m t ,i I pm i 1ii t I .m t i ‘‘It  l i i  Cm ’ r m ,mm ;v ,mn d , J , m j m , m i t  Wei ’i’ k i t  I i’d by m i t  n , i  t t ’g I - , b o m b i n g

1, 2 )  b l a s t  ~I , u n i , u g t ’ t o  t , i c t o n i m ’s , iud  mmmm ’h i i u e m i , p ,m i ’ t i c u u l . u t ’ I t’ b l a s t  th t ’ m i t t ’ i u m ’ —

t ion  m ’ t  h m i i  I d  i n g s , d i d  not  s to p  u5- ar t  inc  p r o d u m t ’t ion , e . g . ,  i n  R u u s s i , i  i t ;

w i n  I cr , Wt ) f l t Of l  , ‘ t m f l t  i uui ’d pr o d im c  t ion  i n  i m j i i’ml mi t nut ’ t t i r e s ;  ,mnd 1, I )  I I it ’—

ht m m h i u u g  in  ~l~ip~m n d itt i l e m i t  i cy  mt u mi c lu in c s  and rt ’du i i ’ t’ p r m idu i c t i on .  A f t  en

WW 11 t h e  Ruts  s i ~m u s moved mach Inc i t -  and v I t  mm I equ i pm& ’m ; t t ron e onquer ed  or

I [b er a t ed  l ands  t o  Ru ss i , u . Subsi’qiui ’nt u u m i a t  ( mi t , i c t o r v  I u r u m m h i i c t  iou ;  e x p i’r i—

t’t i t ’t ’ led  t o  .u n ew pm i I i, - v : mio w t’q u m i pitt t’ml t w i l l  he I c  t t I mu p h  m i t ’ 0 t o  hi’

op t ’r ,m t i’d w i t h  I o m ’ , m I I , i bo m’  , i . e .  , t h e seeds o f r cm ’ m m v t ’rv m ire  not  u mp m ’ oo ted .

I n  t he 5mw le t  grand mi t  r a t  cgv , the  cone opt 0 t~ nat  I ona I en t i t  v s ti r  —

v i v a  I I s  based on mm d e f i n i t e  set u I  p r i o r i ti e s .  Flu I 1 osoph it ’ mi 11 v • I h ose

gm ’, m Is  ~mr e  t i l t ’ same in p c ,mc  e and war , so no rest rime t t i r i n g  is r equ  I i’ed in

t h e  event  of mu c r i s i s .

Based on remarks  hi’ R. Foster
-
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• i I m s t  p 1 1 c m  l t v  imid  ~u I t i i m ~~t~~- m ’l’~~i - ’ t l t ’ m ’ I s  t il t ’ c i m u ; t i u u u l t v
~‘ ~‘0Wi ’n i t  t h e  ( ‘ im m i u n t u n  1 st  j ’~ u r I  t’ m i t t i lt ’ Sm ’v I i t  l i i  ( m i i i  ( t I ’S t  I
, t m ; m t  i t s  m ’ou t 1 - ‘ V m ’ F  , i l  I t , u , - ’, - t s  , i t  R t i s ’ i , m u ;  s, ’ - i c t v .

• S~’, - ,u mid p n ( m ,~I’ i t  V , - o u ; - .’ u m ; s  ,‘ , ‘ u ’ i i m i j i  ~ m ’ , m t  i - m i ’ , , - m m : , t t i J  , ,muid
- , ‘ i i t  I - - 1 (C - ) i , m - , , t i u m ’ m ’ i t - i l I , i u u  m i 1 t t  , u  i V I i i  gh t  - , - m m m i m m , u u t d

• F h i r , I , t l;m~ g~’t i ’ i ’ m i m i • - i m I  u p p . u r m t t u s  1 t I l t ’ s l .t t m ’ tti i l ; j ’ ,t m l , ’ ”
m i t ~~l , - j t i ,  I t m ’t i ,i ml - ‘ m - r i  i c ,

• - i i ,  I i i . I b m ’ - m 2 I ’ m ’ m- oh  u - i t  5’, l l k m - I m , ,

lu ;  t h i s  I r i u u m - ’s-~’ m -k , t h e  p t m ; p - m ; m - m i t s, i’, ’ j e t  ~ iv  I I ~i , - t  i n s , - i —‘ t o  p r t ’si ’ n v m ’

t l i t ’ St ru ~ t t i n t ’  m i t  5m ’i i m l t’ , nm m m e l v , t h e  CI ’S i ’ — — t  l ie ‘; m i t t  m p p ~i r t t  i t s  mmmii !  t I t t ’

m’m , m ’ , ’ I n c  , ‘l I I ’ , m m i  . m m ’m - —,,- - m ii;d ,mrt ’ . Nm ’t~~’ I ! i , t t  i n  , m c l , j n d t - s t  I nc  ~‘;‘m ’ t , m t  i-cl; or

st i m ’p r i  ,m , : 1  t , m m k j l r m p _ I n I t  I~~’ll 5 • - m u m  hi p t  i o n  i t  ( m m - ,  m , m  I ‘mi , , i i ;  I umt u ’ml i , m t  i ’ ~~i’ 0 i ’l  m mmi

m o n gt ’ ; u t - r a l  l i t t ’s , i t - i n g .  I t  i s  m ’ .t s v  t o n  ‘m ’ . S.  I n t e l 1  i m ~,’ m i i ’ 1 ” s~~ - ~m ~~~ um ’ r , m I

i- v u ,  tu , m t i ci; ~‘1 t l i t ’ - - I I l o s  b u t t  no Sm ’ 0 i s v  1 , ’ — - m i t - t li t ’ k et - pm - - - l i l t ’ ~~0 I m ig t 0

s u i t I t  - -

~\~~t ’ m:mumm , - ;  r I t -S , m r t ’ , i ’ a  I~~ g hot  st -e n I ’ . S.  a i t m l  Sot’ I t i  m i v  I , - m ’ s ’l C m l i  \

~‘ i m - ’ - t r m ’d m l m ’ --m s , mut th  , - i t i l J e t  cnm - m u ’ (1, 1 - I’ t 1 ) ~ m ’ O u m - u - l m t s  , in ~I ‘m, t - ’ l t i  ~-5 , , i s  s-e l I

mmi im , -~~ ’~~. m m t I l t i  i t ’s ’,ie~~t i v e  sI ;‘, tt e e , ie  n t ; ’  t t t v  m ’t  t m ’ u ; s ( \ ’ m I ‘ I’ m’ , ~ t h u  u t  lye

,m i r di ’! Oil s ( i ’ m ’ m~ m p , i h  I I i t  I t ’s. 
- 

l v i  I d~ ’ t  ,‘l i S t ’ i m i  p , l i t  , ‘t  m m ,  S, ”, t , - t  ‘ m t  I i t  ,m i ’ t

,it u ‘ i s  O ct  he m - o w i n g  m c i v i l  i m m i ;  , l g u ’ l u m V . li lt ’ Sot ’ u t ’t ~
- l v i i  m i t t  m ’ m i m ; , ’ ‘ m i t  l i v

i n  1u 1 5 ts’, i tu  I i !  , immi , ’ i i ; u  t t , -t’~ -r  S I  . ~‘ h i  I I i on ;  t he t i lt  ~i l  n i l  i t  , i i t -  t ’ m t J  ,m~ - t  i s

, - m m n t  m u  ( m u g  t o  g i ’ ou~- , is  m i u t , ’wn i n [ ( g u n . ’ 11—I , p m i ’ h , m b l v  i t  “ p m - i -  v e . m r  I_ t i,-

t ij ’p i ’r m ’ u rv t ’ )  . I n  t It o m , i i d — l ’ l Os , t l;e Sot ’ I m ’t  s iu ; i t  i , i t m ’mt , i  2 ( l — v t ’,ir  ~m I m m m t

t o  , ‘vt - r u  cia, , I I ;t ~ We S t  ‘ s 1 c ,ud ~ ii t i ’ m h t i l m i 1 m i ~~\’ . Emim ’ It v t ’ ,i n t h ; t ’ m - mu ’ RI) ’ 1 c~

d i t t i n t ’s j m u c r m ’ , t s m ’ wit i I t ’ t h e  P . S .  n i l  i t . m r v  RI ) T~ E b u d g et  i t s  m l t ’m’l  h u e d  or

~m t  l it ’s t  nc m , i  jiii ’ml t t i l m ’ h i . m l t g t ’d . S- ’v i ct  m -x pt ’nd I t t i res  t O i  RDT ,Sl-’ ; m n  0 i i m ’ts m t h m ’ t m t

L i t  i Ot t i mi’s t h a t  0 1 t lie Ut ; i t  i’d St , m t c m i  . T Cm ’ hi ; (~~‘ _ i I ~ duim ’ m i t  I m i i i  j S 1 mIl l j O r

o h  f o r t  i t t  t h e  l S S R  i i ;d  by t h e  vu ’ mi r ,~OOO . -‘ 
I i ’ I (Y , i t  t h e  pm ’ p m m l u t  ( c m ;  w i l l

l t , m v t ’ sont ’ so r t ~
,; e,’ ~~t; m ’ ,t m i t ’ g ro t ’ . Ti; i s grow l  1; in  lii t i l t  m l I’ V m’ ~‘t i  I un t i e d

long , i  I t . ’ r s I r _ i t cg I c  p a r  i t t ’  sm ; mi u,i u I m ’t ’ed • ,u ;d i s  I i ’ r m ’s j ’ m ’ i ’ t (i’ m ’ 01 SAl r

, i g ni ’t ’i’ t ’t l t  5 or 1 . 5 .  i’ m ’ st  r . m ; i ; t s  hm ’m - , u i i s e t h e ’  5~u ’,’ Im ’t 1- ,’st t i re  i s  d e s ign ed  t o

I I g u t  m u d  w i n  .m gm ’i t era  I s i n  in  m’ont  r m m  mi t  t o  t h e  I’ . S. i t , ’,’ t i’ j i l t ’ 0 1  “m i t t  t u , i  I

, m s m - m u t r e ’ d  i h , ’st  ru m ’t Ion . ’’ C o i t s e qu m i ’n t  l v  • Liii ’ ( ‘ i t - i l  Emt ’rgt ’nm ’v I’ t’i’p. i r edmui ’ss

p t o g  n , m n t s  . m ssmm mi’ k ey  pe m ip  I t ’  m u re 1 m m ho pr i m t c c l  cmi t o  work  , h t i  i’ I u ;g mit ’ I t am  i’
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w :u r , u io t  j t u st  mi t t  r I i ig a Post —war r em’o v ery  per lod . F i g u r e ’  1 1—2 shows l i i i mi

i’ m ‘ i l m ’ op t  m ) t con t i m ii i  i t t ’  m i t  p roduc t iv i t  y ba sod on t lie key pu ’ m ’ p  I i ’  w o r k i n g

i ntl mm t it - I mi g j m ;  t h e  c It  i t ’s .  ‘I ’hoy bu ’l I i’V t ’  t h e y  cam ;  su r v i  vi’ mind  rega i n

p ro d i t i ’ t iv  I I v  1 m m  1 r l v  p rompt  I v a f Icr  mu t ine I t ’ m u n  st i 1  ki ’

‘l’hi’ d i t t  i - r i -t im - u ’ i n  U . S. mi nd U SSR h e l l  of mi r egm u rd I ng I be cmi  Ic mime c i  mu

m ute  l i -ar  e ’xeiuauigm ’ is i t  I u s t r m u t e d  in  F i g u r e  [ 1—1 .  ‘I’I;i’ 11 ,5 .  m m d v o m ’:i t u ’ s  p r u —

milmi r i I  v - t m i t t  u t  I do t  - m o n et ’  i’ m m n ( ’ e p t  i m i w h i i m ’h i  t h e  ob _j i- i t  I vi’ Imi t ‘‘ keep

I l i t -  geu ;i ’ r ;u I mit i m ’ l e m u  r wa r  moa t m ’ im me’ in  t hu e ’ ‘‘ N o — w i n ’’ qt i a u ; d r :mi ;t  based ‘‘ii

m i u t  ii;; I , u sm-n i u- cd des t r u e  t lii i ; . I u t m’Ofl I r ;i m i t  , I lie’ 1155k o h j  c u t  l i t ’  i s  t o  w i  ii

*hi ’ t h u  i it peat ’ c m i nd w an  . ‘1 1w re I s a pus s t  h i  1 i t . y m ’ I II .S .  t i n t  ( m m m i  I simm’ —

v i t - mi I if some t ii im i g  is d, no t it p r ov ide  pro I Oc t  iou , b mi t m i m i t I t tu ;a I di’s I r u m ’ I (mm

i s  , m s s m i r c d  i t  m ; o t h i n g  is done  a b o u t  do t  m ’ t usi ’ m-i  nat  iou ia l m u m i s m m n m ’ d  des t  i’ u u m ’ —

to u t bet’ omm,-s mu s e l l ’ — h u t  I’ i l l  I mi g p r op liec y j u l  1 lie P .  S . l ) imt iio t h u t  I lit ’

U S S R .  Ii ; su i m m a r y ,  I hi’ I i s  I o a symnit te t r i es i n c  1 mimic

• Objectives

• St r a t e g i e s

• Pol  i t  ( m m m l o bj e c t  ivcs

• Mi l itary doctrine

• Dot  i - usc  emp h a s i s

• We ’m i pmm SiZt ’

• F o r m ’e s iz e

• St r i k e  s t r a t e g i e s

E l  n m  I I v , L i i i ’  Soy It ’  I s  m m re i’ (t mim ’ e ru ed w i t h  Cii 1 m m het ’om I mug a ma on i l i um ’ h u n

pm iwt ’  r mm nd the p ot  cu t  ( m i t I o r  u coa l i t  l o u t  o t ’ Cli i nn  , ~l m u p m u i ;  , amid  t hue P . S

I l i m i t  e mi t ’ I r , ’ it ’ s  t hu e I T S S R ;  t h u e r e f o r i ’ , t h e  Sm’v jets cmiuulo t g i v e  UI ) m m m l v

t h m ’ i i i ;  Sm’s  j i l t ’ u - m d  I m u g  m ’ lv i I d c i  on mit’ , b ecm uu s i ’  Cii I nn  is  a nue  I e m i l ’ power .

The I’ . S. st  r u t e g  i i ’ d i m e  t r I mie of mussuur ed destrimi ’ t ion gives  t h e  S o v i e t s

- t m ’ h i ; m m u m ’ t ’ to  e x e r t  t u t i  I I t  l e a  I m ’tti ’nm ’ ion , I . itm • , num~ I eat’ b lmuc kmz m ii i n  o r  i s i s

d i p  I omm u’ t- . Add It  b u n  1 I n f o  m imi t Ion m i t - Sov iet  St i ’ m; t m ’gy f o r  sim r v  I vm u I and

iv  I I d t ’t t n  Sc’ is m mmii t m m I ned In Append Ix A mind Re feren c  i’s 3 , 4 , mind ‘
~

*A t ii I rd po in t  o t  view Is rep rt’sent ed by t h it ’  d c l  t ’use j;hu l I osophy ( 11 Sweden
At t h i s  v e i l ’ ’ 5 m ’ onfe ’r e i i c t ’ , we were f o r t u n a t e  1(1 have  mm ri ’l) l’m ’ s i ’i l t a t  l i e  o f

hit ’ Swt ’d I miii  ( ;muv ( ’rn me ’ u t ‘ s na t  i m u l t i  I do louse mi t rime t t ire , I)r . VI I  he I iii S j  H l iii ,
who dm ’ sm ’ r (bed h i s  country ~5 m’ urrent d olm-i ’,si ph i  I osophy . His remarks
ar c  summ mm r Eze ’d In  A p p e n d i x  B.
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USS R NO - W ]N
VIN (Mutua l Assured tui’stru~’t ion

C i t  h’s Dest roved)

So v i e t  l’ol I t  ii al ‘ U . S .  fle t er r c ’n m ’e
M I I I  t ,’ur t ’  I l l s ~t ’ e— (lb i~’~’t l v i ’
t i v m ’ m” l  V i c t u -m r v

t
c

\
~

\ 
,

~

•4
4#
/

~~~

/

WIN P . S .
(Ci t ies  Spared - ea r l y WIN
War l’e ’r mln at  Ion)  U 5,  \ ‘I c to r v  n ot  am ;

O b l t ’t’t  l y t’

0
USSR l~A1’tAGF

OUTCOME S OF STRATEGIC NUCLEAR EX CHANGF S
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I I , ,  1-u s’, ( i t  l’ u ; ( m m u; t i m i - . n c ’ , ’, ’ m’  I , s i i m i , i l  I ’ m ml Im.,iv - ’imtm ’,t il , m ’ , I i i  i i i ’ , i , ’ ,i I

i i i  i , - , i t  t m - I  t m m m iii  i t s  t i l t  i m m t , t t m - - ‘I ’ l e c t  i t - , - ci s’- ’ t I m i s ’ ,u ii tm itiu t l -iii liv is-h at “ m i

t it , ’,u t c m 1 Fm ’ - i ’ m  -l I I m m l i  I tm , u u u m l  m i  I~~’ m ’ t I y e , inc Imi mt j i g  m i t  t m ’ I ’ m  - m u l l , ’ m I s - i  l i t , ’i  ( m m  ci

t h e  m ’ m u h u u t i l l - m t  I ’  i i m l ’ - tm ’mm ‘ ‘ I  p m ’s- m u ’ . I ’Iit ’ (‘i t ( t m ’,l St  a t  m ’ ,m ilti u m-m I i m mmi i l i i  mu l t m m t  I - ’

t i t i ,m t t i r e , m t  m ’ t  ‘ m ’ ( - - l m ’ u i t  ,‘\m ’ l t  t ; i ’ , sw , i ; t m - i m u mh i i t g  o ’ , t m ’ i ’ t  - i t  t a m k , , iti , I m l m ’ ’ m t m ’ I c p

s t i l t  i t ’  I v  I I cm -  i t i t , ’ tm ’sp~’i i - - m ’ - . t u ’ - i i  m - g h - ’ m t ‘ ‘ t m - I ’ l l _ tm ’ ( t im ’ mt ,u t;gct - ‘ i i ’ - ( i t t  1 m m -  -

( h i m ’  cs ’ i i m  s - I ’ t  c i  ~I , t  s t  i s ’ m i ~ 0 1 l i i m ’ t i 0 _ t t  ‘‘ m u m - - i t t m m I  I - - - t  i m u  I i i i ~~
’’

~t , -d~ - I i  t ;~~ I l l  i - .i m u d i - i t ,  F t t ~-

i i i , - h m t ; 5  il ( ’l’ ,\ ‘ i ’ g i , u i m m  m i i i j m ’ t  l’m ’ m ’mm l i - m t  i ’ m t  lit R m ’ t , ’ t m ’ i t m o I ‘~t , u t  c,i t J u , i t

t ‘- c l i i ;  ( s ’ , i I  oh m , - -  I i v , - s i  1 1 t i m ’ t h i ’ m h m ’’m’ m ’ I o~o uitm ’t i  t o t  ‘ ‘ O m  - ‘F  ti t , ’m , ’

0, i i i  I i~I t ’ t u , ’ m ’ , m i t _ i  I v t  I m m  I f l t i t m t t ’ I m m m i t  I i i  c lmm ’ I u m u v  I m ’t , m t ; d  i n , ’ e m l m h  1 , 1  r v — m t , i m m i , m m : , -

I i n ,m m i i i , ’ t  i m ’tt . A t  j u i ’ m’ mt ( ’t l t is’, ’ m u t t  i i ’ (li~ut i’ mm nm ’,’mt t - ’t  I I m u ’ m ’m ’ ‘_ e ’ p t l ’ . u t  o uu , ’m t m - l mm

• ,\ u : m ’ m t t m ’ m m i  I t mi ’l i , i t t  I I i  5 ’ (t iSt  Fl h u t  I,m n /~ ,t5 i’ tm t,l i;;,”,tol

• \ ‘‘ lim i t  m ’— ( t i — I  lt i’—m t ’ uuslhu m lu i t ‘‘ i i t , i l ’  I , , e p p  1 ( , ‘ , i t ’ I m ’ ( m m _ i t ’ s . i  m~
‘‘I 1 m i t - i l l  ‘m ’ m m ’I I , u t i m i m ’,t m t  n iu , ’i uu i ’ ,’mm

• \ si c- I I  i m ’ ’— i t m ’ s tm ’t i r , t m ’ ‘m u  I u i m ’ t i t s i  I ( I t ’  110, 1, 1

S m m -c m c m l , ’ I I m~ i mm m i i i ’ ’ h m u t t  I t t l ps m m l  m m m l  t I t m ’ t m ’i  I i i  p l i t ; t t  I ito , (t im ’ l t ( ’l ’ ,\ ‘i ‘c_ u , , m m m

I tue , m t t t m  I tm — I m,- , u ,s i’ii t p i t i m i  I ,‘ i’ml 1 1 1  ( lit ’ l u m t ’mtt ’m l I m o lt  I m ’  i , ~ i t m e~ s i t  Ii t t i  - ‘ i - i , u  I ~m t - c

-m m i i i  .11 I m i i t m i  .it;ii i t ’’,’ ((as’s ml m ’mmi gnm ’ m l I , ’ m j m ’ l ( i t t ’  t I i ,  c_ , i t  I -u , im i m t  c ’mi t - i t ’ l l  i-mi t i t t , ’

tm ’ m u l ’ i~i ’ll t s t - u t  m i m i  m i t  nt , i m t e  I j u g  t m i t ’  l i m i t  e m i t  I _ i l m m m m , ’ l iv t t i e  t ’ l , u  mmt f t  i i  , - , mtl ;m u u m t  I I  y

k ’m m ’t It  s ’’-_ p t m ’ i i i;; ’t;t m i t  m i n s t  I h ii ’ , mi ’ m ’t I m ’ mi I m c m l i ’  I ( t u g  a u m ’ l’ m ’ l - t  1 t ; m ’n l  t m m t I i i ’ m ’ , ’ t i m — I —

m t e ’ t - i t  I ot i s  o t  1 t i m ’ wm m u ’kshmmps . The ’ [ m m l i  owl  ng q t l m m t  u I i on  t ron R o t  t ’i ’ (’ i i m ’ m ’ I)

mti ’ t j u ; € ’ m i  t hi emii’ sm ’~ ’m m m i  I m m m d c l  in g  t ’on m ’ m ’ p t s

I’ m ’,’ him ; (- ‘ i l  ml I m t , ’ t t m - m m ;  itm’iis iii t m ’u i m ’m ’t tt iis (’ m ’ X I i m ’ F i t l u t ’ i) t  i

t t i s u m t C  I I tug  mm mi I h o m m u ’ e t  I s - mi t m m m m h o  1 1 utg . E x I m e i ’  I iti i ’ iu 1 m m  I
tnm m ,i t’ 1 l u g  t i m i t  , i h u l  t- liii ’ I mm di’s mim ’ t i  I I i tg  ( m l  S i  .‘i ’ i’(’m h ii , ’t Ion ,
i i i  w l t i m ’h ml m i , u i i I  1 —ms tm ’a l t m ’ m o d e l  l i - i  s t n , h I emh i , s m h ’ i ’ I v m ’

i ue ’ i ’ mh es t  l i i i su i ’ nt ;l f l i m i t  tm ’ , ’ t ; , m ’t ’ i t  l u g  a 1 , i i ’ g m ’ — - m m , m m h e  p l o t  m i —

I t ’ t ’ m ’ ’ but  i i i  g m ’t ;m ’ m m  1 ot t ’  , i u u t p , m  m m m i i ’ s  n i t  V 1 t i , i i t u h m t i i t t i t ’t i  I

1 h i ’ el p l lvo  I m ’ mu I t’ m’m i I ( t m ’  i i ;  I lii ,’ t n t t’i ’m ’m-m i mm ii i etm ’o it , ’mv
‘i ’  pe ti t’ u - _ i I I t  v . Pt’mmtt;t ’ I I’ I m ’mi I mi imp  1 i i  js ’mm t l i mi t i ii ’ i -n i h—

i-C t ( ( I I I  (Ot t  ci  I’ m ’ I mi t  i \ t  I m-’ ( n t ’Xpu ’t l s  I ’,’,’ m at  ~~ I m u I s ~m i m ’

m ’ x, it ; ;p l  ‘‘mi ol  gi ’ i u m ’ i ’ :m 1 i z  m u g  at  I t u e  i’x p t ’nmie  s i t  m l e ’I i i i  (‘d
ml , ‘mi, ’ F t j m  I I mi i i . ‘ l ’ hum ’m r ot  i m ’ -i 1 mcmli ’ 1 I iug means t h u  - u t a m  I m t  i —

, ‘ mi I m m i’ iumu i i i c l’ I e ’a 1 , lm ’m -m, i- i j l t  I m m ii i i i  t lie’ m ’ s m m m ’ m i t  l u  1 I i -a —

I i ui ’ i’S , m t  ( l it ’ p h t i ’ u t m m m m ’ n m m  mi m i iS  1 m m ele ’I et ’ m l i l t ’  m u t t  ( t i l t
i m i t  ‘i ’ nta t I sun s i t  h i t  ‘ i ’ o m m t . As tin u ’ x m m m p h  e , t h e ’ i ’~it m1

— ‘I ~i I l i i ’  ‘i I i  s t m ’S jim ’t ism ’ ( m l  u - m i u p p r i ’ m m m m iv e  , i , ’ t  l o t ; ,
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I ‘-_ ‘t I i i u i m ’ I i m ’ti m i t  ~l i ’m. , i l  j u t  m - i i - ’  l it l i ii’ t , i  l iii ‘ ‘ 
-

- i g i t

v i i  i - t m h t  m m -; , m u u m l  t m t  m i p e ’ u , m t  ( m m m i i i p r m ’ c i - m h u t u m ’s . I l i m ” ’ t  s -  -

t i m u  I ut tm’~t t ’ I iu ;g  u i u u m l m t I I c t-u u ‘‘I  i , i l i  h e ’  L’ X h im ’ i j itt c ’u u t ,m I
m ,tm di ’ l i t i ~ -, i t; itt t’ m ;’mt ’ i i i  i , i l  ‘ m m i v .  ~‘ t ’ ’ u m ’~~m m ’ i , I m ’ m  m m , ’ui im ’

i~u ’ i~1m I m u m i m —  ,i ,‘m stnlm I t i , t t  1 o t t  , s t  I I l m ’ , m i ’ t ’t ( m m  I , i u i , l  ‘i-, ‘c I I —

t ; im ’t i t i t  um i m ’, le ’l  i m ’ig I m. v , i t - , t I v  s i tpe ’r i o u  I - , u t I eu ’i;, uI i v , ’ - 
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“Ii ; s u m l u m m u r v , t h e  r & ’ m u s i u u s  f o r  e x p e r i m e n t a l  mode l  i n g
,i mi t o  prm i v  ide :

( 1 )  i ri - a l t ’ r ,,‘ m ’n t  ro I of ’ vm i r i  tub  lo s  in  f I uenc ing
m-tvs t c f l l  b e l t a v i m t r

(2 )  Economy in s o l v i n g  e n g i n e e r i n g  p r o b l e m s
(3) Convenience
(4) Tests  of t h e  v a l i d i ty  of theoretical mod el ing

and thus derived generalization to a range
m u m ’mif l d  i t  (t i ns of  c m ) f l m ’ e -r f l  •

S i m i L u r i t y _  Cone e Sp h i m ’ a b l  L i ’  ~~t I s

Figure 11—4 ( f r o m  Kanury ’s lecture on modeling responses of structures

to air—blast loading) furth er illustrates the variety of mode 1 s available.

Here the emphasis was on scaling laws relating a small—scale tiodeli rug

experiment with a full—sized blast/structure interaction. By dimensiona l

analysis he established a group of nondimensi onmm l variables pertinent to

three parts of the problem :

• The room filling process

• Flow in the  room

• Col lapse  d ynamics

These v a r i a b l e s  are  desc r ibed  and severa l pe r t  m on t  nondi ncu -us iona l re—
l a ti o n s h i ps a re  der ived  in A p p e n d i x  C.

Figure  11—4
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III REVIEW OF C U R R E N T  PROGRAM S

Severa l mut t lvi ’ Work Units (2563E and 2563F) have been in existence

since last fall; ciunsequently, the work is underway and there is some

progress t i  r e p o r t  (i- ,g .  , Appendices E and F). Work U n i t s  commencing

w i t h  256 4 htav i ’  j u s t  hi-eu ; e s t a b l i s h e d , work  has not  commenced , and the

ora l p r e s en t a t i mu n s  were l imi ted  to a d iscuss ion  of p l a n s .  The f o l l o w i n g

e x c e r p t s  f r o m  the  m u r m m  I p r e s e n t a t i o n s  f o l l o w  the  order of work u n i t

numbers  i n s t e a d  m u m  t h e  p r o g r a m .

U n i t s  2 563E and 2564A are  in tended  to be c o m p l e m e n t a r y ,  w i t h  “E ”

examining the theory of shock phenomena that extinguish or enhance a

flame and “A ” providing the experimental basis for and va l idation of the

t h e o r y .  In describing the theoretical approach , Frank Fendell emphas ized

his interest in flame spread , particularl y cinder wind—driven flame con—

ditions. The background review included models for flame spread by

John DeRis , Howard Emmons, and Forman Williams. Elements of these

models were app lied to the Steiner tunnel (ASTM E—84) test which is a

well—st udied examp le of flame spread under wind—driven conditions.

Figures from NBS technical note 945, “An Investigation of the Fire

Environment in the ASTM E—84 Tunnel Test ,” by W. J. Parker , were used to 3-

illustrate the wind—driven fire behavior. Emphasis was on the detailed

temperature and flow conditions of the gas and the physical—chemical

properties of the fuel. The effort under 2563E has just commenced .

As indicated by the work statement , 2563F provides back up mater ial
for the Blast/Fire Conference in the form of analysis and summary papers

as well as prepar ing the proceedings of the conference. Stanley Martin

described the sensitivity analysis that is being performed with the SRI

fire model , i.e., an updated version of the URS model developed for the

Five—City Study. The primary objectives are to provide guidance to

working groups 1 and 2 regarding the importance of the various parameters

involved in the blast/fire interactions and thus , the precision required
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in their determination. Particular attention was foi’us~ d on the inherent

um ;certmu m t  los  t h a t  e ’ z l u m i , u t  be removed with an~’ am o u n t  of exp er  i m e n t m u l  or

theont-t ti-al i f  f o r t , i- . . , uncertainties lii the ’ weml pm m n t hernia l c u t  p u t  and

m u t m i u s p h e r i c  t r a n s m i s s i o n .  The et ’ fee ’is o t  c o n t r m u l  l a h i m -  ‘m- -- m u ’i a h l e s  such

.us type m uf ;u i’cuu pmu u;l ’ v , window c o v e r i n g s , number  ol  r e m -sun s or c o mp ar t m en t s ~

i gn i t  ion th -ir e sho lds , e’ t o  • , were Ii Lust rat e d  wit 1; m l l i n u e - r c u l s  i - c u r v e ’s k - s f  b u r n —

sup probmuh i l i t  V v e r su u m-m d i s t ; m m i c e  I rem ground  ze ro  o t ’ sm v c -rp r e ’s su r i - . Unde r

1’ :usk 2 , A p p en d i x  F: p rov ide s  b m i c k g r m ui u nd mmi i c - n a  1 I our W i i r k s l u o u p  I ht’ sum—

mar i z log t h e - St  m m t U S  c i  I i r e — d o v e ,  1 opment  , spread , a nd danu agi ’  mo dm ’ l s w i t h

e m p h a s i s  , m ui t h e  f a c t  or s  t h a t  must  be r e s o l ve d  i f  siu; ’l; m ode Is  are  1,0

s i t  is  Iv  DCPA r e q u i r e m e n t s .  t -

Unde r Wo rk  t n t  256~ A , t h e  i n i t i al  b l a s t / f  i re  e x p e r im en t s  on the

PN ,-\— DCI’ i\ s ho ck t u b e  m it Camp Parks , Cal i f o n m i i a  w i l l  m i t  i a l  l v  f o cu s  on

“mmt;i - ’ar lt-ss disp lacemuem i t ” mis a mei -’hanismn for ext inguishim ig flames w i t h  a

shock  wave. As a background for t h e  proposed e x p e r i m e n t s , M a r t  in re-

viewed the ev idence  r e s p o n s i b l e  f o u r  our  presen t  u n c e r t a i n ty  about  b l a s t /

t i r e  b e h a v ior :

• The IJRS shock tunnel experiments on Class A fuels prior to 1970

• The SRI experiment at Mixed Company on Class B fue l  in 19~ 2

• M a r t i n ’ s Misers Bluff experiment in 1978

Sl ides and mo ti on pictures of the Misers Bluff experiment showed the 
—

p illow fuel sample before and after the test in which t h e  upholstery

was e x t i n g u i s h e d  presumably  by the  shock. U n f o r t u n a t e ly , c o m b u s t i o n

products from the flash bag (ELS) ignition source completely obscured

the motion picture view of the test sample during the crucial period

between ign ition and the arrival of the shock wave; c’onsequentlv , no

evidence was obtained regarding the mechanism of extinguishment. Addi-

tional information about past tests and future plans are included in

Appendix F.

Before describing the thermal flux s imula tor concep t planned for

Work Unit 2564B , John Cockayne described SAl ’s historical activities with

therma l ui m iitne ’es , e.g. , solar furnaces , flash lamps , flash bags , and
hybr id st’ste ’ms m’omblning flash lamps with a thermochemical reaction
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n i t  ‘ i~~F , “ B l , u ~~t / I - m i ~~- I u u t e ’r , u s ’t I ’l l  1 1 m m - m i  V ’
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I ’m s i t s , !  m, l i -nm ’ r—II m ~I uI — t V p m  sp  1 i t t  flip

‘p m - r u t  1 . -os t , s  m ’’. m; ’cm - m s ’  c u l t  j o  m l  h ; i ’ j i i ’ u h o ~ 1 i ,  , i s p~ -~~t s ci
i i i ,  I l l  t t S i V s ,’ b ’ i m s ’ i l m ’m m u t ’ i u , 5  , i t ;s , I  I , ’ b i ’ ’, m d i ’i; t lti ’ o i ,i sm -m s ’t
5 t 5 ’m mn l ’ u ’ ’H e ’ms ,um , - u ; ; m b l i ’ I , ’ m u u , i l v s i s .  I m i  ‘ m i t  i, - u i I , i u ,

C hi t ’ t v l ’ s ’ s t  s’iui d— ,i i , 15 -d . 0 - c s p r t - u d  ini’~’ I m ’ i i ; the

c i i — , ,  t — ‘  m I , i t ’ i— d — m c ~~i’ s ’ m ’ t I Oit 11 ig h u t n t  l i _ u i ~‘v
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,m I s ’c i ;it ic .m h cs m m i t s ’ m s ’ u i , ’ m ’ s u i t h m l ; i m ; I  / t  I n s ’ h u u t  s u  , i s ’ I  i s ’ t i m : ;  , u i t d
I~ i s  - p i t  i m u ~ s ls ’s ’ iu iii e ’it I it I s u m  , i s l i  I s ’ l t  t~ I I I h i t s ’ I uts l s’ I Ii ’ ’ I ’m ’s’ ’
cs ’ s ’m I I u u g u ;  c i  I l ~ , ’ c s u u u l  s i t u ’ S ’ , , i u i s l  , iu u ,‘ u u u , m  I v m ;  I m ;  s u l  I Its ’

I l i t s l  I i u s ’ m ;  f i l m 1  h s m ’ I s ’ i I  I I s - m i  I s s i ’ l i i i  u m i s ’ m s ’m is ’, i m’ s ’hu i u m ’s ’s h m ;  i s ’ :
1

I m i i i ;  t i - s t Its ’ 1 m m - s u b  I ciii ‘I  Ii I - u m m t  / I hi’ s ’ I u u  I s - i  mm ’ t I

—. • ,  ‘~~r zm! ~~~
;~~~ ‘

-
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u k I uu i t  ,‘‘ ‘i’ i ’s , ‘‘ ‘~ t u , ’s ’k (i tt’ ,’ ’’

I l i i l  s i  t u u l  j m ’ i u , m  1 ‘, t m,i I t  s - i a I u u , i t  s I I t s ’ i s ’’ .! ‘-( iii , 0 I, ’ ‘,Iu s ’s ’k s u i t ’

s ’ m u (  , ‘ l  ‘‘“I  m I m I  I m ; h u s ’sI 1 1 ,m u ;u i u ; p  - s ’ l u t t i t t ’ t  l o u t  I i i  ~ , ‘u ;i~’, s’. l i t ’ t u s ’l a t  i , i ’s ’ l-  ‘ I  i s ’p i s ’

‘11 I - m l  I i  ,‘ , 1 , 1 5 1  ts ’ ,i 1 c s m nmp m s’; i t ( c i i  , t” I I  I s ’ i.- ’ i k mu ;~! “ s t  v i - “‘- - ; l i , u 1 I

l i i -  I um s l s -

I t ; , - I i t t  I uts ’ l ts ‘ s ’s s u m t i m e  I I’ s ’ ,I , s ~ u m t m i i i  ‘I t I ~‘Ii • s u i  ,‘u ; I i t  I s ’it

, i u ~~t ‘ , u t t  I l o s ’ t s ’\I s i t , ’ ,‘ti ‘sl i, ’ - k i _ _ m v , - l’l, -i,’,’ iui - ‘ l u - i l l  b’s ’

i u u i s ’ ’~ I u . u t , ’,I m i ’ ; t i m ) , ~ I h s ’ ~ R I —‘sl ’ ’ i s ’ l m ’t ’ s ’sl l m l , u ’ .t ft i t ’ ’ shi mms ’k—

t ml ’ ,’ ,

- , S m I . ’ s t  I ‘ ‘ ‘ 1 - ’ , mium s ’ l t is t hus ’ uuuI u t t i;tuimi 1 s ’ u u > I 1 l u ’ ’ ’ s ’m . S ; i i  ‘- I - -
!‘ ~ ‘‘ - ‘~‘~~ ‘‘ ‘~ t ~~ s ’t i s’1 ,‘I 1 1 . u u ~il ’ 1— v ‘.hs ’ ii 1’ ’ ‘~ ‘. , h i  ‘‘I’ i i  - s m - S I t  I •

is’ i 1 1  l ’s ’ iu;v s ’m m I ig ,m I ,-I  , , i u ; s I s - I t  s ’,’I - ‘ s i t it , ’;; — I i , ’ , ’ I t o l d
I i t t  s ’ F .is ’ I I s ’ l t m l  • ‘.i m , h i ’ m  (hums-is - m ’xl u s ; 1 cii - s ’sh isv t u , , ’ h - .

1 1 5  m d i ’ s n ,  1 s ’ ’ i 5 i i ’ 5 ’ ’i • liv I t t - i umml I u lp (ml I I;s’ I ,‘‘.I ‘.s ’- t l o ut

u i s ’ u u  I ,u I I I u ;g  hm;i I t  1 s ’s , m u ; s I  t I \s ’,l ;i , ’s t  I i i i  s ’s I,’ i s ’I’ i 5 ’ ‘ ;s ’ h u  I

I’ s ’u I u u i I m ; i I  I s i t l i  m luiu ’ (,m s a l  I ’ m  ‘ i n t l  i~’ I i ; m l s ’’,s’’ — .

I \ 1 p i c i ’  I s i s ’S I l i t ’  l m i ~’k g i , s u m u i s l  I i t l  “ i u i t ; u I  l o u t  l’ s ’u t l i t o i t l  I~~’ (him ’ st;,’s ’ k t  u d ~~’

- \ i’ s ’ t h ilt s — I t t  ‘5

— ,,, —‘-‘- -‘~~~~“~‘‘ i.L _~~,_, 
~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ .,,, , .~,,_ - ‘



I

ks ’ i k  I i t t  .‘ - m ’  di , “ I I u , ’ u I m m , u l I- ’ t m u - \ S h u u u i m l , u t s ’ m

Sc i s ’l t , 5 ’ ,-\ I m l m l u m , m t  i o n ’ , l i t , ’ , - ‘ I u , i I  I I .  I - u  , u l u I 1 , - i tt t hus ’ m ’ o s h u u i r s ’ului - u u (  t m u
,u m;uu ~’ 1 o . u r  I ’ s l m ’ , l  t h i s - u 1 1 , 1 1  I I is is I i i u u i  l , m t ’ - r I ‘ u  we’,u l m s m u t m m  lit I his ’ I NI’ r u u l g , ’ •

.uu nl  2 ,  l ’ l , u u i  t hus ’ mlii’ s ’ I ’ j ’ m l i ~’ u u l  “ I  , i  I Ius’F II),u I I I u ts s l u tu t u  l i t  m ’n s o u l  I p u u i , i t  l m ’t t

t l i . u l  W s ’t i t m l m m m l  I , . I v  t h ~ - .5 - m s - s h t u u m  s - i l l s - i l l - ;  . u n ~I ‘‘ , ‘u i s l  u - m i n t ; . P ps ’ s - i t  I s ’ ws u r k
.un t l  mis _ i  V i - - s ’ . sh u , i  I I mu , ’ I um sl s ’

I - s t  m I m I  u s h u  ,u s l o t , i  I h e m 1  ,a ’t “I s h i mu su I, ut m ’ m  u’ t ’ sp u I ns ’ uuut ’ i u t
j u t s ’ l us h l u g  ,Is ’ m , I gum ~ s u .i I,; .u um m l cs suusl m’ , m h u t  m ; , m u s h  h u t  i , m t  s-
m u m  l u u v c ’st i g i l  i s su l  s ’ I t h i s ’ m ; l  .11 ‘ ‘ - “ I  — ( I i i ’ m u  I I ’ m  (Its ’

‘s i t  I m i t i i s  h i lt I im ’ , u h m  I t ’ I m ’,’b ui i s s I s sg i . ’ m- ,

P s i ’ s ’ I ‘~h ’ j u l  , i l t  ml I m u m .i si  uuuu i I . m u ~ - u  s ’ s s u t s ’ m ’ I i t  • I I s ’ I tush t u g :
m ’ xp e ’r i u t t o u u l . m I , u m u m t  “ u i g h u i t ’ e ’r l u g  i’ s ’ m ; u m  h t m m  a i ; m I  I i i ’ s ’ s ’ I t  I -

- ‘ i t  b u s  I ci ’ ,i p r,i t  s i (  - - pm ’ tu ts u mh im I s ’ s

h i
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i~m -u’k I’ u i i t  -
s ‘uli -L ’ , “ boh r  is 1) 1st u i  h i u u t  I 5 um u ”

S R I  l u t I  m - u’ u ; .m t I on ,m I sh~u I I ds ’’s’~ I op muu ;d test mu me ’aut s  mi I pr od  Ic ’s i ng t lie’

d i  s it ’  il iu m t I m i i i  m i t  sl ob u’ is i i t t l  c5 i t ;  t cut  t is i i ;  mm si m ie ’~~s I s i t ’v N I- ’SS isa f I t I  I t u g  u mm

t’ s ’ I m i t s ’mI to tl ~~’ m ’ m m u t m ’i m r m ’m ’u i t l t u’ t ’m u t  c ut pi ’ i u n m uu ’v I ji~~’ , Sps’ s ’ i i i s ’ s’s — i - k  ,u m ts i

i s s ’ rv I s ’ s - m ; s b u , u  I I tuu ~’ I t ide ’:

l ’ m im ’ ,m v .m I I ;mb Is ’ mi tm it  h u t ’ m t umu t I i i  I mode 1mm am id  s’mm u t mj ms ut  ~ u’ pm’ogl’ aun s
ii; h t m l ImI  i m i g  r e - s p m t m u s t - , deb r i s  t r,- imi s h , m t  Ion • au ;ml r ou m m m—

u I I l u g  t , u ib i s ’ I s u p  m m mmi i t i eel p r m i gt ’imrn I our s’St i nu a t lu g
m I~urn ,uge’ Is i - il r i m 5 ’ t u i u’os miu t ml  t le t u t’ h i s  t i ’, l t is h ici i’t i s iF  su i s e  h u t
P - l u s t / I  I t ’s’ I m i l  s ’l ’ , m m ’ t  j ot ;  m m t u m d j e ’is .

-
s W i t h; t hi ’ pr oug t ’mi m t is ’v m ’ I s m p e ’mI i i i  I t om ‘‘I “ , m I , m u m’ m - , cl i  si i’i —

but t e ’ the’ de’hr is I Is ’I d mis  .u l o u i s ’ t lout ;  a t  t julie’ i t ;  s i m t t ’
51 s it’ ’,’ c I  u I s i w — r  i so  N SS hum h i d i n g  m i t  tw m m s ’v o r p m ’ m - s s t m m ’ o s  •
m ’tlm ’ s’m u m ’ m ’ e s s l t m m u i d i u ;g t o  u I comm t i ~ ui i i ;  t I ts ’  ni sk ,i u ’s ’,u ,-m m imh
. u u i m u l  hu e ’u ’ a t  - m m ’m m m u g o  where ’  ex t  e ’n l s ’ur w a l l s e ’xp cr  ieun’o
h i ;~’ i p 1 c m ;  1 m c I  I ml

Ap ps ’u im h i x  P tle ’si ’ r I he’s Ii ;  m it’t m i l l  t lie ’ work  p 1 ,u u tmi m ’ d i m i l  ( I i i  is w5 ’ u k  nit i t  



u i~ l i u  I t~ 
,‘‘ u u i 4 I i , “ h ’ s ’ u ’ s o u u m n ’ l S t i u ’ s ’ i ‘ s - i t ’  1 1  1 C v ”

I I F Re ’- — s ’ , t ’ u ’ l t  I n m _ t  i t  l i t  m ’ m- ’ b ; , m I 1 de’’’s - lop  mm r m m t  I m ’t ; i l  ~l u ; ;m I m t  i s ’ pt ’sus ’ e ’dtm t m ’

s ’ m j’iI ’ I s ’ s u m t ca l  1 st  I s - m t  lv l i m i t  iu ; g  t l t s ’ I i h u t ’u imum ; u m o i s s t m s g i s ’ ,- l I  h t ; t s ’i’ , i m ’ t  i o u ;  ci

1 m b  i - -I su i t  I I t s ’ m s  1 1; 1 s i t ;  I I i ie ’ i i m ’ e’s pem ’sm iflne I i s m ui ’ v i m ml i  I i i ’ s  m’ Spe’s’ I I  1s ’

s- ,’i k - m u sh m ; s ’ t ’ , ’ i m ’ s ’ ,i ’ ; I u , u l b  i m u s ’l uu ,Is ’:

I . ,\ ‘- , m , s ’s m m t his ‘s’ , m I t i~ - m it e’x 1st lu i g b 1 m m s t / i  l u ’ s ’ s t r u m- I ‘ s - m b  l I l t  i-

s l , i t ; i  a n s I  I , ‘i ’ r mi t i h , i t  ,‘ , m s v s t e ’mat Is ’ ;ipt u i’ s ’,’ i m ’hi 1 s ’u ’  os,’ ; e l u u ; t t  lu g
I s _ - u  ‘ - ‘lOi s ’ I st i r ’s ’  i ma Im i i  it ’s - j u t  m m b l a s t  - ‘ I I i’ m’ m ’nv I m ’ s iu;uiuc m ;t
I ’ l u  i s  j u t  i t  l u  I st tu m h ’ , ’  shmi 1 1 i’s ’u l m ’t ’It t i i i  I 0 out i d o t  mu I s ’ sI m u f l m u  —
I ‘s i  1mm - ‘ I ,u ls ’s ’ , i I g m ’ s u u i p  I rug m u St r u m s ’ t i m  m ’s’s • h i t ’ I uu d I tip
s I t . ’ I t s ’ i ’~ s’hu i s - I ;  m ’ s u u i  l e t  be s’ I s’iiu ;ve’t;t I c i i i !  ,i;’ oxpe ’eI I omit I ~ ‘

t t p g u ’ m s h s ’ mh i ’ , ’t;~ i t  u u t s ’ t  i sis . l’ u’ m ’ l  h u ; ; i u t m u i ’ v  St  r t i m ’t t i r e s  Lu; (hum ’
I t s ,  I i’ I m ’ l i i  I t  m- ~u I I he slut’ It m i ’  sl ;mm I I lue 1 i u;;j t s ’ s,! It;

i i  m l  ci v t~’ h i l t  s ; i  t’o t  U I I i -  tIm - t a i l  e’el s , hs ,’s” vi 1it ion s  itm ~i~~ l s’pe’mI

I sut ’ 
~‘,u~’h ;, I ’h ;e sm ’ slia I I jut s ’! t i d e ’ (but u ;s ’t u;ecs ’ssmmr i I i ’  ho

I i u i ; i t  s s I  , ‘~~

S i i ; g h  0 I m imi I v  u - s ’s Id e’u i t  i , m I  ( W I  t l u  miu t t i  w i t  Iti m s u t  hi ,;ss,’t ;tt ’u ;t  ‘I
I u ’m m m e m l  s ’m ut tst r u m ’ t 1,11;

h i .  N u i l  I ( I mul t i l v  t ’O i s t s l e’tit i i i  (i~( t h ;  . i t ls,(  w i t  h iou t t i  iimis etits’ti t ~

tl;;iSsiti ii ’ i’ si u ’m s t  r i m s ’ I m i fl

— Re’ itu l s~~t -  ed s ’s i u m ’ re’t e’ I r ;u uiu e ’ e’ otis true’ t I m i l l

— I”! ; t t  P hut o cii ’ I I mit i s !  miii m ’ m i t t s t  r u m s ’ I 1 i ’t i

t ’t ;c  m u m  I V t  I s ’ m p p r m i ~um ’h i  slim; I I hu ts ’I uds’ mu t i nts’—e i e ’p o u ;m l t ’u i  t

mm ’s’ lou mu I St ho mcd e I o I m’ h u t ’  imp read • I i t’s’ ssipprt ’ i-is lo t ;  aiim1
i’ s’Sm ’ Lu s’ m )Iut ’u - mi t I s u t i s  w i t l ; h ti t h e -’ sI te!  t s’r , ( lie iiuu i te l  l u g  I h i t
h i m m t m i s e’s t lit ’ s l im ’ It e’r • ;u m iel  t h ;e ’ 1 m ’m ’ 5’i I (i-s t u ml V ) ,‘s’i;s ’ m I m m i i i ’  —

i’ s u uumu m l 1fl~ i - m t ru t ’ t l m m ’ m ’s -‘s ma ~s st ’ mod i t  i c ’a t  I on Ii’ t il t’ St nih’

7m mu;( ’ s,s’m ’s ,i I t t  he ’ l’s hi st elmui;;a go amid the’ d i  St v i  him t iou ; 01’ ml s ’hii ’  1 s
prs im ltum ’Ot l t l;oi’ t’by . 13 Li St — t i l e  h i t  c r a m ’ t I outs mis t I ; m ’v m i t  i ’m C
l u m ’r sm i u iuie ’  I s t u i ’ v i m’ m i h m  I I  I I  ‘s’ sh i mi l I lit ’ Lie’ httd s,’st q uimmn t I t m ’ s i v , ’! v
Sl i t  o — m ’ I — t  h ; c — m u  rt east l utia I c’S • w i t  Ii hi l’ m u ’s’ Isi oii I s it ’  i- _ m u _ h i l t  i , ~i;
mm mi rns’ud 11 i s~~m t  I ti m i Ii ; t I m e ,’ t t m t e u ; ’ s- i - ihm mi 1 I be’ t u l m ’ o n i m m m t ’a t  eel
wh o re ’ sit’ !’ i i i  f t  I ye mI mi 1m m m i re ’  e’sut ’ ren t I v I is ’ k i n g .

1 . P rmi v  I s h m m u ;  sli ;i 1 I he’ I tie ’ I t m d e d  ii; ( lie’ i tt oml o I I ou t ’ pi’t’mm t I ;tm ’k
m ’ m isu; t( et’mt ’misui ’ e’s iiti s .l  i ’ m  r I ;t I I m i ii i i i  pm ipii I ;i I l i m u t  I m ’s m ’;i t i ou
R si tu  t I tie’s s lumm 11 his ’ steve ’ I c  pod m i t t  i i i  I mid lv I dim ,i I I 7 s’sI st I’sIm ’ —

turc—hv st m ’ t i m ’ l  lur e’ hmmsis to (dent’ li v  the’ uic t i’m ’sutl Is ,i t

imm e’cl l a t e  we’apon s’ I I C’ s ’ 1 mm on b l a s t  s h , i m m i g t ’ a mid j i smpu I mi t  I s ifl

e’a Si m mi  ‘I t  ies.
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Ws- rk  I n  it 256 ml - , ‘‘S c a l e ’ Ns m ; l t ’ 1 , 1 n~~ ‘1 I a r ,~ e’ F i r e s ’’

!‘mti ’ j i  i s — S  i t ’r r ;m R e s e ar c h Cm ~ r i u s i , i t  Is su; s h i m m i I elO\ ’ s - l c p  m 1_ I t  s - - u ’  m l  i s  u I

b a si s  h u m  s u u t m t h l — s , - , i l e ’  uit i i d s_ ’ l l ui g  s s l  I j u t ’  o h  t e s t s  I n  s i s t ’ _ I I  h~ ’ t uu’ p s - t m l -  5im ,

and p lan ~u p u ’ ou p t ’ m lmm I s m u  s ’x p s - r  j u t u e ’ n t , u l  mm I i m uut hut im u n s ,t I I i s ’ m ’I  i s ’ , t m-i t ’ i iim-,m’ sI

by mius ’ I t ’ m i r  d e ’ t s ’ u ; , m t  I - h u m - i , SI’~ ’ - I t  i- work ,unml sm ’i’,’ I , ’ , — m  s l u , u I  I I n s  [ m i , I i - :

1. Rou.’ t s ’w per t im ie ’n t e’xpe ’ui m out t ~m l  an d  t l m c - , ’t’ s - t  i t ’ , u I  I l u s h  h ips

,i s  Ft -I a t e’d t o  m i t t ,  I t - i r — & ’x p  I cis i - u t —  I n s l i i s e’d I I i s ’ i l l  s ’ I t  t m ’S.

l i i i ’]  ( i (It ’ - i i’ s’v I 1St’ s ’ I t I l t ’ m ode ’ !  [ t i p  t I l t ’ s ’ u- i t’s ,m -- ,i p p l  s ’ sh
t o  r mu su i u; m i n d  s - surrid i ur I hi’ s - mm , am i d s ’ m ’ r t , s  lit i m ’~~l l i t i o n  ~i , a i m  I —
iu ;g  s t u d ie s , w i t  Ii mlii ,iS” ,s ’ mi ’-sl’ s ’ It t o u t  t i l e  p e r t  lflt ’fl m’t’ t m i

mass I i  me ’ sp r e- ud mm m d c ’ I t u g .

2 .  Deve l m m p ~i sn om i l — s m ’ ; u l e ’ n ;odt ’ l i n g  t h e - s u n  I s~ r i l i u m ’ It m u ’ —
m ’ x p l o s i i u n — i n d s m m ’ed s,’ I t ~ ’ I i r t ’s, ‘I ’ I u i s  t ’ O I , u  j I m ’ s  I i Im ’ ru t I I I —
c’ , t t  i -cm ; o u t  t h e  d m m i u ; m i n t  el I t - i - I s  j u t  t h e ’  d i t  I t ’ i ’e ’ u i t  t i t i_ e i s e ’ s
mit t l u ~’ i’ ire ’ d s ’v t ’h m u p m t ’n t  uui d  elt ’f  l i i i j e l l ;  m ’ l  t h e ’  i m p o r t  m i i i ’s
d ime ’ri S i i u mi i ess g r o u ps  wIt Li - I t  m u s t  be’ p r e -sc- r v m ’eI ii ; uti m u d e ’ I
e x p e r i m en t s .

~~. D e f i n i t i o n  c u t  s t a n d a r d  nu o d e l s  tour use ’ iii - wind tunn e l
ami d .sh i om’ktu ib e  s i m u l a t io n s .

‘ . Del in i t  Lofl c i  advanced model ing t ecluno I e igv ( f o u r  t h c r nim m 1
f l a s h  and f i r e  i n i t i a t i o n)  which  m’am be app i ied to
d e v el o p m e n t  cit r eal  i s t  it’ sma 11—se -a l e  s i m u l a t i o n  of —
f i r e ’ s i n i t i a t e d  by n u c l e a r  b u r s t ( s ) .

5. D e f i n i t i o n  of w i n d  t u n n e l  amid sh o ck t ub e  expe r imen t s
w h i c h ;  w o u l d  r esolve  key t e c h n i c a l  problems , v e r i fy
ex i s t i n g  t h e or e t i c ’ m u l  mode l s  and provide guidance for
development of mmire sophisticated and inclusive
t h e o r c t i m - 5”uI m o d e l s ,

6. Based on Tasks 3 , 4 and 5 , a p p r o p r i a t e  f u l I — s e ’ale
simulations will be re’m ’cmmended . Candidates for therma l
p u t  so mind b l a s t  wave i - - s i m u l a t o r s  ( such  as d e’ t o m ;mi t ion m) f

LNC ) will be investigated .
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I V Rh - :l ,A ’l ’l:I ) WORK

‘I li - i c’ rim hi lm ut I h s s t

l~ l I I i~ m iiu l’ m i v l m u r , S t m u i i l t ’v ~‘ l , i m ’t h u m , ,u u ;d l’ i uu m u Ks, ’ m i i i t ’c lv  d o s m ’i’ 1 1 u s d v m u r l m se i s

Mi sers Iliuti I’ t e s t s  t h u _ u t  m i n t ’ p e r t  j i t e ’u t t  t m u  C lue ’ h l , i s t  f t  i r e ’ p r m - p i t uil . F i g e u r e

I V — !  11  I u u i s t r , u t e s  t h e  SAl m v l a i -  bag t hio r m u um u l 5001’m ’ t ’ m-i t i m e d  lii i u ’ m ’ , u s l h , u t m ’

‘ s - m r l s ’L i S  ve h u l t ’ it’s , mm ; eI  ,t i r e ’ r m u t ’ t i i ;  mm s h u t u t i l  it [mi mi m u l the ’  t hme ’ rm ui mu I P u 1  ss ’ I m’ s i l l l

h u t ’ I c i i  wt~,i I us u Iu . l i t  t I t t ’ 5280 slit ’ I t  t ’ m ’ s ’ .iimt ’ m - t 1-’ [pu re ’ I ’ s ’— I , t hue ’ ‘~u I mmiii I i t t uu i u

pm uw tie ’ r a 0th s ’xv p m ’I; [ii r It e ’ hags  we m ’e’ I I , m s h u m ’ ej  2 . 3 SC’ s ’ i ’sm i t l 5 ho I m u  me ’’ t l i t ’ I ‘O— t m i i i

,mmtumm m m m [mini —ui it m ’,m t s ’” t tit h — m u l l  (AN1 - ’O) ch ; mu r gc , ’ w mus  ele ’t s u m t , m t s’ml . Mi u t  I m ’l t  p l o t  i m m ’ m -s

s h t s ’ t ~’m ’ ih C lue ’ h ue _ u -  t ci m a n s e - c u t  t h e ’ I 1 .ms h u b m mgs  mm u it l t h e ’ mm u— u— i ’s- i I s ’I  t hut ’ ‘-ili m u m ’ k

I Its ’ I empm i  r m u  I lii St m u  n ’s’ c I t I m e ’ cVe r p r e s s t i  ye e’xp e’ m’ i e’m;i ’ ‘d hv this ’ t cast

slu t ’ s ’ i mmc l i  s hum u ws  i m s i l l i t ’ c l i  st or  t I sun of t hut ’ shos ’ kwmuve ,’ mis  it p m i s s m ’s t h u u ’ s u t i g h ;  t hum ’

sn u m u 1 1 v m s I unit’ c u t  he’s t g, i  Simm ’s genera  t ciii b’s’ hmmr n hu g t h e  ,i i t m utu i mint ~cmt ’ iI s i

I)5’’s’ s’ I mu l )lu tcil;t m l  c’t I si  rt s mill t l it ’ Chic ’  rn ;mu I 5i ’Ii I’m ’ ci ~i t~ci I tt e ’ tuse’el tim ; i_ s _el mm ~’ I up  t hut ’

m ’hiss ’t ir ,ut [m i m i I rout ; u n b u rne d m l  unu i u ;uu ;t depo sited cmi t e st  i- stir I , m c e m  mmu; d e l  I —

n; i mi,u I I mug t lie’ m l  ,i r b ag s .  Mo t ion  p l c ’ 1m m nt’s m i t ’ mm h i mg 1 e’ss SAl  exp e’ r iu t h t ’l; ( m m I

hu t ’ i t m ’ m’ 1 m m  s sp e ’ r~u t i on  t l t ’mmiu ;s t m a t  e’d t h e  m oult ’ e’l) t w It  [ m ’ hi I ; m m s C lie’ m u ltI it i om m m I

, m s l ’ ,’ , u m u t  1p m ’ 1 limit the th ;ermmt 1 pem l St shu,mpe ’ c’,ili he’ m ’i sui trm u l led I s~~i’ m c m v  I s ’np

1 h un t’s.

M , u r t  in ’ im p [I  I ow t’xpe r in te m i t  mach e’ lus t ’ m u I ,m niV 1 , u  r hm ug sourc e’ i’s
~’~ 

it I iu u;e c l

I i i  i r r a d  j m m t e - mm u ;mivv ,i I r i ’ r a t  t , As dc -si r [he’d previous ! v tinder Work Unit

2 Sli m A , t Ime ’ su tu re ’ e’ a pp m m r en t  I v  i guilt ed t hu e ’ i l l  ow , ,u s m l  em id e’d , hut ptiwde ’ i’

ei hms m ’ cu r e d  time’ e’ul t ire ’ ss’qtuem ic ’ ci of s ’vc ’u s so t h i m m t t lie ’ mmtt ; i t  cr1 u p  mc C Ii’ ,m

p L ’t m i r e ’s shmm sw lie u C l u i n g  of  t h i s -  [gu i i t  j tin m m n d  t ’Xt I m i gem [mltnt em ; t . Ot lie ’ r I;; m ’s I [m iii

p it ’ I c u r e s  t mmk e’n from a mm ’s me ’ midvam i  I m m g e c m u s  ~~~ i t  It’ll we’ mc’ m mcml m u v a  I I  m ih It ’ thur i ng

t lie’ m ’mumi i e’reult’e’.

K e n ne d ’s’ ch est- ri bed mu demom ist rat eiut of hi mis t  d m u mm u ge  t in p I’m’s C cot  eml mm mmci

umi p rot oct eel him ’m i v y  mat ’ I i i  mit ’ t ti e’s I s .  Time ’ oh~ e’i’t lye wmms t ci dm u m ’c mm ou ; C t I m e ’

re’stm Its In m mot [sun pit’ t ure  C h a t  s’snu l d be used to c’reat e mmmi aw , i r e ’u ls’ss
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1 e s ; i i i ~~~. ’ m m - m I t m ’ , u i m  h o  ; ‘ t ’l s -~~t e ’ sl I u’ s ’ m’m c ’:’, t t s ’~’~s ’ l v  h u i p t i  ‘ m ’ s - l p l s - - m ~~~ m r s - mm .

e l’ ’ , h , ’uim- , I v . m m i i ,  . 1  I 0 5 1 1 1 1 5  l I t  \ - s - m v  tl ’d ’ ,’i t i n t  I - ’ ) t , ! ’ ,\ - , ‘l l S l c l s ’i ’ ,it j, ’ m l - i  ,li’ s ’ L i t

‘ s ’ m t . m l  mm , m ’ h u I m m e ’ l ’ \ u m m , l  t i - - ‘ - ‘ t m - m i t  ja l 1 cr ‘ m ’ s t , i t t , t ~~
- k  n m - o - v m - n .  i p t i u s ’ I V — ,’

‘i, ls ’ lll, tt j ’ i l i ’ s -  i 1 I m u s t m , t t ~~-s t~~~ m ’ t o - m t  , m r r , t l l p s - : ’ ms - m ’ , t ,  I w o  lcI m ’ltt h i t  m m t , - , I

t i  t mmm ~ lum i j  I d  t u s  \ , m ’ i’~~’ 0 I ’ c ’ s t m ’d i t  i h ’ , ’ t l t  t li t ’ 11 1 11 . S .  i . s ’ V s ’ l ’ l i s ’S S i i l m ’ i ” ’ l f l t

, i m u m l  i l l s -J  w I t  1 a v , m r -  i c t  v j ohn- - i t n i ,u I m m l i i i  ‘ l l ~~~i i  I , e. g. , I i t  lie ’s , mmm i I I  s ,

~hi ’ i l l  l ’ h ’ c s S m ’s , t i t l e ’ S , : i i  I l 1 c ~ m ’ ,mt ’ s I u it ’t s , s ’ 5 m ’ l  I t m ’ss ’ s s~~s ’ —m , ,‘‘s’t ’ti S m u ~i ~‘ t  I u m ’t ’

g- ’\ ’ e ’ u m m  “ 1, - l i  -mm m n p l its i t  s I l l S  . ,\ ui ’It Fe ’ m l  5 ’rs ’s -d c , ’ m1 ~~m~~t e ’ h l m ’5’k w ,u 1 I t - - t m

m ’m u ’ , ’ m m m m ~ l 1 s t ’ , p l ’ ’ \ ’ I s i s ’ h  ‘ m t s m m i  I s -s I s ’ i u l m ’ n s ’ - i m m m ’ t l t o  p o t e ’I tt i , m l  I - n  u m m l I m , t - t  s I , i m m m , i ms - ,

(1 11 - ‘ 5 i O~ ~
‘ i s , t  S I m l  t m m  ‘ - - 1  - s t s d  , t I i ’ m~~t h i m m~- ,m 5~~’u ’ - - I c ’ - t s d  ,m s h i d  I - ’ i t  e d  i u ;

F i ~~ m m r o  I \ — ,, I t~’ i t i l  , 1 i 1 t  t i i l  ‘V O t ’  t h e ’ e~~~l I t 1 ’ ’ l s ’ l l t  s ’ O V m ’t’ t’d w u t i l  l i ii ’s

I i:mmimimmm-m O i l  I ’ S  ‘ i ’  ,‘t  0 1 ’  , ‘ m ’ m i - d t l h ’ l e ’ : - m , i t e ’ n i , i  I . 1 l m ’V s ’ l i  ‘1 1 l i e ’ c m i i ’ s  i t ’ l l

m s - m v ’  i t , :mm—- i hi t I t s ’ : ‘ m ’ - ’ t  e’- ’ t ~d h ’ m i  l i d  lu g  ts’e’t ’m ’ I c ,  m ’s~~
’ C l s ’ m i , u m l , 1  ‘‘I’~

’ u _ t i  m , 1  i i  I s i ’

I mm - - t o s t  , h I , -m - “ - F • t o -  ml n I ’ l ’ ’t 0 ’- t ~‘d l i i i  I Id i l5 ic , is  - ‘ d m 1 1 ’  l i i  m ’ I v  ‘is _ s t  t O y s ’s1 inch

t I  ~‘~~~ ‘ ‘‘, I ‘s : m ’ s  i-i wu ’ 5 ’ 5 ’k 5 ’~l . On ,m s m i b s 5 - 5 1 m i , - m i t  I 2j)—i 5 ’u i - m I t _ s t  , ‘i ’ m - mm - cpu i ~‘ :mo ’mi I

s ’:’,~
l , ’’-i s ’ ci Lc t i l t ’ b l a s t  sS i t  ~u ; I roe’ ,t~~ i’ I s i S  S m \ ’ s ’l ’ e ’ l  V mI F l l t p m ’d i’\ I m i m ’ ’ I I Iti ~~.

~l ’ I ‘i ’ mmms ’I t f l  t s uu ) c l  I m ’u i p m ’ s’! m u mmmos  , m r m ’ ; ’ , t i ’ t  i s ’ u u l , u r l  v S l iS s ’ op t  i h I t ’. ~‘ s ’V ~s ’t

‘ss’s ’,t h is i hts t , i \ ’ s ’ ,i l , ; u ’ p s ’r t h r s uw ‘We’ I  g l u t  t h u , m u ;  t h e ’1 t ’ 1’ . 5. s’suint e ’l ’~’, t I ’ t s ;  t I l s ’ t o —

l , ’ m ’ s ’ , u t  tIle ’ ‘-m i l l I e ’ ~h j s t  t n - c’ t t ’cmmm g1 ’ , ’ i i n - h  ‘ s i ’ s ’ , (lie ’ .5. o i l !  ht ,i ’s’c’ ‘ c ru’ - - t  s ’ ,

i d - u  i l t st u h i d l u t  l o u r  t l m m ~~’s m m m ’ m m -  s’Ve ’t’i’I m ’S SiuI ’ m ’ I l i , u t  I I t t ’ S, ’\’ I s - I s;  m ’ . p. . I ‘m l

‘s’s ’F m-Slis sO p . s .  i

il ue ’ i\,\ t e u l t  it l V O  t e s t  ss’l ;t ’dt i l e ’ was  ci i s c t i s s c -d i~’ I  t h u  ~‘ u n t  i s ’ u u i , m u ’  s ’l” ’, ’ I i , l S t S

s’Il s h u m u t s  wlte ’i’ t’ m - p I ’ s m ’ s r t t m i i h t  i c -s ci’ p i p p ’ s ’ I ’ s~m m ’k h i l , u s t  j t  i r e - c ’” m p t ’ u i l m m e ’ l i t  —i e x i s t

l ’ l i r s - m ’ pm - csl t ”m - i s i b i t  i t  j es i t o :

• 1 ‘0—I ‘ ii  ,\N1’i) slis s t ,it WI t h ( t ~ S , m I t c I S , St i I ’ ,lI l l m ’i  s ’I  I s I 5 j l

• M i s t  v ( ‘ t m-m t I t ’ I I ;  6 0 0 — C  ci; ,\Nt -’m ) s h ot at I c l - C  h loc ’u cl • I c15 I

• M i st ’s ’  (,ist Is ’ I I I  ~O0— Is ’ (tOOt s ’il AN I”O sh tm ’t i t  F’5 ’u ~t II5 ’s ” il
l i i ;  — M u m  I q~ I

h )l ’s ’ I t i ~s~w ‘ m a s t  - - - -

Ken K ;mp I an showed , m mci t Ion p It ’ tture wit Ii souu ld 111mm t lie rec ci; t l v  pr o—

d u m s ’ s’m I I or DN,\ m o ver  h u g  l i I . m s t  e’I I s’s ’t s , m t  t i I m ’o ‘l ’ h i rm ’sw .  I ’h ’u i s m m t t m ’t inv c ’ s I l och

hO t )  Cm iii S m~ I - ‘sN - ‘0 mI s’ t m u n m m t s’sI I ut N cu~’ Mm ’ x Is ’s’ sill 0s ’ C t u b e’ m~ 6 , 1 c i :  Ii . Ss ’s fl ie’ m~ I

________ _________ —— ~~~~ ~~~~~~~“
_
~~~—_“~~~~~~~ ‘~~~ - - —  ‘~~~~
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I lie i t  cull s I t ’S ’s  c c l  we rm ’ t el rsuu;t ’ lie ’ i t s ’ supt e’ r , ~m i r m ’rmu I I sIte it ers  • pe’ n smiu i m m I

I t c ’m  , m x I u s i I  l e m i t  s I te ’  I t t - m m , t r m u s s m ’ s  , v t m e ’e’ l e ’ il ‘s’e- h t i c  I s ’s , m u u ; s l  t m a s t s - r im .

I h u h  l’t \‘ s ’tit ’ s ’X i u s ’ i ’ j m t t e ’ u i t , u I  p i ’ogm’ mi u lls we’rs ’ c ’ s ’t t d t i c ’t oc l  b ’s’ 2 -  , i~~m i t c ’ l c s .  M t u i ’li  s i l

t h e ’  [Il l m ’ s r m m i t i m ull is liii r t  is ’ti I , m r  I v pe’r t  [ i’ie ’u i t to’ m ’ i i I i u l  t m ’ FIml s ’ ,t 511 F e ’S ~~ - ‘F I ’ m ’s ’—

tes t [tug c m i t [ m m  1 eqt i  i ptu e-u i t am i d km ’s’ poop he ’. ‘Flue ’ I j i m  i s  m m v m ; i l  m m h )  1 m ’ I rc’snI

I)N ,\ (SI- Il )) film s~~I h e r  ‘ s - i s - w i n g s .  I i ;  t h e ’  t e s t s  c i  c ’q c m I pmu t e ’n t  p n m i t  e s t e e1 Ii ’s’

h e u m v i l t p  i uu i e l e ’m ’ , u I t ’s -c r  c u t  c ’ r e m s h u m m b l e’ m m m t m ’ m i , m I ,im ;d ,i I m u v c ’ m’ s s t  m ’ :ir t ht , t h e ’

dm ’p t Ii l i m m d t o  pt rut i t  ,i re’ Ii l u g  f or i - c’s j m ; t h i t ’ c ’~t r I I u w I t  I m ’ It F e’ 1 j e’’,’e’d im s init’ m ’ I

t h e ’ c l i  me ’ct I cm m c h cii; t he’ equ [ lime - m i t .  V m m r i c i u s  t m’t’u ;i ’I t  I ‘s-pt ’ Iie ’ r s O l l , m  I S l i t ’ I t e l ’s

we’ r e t s ’st e’el ; c . p . , ,t t, re tm n e’ Ii c’ m i’s’C’ rei d w i I h i mm lie ’s I I ow c’ 0 F e ’ d~’~’ r , u u ; cl  e’,i u - C Ii

s u m r v  I ‘so-cl I 5 ps i  m~’ i t t ;  Ssiilu l_’ dhm u n i m t g t ’ . Cmi rn m e u ui  l o u t  1cm; t e s t s  t It l’ m ’Itg ht t i l e ’ t hu s  t -
C’ l i ’t ,tel , m t  lu i g h i  f u ’e ’qt m e ’uic lo s  (e ’. p .  , 300 ,Mll~ to hO. 2 ( H , m )  i nch  I i ’ , I t e ~cl t l imi t

t r , mu s n t  i s s  I m u u i  m~’,us  gr e - m t  I v  re’d mtc ’e’d . St i u - v i v m i h i  l i l t ’ s -  s~~t ,i I F i ’ r u  t l f l  t t i c

m m I t , cull t Ime ’  g r m u u n c l  , mimic ! hem r h e ’ d I n i  pro  Ic - c t  i v t ’ she I It - I ’S o-as ,m I so e’X,ini  i m ;ocl

S l u c u c k t u t b e  E x p e r i me n t s

B i l l  F , u v l s u r  ih t ’sc r i b t ’el seinici tlm e ’ rm mm l s tus u c’k — h l m m s t  e’xpc’riut le ’i t t s  p orum’u ’rn e’cl

w i t  I m m mii  S~\ I S s i t m l ’m’e I mi t hu e BRI ,  8— I s lo I — d I mmn ie ’ t ot  shock  I tibs ’ . F’ i pu u-c l ’s’ — 3

i I  I t u s  I r m u ‘ s e ’ s time ’  m u m  r a n g e u t h e ’ii t t cm L uv m ’s ~cl l ug  t lie’ Slic ’sm’ km5 - ,uvt ’ elI m ’ s  c u ’ t i  ciii  t, h mm

m ’c’ t’uu  n s when t h e  sh ; cu ck passes t h rough  mm I m m v e ’ r  of  hic i t mi h u - . ‘limo C c ’s’s s mmu ’ su p I t

Is nioemm;ted miii mu rei t ,u t im i g p 1mm t I’orn i  w h i m -h  rc ’st  m u t e s  180
0 

hc’twe e ’uu t ho t l ine m’s I’

t i m e  t lie rma I puu l Sc’ mim ic! t I m e  mu r r  i v m u  1 c i I I lie ’ shoe’ kw mi v e ’; c s’nse’qtmeu l t I v  , t Ito

shot ’ kwave t’i;e’ oun Is’ r s t lie l imi t  m u i r  mi f t  em pass  im;g t I m e ’ sm in u p Ic. A gm ’s’s t ip 01

i I u m m i u i c m n t — c x v g e u i  b u r u i i n g  u i czz  Ii ’ s is ci h i e r m i t c sd in  p m m u ’ ,i I Ie ’I t m ’s t my t’m ’ sr ,u

f l u x d e n s i t  v i ’s f  6S C o  7() d m i l c’m ’ St’e’
’ 
. C u r v e s  cif t l t t ’ Sp mu t im u I mmui d

t e m p o r a l  i ’ b ; m m  t’m u i ’ tel .  is t is’S m’s I the’ t hue ’ rm mm I pu li - i t’ we’ me sltmiwu

t m i e h i s t r i m ; 1 H a r d c ’n i n~~ 1n the t’ .S.

C i u t m m ’k W I  I toil  r e p o r t e d  on mm r e l a t e d  task  ( Wm irk  t tm i; i t  I I  2-~~~) w h m m c l i

I n y t u l v e ’s expedient c’ocmml tcrmc~ms um reS tm ’ p r m i t  t ’ i ’t  e ’ iim’I s ’ i ; t  1m m I i i ;c lust  m ’ I t ’S mm uicl

k ey  wm ’ srke ’  rs . Th ;e e ’mp li mm s is is  ou; tl;e t’m ’ j s l s  pe ’r isid m u nch w h m m m t  pI ’ m’st  e’c’ I I oil

m ’ m u ui be ’ ach l e ’s ’eoh in 72 h o u r s .  Ne e’e s smm m’ v  i n f m i r m m i t ion Is m ’ s i\ ’ ( ’I ’ e’tl liv u; j i l t ’

heie uk let s  t h i m u t  demi I w i t h  eirgan I zat  ion and edu cem t lent , preit ec’ t IVt’ h tm ’tlss ’—

k e e p I n g ,  eqtu ipm ent  ln ve nt o r ~’ , m m t  ruc tem rtu 1 mmmi I vs Is , r esources  i tu \’ t ’ u m t  5 ’sr ’s’ ,

4 1
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d m11 1 ’ l - ’ \ s c ’ Old dlc ’l ’ s ’m idi e’lit \,‘ s ’ I l  l I e - , ma c h  k t ’v wms u ’ ks ’m ’ ~I m ~’h t m i s , B , u m m s ’cI s ’su ‘slit ’

I t c  I l l ’ S t ~ I oh ’  I s ’ s  I c m  I I i  m I l  I i p m i  i i l ’ i s ’d t ~ c’ti I ci ’ 1) 1 P1-I t ’)  I i - - t  i I i g s , ~ () c m  Its ’

I u t i h l i -  I I I s  s h u , i \ ’ s I ’ s ’ s ’ t i  ‘ I ’ ’U I ’ e ’ cl ju t ’s s O c . l  t s ’d” i’ i s , ’ ’-, m m l i  I~ h ,i u u s e d  u m ’ sO ’ t .u I l l

m ’ i i i I I i  - — m t  i m m m , t t  s — S  m~~I h ’ s t . u m , i m I , t l l l , i s ’ . I l , u r i h e -u;  i u i e ~ 11, - I  l t ~-~ls I , t V c ’ l’ t ’ d ’lt  t~’; ’l  m~~d j u t

‘t p s ’m s t t I s I j s ~~ t m ’ l U l l s  I ’ s l , u u t S  , u i u c l  p h ’ s - s i m  t i  l v  t ,  ss ” s ’ cr , i I ‘ l i m i t s .  m i t o i m h s  1t

, m l  l v , i m u  e -~,c ’ t ’ O h ’,m ’s t o  d c i i ’ s  i t v  ‘ s h u t ’  k e y  o-,- t ’ks ’ I- - m , m m : , t l l , t c s - : : l d ’ m I t  I I m p i l s  i ’ s l v

I ,u I 1 i , ’ :’l ,  t k s ’ I h u m ’ I i s  I . I

I - l i e ’ - he ’s’s s - t t N hIS

B I I  I I’ .t I k s ’F ItSs ’ ,I ‘ s h u t ’ c l i  1 d m - m i l l  ii; h Id I i F c ’ I V — -, Is ’ t ’X h ’s Lu iii I I c  51 1 , 1 1  m d v

t l i ~s ’ t s s t  l I l s I  , t t  N B S .  h I l t ’ c ’sc ’, i l  I s  I s ’ t ’ S t , u l ” I l~~Iu c ’ , ’ t ’ u’ c ’ l , t ’ s  i , - m i s  ho t  S s , ’ s ’ l l

t h us ’ l , u h s u r , u t , ’ t v  t s ’st  I e ’ S t t l t S  t i l e1  t h e ’ h ’sc’b t , i ’ s ’ i~s m  c i  t ’ m ’i ’iil l I F e ’s It i ’s’s ’ l ’ s ’ l l i~ t h e

S t i l l s ’ t et e ’ h s .  \ m i - t l v t  l c , t I  l I I m ’c h e ’ I  s p F s ”s’ l ch e’ t Il e’ h’i ’ I cI5~c ’ I c r  t h i s  c ’ c ’r i ’e ’ l a t  l c ’t t

~us  We ’ I I ,u s  ,i F m ’ l i t  I s ’u t  t c ’ I lIe ’ r e - ch il i - e d  sc, i  I c  nj s ’s dhe ’ i s .  l ’hur e ’e’ c I , u s S m ’S ci

I il ’s~’i’ - u t  c m v  I est 5 , t F e ’ m i l l ’  I , - v c s l : luu e l e’x t e s t s , e’ .u S e ’ 01 i g u ;  i t  l o i l  t e S t s , , u u ; c h
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• I - u I i ’ s ’ t ‘ u  h-~,isb I , i  I I I  I d l l  i t  1 i ’ ll

• I I I  i i i p _ i i  i , ;I ui m hs ’uul m iutsl I h u l  s I t ’ ;  i I I —  il t , ’ i u ‘ ‘ I  u t u s ’ t , ’ s  l i t  i - . I

• I ~~p s ’ i  I iu m-m ’ i u  I ‘;  jut bi I ,t ‘.1 I ,., I l i t, ’ I I s ’ut s s l I - i t  s ’

• h u t l  I t u ,  ‘ l l m  s ’ , - I ‘ i i,  II 1 1 5 1 . ’ tl ui I ‘ ‘I ‘ ‘ ‘I l  I ’ u s ’ - ,u u t i l  1 i i , ’ ‘1,1

*
Ms ’Illt ’ s ’l ‘ - 01 l% ,~ i L m _ b u s ’1’ I i t s ’ N s - i  h i i , I t i  _ I . . \ I  ‘s’ , l I  s ’ ’~ , , ‘ , s t l , i  hi ,i , Is i s V ’ .k ’s  , lb - n oh ~l I

- 

t 
l i i  o hs ’ t i ’I m , u  I i m , i u l t 

• I 1 , m t i , I ,; I i ’ u u , I s - l  1 , h ’ ouuu u : , n ’ , I , i l s ’ 1P c , - s t  ,I~ ’u , \. ~‘ s u u  l ’ s
k , u u t u u i  • :~ t , u u u h s ’ ’s ~l , i u  I i i i , - ‘s I 1 1 1 , 1 1 1 1  l ’ , uu L s ’ i  , , u ’ um t I~u i t it  l i l m u u i m l s ’ u  -

- - - ~~
_ 

__________________________ -- - ~~~~~~~~~~~~~~~~
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Iii ‘ume ’ r m u  1 , t i tOh-I c’ ne - s t  torts suggc’st I limit t ime ’ ( m u  t~ 1 tt5 ’uim ’ m’s s i l  b I m ist w m\ ’ m’s

oil I l i ’ s’s m ’t ’u t tmm b u m  l m i  rgs’ I ‘s’ u m iik mi m ’swim or one e r t ;i i i i

At t lie’ p rev I o t i s  As i i  orna r Con l’s’ re uu o e si l l 11 1 m m st / F I Fe’ h i t s ’ u ’ . m s - I I m u tt (Mmm r t 1 m m ,

A ( gem ’ , l~~7i~) i u m (  s’I’ s’St s’s’mitere’d miii t lie’ ~~~~~~ Ph -i ! r t ’ g f m u u t  ( 1’~s— 3 u  k I ’ m u )  I sO ’

be u r s  C s ‘‘I  I — S Ml ’ . Mu I t  I p h e ’ b u r s t s  we’re l i m it  s t u n s  I she re’ml • a I t  I u s u u g h u u 1 i t uu i t eel

k n m u w  l edge m i t  w s ’ mipm u u m s  m u v mu 11 mib I I  i t  ‘s’ mmimm l t ;m rge’ C i m t g  me ’t hm s u m l s st  r u u m i g  I v su gges t  s

I l i m i t  u l l . imu ’ s ’  ‘ s u r h m m m ;  t mm rge’t 5 u ii. iv e’Xpec t mm ’s re’ t I u m m u i  mim iC ’ ui tuc I s ’ , i  r b u m rs I i m i  , u g m ‘ito u - u 1

Wm m r . S tnt i l . m u ’ I  ‘s’ , rum s t h ’ s u u g h m t  was g iVs,’ru tm ’ s I p_i; i t  i m ’ s m m t-i I i i  mmii  u r b . u iu  eu;~ - i i  - ‘ I I —

meu ; t mm 1 i’e,u sl’s’ il l st t u r h e’d liv I)r e’s v lo u i s  h u r s t  s — su r ,m l u  s ’, m s h ’ s ’  i n  I I m u l I t m ’ S  w i t  hi

wm ’ I I — s ’ s t m i h l  i s I i~’el I i I’ m’s I rou lt , m u t  e ’, m m ’l  1 m m ’ e x p l m i s  I m u f l .  h ’ hue ’  h ’ su ’ m u m i s l t ’ m — q I l s - o t  i m u u m s

s IS  t s 5 ( l i e  re t a t  i’s’s’ I i’e’q tuemic v 0 pr I n t ,u m’ v ( t h e ’  ru tt .u I I v  i g um I t  Omi I i i  m ’s mu u m s, h

,,s’m’ mtu’usj,;r’,’ (hl,t m -it —s ’,iti s m ’sl ) I it’ s’s w e r e  l i m i t  m’x m u u t’ t i i u e ’ d  l u s t ,  ‘s’ s , u m , , u I t  h u t u t m g h t  t h u s ’

quit ’s I on h u , i i-u been wi t h u  us s Lu cy III rosh I ma. C,sm i i - ui  dt’ra 1 1mm s s l  t hus’ s’I I s ’s ’I 5

~m i  h h i s  t simm we - I i—es I mib I ishwd I ires wm;s ,m I sm u ahse’tit in I hu e ’ p u ’s’~’ I m iu ts ‘ s i l t —

I m ’ ls ’Iu I’.

a - ‘ l u 1’ I ,urm

t u i  l ’ ’ sIs u st t s , ’ tus tlm e ’se’ amid s ’ s t h m e ’r r e l m i t  s~m l qu u e st  i on s , utue ’nther s s ul Work—

nI ts ’I’ I m m lu gges t t’uh t ime’ I s ’ sl l m ’ sw i m ig  rese~ar e ’lt ;mr em l s Cu ’ de~m I wi tIm th im uuu t’ sI’st’m ’ II i s ’

, s s l ’ s ’o t  ,-u s - I  b l u n t / I  i r e  l u m t e r m u m ’t io ns , a f f e c t i n g  the  h l m m s t — p s - m’ tu r h i e ml ,

t n t  t i - i  I — I  i r e  d i  st  t i hu t  ion , t h a t  t h ey  were  ab l e  tm ’ s im l o u ;t i I v . Prim uu’ it is’s -

we’ r e’ not  s-st  m b  I ished hut the areas of g r e a t es t  u ur ge ’u iov  mire’  I’ l i s t  m i i i  t lie ’

I I s t wim l I e items si t ’  less  urgenc v or impor t  mine ’ e’ m m i’s’ 1m m r I lie’ r down .

• Sh msum ’ k s  tmh e ’ Exps’r i nmeti t 5 on il l ;msl Ext m u ’ t h u n  s’t F I I ’ s’s (W om ’k
b u i l t  .‘564A)

• PsI ,u,-u t /F’hre’ Im ~~ or ;m s ’ t i m u n  ‘I’h ;esuu’v (Wmirk Unit .~S( 4F ~

• Ss ’,’ i ’ lls h ,h m’ v I” h i ’ s ’S

• I gm u i t  ion in  11 1 m m sI —Dama god St u’tuo tum ’es

• ‘I F i s ’gi , um it I ‘i I ’ j t ’e’ /I ’ i l , i st I u i t e ’ i i s  I i on  R e s o m m i ’ m ’ lm

• Rsi I t - s’I I” i i  ehr m’mu;ds in F’ i re’ S pI’ ’,ts l

• lguu i ( I o u  o l  b’ r ’ m m s ’ t b c m u l  F’t m e ’l A r m ’ m u v s — — l u u g t ’ m u m - u i - u  ‘I m i x e d  t u u s ’ l s

• t~ I u- c hi ; ! t tat (on iii  B l a s t  —D am aged St root tires—— [p_ It it! on oI

s I s ’h~~~j s h’s’ r e s i d ua l rtidlat Ion (after bl ast a r r l v m m l

• Spe’s’ ml I Prob I e’ms si t ’ Mu I t I p ie Hors Is——s’s. g . ci l’s’s’ I s m ’su l I I i ’ s’s
mi m m s i  t ( u ’ s’ s p r e a d .

- s , u u s ’ I t  p i s i h . ’s ’t s In time ’ irsi twm ’s m it ’ s’mis I Ists’d mu ’ s’ a ’i i ’m ’s m i d v  h t m n m l u ’mi

by D I ’ ,’ . SIu~
s - ’ K t mihe s ’x I ’ss ’ r lmt ’n t  s w i l l  be’ pe u - I  m ’srm t ’d by SRI  l i i  t h i s ’ new I v
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s o ’ ihi b’ Im ’ t m ’sI I _ i s ’ I l  L i v  il (~m utu i p h ’ , m u ’ k s , (‘ ml I u s - m u m j , u .  I m u t t  t , t I  , u t  1, -i l l is -u i w i l l  h im ’

iu t ’ s’ s ’ m m t i p _ i t  i u i g  slt s ’, u m ’ I s ’ ,,,; sh i i - i p l m i s ’ s’i iueu u t  1 , ;  ml 1 5 1 i s  I i~ ’ ,il i i i ’  Ii, mi uisuu t Is -u - I j i s ’

m l  I I tu s ’ t I oui  , Si  tutu l i t  I t l u i m m  c t t hue ’ ~I i Is’sl Cmu u iu l nI um ’ s’ m l  ~~5 ’ I I i i i m ’ u i  t S w i  1 I hit ’ ,‘oum—

dt,us ’I. s’sh , u t  I L ’ m l t i m ’ s ’(i mms ’ ,u I s ’ . Am -i ,i u ’ouui lt l snl t s’mm t .II\ ’ s’t I s - i  , IR K’ 1 - , i t  I s ’ u t i b t t I n ’,

I s ’  s m m t m ’mi sl t h i s ’ i l l  II i t ’ s ’ c I  I Ims ’ I  F u t u , u t  hus ’ i u i . u t  i s ’ .u 1 i u u s — d m ’l  I~~ ’ I  ‘s.’ ~u m s l — s l m 1’s’ m ’it  I I m m ’s

to ~‘u ’s ’V t s t s ~ a t hmm ’o t ’ s ’t  us ’ ,u I I — m m ; u s  I m ’ i  Isre ’d I s ’ t i u u g  w i u ud 5’t I m ’ s t m - i  , i f l s l  I s ’  ,s jul t h u s ’

1 t i t  s ’ r p m ’ m ’t i t  1 m ’ l i  c I  s ’ \ I u m ’i’ I l u i em i t  i l  m m - n ut I t~ s . h im I s ’ I s I , ’Ss ’ F t~~i t  L o u t s  s t  I h e S s ’

I S m ’ m s l o s t S t u _ i ’ s ’ e ’ m l  i m ’ , i m l ’ s ’  hs ’ e ’ui  5 ’ 1 1 5 1 1  u u m  C l i , t 1 i t s ’ m  I l l .  A ds ’t  u i  l s ’ sh ‘it’ s ’ I  ~u l _ m t u

Is - u -  t h u s ’ s I is i~’k t t l l ’ m ’ e ’x lut ’r l u l u e ’ i i t S  is  g l v m ’i t  it A I ) I u s ’uisl  i x  I ’ . A l s I i e ’ u i s l  I m—m hi I S  .1

P l ’ m d l , u t l l  s t , i t s ’uuim ’ uu l I s m ’ l’RW ’s thte o r s I i s - m i  s I  I ~- r t  t m u m u l s ’ i’ W, i m ’k l i m i t  ,,! ‘ — u i I ~.

h’ m ’odI’,ulIt n i  , u t  e u u u s ’ u t t  s s h m ’m ’ m ’lsap&’d li ’s - Wsn ’kshmsq I p~m m t  I s ’ i l l _ m u l L  mm I ,~ l - t his ’

*
I m ’ m m s ’ , t u  h i  , u m s ’ , m , m  C hi ,mt i i  s’ i u s s t  m ’ t t i ’ i’ s ’ u i t  l v  I t i t uuie ’ sl  , t u  s ’ p l m ’ m mm ’iu t s ’sl i i i  t his ’ IoI

Im u w i tig 1’ - ’ I ’- ’’5 ,uuiul s ch i , ’ t l b  i t t  s ’ t h u s ’  rs ’m t u ;u i u i d o r  ot t h u s ’ W c I ’ l , m u l u s lu I m 5 ’h ’ m - t ’ t .

S os ’ s d t s l , u i ’ \’ I” l u ’s’

I . S i t s ? cs ’ I  i m s

‘l Im e ’ I u mmr l s m - s s’ i s  to dot s’ r u u u i  l i e ’ I h is ’ i l l i p o r t  , u u m c e ’  o l  S m s ’ m S m u h . u  m ’ s ’  I I I ’m ’S Ic ’ 1 , u

1 l ’s ’ s I s~ l u i ’ i u l m m u l ’ \’ -” i sY,u u, i t  I s u u  I I I’ m ’S I i’m n t i  i m u m u - I c a m’ u t  t , m s ’k , ~i s  l s l m ’ s ’ t 1 I s s ~~
’s s ’I

5 I ’t ’ e’~u sI  I I I d  I (i ’m ’s lit t m t ’iu , u mu , u u ’m - ,i s .

—
s Pi ts ’ k~~r m - t uid

1 s ’ u u s  (si t’  I’ m t b  b e  1m m fo rmtt mm I iou ;  ( 5  I V , l  11  u t i l e’ s OI l s ’ s’ ru; i mug i p_mi it I ssui pot s’Iut i .i I

mut  ‘s o ’  i o u u s  h p_ut  it ,mh I s ’s w i t  l i i  mu ho I 1 d b  mugs .  I ut ; m e h d  I t  i o m u  , SoniC’ ml,h I ,m cx 1st

l ’ m ’ d , i  i’d ( mug b l a s t  ( I mm iul m uge ’ te u Sl l l , i  1 I s t  I’ tt m ’ t lIF e’ S , I ’ m u t  u S FI t u u u m m t  o h  v , ns ’t is uutus ’hm

c~x I~~’ r I c lue o w i t  It I a t’ge St r I ms ’ t tu l ’s’s I s  , u m ’ ,u I I  mm li Is ’ . Smuit u e d 1 0 5  
~ 
I’m’ I m ’ s ’ t i ss i i S

s u t  i ’sl,o-i t dm mm age t m u [ u i d u m s t r  i , m l  St l’ tlct l i i ’ s’s ( i . 5 ’ . , Pet ro l e-tint u’ s ’, i s ’t  s ’m’ s , pows’I’

lie u I m ’xs ’ hm,u m igs ’ r i-u • suit’ 1 t e rs , I ,u hr I c~u t 0 I ’S , s’t e’ . ) h m ,m ’s’ s’ hs’eui ull ,usl m ’ . A I nmo st

um o 1 h i  ng I s  ku us uw n m - I I lit” s’ sund I t I mu ll ot  pm iwe ’ r mi n d Sm ’ rv I s ’s’ opm h ) l tu s ’ ll  I • mu m mml

I t t I e I s k i i t s wmm m i h e u t u t  t lie St  r ims ’ t tire ’ mind  m ’ s s u i  I omi t  s s ’l I i p_ lit lumdt t st r ( m l  1

*
5 j uts m ’ (lie’ m ’ , i u t  I s’ re’um u ’ s’ , ,u ut oppO r I t in i t ’ s ’  ~m reu se,’ to get hi t s ’  run~m I I m it t  Omi I gut I t  I on
m i t  I ,u rgs ’ u’ e ’m m s m s l ’ gesims’ t r L u ’ m u l l  v c’eump I s’s min d ml sod h ue ’ 1 mm r r , m ’s ’s ,u t ,u
momle ’st  s ’ mi S t  . ‘I’lmls i iute srma t Ion shi s su ld  he’s ,mv ~m I l~m h I  s’ in t his ’ ‘sc m - v ns ’m u i ’ t u t t u u ’ e .
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I

mim ud re’s (d el i  t I ,m I sI ru t ’ t ( irs ’s m i t t s ’  r b l a s t

I ’I ue ’ qus ’s I (sun t l ien I s W lm a t i s  tim e ’ r I s k  u s I ~-i r e s i d e n t  i al or m ’ omm iu e r—

s’i , ui/hmi d t mstr i , u I s’m ump lex be’ing s u lI i ciem mt l v disturbed t h i m l t e ’a s i i v  i g n i t m u b l e

I tie ’ 1 5 m i r e  m ’ x p s sss’d , t h u ms pre u v I d l  mig more i p_mi i t I omi s it e ’ s m’ s- 1 at i Vt’ s tm ’s the risk

s s I  I I re’ s t,i  r t  s from d isrmmp t lom i am i d lgu i I t I mi m i by ul om it  h e-m im i 1 rad I mi t i sun m e m m m l s ?

Whum m t is h m i m ’k (ru g i s  , mm i  m m ppr ec  I at  I u u u t  t or  t his’ I’ r s ’qus ’nu ’’s- mi u d  sever  i t ’ s ’  c l

I i r e  St u r t  s f r o m  b o t h  sem ’ondmmrv ( b l a s t —  induced ’) and pr inu m m t- v (tlu ~’rm m-ml —ind us’ed )

su u u i t ’ s ’ m m - u . ‘l Im e,’ ro i,u t I’se’ i m p m u i ’ t m m n s ’e’ 5 u I hot hi sm i U r e ’es is imp ou- t ~i i i  I C m i  m i i i ’ s ’  miS5 s’i-uS—

flie’ u ;t  s~ I t I m e  u m l t  immi te ’ I I r~’ lm ,u za rd  and this’ likely SUCe ’ OSS sit ’ any p r e v e n t  [ye’

m~r s t m p p r s ’ss I ’s ’s’ ci I murt s •

I . Prtuj~~~rn

Dove iop  ~u rmut [orm a le  f o r  est  m a t  ing the I requenc’y sit f i r e s  in u r b a n!

i m i d u s t  r imi  I (U/i 1 m i r e -m is dsme to ( I  h)r imarv  thermt i mu I ign i t  I msu;s in mmmi stnd i s —

t u r he ’d  m m rem; (first b u r s t — — a  lob  I ,-ir g e l v  a I read y done in F i v e ’ C i t  I s ’s
*S t i u d I e ’s , et u ’ . ‘1 , (~) se’m

’ouidary fires s’,iumm - us ’ uh h’5’ first blast wave mis mm

I’ u u u ;c t ion of v leld , d i s t m m n c e  , and ty p e  oh  I ’! I a rea , ( 1) p r i m a r y  I ire’s

c,-uused by the rma l f rom mm subsequent  b u r s t  on an a i r s - mud ’ s ’  h l a s t — d i s t e m r b e d

area , ,‘umid (4 )  se’m ’ond mm rv  fires in an mu ready disrupted environment.

4 . i\ppi’su m uu ’h i

‘I ’liIs pr m h lcm Immi s so many p o t e n t i a l I’ m u u ’t or s t h a t  pree’ ise t rea t m e n t

Is not likel y to be rewarding. An e a r ly  m ;ppr oach , l ,’mr g e lv  a n a l v t  is -al

mind .‘ippr o x l m a t s ’ sh o t u l d

• Review what  l~mis been pub i  i slied on this  s ub j e ct  ( i n t e r n a t i e ’ s t m m i l ly)

• Review m’mun temp orary d isaster datm -u.

i ’ I t i m a t e ” ) v , wha t is needed a re es t ima tes (based sufl m mu ’tua l ssmrv e ’vs )

s ’ s I  t his ’ r e l s ’mis s ,’ sir exposure of p o t e n t i a l ig ni ta b le s  a n d / o r  f u e l s , t h e

pm it emi t imm l sources s i t ’  secondary i g n it i o n s , and the abso lu te  as w e l l  as

r e l a t i v e  f r e q u en cy  of ea ch i g n i t i o n  typ e . A l s o  needed mire  the b l a s t

*W l tlm otut heimef It , however , m i t ’  a method for Including blast/firs ’s
in tcrmu s’t (mu tis .
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l’ s’s 1st a nt ’s’ s ir t ’ e ’S }u mum lSs ’  ol  m ’ s i l i t  a b u m  f i t s’ St  t ’ Uu ’ C i It’ e’S • , m t u d  I h ue ’ I lm e ’i’u umm I i’om - m h i m sllss ’

s -f nilu ’ h i St i l l s ’ I L u I’ s’s (ex t  s’ t’umi I t’ I re’s c,tn S l i t  s’ , m s ,I t m ’ s  ( t i t e r  i s - u ’s , m u l i - i s ’) . I ’h ; e ’
bl u s  t iii I s’ rae ’ t lot ’s ~ it Ii 1 gm; it I suns ansi we’ 11— s ’s t m mh I I shus’d I i l ’s ’s , w i t  hi liii t It

p i ’ (ma u’ ’s ’ ,uu;d 55’s’ m it i st m; i’s ’ I It’ s’s , s }us ’i i  I d  he ’ Ill s ’ I ude ’sl in  sit s’ I t  c ’S t  ( mat e’s

lime ’  m i r s’;lS s i t  du siti I Ii ill tm ’ 1’ 01 se ’s ’ o mu e l m t  l’ V ( sO ’  j u r  iutt mt u’’s’) t i Fe’s S h u m i t u  I sh be’ I l u s l e ’ u u t  I —

I it’d • . uu ; s I  t h i s ’ s t  I t ’ s ’ I s - I  utut i i t  I 1~ I s ’ bu r s t s  0mm Clue ’  I t ’s’ q u t s ’ I um ’ m’ m s t  e’,iu ’ ll s h u o u m  I d

be’ m ’ s t  i tu tmu t ‘d,

Sunuu ut a u — v a i t s l  (‘m~ l is ’ I L l S  1 s s l i  s

‘I ’hms ’ it ’ ha t I’s’s ’ I u u u l u u u r  I m u l m u ’ s ’ 55 1 St_’s,’Ofls_( m% r \’  I’ ! i’s’s is limit W e ’ I 1 e tm s t mi h  I I shu ~’~I

Ioi ’ ,u 51 iug  Is ’ ui~~c 1e’ ,u i’ b u r st  on mli ’ s u i -b an su i j i i el s is t  u i m u l (a rgs ’t , m u ’ 5 ’ , u .  I u i

su rule ’ r t m ’ s  ds,’m’s ( w i t h ;  t h i s ’ Sl im ’s l’s’s cei l lup 1 m,’>~ 1) 1-oh I out s s f  I Ii’s’ in  , uuu  ,u t’e’ml e’x lu u 5 Sc’sl I mu : -
more ’ C h ; m mn O i l s ’ Ws_’m ipoui  , C he’ m i h s s u  I ill s,’ m i s iso! 1 as re’ I m ; t  h v m ~ I r s’que ’u iu ’\’ ci hot it

p r i u i u ~u rv ~it’sel Se ’ s ’ omi el a m ’v I i r e ’ s t a r  Cs Insist be ost  I mt u a t ed . Iii m ’mmhl i t  I m u lu , I hue ’
s ’ m 5 I i  Sm ’s l I I s ’ lm ’ m ’s m sl it I mi st  d i  s rmup t  u’sii sun t h e  1 r sm qu e ’s u te’ m u I b su th p r i n t i i v  a id

se ’ s ’ m i tus ,I m u r ’ m’ igmi i t  lou i s I r su m mu su l i sequs’mi t li&ti’st must  he m m p p  is is im ui m u t c’s!. WIm i t s ’
t Iii  s m , iv  dem mm nd  e’ol ;s i de ’r mub I s ’ j t ud gn t ent  mind qua l i t  mi t (Vs cv,i 1 umm i t i siIi , th is’

de ’ tmi  (15 ’d st u ,uel v m u !  S j) e ’ s ’ L I  t u ’ ex am p l e  m u m ’e’mu S e’suutd be’ mu st  i i  l sll i u i ummi t t u g .

~j~~l i t i s i t ;  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

of Pu ’m u c t i s ’ a I  S1 ~ms Cs un~,p I e x i t v

I • ObIe’ s c t i v o

The ohj  s’ct Lye’ is I 0 do t e ’ rn u i lie’ t hus ’ I Iii’s’s hi ss hel s f u sm’ sus t a  (tie ’s! I p_u ; i t  ( sill

dtue to expuus ’sur e  sst ’ nu m s d e’ ru m t o r i ;  ish i l ip_ i -u , in t he- ti ’ (ti—use ’s C OF t I (p_u i u~ i I I s ’sl’IS

— mu t iel s in i i ; ;  r- I m t r g e ’ — ,i u ’s m t  h i s ’ I _ m m’ t’a vs t m ’s t i m e’ I h ;e ’i’mmi I rail ( a t  I m ’sti I u’ m ’snu m i l l s ’ I s ’m i F

de t s s u im u t ions .

Psi m ’ k &r s Ft I i  is !

I’~’s s’st i nm a t e ’ this ’s r m t uum uhs ’ r s i t  ~t F  i miun r v i gn l  t ions due I ’s’s t he’s t l ;e r nu.m I
rmusl 1m m 1 1u’ul I ron mi tts ’ I emu r de t mij’u m m t b u s  i t  I s  t iCs’ e’ssa i- v tm ’s knmuu,’ ( l i e ’ I l l s ’ i d o i t  1

t’I tm x ii is to i’m- anti the’ I p_n I t iou ’s t i ireshei I dii ss I’ t h e ’ exp ose ’sI m .m t m ’ r I a  I s as a

f utis’ I [mm m it Ws’a I’sotu ~ 
it’ l d pu I iit’s s hape )  . Se -m i Ii img r t m I s ’s t s ’t ’ I tit ’t’nm.i l

r a d iat  ion hay s ’s hee’ s mm s ’St mm li i L s h ms’d based on mu large  numhs ’sr m ’I I is’ l eI me’~tstu rs’s—

u t i o u l t s  m i’s’m ’t’ m m wide range’ sit yields , heights of burst , and distances f rom

ground zero.
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A t n u m s s i u h i e m ’  I s ’ I r :iu ; sflt  is s  ( s s f l  muf  t lie .u I r mi t  t Ime t e’st Sit s’s I t m u s  hs’s’uu d e’dtms ’ s’sl

I resm these ’ dat ,m

Add i t I m m mi I nue ’a surs ’un ell t s of mu t m m u s p h m o  r Ic  I rmm u t Situ I ss I m i f l S  lii ’ s’ s’ bs’s’ui m ’ m m r

r i o t !  m ’li  C iii t u r h . u u m  .m t u i u m s s p h m e ’ res . F’eur s ’xmmm p I c  , Sm ’h i I s-i ~‘,e’ r ( I  91’s 1)  mm t NR I ) I ,

numide ’ nts5mu slit - e’nts’mm Is I mu I,, us e’tn ge’ los w it hi mm x s ’uls ’ suu I 1m m sh u I m m u n p si ’ s ’ s’ 1’ m l i i i  I m t l i s ’ m ’s

i i i  i_ ’x s ’ s’ss s u h I -
- mii i he ’s. ‘I’hus ’ i gmi i t i s u n  so  .1 l m u i ’ g e ’ rm uu i gs - o l ’ hi s i utst ’h us u isl

itua l u’ r i ,m 1 s us we- I 1 ms I surest I ‘su e’ I S mu m ie l ni i i  I tmi  iv s’qu pllie’tl C , u v , s  I 1 , mIm I c i n

C lie’ I Ft uO’-u w , i s  nue’ . u s s u r s’d m u t  t h i s ’ N m i v m u  I A t u i s h  Ie’d Sc’ i s’sn ce’ l , m u h .  F x h t m m s m s t  I ’s’ s’

St tud is’s sit ’ this ’ i p_mi I I ion su I m u I ’ shm u m ’s’ 1 111 1 suS s ’ (m u  spec ’ ( m m 1 h I  am ’k ~ m4~~e’ t )  Wm ’i s ’

m ’m m r r  I s’sh m u ll at  N R D I muu id s I  sewimt ’re . Thcse ’ datm m we’re- restu - Im ’t e’sI C s ’s sm~i I I

p la mi m u r vs ’srt im’al surf mi s t’s.

Qt le ’s t ions  ha vm ’  ar ise- i; cs uu i s ’s-rn ing thus’ s e’f f t - u t  m i t SI’ss’m’ iflie ’1 s Im ~m ’ m iOm I

gee ume’ t r I s ’ mu 1 s’ omi f I p_u rmi I I suns like’ Sm ’s t m u s  wlm is’l; m mmv I end tm ’ s t i ’ahi l i t ’s ,i t . Sm ’sme ’

wmurk by Teum W m m t e r m a n  at  IITRI has indicated that  a f t e r  t h e  therma l

pu l sm - i s  over , t l ;o f l a m e  on mu t h i c k  u ’s ’st t o n  ha t t i u i g  u’uslujon may e x t  i u ; g s m i s l u

and u t m i t  r e k i n d l e  sunless t I m e  re is a j o imit pre’sent . Ii ;  mu p ape r  liv Al  v i  Fe’s

( 19 7 4 1  an inc rease  in  i g n i t i o n  s e m i s i t i v i t v  w i t h ;  e x p o s u r e  s ur l , u s ’o h e l p _ h i t

was prod is’ted . A 4 — h i v — 4 — I  omit hm;nk s it q u a r t z  im ’s d (l ie  l a m p s  m i t  N R I ) l ,  m5’as

capable’ s i t  igniting whol e , ’  pieces m it furniture and b a n g i n g  d r a p e s .  llm ’sw e ’sver  •

th u  is wm i rk wm;s ‘ L i st  beg inn iuig a t  the t in s ’s NR I)L was s ’ I osed . Ceinse’que’nC 1 v

there were no results reported for t h e  fm us ’ l i l t ’ s ’ . M iu r t  ‘s - K m m u ; u m r v  I mmu s  lire ’s —

pared an extensivo review sit  t h i s ’s i g n i t i o n  work  clone cup t lm r eis mg hm time e’ s m u r l v

I9 70 s . Tak mishm i K m m s l u i w a g i  at  NBS has been s tudy ing  the f u n d a m e nt a l

p r m ’s s ’ e’sse’s m u f  t he  [p _ n i t  ieun sit u ’o m b i m st  i b l e ss’s lid s. A h u i g h m l v ds ’’s’s’l opt ’s1

pr s’d is ’ t iou ;  s’mip t ih i  l i t  v h as been estmth l ishemi fsir idea l izs’sd l i m e- I s  (Ifis u s t

parlicul ai’lv for sing le , gemumt ’trica llv simple’ targets), hut i t  i s  um n ce ’ m’ —

tail’s how well thIs can ho app lied to  p r a c t i s ’m u h s i t u a t i o n s .

3. Prcugr am_ci’ Resea rch--Task s

• Rs ’view p r i o r  I g n i t i o n  work and current stats’ of t his ’s a r t .

• C o n d u c t  a series of exposure I s’sts to st t ush ’s’ ign I t  ion

• Der ive  se ’ a h l n g  r e l a t l m s n s h ; l p s  to g e n e r a l i z e  therma l
i g n i t i o n  c h a r m u e ’t e r lm- i t ics.
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s . ~‘s~• s’sj(, u~~ fl oh  Re’~~m m m ’ s ’~ i ’ A j~,p i’c’s . ich

,\ i ’s’V l sw ‘t thus ’ I ( I s ’ r m m t  Iti’ e’ mu ui d s’ s’su; t , i s ’ t wit It t lie ’ Is’ s ’ rke ’ i’s i i i  C hu e ’

I is,’ is! i s  i i i  ss rde’ r t cm e ’ st mi b I I shi t h u s ’ s li t  e ’ Sm I~ this’ mi m t  mmli this ’ c I I e ’ s ’ t  m i t  5 j ,~

m u umd spOt ’ i u tte’m i m ’Ol i  I i gurmit ( u st; sun u’mmd I ,;n I i p_t i l t  i cii; s u t  c humu u’ri rug ,uuid mis s i l e ’ ha i’m i  umg

5~5 I iel s . Aim e’mi m I  ‘s- p_s -m i  I is C s ’  d et e ’ rnu lne ’ I h i s ’ mm i t Or i mi I s  m u m u d  m ’s’sui f I gt u m ’,i I I s u u u s

whi i~ ’hi  i i h u m ’ti I ml be e’x mm lut (ru e’s,! iii ~~~ -~‘i-~h’s’~’r 
(t l le ’F tt  a I prsigl ’ mmun . TI u I  s dot  s’t’mi  m ; m l t I m ’sU

sh;~siu I d  he’ mu I i t t o s l  .1  t I’s1’~~V id  in c . I hue ’ i ‘s ’, iu i t  i su f l  slat,i i ’ m ’q u m I re ’sl l’s’s’ t lit ’ I Ii ’ s’

s~ l’ s ’s ’ss’ l  Ii nods’ I s .

Se’s s’s’snsil v , , m l , u u’ ge ’ — , u i ’ c ’ , u , l u i g l u —  h i t  c - i t s  i t  v r i d  ( m i t I m i t i  ss u t t r s ’ e’ [mm I, lie’ p r o per

range’ C s ’ s  m i d e ’ q u i . m  Is’i v i - m i tu tu I it s ’ t h u s ’ t h u m ’r uii ,m I r i c h  i u t  I m s i i  I l’s ’sfli ml l i5t ~’ I e ’m ; I’ dot 5m,~ —

I [mmi ’s sI;smu Id be’ ( d c i i  t i t  I od mimic! acqu i reel sir  the ’s i guis ’el ,um ;d bit i it . lIt is in ( p_ l i t

he’ mm hank  u ml I mvl ih is

l’h i i’d I v . it is t’e,’s’cn;tne,’u’sds’sl I lum i t mm s’xpe’r i ilie ’F t  C i I P u’ ui g m’ m uii t  m ’ii ts ’O I I —

c ha ras ’ l o s’ i c’s1 hut l’e’mt list Ic ma t i ’ i - i  ,m 1,s ho cml u’r it’d sil t I . ‘l’hme ’s I Inue’ t m u (p_ m i ( —

t i sun mulish t h i s ’ su i- I I s o  t coupe rature’s ye,’ rsuis I t im ’ i d e nt  t i t u s  s imon I d  hue ’ d o t s ’ rut I i t s ’s!

m is a t’tiui m ’ I [c i i i  s i t  s lit ’s’ ime’ uu hue ,’ [ glut  t_h im ’ku’sess , and c-oui l i g i u u ’ m m t i u u m m  . Com iub I u i m m —

I [sins s it mat e’ r La Is  shoet Id a I s~u he s’~~m’stu\ I ned

Fmut mu ’ Liii Y , I hms ’m’s ret I e’mi l i v  based se ’ mi 1 lug re l m ;  t i~u u;sh i  ip s t o  I’ 
~

l’ss’
~
’ i flte’ii 5 I ~‘ 5’

mi nd ccii ’s I ig u r m u  I im u m i s l i m u u l d  he d e v e l o p e d .

5. Sunummirv mi u ’id ,l t t st  i f  ic’jt ion

~
‘ ire  re,’ttimi ins p e ’st e’ut Ia l iv  tIm e most  dev mu s ta t  [1mg cei t ; i e ’ql t euic ’s’s s i t  t l U s ’ I emi r

ut I mu c k , vet he’s’ause sit the suns’ e rt a m t  I cii auid u m n p  rod it ’ Cm iii Is’ 0mm t i il ’ e’s s ’t  I It ’s’

in  it l i t [miii and spread rue it he,’ r mi t las’ k p 1 ann 11mg nor u’ I~~I 1 do t’e’su;u-u e’s ms ’ s m m sum i’s’s

dt’mi l i’e’m ul ist jc,;I lv will’s this threat. ~ThiI ’s,’ unm’n’sv I ,mctu irs s’ot it  r i h u t e ’  I s ’s  th us’

tmu ls ’e r imm urmt Ic ’S, the prsuhm; lm i I it ’s- s’sf sustained ign it, [miii i ;‘ si~ ; Cite ’s th us~rntmu l

pU I so f r o m  I ml i - g o— v  is’ (ci t i t l e ’ lear e~xp 1 su5 ionS is m’s most tmpsmrtami t m usp m ’s’t

Ctmrre’snt umnde rstmind lu g Is limited . A msmdest ~mrsm granu s’s’su Is! mat e’sr im ; liv

reduce’ th is mu rs’mu ot ’ tm uu m ’ert .m i n t y .  With ; more’ exact knowledge’s s’si wlm s’mi f ire’s

w i l l  pen s 1st amid where t h e y will not  * p lanners should he b e t t e r  equ ipped

to demi 1 with fire—threat s i t u.’mt Imum ii. It is mi prerequisit e tsm eva l umi t lug

the  s’onseqtmem;m ’e’i--i sm f bl m m st/f fre’ s luite ram ’t Isu li s.
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S ( t i m ’ s’ s imeu I,i t j5muis s -f Lii i ’ I h u s ’rma I p u l s e ’  mu re I m s u s s  IbIs’ , and atmospher is ’

mills ’ l emi i’ tests mur e ’ u;~’st * ignit ion iim usc’e’pt [hi lit (d’ s is omie ol 1 oct  t h a t  ~‘an

St t 11 he’ st tud ied . Flue potent Ia I I u 5r Smm v ing ii ’s ’s’s mund limit lug dmmm m ige’ is

hi p_ lu , nie’musurc’d [mu b i l l  i , ’ s u m s  mi t dollars. The’ u’mm St s ’ s I  a rs’assuuia bhe e’xtem i—

s ( mi i i  s ’ s t  cur  uum id cr stm in el imig ‘ 

~~t i gui i I ia umm t h r o s lu o  IsI s is in  tIme hisuuidrods s i t

t i i s )US m lu id S s i t  s l m ’ s I lm ;rs.

Fire l n i t i . i t i m s n  i l l  B l m u s I — D m u u I ) , u ~ m ’d St rus ’ t ’ s i  re ’s
and thue R e seml tm immt 1)ohris

1. Oh’sj, s’s’t l v i ’

- l’lms’ p i u r i m m ’ s s e~ o t ’ t h u s’ re ’ss e’ ,l t ’ s’hi i s  t si eva !  st a t e  t h e’ pu ’stelm t i m’s 1 1 s’sr t h e r m a l

i g r m i t i u * u i  s ’ s f  b I _ u s t — o x p m u ss ’sl f u e l s.

2. Bas ’k~~ro u t

As an a i rhurst ou ’s’urs the  it ; i t  [ml I in t ense  t hue , ’ sr n;mi I rash ( m i t [slim , vi’s i s ’h

sIc ’s’ re ’ ,m S s’s wit h sI j st m imm s ’s’ f r o m  gro tumi el zero bu t  1 mi st s  f o r  some I inu e 1 e f m m r e ’

fad ing 
* 

is resp siuis [bit ’ I cur the pr lmar’~ [p_n it ions. hi m amiv s’m lSs’S , th ese’

tires are started before the himu st wave arrives. The blast can in flue’sns,’e

tl ue’se’ fires , but i t  e’an also damage the structures amid s’xpose imm t t,’r ions

amid pemt emm t iah feud s and thus form ~u n arrmi v ci t  t i r e — s s t s s ’ept  (hit’ d e b r i s  mis

w e l l  m i s ra I se’ mm u’ 1 mud m ’s f d u s t  m n d smoke. Al  t hough  time t hernial  rad i,ut I cmii

fl eux is de cmiv  [rug with t ime , there is continuing th erma l radiat lmi ui atts ’r

tlme blast and th e questisin is: W i l l  I g n i t i o n  m ’ st the debris uim ’cur in  t h i s

r e st d e u a i  t herma l r a d i a t i o n  s t age  m m t t e ’ r t ime b l a s t  ar r i v 5-i1 ’~

Time expected conditions are : disturbed and redistributed fuel arrmivs ;

relat ivel y low radiant fluxes; winds; deist c l o u d s ;  and the pre ’sse’u m s ’t’ of

p i l s u t  i g n i t i o n  source’s f rom t h e  r emains  of p r i m a r y  f i re s  and h i a s t — p _ s’s m io r a t s ’sA

s econdary  f i r e s.

I. Pr og,rai

Define the transhiast amid ps ’sstblm ist environment (fuel at’l’av amid

exposures) . Est [mate the potent ial for tI’sermmua 1 ign it 1cm , I tic’ 1 sud I rug

obscuration by dust atid smoke. Calculate time consequmenm ’s’ss relmm t [vs ’s to

54
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s~ t hie ’i’ I I U s ’ ss ’ u u l ’ s’ s’S

• ,\j’~’ I 0 l s ’

l’hi~’ sle’s’,t’s’s’s ~ I cxp5 ’ssu u l’ s ’ s ’ s h  i p_ u; ‘i t a hi s ’S du t  m i u ;g .ui ’tsl il C m l ’ t hue ’ l’s l,i st

~‘s ,u i s m p _ e ’ nim ~~t be’ cs t  mm m i t o~l • ,mu ;sI I lie ’s c x l  s’Flt s ’! m ht m~~t m mu i s l  s~ ms k5  s ’tiss ’ ui ’,it t oll

slu5 su u I s !  lie’ i m u c  I usle’sl . I’he’uu am ’s m ’S t i ut imi C s’ s, ’ ,i l t  hue’ musi c’ ‘i t Its ’ l im i t s’l l C i ,u i I s ’s I’

h p _ l i l t  ( s ’s O  iv the ’ t ,;i l 5’t C lue t h m e ’rm,i I p t u i s s’. I b i s  is fls ’ i s  I i k e ’ i ’ s ’  ,i

. i t  I m L m h l m ’l’ s i’s ’ s’m ’ I ’ s u ’ e ’ s i u u r s ’s I ~‘~‘m i~m t ’gm ’u - v u t ’ l d s

l’hus’ e ar l y  h u r t  s~~t C ~is ’ t huc ’rnt,m l pci 1 Se’ hu ,u s l mi glier it ux 1 s’Vs’l S  m mmd I ci’

n~,in’s’ I Us’ I s li ,’i s ,t lie’ C t  s’i’ u’ h u m m u ì s ’ c’ I s ’ ( g u i l t  s’. hmul t lie ’ hi I ,t s t  mmi v s’xp s ’s sm ’ so

niai’s\’ m~’s t ’ s’ m i t  t’sl ~ i,i l ii S u i S m ’ e’lm C  I h i l t ’ C s ’s (p_t; it i 5um ; th u _ u t thu e I c’ss t ’ t  c’s’ t i’s’s’s C mu i I

ct C hue ’ p u l s m ’ m,;v  st 1 1 1  s ’ . i i l i e’ .i sip_it i t  !s’ m i i t t  I l ’ , i s ’t  j c ui i  5i t  th ’ie’ l’s s’l’S 1st cul t

I it ’s’s ~it 50mm ’ rau’sgs’s. l ’ l u e ’i ’ n m , u l  s ’X h’ s s ’ S u t I ’s’s s,’ , im t  his’ s ’ ,i 1 , ’u l ute ’s,!, i ’ s i , m s t e’ s \ h ’ ss ’ s t u u ’ e’ss

s ’ , m i t  lie ’ c’St ( fl’s_i t C e! mifldl mutt mippl’e’sx [mate e’’s’.’s, 1 nat [s_m i ’ s cat ’s bc’s coust  t’us’ Ic’s!

l’s I m tg c’s C I n~u It’s s ’s I t lmn e’ Is’s I lie’ s, ss’ u’ u ’su ’sd ‘I max in iuun i  I m i t h i s ’s C hu s ’i’nt,; I pt u I s s ’

t i
,

s ’s s l e ’s Ist uiS) ,mnsl e’SI [flute’s s ’ s I  shus’sck C (n i t’ s ’ s I  mlt ’l’ ival ,is ,i I 501s t jOlt oh

m ’s Vs’ rh ine ’s stirs ’ .uut~I v is ’s I d  (Br od ~‘ I ‘~ 701 C u ’sp_e’ this ’s r v i  ti; t his ’s 1 r,i ~- t  I Ot t  s 5 1 C Its ’

I ;s’rn i , u I pcu I sm ’ de ’ I (vs ’s rod a t t  s- u ’ slis ’sc k a s’r I v at (~~! m i s s t  otis’ , Pc i ,iti 1 5 i I 
* s ’s t i e’ -

s’ ,i t i  c,u I ,‘su lmu t o t hte ’ P05C sl;m ’s s’k C tte’rflimi 1 e’X ~’si5I t l ’s’5 . Abs ’s\’s’s ‘
~ P~~1 * flls ’ sr s’ C ht. u m i

20 - - 0% tIme thm s ’rnum i 1 1 1 U d i im ’s,’ s’ s ’s flls’sS ,i I Ie’r tluc’ shis ’s c’k I u’sV ‘s i c’s I siS , t l ’ s s ” s s ’ () 
~ I’ .

At 1 ‘1 Psi , lim it’s’ t l i m i t ;  ,, s ’Onis’ s , m I t s’ r t hue ’ s isi s’ k . Ah~ vs’s 2”m 
~~~~ 

I , u ; e’mi n i  v I m , u I t

~‘oms’s psss t s h u s ’s 5’k .  A t “ sO p si  • l ; e mu l ’  I v  7 ‘m ’~- , ,  lOs I  m i t  I Os) psi , ills ’st ’ O C b _ m u m  ~ 0 - is

mIs ’ I I ve’re ’s! ,mt I m ’ r s h i m ’s s ’ k m u l l ’ i v , u  I .

~~~ Su ttt im mu t ’ v , t t i ~l l ’ s ’sfl s ’ lus ionii

:\ soft i~’Iem i t Ir,us’t is ’su ’s of t h e ’s t lie ’’s’mmu l I t i s ’s u u c e’s ( t’ rs mm m m i i  ‘s’ ie ’ls l s l ’J ~-~I —

10 ~fl us dcl I V e ’l’e’s ml ,i I Ce’sr blast ,uu’vival .it s’s’s~’s’t ’pt’ s’s55sut’ s’s m ’st  inte’sre’st it ’s

urban / inelustr [ml! areas I hat l i i i’ i_ gu m i t (~~if l  imrs~b,ib i _ l i  tv in lm I must —d !st tmt’h me ’sl

s’mmmple”xes suim m ’sulcl lie s ’V, i  I L i m i t s ’s 1 .

The _ I ,~~t’ ly_c~um s ’s s1 ot  Mu I t 
- 
I jile _l j i  s_ on j-i _t’e’ss ,uuusI h-ire ’ S_j’u- re’sasl

I . Obj _e’s s’ t  ( c ’s

i’he o b j e c t  i ’s’s’ is to understand min d t e l ’sr smv Ide ’ re ’sl (aim is’ i ’ s m ’ s’sl i ct  [oti s

cs
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to m ’ I l l s ’ I ( m m ’ I t,l,’-l t’m lS i n  u u r h m m t t  , iui ~h su m h m t t u ’ h m u u t  ,ui ’e’.is w h m e ’iu 1 1 0 1 , ’ I l O l l  s ’ile ’ u i tl s ’ I e li’ -

e’ \ 1i  I~ ’ s I Oil ‘0 s St i —  Il l ‘I ’ iis ’,i i , l  m ’ c ’s i ’t tfl t t t l i  I t  V

2 . ~as ’ k~~t ~‘l t U 2

“s l i t s ’ s’ t i me  ss ’’.’ s ’ i ’  i t ’ s’ s ’ s I  s’t I e’s’tS sh e’s’ t ’ s ’ , t S m ’S u ’ ,i l m Isl lv w i t  l u ~l ‘~~~ , u ll, ’ s

u u t u , - I e a  r cxl ’  h o s I  s ’ii • i t is emi t i re ’ Iv ml~’sj’ sl’s i~ur 1,1 Is ’ C b at  m i t - I t  s ’t  C ~,‘ s,’ , “k  5 -ut

u;s tm ’ I ,‘,i r t i s ’ h ; , u , l , u  u _ m i s  hu , is cs uus ’ s’t u t  r at  C’s! s’s ti C h um ’ s ’ I s ’ , t s Fs ’ill .1 0 1  ~i g I s ’ i ’ s t i r  ‘~I

l l m ’~,s’ s ’~, s ’ i ’ 
• thus ’ I Ike’ I ( hm5 u~i 5I m ’ s t  ~ls ’ t m ’ t h i , u i t  s ’l i s ’ l ’ s m m r s t  l u _ i ’ s ’  i~~ c, , i t ’, m l m l  s ’s l i ~~~~~~~

u~ ”t ’ s, i i i  , l m ’ s ’, l s  [ li s ’ I ’s’ , l S s ’S ,u~ t h u s ’ C tu m ’ s’,it p_ i’ s ’Ss’s ,ui tsl 111051 I u v h ’ s s ’s t  b e t  i , - , u I u ; ’g  I i o u —

( s i lts  5 , 1  s’ u u r r e ’u t t  Ss ’~~’ ( e ’s t  I Oi ’ , ’ s’S 
~
‘
~~~

l’s
~~
’5

~~
’ m a n y  , ir s ’ ,u ~~ t s ’s r , u t u l t  I~~I s ’ b u r s t

Se ’v s ’rmm I s l s ’~,t  oct i’s’5 ’ mi mi - I s ’ s uli ij u l j u ’ , u t  i l t g  s ’ s ’ l ’ S s ’s l t l e ’i ls ’ s ’s m t  ‘1m m It i h ’ s m t m ’st  S S m ’ s ’I l l

~‘s \ ’  I s ’l iS  :
-I

• Fhie ’ do t ’s r i s  c r c ’ ,; I c’s1 , I lie ’s t I , uuntnm mb Is ’ f i t s ’s I s  sj’s I I  I m d  , 1 1 1 s 1

s’Xpu ’s Ss’ sI ,ittu( C h u t ’ st r u t s ’ I sir S’s u I ,um ,; 5’d liv s ’st’lc ’ l i u t u ’  st ‘ l , I k s ’

u m u  ,i i’c’.i flim ’srs’ s l i s s ’ m ’ ’ s t  j I m  Is’s I s ’ C h i e ’i’flt ,i I ( g u t  it i o u  , m m ; sh  I Ii ’ s’

o~’srs’mmsI I r ’ i ~1 s t t h ms e ’ q t ue ’u i t !i u t r s t s .

• h”ir e’s st ,tr te ’ssl liv s ’sj i s ’ h t m r s t  maY be’ I i i r t l u e ’r s~’ s u~c~, u s1  ‘s ’ i , u  
- :

I I rob r,umu el s l ’ sl ,o,-ui .;bou I by .‘s se’s’ cud hi _ ‘sst .

• I ’ l t m ~ smsik s ’ mmums l  l u s t  u’ ,u (se’d liv mu ~r i~’sr h i t t r s t  mm iv S (mZui i I i—
m ’.ii;t l’s’ rs’mttum ’e’ t h e ’ t l;e’t’ n u. u I e’sxps ’ssu re’ to susce’Ii t i h I c ’ I ‘su e’s Is
, mu ud S m ’s p5u i’t i_ i l I v  mu I I i t s ’ t h e  f i r e ’s f r o m  I s ’s I l ois’ l u g  b u r s t s

• I t l e ~ s’ s ’lj~ ipss ’ m ’t sCt ’t uc ’t tii ’m’s .iu;sI C h i c ’s b u r i a l  s ’s I  i g i i i t , i b l s ’s
l u t e ’s 1 t u m ; d s ’ u n i ,u s~’ii r ’s~’ , j’ s I .is t s’s r • ,i i;si s ’s t h u s ’s t’ I s’ss 0 m ’slflh iSt st  I t ’ s  1 s’

rtth ’sh i Is’ 5’~’u IsI sic ’s ’ re ,t se’s t his’ im rs ’sbm’ub (lit ’ s’ o I t h ie ’i ’nu ,u 1 i gum I —
t [s’sns I r s ’sun ssi!iss’ s m l t m e’m ; t  t h i s ’ I s’ ,u i’ m ’xp los  [o u t s .

I )m ’pt ’m ’ s d m’nt  s’stu t h u s ’s s’X t  e’u; t s ’1 m ’ s ’s 1 1 _ ‘sp s s’ ansi t h e’ St i”suc t u  i’ ,u 1
Iv ‘m ’s • s’ , ’s 1 I m p s e ’sh h ut ( I d  I m ;gs m ,u ’ s’  b u t  u u m  sI  s ”,s’ s’t ’  ,;iid I s’~ i~~i

s’ m ’s m i ’ s l e’ C e l v  I I  i g i i i t s ’s si .

At p l’ e ’Se’ui t • f l m ’ s t l s ’ m ’s t  t hi e ’se’ ps ’ssS i t ’ s  lo s’s ’ut se ’m) us’mms ’ m ’ i~ li _ i s t’ s s ’ s’il  ‘ suu l ’ s  e’s ’ t  s ’sI

I s ’s ~‘ ,t r s ’ f t u I  , u u t , m l v s h s , , iutel  ‘sc ’s t e’m i c h t  m O th s1 , u I  I s  s C  t his’ s’sutt sm ’m l tm e ’lil Ii ’s’s.

2qij’s_ m’m i i s ’,lt

ibm ’ i’e~Sh i s ’suise of hu m  i l t — u m p  s’m i mmi t tmu i i t  is’s t s ’s t ’ i t  hem’ l ’s l ist ot I I i  m ’5 i s

mos t s’s ’sm u m I e’X . A t  t h i s ’ same I ims ’s , I , ;  i’gs’ s s ’ .u le ’ t e~~t s i,’ i t  ii mu m I t  I 
~

‘s I~ ’ m ’\ 
~~

s ’ S l it ’ s ’ S

,i re l im i t  c i i  re’s’ C i v  I ~‘sas ib i s’. Slims ’s’ t he  l’ s’ IS  ums m ~l I r s ’ s ’ I l’s i’ i c r  t ’xl ’ss’ r I s’sumc s ’ t , ‘

draw su it , Ia • m ’ l  v e’X t emm s i’s ’s’ s Imsu I ,u t  I m ’uu mi n d mmieie I i mug s’ t f o n t  s ni_u ’s ’ ~
‘s
~~

’
~~’’s ’ I sit ’ t hue ’

a ’-’ - — -  -~~~~~~~
- --



lit - s t  t j u p t - ~~. u ~ ’ h u  I s ’ u t i l m t s ’ u ’ ot  a n m i  i u;g t hus’ ~ s sss i l ’ s  I s ’  I i  re ’ c C  I d’s’ t s I r s ’m tiu st I I I p h e ’

mi ll s ’ I~ -~ m m , h u t  i- s b .  B e t  c i ’s’ m a r  rv  I u t g  cut  I ,, r gm s in ts u 1 m m  t i ons , I h te’ most  p rot ’, ibis’

rita , ‘ i’ I . t m ’ t o r s  s h u s ’ s u u  l~ h be’ I s I s - t i t  i t  It ’ d , m u n c h the ’ I m a  t u i ’m ’s C ’  ho mode’ I I  e’d i n

‘ i m ;v  s I u n t t l  mi t ( c u t  s’xp e ’l ’ im e ’uut  s d m ’ t  ( n e d .  Sus hi , m stu mdv lte ’ m ’ s ’ss,l r I I V i l l s ’ l o d e’s

es t  j t l t , i t m I -i s i t  r o Sp s i l i s s ’ t h u  i t  s’ ,u l;u i sut ro mus h l l v  he \‘ s’r i  I Ie’d . Re’ m mss ’i;m mbls ’

\‘ a t ~ i , m l ’ s  I I i t ’ s ’  b m ’ s s t i t d s  I su r  s u t m ’ lu  p sus ’rl ‘s’ s t t u d s ’r s t o o s l  11m m I~~t i’ le ’t, e’i• s s h i m u l s h  h i s ’ s I--i t m b —

1 j s l i s ’d , l l i m I  u s e d  I I ;  ~ s ’ n s l I  l y i t  v , u t t , u h y s s , ’s ~u s  m u ;  u I sh  I s ’ ds ’t s ’r l l l i u ; i u lg  t l u t ’  j s u r

I i s ’ t s ’ rs ,tt ;sl t b ut ’ e x t  c u t  t l i m i t  t lue ’ v u s -s ’ s1 r~’ I i  i t s ’fll s’i t  I

- . . Imu sks

• P e r t  m i r th  mu ul  m imi I \‘s I s  ~ ‘ I thuo I ‘ i - - C  ~‘rs gm ’Vs -r ui I t p _  I irs -s I t’ s ’l ’l

mui l I i _ p l o  li s t rots mind [de ’u ;t  itv those m ’ s I IlI m i s ’i’ i f l l j ’ ss ’n I  O t i s ’s’.

D e t e - r m i u w  l m m ’s’s~’ t h o s e  f i s t s ’r s c o u l d  hit’ l i on s ’ hire’s’ 1st - I V m ls ’t (tied .

• I)es i p_n s [inst 1 mu I i_ ot i s mu u ; d e’xpeu ’ i ms’snt  a]  / I bo ore ’t i s a  I p r~’g r i m s  C s ’s
mi s ’cs ’sirip l  i sh i  Ih ;s ’s ss’ i m p r s ’s vs’ms ’nt , s ium niu l I i b u t i ’ s t  I i u ’o I m o t o r s .

— Eslmu hi i s b u  I l u s ’r tt imu l i g u m i t  iso ’s p r o h m u h ’ s  i i  i t  f o s  vs ‘ s ’ I e ’Iel
ar id r a n ge I or  b su lh ;  b l m u s t e ’d mmd s u n s l i s t u i r b t ,’sl t , u r g s I~~,
us lu g  t h e n m m ;  I p s u l s s -  s i uiism I mu tors mind mode’] led  d ob r  i s  .

— hi I m u s t  s’ t  I t ’s’ t o  cm ’s vo l  I —s ’s t ab l  i_ sl id ’s1 t i r e ’s , sus ins s lu s ’s s’k
tubes and/or h ’ s i g hm exp lsisiv e’s sun sc al e  m o d e l s .

— Suh~ c’s’ C ni cuds’s l s  Is ’s r s ’sp c’a t s’sd shocks  w i t h ;  ‘s’m l rv  h u g  t ime’
S5’s 1imi r m u t ion p l u s  I h i e r m m ’s 1 lo ad  s [mu I m i t  is’sI m s , nie’ s mis e mr  j ug
opt  is’a I ( t h e r m a l I p r o p s’r t [Cs [mm th i s ,’ slt ts t v  , smsikv

— 
ou iv  I rs i umm ent , and neil ing fi r e ’  starts.

— Catalog f i r e -  c t i a r m u s ’t s ’r i s t ic s  in c o l lap s e d  s t r i u s ’ tcu r e s ,
measuring burn tug ra t s ’s , t e n i p e r m i t u rs ’ , min d s:O/ s ’O , p_ m i s
s’ on c e n t rm i t i on s .

• Su iggos  C l a r g e — s m - mi 1 s’ t s’s s l s  t o  i l l  emmi na  t c’s m ’s t’ ‘s m ’ t ’i f’s t h es e ’
f i n d i n g s .

5. S iuuu mm m rv __ansI .J su st  i t ’ i s - m i t  I m i i ’ s

I I  mum I t  i _ p i e ’s b u r s t s  p r m u v e ’  t m ’ s  he much ’s mmire o h ’
fe’s’ t [ye ’s t h i m iu ;  s immg Is’s bur s t  ~

(e’.g. • i t  t h r ee  1 —MT weapons miii a s’I tv , spaced (um t ime by 15 m i n u ,u t e s  tm ’s

h a  If an hs ’s t t r  we re  more  d e ’sv a st a t  l u g  thai ’s  sine 5—M ’l’ burst , amid that fires

arid fire spread became m u more serious problem [mm that wmtv ’) themm thui s

i’e’somir s ’l; wi l l  hmm ive lid ped I s ’s  focus on a princ ipal defense au-i d recovery

p r m ib l e m  and may a id  in d i r e c t i n g  c i v i l  de f ense  e t f s ’u r t s  toward g rea t e r

empha sis  on f i r e  p r o t e c t i o n , f i r e  prevent  [simm , auid f i r e  suppress i omm o t t  s’ s r t s .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~:
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~i~, ~~ ‘ t m  ‘ I  } i r e ~h m ’a u t , t s i n  I - i r s  Sj u r m ’mu d

1 . t~~l’s j  s t  t \ ’ s ’

l ’h i , ’ s ’ h i  ‘
~ 

m’ s ’ t  I s t o  ,i, - t I us’ this ’ s u lu h i s i r  t , u t n ’  0 o t  I I r ob  u _ m u s h  s I u ’ ‘m s_ i t  11c m ’

~‘, u i ’ h ’ ~’ t h t t ’ t ’ l l l , i I  m~ l i I t l s ’tiS ~‘r ws ’ l l — s ’ o I _ u h l  l slls ’sh I [u s ’ s i m i  s’ m u u t t r i h ’ssi t 1110 I s ’s I i i ’ s-

~m p t s ’.usl ansI I I t ’ s ’ ha , l , i  rs ls

2 . V u ,  k r s ’ t m t t s t

V i  I s ’ ’- l i m i t  1, - u t  s d  liv t his ’ I (ns ’l ’s,u I I r , i~t f a t  l o u t  u t ’ s ’ sI I s r t u l ’ t  s d  • st 1 st  s u r l i e st

,u u ;sI i’ s ’s h i ’ -’I  t ’ i h i u u t s ’ ml l iv b ite’ h l , i s t  s’, i ’ , ’ s’  a m i d  C l u e ’ ,iss, ’ s ’ i m u t m ’ st h i g h v s ’ Io c i t v

v i  u ;sI o ,  I n k -  ~~p t ’ s ’ i d  o t  I I t ’ s ’ i n  t h u  i s  I i ’in s 1m m C I v sls’c,iv I t u g  to r5- c - sI s ’ s ’l t \ ’ s C I s ill

m , iv  mu \ ’ s ’ i y s ’ I r m ’ s l ; s p s’s i ’ t  li v i i m - t - h i r ’m i t u m i s  u5’ m t h u ‘ s ’ s i m s s’ s q s i s’s t ’ sC  ll s ’\s’ op s u t  i p _ I t i l  f , ’t i s .

t h i s  I’ i u ’ s ’bt ’m’s uisL , ‘s5’ I 1 m ’ss ’ ‘ t ’ i g i t l s  i t ’ s ’ i l l  b i t s ’ ‘r i m u r y  I i t O O , h i ’s’ Om It ts’~~od liv

this ’s b l a s t v i ’s’ s ’ . ‘11 mm ’ 1 l a h u t  ,‘ t  t h e ’ h m - m u u s h s  mint! CI ; e~ r m u t i g s ’ t h ie ’v t’~ ’ ,t~’ lt shs ’ps ’ius l

lis ’I m ’st i 1 v oti t h u s ’ b l a s t  o t  r e  l u g t  h i , this ’ v i  t ’is h s u s ’ s’sl s  ,i fl sI s lu t - mi t  i ’ ’i io , h i n t  mu I ssu

~it i  this ’ branis l  O I l s ’ , ‘s~’m ’ I g l u t  , a t i m t  sh u ap e ’s~ Ti; i s  si l o t  r [l im i t  [s i ll  i t  I -- is_ I t  i s  sl~~i ’ s e ’ t t s I s’t i t

sit; sUs hi I , i s ’t m i i’s is C i t e ’ u ;,; I t i m
_ s’s s ’ s t  11 m m ’ h i u u ’t i i u ; g  t n t ’l 5 , 1 tie’ I m ’ s  I s ’ s t  h ’ s s ’, ik s’s ve’r —

‘r e ’s so I ’ m ’ , t li e’ we mu lim it; ‘s’ i s ’ I d  , m it i s l  s ’ t hi s ’ u’ 1’s _ u rmu t ns ’t s ’ t ’ s

H ’ r mi s I m t g  I s’s bu urs t , th is ’ s ! u ur mu t i s’sfl h o t w s ’s’n C i t e ’ a r r i ’ s -mi I s s ’s I f I l m ’ I i i s - t ’unmi 1

pu I S m ’ tnt! Clue ’s Iii ,i 51, ‘s,’av s’s l id ’s 1 p I s ’s m I s ’ t s’ t  fill mi d’ I’, ’ I’ mu 5 i ‘s’ s’t i  I Its ’s I Wl ;s ’s I h i c ~ i t  s

s ’ -’mh )t mS t i o n  has hs’s’m’snus ’ we’ll e’ tmm ’ s s m g h u  e’st t b  I i s h e ’s1 i t t  C lue ’s f u i s ’ 1 t s ’ I s o ld  t o

b u t  u- u i i u i s ~ b rmi u ; sl s . ‘ft is - - ot  oh 1 1 slmuu e’tmt mmiv he’ c m ’ i t  I c .u  1 i n  d m ’I e’s t ’tht 111 1 h g  whie’t Iue’r

or - us ’s C t lit ’ I ’ I otis ’s ,i r s’ h I  s ’sWtt s ’t t  C h ’, I h i s ’s hi I ,i 5 1  ; i t  t h i s ’ V it ’ s’ , ‘s5’hu o  t hus ’ u- g i  s’sw ( l u g

i g u u  i t i o n  ,‘,‘t il j u l i e - s  in t l  u’ s’ k I u d I  lu g i s  i s us s i t i l s ’s ;  m u u t d  i t ’ C hi t ’s l-u st u’ u’s i umg ds’h u ’i s

P_ i t t I s ’ I t -s can  l ’ ss~ I s ’t ’ l i  Is’sm ’ssm’ m ’u l t s i  w i m i d  C r m i l i s p s ’u ’ t & ’s l .  H i g h ; wii’ssl \ ‘cls ’c it i d ’S

u t ’ s ’ m ’ x ’ s ’ , ’ t m ’d Is ’ s ’ i t  hts ’r  e’x t  i m t p _ u t i s l t  t his ’ s g t m ’is ’ j i l p _  out t bs ’s i’s ( I I  Il ls ’s’,’ mi i’ s’ \‘ s ’V V

snt.m I I i i i  s ( I s ’) sir  iti C ens i t  ‘s, C h t e ’mt ~ ( I  I~ C lt e ’’s’ , u m e  I a l’ ,s~ s ’s i n  si ;~s’) . ‘l’l;c o h m ’,-

m i s s , s h i p s ’ . mu~~d s t a l e ’ m i t  g l s ’’s5’ I t i g  ‘ 1  t h i s ’ b~’m ;u ij s  W m i t l i  d j i l l ’ 1 u u s , u i s ~s~ lim it  s’sti I v

t li e ’ I I I p_ hit Ii; tilt’ is’ h is1 li st I ,m 1 O s ’ t ln- ir s’s h’I oct  i ‘s’ s’s lls’s SS ~i s I p_ui 1 t sirs ‘ss’Its ’i’ s’ve ’i’

t hue ’s’ I nit!

Fl u e’ p I’ d’s’ s’d I itg  ds’ss’ I’ l I l t, iou ’s i u’svsi I vt’s o v,i u’ I s ’ s S i S  1’sh’s’o i s ’ mu I m u i ; mh  s’ Item I s ’ ,i I

p h i e ’u i m ’ smc ’ sm i m’m o h  s’oi t s e ’ q u u u ,’su i c  s’s ( I i  si c’ Ce i’m ( n i n g  t his ’s sp read  rm i C e ’ s i t  I i re’s . I’hie ’

h i s  I,’ , ‘ sills ’ m ’pt s il ’s ’ wc I I ‘— k u i m ’ s w u m , a l hs’ it it ; ge’ime ’l ’a I I t j 5 ’ i~ of s’ornh iu us t I cmi

I t e m C I r’~i u i s  I s ’  r , I It u Id siv i iam is’s , anti s ’s t  Ims’r di Os ’ i j i l  I i t s ’s. A st tidy Is’ s l u i t  s’ u~ l’ ,i t o
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I l i m o- - ,, ‘ h - u t ,  o ’ u -  , u h i h i l Is ’,1 t o  I hu e  s ’ y s i h u u t  lo ut , I i  u u u l h’ s ’ m  I • m u t t !  i i  I m ’ s t I ’ s ’~-

m u m -c , , u ’  I s i t  1 1 , - i  ‘ , ,u j i j s i ’ . m  i 0 1 o h im ’ I uuup ~u u t m i t t  1 m m  I h i m ’ I u u ’ l ’ ,\ I’ -~~u , i u u u

h ’ i ,‘~~i , i t l l

• I~ m ’ ’ s ’ i m ’us ’ t h u s ’ ‘ ‘ ‘ m m l i  i l l s - i _ m i  m m i i ’ , i u m  I b i s ’ ‘ I ’ m  m u s h  h i ’ s’  I I i  m ’ t i m , m u u , I I — ,

• I ) . ’y ~ - I s ’ 1 u h u t ’ , ’ m i t c i v  e ’ ~ ‘s i i mc m ii a a u u m h  H u m  I i t  I s - i  I tu u s ’,hm ’ I ‘a us - l i  , I i

~,s’ s ’i i  I~I ,h , ’ h I i t . ’ , m I s ’ I hi s ’ s ’ ,u uud I i I ‘it ’ uiits l~ ’i u~’ I u  t , ’ hu I I i  ‘ h i  . i u u s l  ‘ . ,m u ~‘

l i i  , ‘‘ l u i ~’ m ’ h  , I i  , i i t ~~ ’, ’ m I i ’s1 , m u m m i l  h — ’ ~ ‘ ‘ u i u ~ ’ m l  I m ’ s I i ’s ’ s - , u c , ’ u m t  , ‘ i  I t m ’ ¼
o f - u , ‘ , u , h  l i i  u m i i i , ’ l i i i ’  I I I  u u , u I l , i m t .

• i i  s , i  i s ’ I m , ’ m uu I I t  I a l~m us i u5 ’ I m ’ sl gm ’ a m cmli ’ h 1 , - I  I ’ l l  I nu,i I I un~ I l i i ’ m l  I t - I  • .

— I I I u i - l u  - i m u s h  I t , m tilt I I l ’s ’s’ hi I - m I t t

I
-m , 1 , 1 1  m ’ i , i i  m i t e

• h ’ s’ i m ’ , a I ‘ s m  V i ’ s ’ is’, ’ u l~ ( h ~~’t h t . ’ u ’i tu m u I 1

• ~‘ t c u u i  s ’ ~~,i u I , ’ a h muuu u  I mit I o u t s  ~:\s ’ m s u ? z j ’ s a m s ’ t ’ t~
, ’u ~ ’s . I I i~\ ]

• I b m ’ is ’ , ’ u  Is m ’t  l i i  i t  , u  , m u u , I  I ’ m u _ u  I h i t ’

• I u t  h u u u h m ’ u u l I h , i u n m ’ ~m j ’ m  m u s h  ~‘o u t c m - i i t  a m l  I , m l ’ gi ’ - I a s ’ m  h~ ’ Ni ’v i i , i h , h i a  t t i m m a l - m ’ u  - m .

v .- u ut , h , i i i l -  I I I I , ’ , u  I I ~ou

~ I~t’’ ,s ’,u m s - l u  , u u  ( h i m ’ u , ’ h s ’ i i i  h u h _ m I t t  s , m ’ u t ’ u m l  ‘‘ml I I i  s ’ h u t  _ u u u ~h~ l i i  I hi m ’ a 1 i t i - , t l

-I I h i m ’ 
~
u il u I . s ’ s l umI ’umI I s ’ m m u m , ’ h i o u m  m I t  , u , ’I , , ‘ .u i m - ‘ s u I t  m I h i m m t  ,‘ I , ’ , ‘ u u m  u~ - p u  m o  i , m t  t , ’uu

,i I  I hi m ’ ~‘i ’I m ’ u i l  I i  I I , ir I I i i ’ h , I u l u , m c , m ’ I i i  i i i  h a u i  m u  , ‘ m m . I’ ht  ‘a .1  u u h ’ s ’  u, ’ i  I I  I I I I

4 , m c i  I t  t o i l  s~. m h u  , ‘ t  liii ‘ i i  t u t u  I s m ,  W i t s -u  h e m ’ I I  I I ;  , ‘ c u i t m  1 , 1 c m  1 -d miS  .i ~u t t u t I  I l j s I m ’~
s~ut I t  I c m i  p m  , ‘ h u h m ’uuu c m  , u s i t  t t , ’ s ’ t u (  I m u u u , ’ s m m i a  I h i  m ’ opt ’ s ’ mmm l p u s ’ h s h  s i t u , I t  I s  I u u l h u ’ l  I mmmii

I uu i s ’, a t  I u i s ~ 11 mm ’ h u t  m I h i m ’  t u u i , ’ ’ a t  h u s i i u u u i l m i  i i i ’S , ‘ I ,i I si~i ,it ~i m i p h u \ ’  I s~ vi m I c l i  t his ’

F i~~t I s o t  ci I h i m ’ u,’ i  h I m s u s hi. ‘l ’lul a h- a I mmt l’ sm u u’ I mim i h um mIs ’1 h uum ’,i t l u g  m u i us I i i

~,‘ hu h - l u  ‘ t h u ,  I t  ~‘ m  , I m ’ vm - h m m h u u m u c m u l  I~ a u m ’s p m i i  e s i.
•

~ l i i i ’  s - s ou l ~ ‘~~~ i ci  mtu m u II I p h i ’ h ’ tu u m m u t l m h s m ’ Im I l u I ‘- m u m m u  I l i m i t ’ p m  , I ’  I s9ti , u m , ’I

I ‘ m u m h i ’  I u s~~u I  ~‘~I

‘ i i)

PS I. _______

_ _ _ _ _ _  -~~---_ ---- ‘- 
__
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\ ‘ I  WORKSHOP 2:
BLAST / SHOCK E}”FEC’I S ON I N D U S T R I A L  PLANTS

AND OTHER CR I ’I ’I CAL EL E MENTS *

‘l’Iuis workshop wmu s imate rested in the response euf St rue t tm r e ’ s to air— ‘
L

blast l o a d i n g s  o n l y as a basis upon wIt icht to  b u i l d  a pred let Iso’s t e c h n i q u e ’ s

fo r  bim ist wave i n t e r a c t  [ mm w i t h  s tr u ct t i r c ’ s and t h e  i r s’o u i t c ’n t s , b eca u se of

the  I m t t t e r ’s ab i  I ity tmu radis - ,i liv change fire ii;it imition/growth/spread

b ot wee ’mi p r e h i a s t  mind p o s t b la s t  s’ s ’ su~d i t  lsufls .

Critical needs for missing stud y results , oIlier data , and tests -

‘

were to be again ideum tif ied (as they were in the 1978 conference’) and

updated ; espec iall y important was to be tlue c onsideration of tests tha t

~‘~i uuIsl be added to DNA tests alread y scheduled and funded.

Ke’v items of concern to this workshop and needing f urther work
were enumerated in tite leader ’s closing briefing:

1. Research Studies ‘

• Collapse of building frames

• Debris translatioum

~ Exterior and interior wall loadings

• Blast flow in basements

• Blast shielding

• Collapse of structural elements

• Debris fragmentation and i n t e r a c t i o n.

2. BIm ist Effects on Buildings

Objective : Provide a method for predicting

• Collapse of buildings

• Debr is transport aiid deposition .

*Members of Workshop 2 are: K. Kaplan , 1. Kennedy, A. Longinow ,
H. L. Murphy (Recorder), J. Rempe l , W. Taylor , C. Wiehi e (Chairman),
and C. Wilton.
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3 .  t\ j p r s ’a s ’ h t

• B I mu St s t  I i ’ s ’ I s mii ’s 5’ 11 V e ’ 01111) 1 s ’ x

• Cr’ eud e I trot e’e m l u s l i u g  m u v m m ( I m ’ s b l e ’ m m u ; m i l v t  l e n t  I~ ’s~’Is

m i n d  t ’sxp t ’r i m e n t m ’sl dmu t~

• 1’~’gt’ m ;s Is ’ s t m ’ t m s ’ t t m r a l  m’o I  Imup ot ’ amid d eb r i s  i’rs ’d 1, 1  l o u t
s’i p m i h i l  it ,

• I)ev e l o p  s imp I i t ’ ( e ’d de’h r is  de ’pm ’ss j t  j  sill me C lim it!

• Comii p 1 s’nuemt I m i t ’’,’ rd ’se m m r s ’ Im St  u md i s-s .

A h r  ic- f t’s’mnuet ’s t, m i m i t lie’ stat to s i t  I lie i’m r I sit debt’ is pre’sl i t ’ t I miii I s u l  I s ’Ws .

Th is ’ 1 ‘H’8 s’ s u t i t  e’remis’e’ re’pm irt sle’se’ript ion oh t i m e ’ s t m t t e ’ oh  t Ito a r t  , mtppe ’mtri ng

in thus ’ otut p em I stm ’s t emc’nt s s i t ’ W o r k s h m m i p  2 , i s  st 11 I q uI t  s’ i s - e nr o l  e both jut

s i m m l I h u e  and eli- I ai  s m mut d  i s  r e pea t  e’sel he I ow vi Cl; mii i  Iv mi  nor  s _ si rre’m’ I I sins.

The cm ’  I [ mu l ist ’ uu ;de ’ r b 1 mi st load im’sg m’ s t smmi i i  p m u u e ’ Is  * beams , mind I 1 cmi rs I m ica ts ’sh

()u t su it ’ f lsie r oh’ mu s i n g l e  ho l i d  11’sg s’m ;m ’s be’ geui e’sra liv dess’ r I hs’si ; tlvmi m imt uie ’

re’spcmiss’s mu I f r m m m e s  t hrs emgli to cmi I lapse’ m’armnsut . M suv emeum t sit s l u m p_ h e’ d ebris

d’ l emon Is In mi spot ’ i i  l e d  a Er  f l o w  cam ’s ho c m m m p s m t  e’d ; I n C  s’ t o t s ’ t I cuts  am us in g d s -hr  1 ,s

~5 l em emut s  s’ af lh ie i t .  B las t  wave int er act  l ooms with I solOts’ssl hut Id iuigs mi re’

knm iwi t 1m m some’ detai l ; the ’ o h m i c ’ s  Id iu t g  s t ’ mind’ s t r u t ’ Lure’ liv m t nc t h m s i r is  no t

u um t d c ’  rs tood w i t  hi e’us ’ ughi mi c e’ eu rmi s ’’s- tm ’ s app l v  tIme known I s’s’Iin i quId’ s Oh sC r u e  —

t tu r ,’t 1 e l e m e n t  f m ’s i i  t i r e  pred  Is’ t iomi t o  a c I tv cmimp lox , l u l l s ’ r i s ’s  r r osin f I diws

slur  tu g t ,hu c em ’s r 1 y e’p ( sods’ of h i  051 ent rv min d it ’s this ’s rue ig lu b mi r lum u susl m i t  c p e m i —

i im p_ s s -au ;  be’ she - O s ’ r ihed we’ 1 1 em ’ss’s u m g h t  ; l m i t  m ’ r at ’ I louis miflum imig I I ows amid I m u m ’ s g —

demrm it itu ’s e ir e’ u la tor v  p a t ter n s  m ire less wel I understood .

Col lap , ,se of S t r u c t u r e s  and Deir ii D i s t r i b u t i o n  iy_~_l~~ m~s

I .  Si mm g le B u i t d i n g

‘‘S [rug Ic htm l Id ings s’ an he ana l vied with ’s pre’sse’sn t t s’sO I s , k n o w l e d ge’ ,

mind c o n i p m m t c r  p r o g r a m s  to determine the h r  re’s t s t m i m i e ’ e’ t o  blast • t his’ lu ’ breakup .

mm cl sit s t r I hut ion of th e I r debris. Tmi tic cm -imp I ish tim is , ho 11t h 1 np_ s u’se’e’sd t m ’ s

he c i i  sos-sI by t y p e’s s i l ’ s’ont  rums ’ t (mi ii , htm l t h i s  e’s a im he’ done wi t h t m i u t  d l i i i  s’u I t  v

“ St . a t e—m f — t h e — a r t  t e c h n l q u m e ’ s  cons 1st m if  c ompu te r  p r o g r a m s  is w e l l  as

~ s’eii’ms [derab it ’ body mi f experimemita 1 data that s’aum he u sed t s’s mmmi I vze ’ this ’

dyn,”mm it’ re ’s pm ’ su ts e  ti mi d (‘011 ti~~~SC of var !  ot is hm m I I  d i n g  s’s 1 c’mon t s am i d Whim ’ s I m ’

b u i l d !  mi gs . ‘t’h ue’sss’ pre ’sgr amtus have hs’s’n u sed w i t h ;  b l a s t  — I otiel lumg t et’hui iqt m s’ss

(i2

_____________ -
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o p reel i m t  I his’ s- m u l l  ap sm ’ mu f ci e’me’m’st 5 in  a var Is’ t V s ’ I  Nmi I ( summi t  1 Site ’ I tm ’i’

Surve y hum i I d im;p_s . ‘i’ liese ’ prs ii ’edurs’ s s’mu u i i’s t c u g l u  1 v iu resh 1 s t  t h i s ’ s  ,lmotii ;t sit

mls ’h u ’ i s  I’ rm im s ’O I I m i p s i  ru g b u i l d  [tug e I omu u e mu t o  , ho I hs ’m ’m; Lus t ’ of  unk mt own s  in  I h ue ’ s

I m ’ , ish I u i p_ e’sii s ’ m i s ’ ii wm u I I  0 I ‘u s’ sun up I e’x hu lid i u; g geomtue I rv (as we’ 1 1 as the s’I I s’ s’ I

I s _ m u I i i  PS I u ’sg wml II s miii o u t  I _ m ’ q mu on t I stad i rug) , thus ’  l’s rm ’ s im I em m au i s lum 1 ‘s’ be’s be itumid ed

no t ss’ I ‘,‘~~d s’Xp 1 i s ’ it I i’

“Prop_rains are al s o  a v m ’ m i l m ’ibl. e’ tm t a n a l y z e ’ t ime e ’i m ist j s’ m’uuid i u ’ s e l m ; s t i c

r e ’spom usc s i t ’ s t r u c t u ra l  f rm ’s tti eu -m . At  p resen t  th o se ’ pr o grmu uuu s do no t  i m mc l t ide ’

s’su 1 1 ~ips t ’ nm echau ; i onus , hu t  the’s ou t  put  s mim ’s he use’sl Is’s r em i s s ’su ;m i  h I  v s’s 1 m a  te ’

t h i s ’  p r o b m u h i  l i t  s -i l ’ I rm m u ule - c s ’ s I  l a p s e’ . l’he t r a n s l a t m  ion s - i f  d e h r  I t-i p rodus’e’sd

liv s ’ s u i l  ap s  I ttg htu i I d I rug wmt I t s s’mui i a l  so be’ prc’d Is’ ted vi lii s’U rrs’sml I p r su g  rm m n u s

‘these p r og r a m s  r equ  ire’ i n p u t  in t h u c  f m ’r m  5) 1 t I i t? w a l l  vel  mis’ it m it  m ’ s’s 1 —

I ap s e ’ min d  the  s ize ’  ‘s f h r a gm u ie h i t s .  ‘i’Iue final d i sp o sit i o ui  0!  the  P o s tu l a t e d

I m’m u g mtue ’n ts  s-an , ‘u loo he predicted with these models , hu mt to dmi t s’s t h i s

s ’ a p m m h  i i  it v  has imel t beet ’s ex p e r i m e n t a l l y  v e r i f i e d .”

Bes ’ m ’ suu ss’ m i t ’ t he  inc r s,’a s im ’sg i n t e r e s t  in t lue  i n d u s t r ia l  and ee’ m’snoutil s ’

sss ’t sur , spec ial emp h;mm s is  needs to he devoted  to i t i d e u s t r i a t  type ’s mu

s t r u c t u r e ’ s .  It is recogn ized t h a t  many i n dt u s t r i a l  s t r e m c t u u ’e’s are’ v e ry

weak wi t h  regard  tsu b l a s t , bu t t h e  sI z e ’ and d i st r i b ul  [mmi ’s of t hue f r a g m e n t s  ‘ 

-

m i r e  r e q em i r e d  bo th  for fire spread and equ ip m e ’ smmt  damage p r e d i c t  lot; .

2. B~~~~~in Csiu ’s tent s D eb r i s

“Fhe distribution and breakup cf s ’omm t en t s  caused b y mi tt eui t m ’ r i u i p _  b l a s t

wm;ve ’s s’san he p red ic t ed  fo r  ce r ta i i ’s  idea l i~,ed s i t ua t  i o n s .  i f  tl;e’ t i i ’s Iv

open jug to  a room is In t u e ’s wall tim t is st rcm s’ k h e , id—s ’su ’t by th e hi mist

wave , the  subsequent  f l o w  (inc  l u d i m i g  e m m t r a i nm eim t of lip_ itt debris wit hu um

the room) can be approximated with exist lug too I s .  These ’ met lu osl s I t im ’ I tide

ma thematical ana l ysis ( R I P P L E  and/or simp le roomfil hii-tg) verified by

reference to results ~‘sf past experimemits (UR S  t u n i m e l , BRI ~ model  h a se m e m u t ,

and i)js’e’ Throw strutctcmre s I and 2). Th Is information mmi v aisti serve t m ’ s

describe the f low ;m dequ ate ’ly  f o r  purposes m ’ s f  p r e d i c t i n g  eu x t  ingu i shmenl

of pr im ary  f i res and cr eat ion of secondary fires.

“In the more general case , however , when thi s,’ sipen lim p_ s are Ii’s d i I -

f e r e n t  w a l l s , the analyses  are a p p r e c i a b l y  more comp lex , and new a n a h v t  I m ’,il

mcthieids will be needed tmi hand le  the situmations involving l n t s ’r se ’se’t i ng

f l o w s .  The same is true of flows througiu connectiimg rtioms. The lmress’su;t l v
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,u v , i  [ l i l t  l o  utus ’t h u u u s l s m i i ’s ’ pt’ m hmi h I v  utm t gsuc s l  e’m ’te ucmg hu I s ’ m i m le’ m h m umm t e I v  she ’l I i i i’

e l s ’h r i s  e l i s t r i h u u t i m ’u u s .

‘‘ S imuu i h m ;i’h v , We ’ hmm uv e’ m;sle’q tmm i t s tools C m i  tm ’ s ’, m t  t h u s ’ m c  I 1 , m p s s ’ , u m t e l  h i m ’ m ’ i k m i p

m u  I ,u v. u I I St  rm m m ’ k ite ’asi—m u it ,ineh Is ’  m it imi  I vie’ C hue o s ’flVs’tS j su n s ’s 1 sC r ums ’ C u i , u  I

m l  s’nts ’uu t s b i t t  m ’ she ’h ’ si’ is. ‘Ib m’ pr lu t e i 
~~ 

I we’m uku u e’ss is u l ic k s u l m uuisl e’i’stmi uiml lu g

s i t  how I ,‘ , ig m u uem i  t au t I m i i i  Os ’ s’ mm i ’s Iii 1 sul I im ’ I Ou; I y am r i s ’t v  s ’ h  vat i i  I \‘~~~s ’ 5. ,\ I Sm ’s ,

e’xpe’;’ l tt ;e’t’s t i i  vs’s t i t  j s ’ O t  I s u i t  s ’ s I ’ I lie’s sit-hr is I u ;t;s I ;; 1 1 su u ;  umu sl e’ I i s r e s i m i  I rest

St rsms - t om; I sl el’ur i s , whet; i t  m im ’s’um rs * 
W on I si I I ks ’ I v  he s t i p s ’ m’ l mul I ’ ss u s m ’sh m iii r m - i s ’ s hul —

s ’ s’ s i u t  s’mi t sle’hi ’ is.

1 . B tu i l ,l_ i m m_s, ,l m t ,,t ,e’_r~u y t _ io~u

‘‘‘t u e ste’bt’ i s it’s u ho i t  L~~’mt I i ,‘s t’e’,i de’sp e’nds m ’st i  the’ u u ~m C u u m ’s’ s ’s I t hu e ’ hum lI s t i n~’, ’-m

Ii ;  t Ime ’ ,~s ’htm ’ Iii (jtie ’st ism. Pat’m;nte’tets e’umt er lu g t h e  prs-ihu I s’nt ins ’ I O s l o :

• Re’ 1 at ivs’ 1 sus ’ ,it  j s ’sf l  01 h u m  l id lump_s

• Sl ,~e’s

• St rem s’ C u r m i  I sy st e ms

• R e l at  [us ’ s’ st rs’s im g thms

• Oriem ;tmm t icmu s re-l ot ly e ’ I s ’s t h e  b l a s t  d i u ’ e’s’t is’sn

• h3uu i id lug s’ s - i t t  t e n t  s

• ‘V m s’s I s ’s Im ; I I  u r e ’ s / t’eil la pse.

‘ ‘‘ i’hme ’ li l a; ot wmivs ’ i s  s’S pet ’te ’d t m - i  he’s a I t e’ red by  t hie’sse’ pm m t’iifluc C e ’h ’ S , I hue’s t’e’I)\’

l u r s - im lt mm ’ i m ig mi etehr is 111 I s ’ s m m h s t m ; u ; t  i m ’u l i v  d i  I’ f s ’r s’u ;t f ron t  tha t prmi dem s’ed by thus ’s

s ,mmuto htm l id imi gs If lsu s’ml t s’sh It; this’ open , whm u ss,’ lu sh ius’idtma I sh-’hr is s’I ems,’m ;ts

,ih ’ s’ S t itt li I v  ssmpe’u’ itnp s’sse ’eI . ‘I’his prob I em Is imot vol 1 uu is l e”r s t om ’sel * mind the’s

im ul l ’ s s’s r C , i h t m ’ 0 (if i m d  ( C ’  I du n  I p a rants ’ C s’srs i s  not  We’ ii known . (suod toe’s is a l~e’

m ’is ’st ,ps’mi ii , mh u I s ’ , h u m C e’ rumeh e’ s’s t m a  I s ’o m ’ mm ; ho mitmide us 11m g ox i -u  C I u t g  I m u m ’ s  i s  •

-~ . N m m l t i j u l e  R L u t t d ( n ~~O

“l’h;e’ e’xt  ens [mu; s ’I  s i t u p _ I  o— s C ru u e t tire’ lii mi st— I omid tug lii i’ sirma t b i t  j u t  o

.t e’ m l  v s’s-imp I s’s h a s  u i , u t be’s’ui u’ea 1 to t I s ’ ,i I I u. ai s ’m ’sump I [she’d . l’s rev louts 51 iiml m’s~

mu se d umi m uds’s is su I 51 rtmm ’ I ore’s of nit I fmuu’uui si . New we-irk is mwm ’eie’s et C m ’s I u ’sV m,’st I —

p_ , i tC tt m tf l m n i t  orm— s tzed st r um s’ tu res  ( shadowing )  , hi I m i s t  wave’ pr op mtg mi t Iou ;  eh mu wi;

st ree ls ( e’hanne I hug) ~1tisi othe r pi;ensmmeuma t hat could m’s flee C st rum ’ I umr. i I

I otid I rug and suhse ’qu m e ’ n t eiebr Is d 1st r i hut  ion within a s’ I t  v ,  m\gmi lit , p rovemi

t--i4 
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Is ’s’ I s  .m r 1 I t s ’t ,uv ,m 11 m iii  h e , lim it e rtus I e’ e’st jnu ,tl m’s s,m m m i he’ utuads-

N u u  I t  h u t  m s t  1:1 f m ’ m ’ l s/ Rs’Sj u cmhSs ’

‘‘ I ’ I t s ’ t i m - I )  I m i s t  mi u u s l  gm ’s umu ; s I  s h m m u s ’k s ’ t u v  i m ’m uu ; mul e ’u i t  lI mmi t h’e’stu Its I h’ m ’itt C W mi m ’t ’

un su re m ’ I m iss’lv I Iui ts’th tle’tm u ui mm t Isuit s is m i t pm’ s’Se’uit mis - i t we’ll mm ns lm ’t ’sts i m’ssi ; thus’

Dc’s fo u i s s ’  N t i ~’ i s ’,i r A~ s’it e V (l)NA) i s  w s u rk  j ug u im uw ( A p r i l  I q 78 1 1 m u p rmuv Isl e’

s’it v i i’ s ’uu i m t en t  do t I n  I t  i m um; d,i t a. ‘i’ lue’ r s ’s lu m uu;se’  m i t  mm p _ i  \‘s’ut bum (Ish I u mg I s ’  I w m u  su m ’

mttors’ I s’sael i tip_s is C s ’ s  5s ’siliC e x t  emtt ui;d ers I mucusI ; hi m ’s we’ve ’ m ’ , I hue no s e’ t t .i I ru t Is ’s

t O S s ’ s ’ I ,u t e’d w it Ii this’ I i u ’st I muas i log arm’ s s’otmu p susuum e hs ’ sI liv this ’ ii ’ iu u t l uais ’ t cii t h u s ’

s t m m  t’t iui g hu m - i I it t a ;s suum t tp t  i m ’ s t i s  I s ir  h i s ’ be’g inn i rig s - il I lie’ se’ss’m ’nml I s’s,ish i mug ‘m 1 s ’u m—

h a i l Io uu ~ , mak i u i ~~ t h i s ’ se’s’ suid mm i ’ ssI sus’s’oed i i u g I s ’ s a d i t i g  c m l  s’tm I m l t l o u t s  I s i t S , m u t s h

l e s s credible’ , Nsu e i m ;t , m e x i s t  miii nut u It [detom ;mm t Im un —t ’s’sm ’uits’mI sl s ’hu u ’ is m i u u e l  * t m u

s i t u  m’ kuis’sw 1 e’shgo , mis ’ s  a l l  I e’muupt s humive’ hs’e’u; matt e’ tm ’ s  examin e’s a m um:m I ‘ s t  i s ’ ,m I I v shs ’hu t’ i s

fm ’si’nimi t i m ’ s h i  frs’sun more’ thom ; siuiC de’t m ’sm ia t [mum; .

“This’ st sush~’ s - i f  mitu I I i hors t— l  s ’s rmu u o sl de’br is is ito I I h i s n m g h m t  t m ’s r d - s l u m  I rs’

hi [p_h i pm ’ im ’sr it us’ mit Cli is t in to , s i  mis ’s’ this’ stilts ’ sit ’ kut m ’swl s’dg - I rs ’snt si utg Is ’

bursts is ws’m mk. As wmirk mi t lVmi ums ’es wit h u ’ s~sIi s’s ’ I  to  s l m ; g l e ’— l u m m m s t  s’I ’ t e ’s ’ t  5 ,

m u m I t I ho rs t s mmi ’s’ he’s m ’ u m t O  IsI& ~ reel

‘‘ A twm i —pm ; t li p r o p _ r a n t  wmi s prm upo se’d i i ’s 1978.  Out s ’ p a t h ;  s’miu ’s t iu is ue d this’

I mtg is’a I sIeve I s ’sp me mit m i l  c siuu ip emt a t I mum 1 and e’s xIie’ m’ imeti tmi I C s’s’ luu u  i m is us ’s C si p m’ s’—

d i e t  t he’ t r a i m s l a t i s u m i  s ’s1 im ’ste’srlsur &‘m u t i t m ,’t i t s  mind strum s’ttuu’ al dohi’ i~-u amid their

ci istr ibumt [mimi . Th ese are’s de’f ii;esl mio s - m iti l ,eui~c,,
u’s

,,
t,~ ry_ m,’t’l’orts aim ud mi re’s eli 5s ’ t I S —

seel ii ; C hic i s u l l  su w i n g  su i huse ’ s’ t im u um

‘“Cl ue ’s ma lii I h r t u st  01 ’ the  prsugh ’ani * wIt is ’ It is  su smt I iuis ’ sI I u m I” ( p _ t u r d’ Vi— I

is a st  e l i —b us - — s t  e’sp r esearch  program C s ’ s  dews’ lop  st r u t s ’ b r a  I sIantag e auud sle’sbr is

d a ta  r e’qum i red for the b l a s t — f i r e  Itmts ’ram ’ 1 i ou ’s prmugr am t i . i ’I me ’s I I r o t  C Wm ’s ot  e’ps

cI  th i e  p r o g r a m , A n a ly s i s  o l’ l n d l v i d t u a l S I u ’ t i m ’t res anti Au;, ihv a~s’ ( i C y  s uitt j ’s i e’x

(Cr s m dv Ct m t )  , can re’a list [c a l l  y he’ , i m ’ s ’ m ’sm p 11  shied ii;  18 uu im ’s u’t t his t m ’ s  nu m’uks’

p o s s i b l e  rm - i um g l t  a p p r m u x im a t  [otis of  t h e  ds, ’h r is eli str lhumt [cit’s w I thul i; mm s ’ ( I V .  
-

“The f i r s t  st e ’Iu , Ana ly s i s  of l n d ! v i d u m a i St r t m s ’t u r e ’ss , i m m s ’ lu d e ’s 11m m ’

fe-i l lowing:
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Tim. 
_______________________ Resulti

Deliver ed
MAIN (horn t,rnC - COMPLEMENTARY

THRUST “

~~~

‘ EFFORTS

I 
_ _  _

ANALYSIS OF 9 moni pus ‘— i yea r L~
NNEX 

~1m N D I V I O U A L  __________

STRUCTURES

( year

ANALYZE CITY 1-1/4 — 1-1/2 years J INTERACT ION
COMPLEX ~ —4.’~ W IT H FIRE

(CRUDE CUT) RESEARCH PROGRAM

1— 1 2 years I
MAJOR COMPLEX

VE RIFt CAT IO N 4 —1EXPERIMENT

2 year s

2—1/ 2 year s
REFINE ANA LYSIS ~~~~~~~~~~ —

t st CITY COMPLEX ‘

~~~~~

— j
2—1 / 2 ylars

ANALYZE * 3 years
NUMBER OF

CITY COMPLEXES

3 years I
FIGIJ RE V(.~ 8LAST -ST RUCTtJ RES-QEBRI S RESEARCH PROGRAM
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“Develop structural damage and debris contours for
ea ch of the  b u i l d i n g  c a t e g o r i e s/ t y p es  as a function

of air blast overpressure. These contours will be
derived using available computational techniques
that will need to be refined and automated .
Estimated time of completion of this task is 12
months; however , portions of the work , by specific
b u i l d i n g  t y p e ( s ) ,  w i l l  be a v a i l a b l e  in 9 m o n t h s .

“Time second step, Anal yze City Comp lex (Crude Cut), uses the r e su l t s

from the first step to approximate roughly the debris distribution within

a targeted city. Currently, San Jose, Cal i f ornia , is suggested because

of the excellent data base available. This step is very important since

it y ields earl y major data for fire researchers , and also poih ts out the

areas where further extensive research is required .

“The third step , Major Complex Verification Experiment , may consist 
‘ I

of oui~’ large or several small experiments; they will be better defined

during the earl y phases of the pr ogram , but are plan ned to include a

multistructure , small building test during the Misty Cas t le event , shock

tube tests of structures and structural elements , and laboratory tests.

This task should be finished by the end of the second year. -

‘

“Based on the results of the tests and inputs from the fire research—

ers , plus results from the Complementary Efforts, a more accurate debris

distribution pattern will be developed for the first city comp lex , San

Jose; Figure F—i shows this step , Refine Analysis — 1st City Complex.

“The final step , Analyze x—Number of City Complexes, applies the

developed technology to other cities to test the systems , determine

d if f e r en ces among cit ies , and f urn ish a broad da ta base for  use by the
blast/fire research community. The total program is estimated to take

3 years; a preliminary cost estimate for the first two steps and related

complemen tary e f f o r ts is $600 ,000 to $700,000.

“Complementary Efforts. The principal complementary efforts of the

research program listed by Workshop 2 are given below :

• Debris interaction: investigate the impor tance of multip le
debris—debris interaction on the final debris pile

• Drag and lift coef f ic ien ts :  develop experimentally a list
of drag and lift coefficients for representative debris
p ieces , including furnishings.
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• I)s’Ii r is m ’~u t a u ) o,~ : slevel sup am ;d e’ompt u t  cr 1  m~s’ a dehu’ i s s’a t m  1 mip_
I s i t •  i set  mu l b u m i id [mugs liv 1 1 ~iou - I e’ve’ 1

• I u m t m ’ram ’t i u ’ s,~ , f l m u w s : tus j u g h\’drmtei vuiaiutt i s ’ s’ s - ide’s mmmiii  s l u m - i s -k  t t u b s ’
e’x lue ’s r i ut ucu i  t s , deve I sup  at; s’u tp_ jui cer ! u;g itue ’ I h u m - it t I 0 It rs’si i s ’ t I I s i W

lu~m I C  e’ rums min d ii r ag  s i l t  s’cm ; I cut I S ~ it mm rsus ’s i iu w i t  Ii m ’pm’ u ; I l ip_ s  ~‘ii

m u s h is ’ e’u ’s t au’sd / s it ’ m ipps t s i te ’ wa 1 1 s

• Mti _ l t _it’ sis imi u 1 1 0 W  b~ i,t _t ,e’Jtis dcve’ lo p  s’suig Iu im ’s’ r t r i g tlts’t ho - 1 5 I or
predic t ing f low t I m r s m u g h u  a m s’omp l e t s ’ I 1 mu s ’r  p I m iu m s ’ I I m i t e ’ r—

~ ~iflfl e’~’ C s’si r om-i ui ts .

• O b l i s j uu c _ iu ~~’_ i~ y,u;s’c: cmi I s’u I~t t s ’ load I i g  ansI C I eat r imig  cl  h um - c’s—
sture t m ’ suu ; t s re’s I 1cc ted ,i t mub i i qtie ’ ins ’ I sle ,u t s~ s’ I ron e’xt  e’ u ( c m’
wa 1 Is amid cccl ’ s it ;  a nt am u im ie’r a iu ’m a 1 s u p_m ucu s  I m i s’t mt’rs’sut t utte’l hi sith s
ls ’ sr e’st im ium i t i o u ;  of hue’mtd— si ut ref le s t t’sJ bl ast wa;vs’s.

• ( ‘I  l v m ’oiiij i L’sxs’s : improve ’ mu sic ut’sde’srst amm; sl ing m t  s h i l l  r m m c  I i o u t
0 1 ii I m i s t  w m m v s ’s thur suu ght , mimis l pert urbait ions s’l I I siW m u Vm ’r *

s’ it us’ s’ su m p I e’sx s’s * expos it’sg moth s’ 1 5 ~ ii shim -i s’ k t uh’s’S ,- i u~t tI , u I l i i  p_ hi
s’xj) Isu s i v s ’ I it ’ Id te’ssts , ‘l’licss’s miusude Is shimu tt l sl re’l Is’s’ I C lue ’
SI  Zs’ us’a r ía t [sun amid di st ci h u t  [mu t t  c i  st  ru s ’ b u m re’s pm ’e’se’n I (l

s it (is 5ir im; ~mu i m;e’ tttai I s’amid jeimits ’ s ’ I t v  . (Smunue’ sltsus’k I tubs ’
s’~ I cu - I s t s ’s studs’ drag on re’ss’tam igulai r blo cks iu ; t m m n d e ’snt mi uteh
m u few  p r ess u r e  el istr ihut (suns am m suum g umi i im u i ’m l  V ii i si  ci h i u u t  ,,‘sd

1 deii’st is ’mm I re’s’ t an g u  lam r b Is -im ’ks hu , i v e ’s beeui reps i r t  eel .

• Trj~j s’c tor v u s ’ e r i f i s ’ ;m t ion : deve I sup Cmiii I ide tms ’e ii; rs’siu It s s’s I
s’a l e ’ u la t  iou; debris tu’mi~ s’s-tor ies liv e’sXlie’t- itumental use r II
t iou’s. Current I v  used drag atmtt lift s’sue I I  [s’ ieu ; t s , mis we I I
mi s spring s’oiistaumt s s’ontrsil I j u g  d e b r i s — g r o u n d  i i ’ st e r a as’s I [s ins ,
mire pure e’xtrap s’slat [sins I rom other I’ ield s sit etigimi e’e’srii’sg.
hi ams i I cii l— ss’a le h igh e’sxp l s us  (ye  ex p e r i m e n t s  nu av prt’sv ide some’
e’svlsleui s’s’ f u r  t h i s  us’s’sr jf is’at 15Mm of tI’se tloe’tmme tmtat iou’s is
ad s’qu ~1 C s ’s

• Hv stcreb ic hcltav [sir: extend mmva I I a m b I c  i’e’sS i s t a ’su ; s’e’ h u m s ’ C im iiis
f m ir  ex t  e’sr is’sr anti iu’ster [or Wa; I I ci eme’u it it t s i im is ’ I tide’s I t v s t e’u’e’t i s ’

ef I m ’m t s , so that dvu ’sa ’situis’ respsinse can he pred is’te’d fmir
r evs ’ r sam 1 m u l l oad  fuui t’ t [sin s u m ’ s wa I I  i t.

• ~~~~~~~~~~~~~~~~~~~~ 
t~~~ 

~~~~ 
: sit ’s us’s’ I sup re’s i sCam ’s s’ s’ I t in c C I mii ’s it I o r v i  1 1 t v 1i m ’s

hiat t hi a ’ sve ’s  fls) t been h ir e’ sus ’ ( m it t s  I v t r e a t  e’d , hem I mire ’ i ntj i sur  tan C tO

blast/f ire interas’tiom i .

• S br e ~ ’t u r a l j~rs~p er t t e s :  per f orm l o h m i r a t m i r v  t e s t s  t s ’s de C e ’r—
nu iu te  dy n a m i c ’ mai le r  tai l p r m i p e r t  is’s t o supp l enme’u; I ,mv,; i I am bl e ’
mi m i t mi (s’s . g.  * t imbe r e lemeu ; t it SUs’ Ii m is  f 1 osirs at ;eI st usi w,t 1 I s’h

• ~t 1x[n~,~ if debr [s  tYpes: s t cmdv  tu ’ster as’t i s iu m  01 debr is bs’tws’t’su’s
us’a r [sins types of b u i l d  [np_s . c . . , imid eist rim; I tutu I lt i tu gs ,;t’sst
residences.

• Frame au~~j 1~,is: exam inc a v a i l a b l e  dvu ;am Is’ [mit’ la’s itt I~’ hi um iI ~h i itg
f r ame  pr ograms fo r  poss ib le  app l is’at imun tm ’ s ilium ’ I e’at’ we.ipoum
ef fe’s’ t s * 

ansi mod ify t’and (dat s’s p rogram t o  I t t s ’ I t i de’ m ’ s i I I ~l~~sm ’
me’t’hio m’sisms.
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• M o d e l  use: ds’term i ui e how small mm ss’aie cam; he used for
sb r u s ’t ur a 1 ansI debris utteds’is aimd us’eI pr ous ’  ide’ adt’qumu t s’
degree 5,u [  s’o u i f i d e ’n e’c im ; r e s u l t i n g  d a t a . ”

Re’se. ’sr s’l~ Pu ’ s-i,~ r a m — y p d at e  of A,pr i l  1979

I) e ’ve’ I s - i j u n t s  1 ) u r f i t ~~ Pa s t  Year

P rogress  dem r I mt g I he li , m s t  v s ’m m r [mis ’ I usie’s

• E x te n s io n  s i f  be s’ h m i i q u i e ’ s  I s ir  t h u s ’s m ’ m ’ sIcul, ’ st isu t; mul c x l e ’s r i o i ’
Wa’s I I  load i mmg t o  t h e ’ ~‘ aise’ s - i t  an mm rb i t  r a rv  umu mbe r ol
m ’spe’s m ; [miss am;ei sub 1 ique shisu s’ k h i s ’ iden s ’ c

• l)e ’s~’s’s Ieu I)uitci’st of a m a Ic it h at jsu1; met hod Ic r pressure m is s ’ ii —

tau t Isut’s m u uud slisu s’k imp ii;gcnue’su;t simm the imt te ’r icr surfaces suf
usm u l Is (s ii u l v fsir thus ’s s ’ a m s e  of  I t e ’ s a ’ s d—s i m i  i n s ’idem ’s s’e cmi the
e’xte’r im ’s r ’sl

• Me ’,m s t u r e ’nus ’u ’st of slusuck pressures aga [mist the exterior sur fmm s’t’s
m u f ms’stis’ I u. Et ut’ sup e’a u i ) I’s’s isl s’umc es a; rr ~tu mge ’s si it i  mi rsiw .

• Fu r t  hue ’ s u’ ds’vt’ 1 t’spnie’u;t m - i f qtuas i—~emp I r i s’m ’i 1 re’s i s  b a i t s ’ e l uum s’ I Ions
(based s’sfl I) [m e ’ i’l’srow s”hss’s rv,;t isut’ss) tl;a t i m p r o v e’ thus ’ tuim sle r—
s t ,mn d  it ’s5 s’s I the  r e ’ssps inse’ of cu u mr e i m i f s r s ’ e’ sI nuais m i i mr v  I o~m s1—
his’,;riu’sg wall s t o  h l m m s t

• Exp ans  i ~ufl si I I l;e power of this’ St ru e’ t U ram I rs’s spou ’s i t t’ C s in up u m t m ’ s  —

I j ou ’sa l s v st e ’nu b m i t i ’e’ , m t  small cmi l is’s’t (Otis m ’l’ m u u;e ’s — s t sir \’
bet lid iuigs (prous’ [sie’ssI m’s irhu l ,‘usb slits’ I ding ef f e’s’ Is s at ’s he’s
u’seg ICe’ It’d sir sup p I ted aid hot’ ‘I .

p

2. Current Work

Work cur re’su’st I v fuu;si~’si mu r sun si e rwa y t h a  t is per t  t i u emm t t t t hue suhj e’s s ’ t

of Workshop 2 i n c l u d e’s:

• A shock tube model study of airblast pressures interior aimsi
exterior te’s a (Eursupe’san) re’s idens’ s’s .

• An appli s’at  ton sit exist i i ; p _  c a i c u l a m t iom’sa l methods ( s t rt i c ’ teu r a l
response and d e b r i s  movement )  t m ’ s  sle’s i t s’rj b e a w a l l  ansi f u r u m i t u r e
slebris  f iel .d iii two s iverpressure  reg imes . I .e .  , 2—5 psi and
30—50 p s i .

• An ext rapolat ion and lnterpmi lam t isin of
h u i s b s u r  ies (observed in a very i deali zed  c i t y  ceimpiex model )
t su pr e e l ict i s im ’s of sh ielding in a small Enu rsipean teiWTt .

• An el tsrt tmi s’orre l aite observed wall debris movemen t (at
t lit’ ITRS t uu n m m e 1 amid [m’s the  Dice  Throw Cerm aum bu l i d  ing s)
w l th u results of s ’ al cu l a t io u i s si f  t r an s l a t i o n  s’sf s ium g le
deb r i s  e l e m e n t s .
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• ~\~‘rial photsugraphiy: If the general  c o u n t r y w i d e  f i r s ’  v u l u ’ s e r a b i l i t u s ’
is t m ’ s he s’v ,u l u a t e d , t h i s ’sre  is a s e r i ou s  p rob lem as sm i s ’iated w i t h ;
be’tu ’sg a b l e ’ t o  determ imme exactly what a e’It’ , (ies) locks l i ke .
(thus ’ locu s I v  s’m ; ch  s’ I t v  lu ’s t h i s ’ I’ . S. cannot  be con sit ler eu as a um ’s i q ue

I C X .  ‘l iters ’ are’ s- t u r r e n t  I v  p i anm’ued s’ f f o r t s  tsu u t  i i  i ;~s’ s i V t ’ r —
l;ead pl ts i t o g r a p l;y to  eva; I e l a te ’  a u m t d  c’I m 5’mr as ’ b e r  I ze ’ C i t  iCs . The
u l  I (mails ’ s’sh~~ s’ s’t (y e si t these’ efforts is th ;e a b i l i ty  to d e t e r m i n e ’
st ru t s ’ t c u ram I I \‘}i s S  pre ’sent in a c i t  v and t o  p r ov ide  t vp i s . i l s’ I Iv
I ,u v o u t s  . II;  is v i i i  au l suw f o r  thu s ’ l a r g e’ m ’sumbs’srs of ex i s t  ing
s’I tts ’ss to be’ r educed  to  am I e ’w t y p i c al  s ’ sinl  i g i u r m u t i o n s  aum i d f 5 u r  —

5 1 r u m ’ t t m r , l  I i m i l s i r m a m b  [su n tsu be suhtaju’sed wi bhus’suI making delau [led
gu’ si sunsi  s’’s’ m t  I tu a i  I i sum ’ s s  . The r e s u l t s  of  t h e se’ e’ I ’ f o r  Is shm uu 1 d fes’s sI
( mi t s -i th us’ ele’hr is I ormmm t, isiu ’s p r o b l e m  amid , wit ii blue deve’ I supnu en C

s ’ s I  Smi th s’ type of t v p i s ’al deb r i s  ovs ’r l avs  , may g r e a t ly  r educe
the number  s u f  c i t i e s  s t u di e d  at ;d simp lify blue problem of
d e b r i s  f i e l d  p r e d l s’ t i s u u t .

1 . Rs’ m ’ o n t m i u e i r t P r i o r i t y

M m i j  sir u m ’ss’ars’h ; ele’f i s ’ iCl is ’ is’S f lOW v i s i b l e  in t h e  mmc m i r t e rm  ca l m ’ s h e ’

gr si u~u e s si in to  I su u r s’ ait egor [es:

• An a l v : ’c  c i t\ ’  s’omp le ’sx l,crude c u t)

• Dynamic building frame response (frame’s in steel , wsuod ,
and R / C )

• B u i l d i n g  a i r b i a s t  s h i e l d i n g

• Debris interactions

— Betweeui debr i s  and w a l l

— Miming d e b r i s  e l e m e n t s .  - ‘s

As wmirk p r og re’sse ’ss , o the r  d e f i c ien c i e s  may app emi r , o f cou r se; f o r

example , the  a t t e m p t s  Isi predi ct debris element movement mml v uns’over a

ser i m u uu s  I a s ’k s’ s l  t u u ;d er s t a n d i n p _  of aerodynamic mechanisms or s’sf b lue iu ’st e’s r—

mus ’s t ion betweeum f 1 sisirs and debris s’lememtt it s ir  h e tw e’ei’s t h t e  grsiund amid

d e b r i s  e l e m e n ts .

Fe u r t h i e r  d e t a i l s  on the  above f o u r  work  areas are  as f o l l o w s :

A. Ana l yze  C i t v Csimp lex (crude e’Ut). In t h e ’  repeirt on the Mmm v 1978

m’m i n f s’s re’nce , Work slm o p 2 gave t h t i s  t a sk  second pr i s’~ I t  v ( u-u s’s’ se’ss’ t i t iu m abeive

on Research Progr am , May 1978) .  The consensus of the  Mars’sh 1979

Wmurk sl;m ’sp 2 experts is t h;a t t h i s  t a sk  shmi e m i d  be f u n d e d  p r t im p r l v  by

DCPA . becau se 01 i t s  ab s si l ut e  t ’set’ess i t  v t oward  m o v i n g  the  f i u’e re ’u-u e’s aurs ’h
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p r o g r a m  I s’su ’wm m r s l  . ( ‘I ts ’ s’s-i u i s s ’n sus is I h i a t t  b lue ’ s  t a s k  shuo s m Id he als ’ t’ sumn h u i i  sI t e d

u u s i rig p r esen t  te’s’h in iques  in order t ita tl t he r t ’s t u  i t s  mmm v hi ’ I es t  ed liv t h u s ’
I i r s ’ ress’a; rs’ bu s ’ r s ; i t  t h u s ’ v mire ’ I ound I s  he ~ide’qum ; I s  t m ’s t h u s ’ ne’e’sd • f t u r  t hus ’r
r e s t ’,; r m ’ It may he’ eva; ! sta t ted a l s  t s  I t s  u rgs ’ ium - us • f u’s-i m lu a u ;s ’ed I sir  ma j cur

improvement  t s - i  no u ;e’esi I or f u r t l ; e ’r r s’ss ’a rs’ h u — — ; t  I s , m s l  f o r  I ( u ’ s’ i ’ s- s t - a r m - l u

purp ose’s

A pp e’nd ix K , I’s- ip I s  1 * is mm t ask she -s c r i~u t  ( s i f i  for I Its ’ I i r s l - i o s s’ei rs ’s~~,ir~’ i u .

B. Frame Resp onse. 1’ lue- r~ i s  h u m ’s re ’, m s s u m m I or ussuim l u g  t h a t • ii; ~t

frame ’ bet i id i r i g ,  t ime o u t s  ide w a i l  paine I~ w i l l  ( n v ;  r i u b l  us - f ,u ( I  pr I si r t o  I hue ’
I’ rain s ’ . [ mm m mmiv s’ ,i S c ’ , ,m Ce ’ r t~ i it t  atmc u um ; t  s t  I s’said i s  t r ,ut ’ss I s’s r r~-~l t m ’s t h u s ’ I rmmm e ’
be ’f ot’ s’ time ’ pa ;m ’se ’ l u-u ( a u  I .  ~u i this ’ 10— St) p~~j I )r s sscit’e re’g inu e , t h is  t t ’m it u s l s ’t’ . ib le’ -

ls’u mud m mmv lie’ s u h i s t i u m t  i m  1 , ~‘esu I t  iu ’sg ii ; b lu e ’ s  s’ol lm mp s e  su b  i’s~ u t  lu t I’ ,ums ’ mmi ’sd p a n e l ;  
* 

-

f u r t h e r , re ’~- e ’ sum t I  b u i l t  e’ m r b l t q c m m i k e — r e s i s t a i u i t s’su!U f l u i t s i n  u buu i l d iu;g s ’s f , u-t .iv ,

four cir  mei r t’s slur (e ’S mmmv t e a r  up t h e  I’! eisji~ ’ si m m h ov er  mm lu ,us e’me ’iu I (s ) as t hus ’
b u i l d i n g  f r a m e’ is f a t  I l esi by thu e blast . Any dt’sc r [ p1 ( sM ’s sit bite sis’shris

f i e l d  bau i t ed  s o l s ’l v  om ; pains ’! f a i l u r e ’s c o u l d  he e’r r s ’st ie s iU s or i t t i i t l e ’a t s h i t ’ s g .

C. Airhlast Shield iu ~~ . At th i s’ pr eseum t t [flu e’ i,~I ,u r~ it 1 ‘-) ‘k)) a l l  I lim i t

caim c o n f i d e n t  l v  he sa id  abou t  m u i r h i a s t  b u i l d i n g  sh u i e l s i  ( r i g  i s  t hu , m t it is

prohab 1 v im p or tm m m’s t amid s’sit u ld  m ’ su i t  rsl I w,i I I  p ane l  response’ ~‘sve r  at I ar ge’

a r e ’al o f au ’s~’ c i t v .  E x p e r i n u e n t s  w i t h  models  cC s’ i t v  cs i m l u i s ’xe ’s h u m m v e  sis’sm summ—

st r a-uted si rm is t  ic s h i el d  t u g  s’f f e ’s’ I s ;  bo th ;  i mms ’ rea’ises amid dcc re ’.us t ’s i t’s i suasi ing

cau ; res em i t .  Bet’ause a’s c’s [Iv is n or m a l ly  an i r r s ’s g c u l a r  s’onupl cx , t h u e

s h ’ s m u u l d  he s h i r e ’ s’ ted toward u n d e r s t a u r ’ s d iu g  of  the  s h i e l d  ing prs id uced a t  au 1

poiu’u t s  i n  the  wake suf  a s im ’sg ls ’ b c u i l d i u ’ s g ;  t h is r e s iu l t  shus i cu l d  b h’se ’ru he

m u pp l i e d  r e p e a t e d ly  t o  a; t v p i s ’ mm l c [lv s’s mump lex tsi pr oduus ’s s’s the first cu t

so lob ion .

D. Debris Intermit ’ tions . The impact of am substauit hi I debris s’s I ente u m t

aga inst a wall or f losi r c o u l d  be e q e m i v a i  l e n t  be-i : ( m ’ s )  a; sh;eamring i siad si t

short  du ra t i on  in the impacted s t re u c t u r a l  cou-uiponei’st , ami d (hi ’) mm m ’ s i n u p t u l  it ly e ’

load of lunger durat [sin aug a lu st the c o m p o nen t .  Were the  w a i l  n;a’s b t’r j a i l s

homogeneous , principles of solid mes’hs’tn is’s could  he a p p i  i t’d tm ’s solVe

(a). It is l ikely, i;owever , that labora uts irv tests u s i n g  mms ’ t t m a l w,i l I

materials will be required in addit ion Is ’s t lueoret  i s ’ , u l  m i p p r s u a s ’ h u s’ s .
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s inst ( mi t I sit’s i t t  s’ simb i n,i I [s’su ’s will ’s at I a’s r gs ’ lIE stit u r s ’ s’
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V I I  W ORKS }h ) P ~
PREDI CT I \ ’E ~ t T h E L l N (  OF I- IRE SPREAD A N I >  THREAT ’

T h i s  w o r k  cr o u p  s~c :n er a i  l~ c o n c u r s  u~ i th  t I > s  f i m m d i t u , ~s sot k o r k s hop  3

r e p o r t e d  i um ~‘ta i \  ~ . \~e e n d o r s e  I, he  pr o, ,~r au:  i t  cor:n:s tided ,mt t h a t  t in s

and of I s  r th is  I o i l  Ots’j t ’sg  f i v e  su~~~es t f o r m s as e x p a t i ~ I o h 1~ - t o  t h a t  p r o c  r , u i m :

• I n c r e a s e d  u t i l i z a t i o n  of ( ‘ l y e  C i t y  S t u d y u ’ s- s u i t s

• Pre 1 m i  n,u rv anal vs is of c r i t i cal Us, sou r e d  i i  rs u s - u i  l i t  i’_ t b j  l i t v

CO p r o d u c t i o n  and m o b i l i t y

o G e n e r a l  mode l  of t i r e  sp read  and t h r e a t

o T a r g c’t s p e c i f i c  model for critical r e s o u r c es .

r m ’s s k s  1 and 2 ar e - - desi gned to provide near -  t e r m  p r o c e d u r s it and r e s u l t s

p e r m i t t i n g  r s - a s o n a u t m l e  e s t i m a t i o n  of f i r e  damama ce and threat to s p e c i f i c

u r b a n  a re a s  and c r i t i c a l  r e s o u r ces  ( s h e l t e r e d  p e r s o n n e l  and key i u’sdustr y).

Task 1 propo ses a techni que by us’hich results I roum: the ’ Five C i t i e ,’- Study

can be extrapolated to approximate other sps- ci f i c urban Larcets , thus

eliminatin g the necessit y for exercisin g the full I
_
ire spread nods !.

T a s k  2 is  d e s i gned to  p ro c - ide  a q u i c k  a s se s s n u e n t  of the  l i r e  su s c e 1 ’st -

abilit y of resources (p e op le , h o u s i n g ,  u t i l i t i e s . t r a n s p o r t a t i o n , food

and industrial capacity) in terms of a fire damags’ assessment rating.

Task 3 was introduced here to focus attention on a much needed and

missing element in establishin g casualty estimates : the production and

t ranspor t of CO f r om f i r e s  in v a r i o u s reg ions of blast damage. The

des ign of fire countermeasures for the sheltered popula tion is particu-

la r l y dependen t on the CO concen tr a tion , i.e ., mul t i p le vent versus

bu tton-up .

Realizing that extensive expansion of present fire spread models

is r e q u i r e d  to  accommodate various levels of blast , damage , we recommend

*Members  of Workshop 3 are R. Al ger , C. Chandler , R. Fristro m (Recorded ’).
J. Rockett , L. Schmid t , R, Small , and 1. Wa terma n (Chairman).
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i s - s m - a t  s i t  I m iv s ’ a-m t  i m~:tt l o uis st i l t  s u i t e ’ t he s :mtl le ’  ba i t  i s ’ I m ’a t u t cwm ) m’ k .

h u t  a it 1 11t h 1 a i m  i tu n mind ’ r , s’tu :i uigcs h u m hi Ins t c-I I’ m’s ’ 1 it s’ a i t hue - i tic mu m ’ 1 ’s - i u a t  ed

l i i - c m i  m v  I it > ’ ,‘lI)pt’ m )Iuu’ in Is’ stm b mtt sm dt’ i it w it lts itm t Cm )mitp l etc rvs i s’ us’ e- I opuite’nt s i t  t hu e

s i t  t u I i t t mi ds ’ I . I ’h uc  h im -  1111:1 I V  litm m ’p s . se  s il C l i i it t i m u m h c ’ I l i t  sC I I I t hu ( ’  ~~~ ‘ t t m ’ t a l

m s ’ mh I s C (smut s - il I I i’ m’ s p t ’ t’ :ud a mmd ( 1; rca  C I s ’ s  t 1 m m ’ u m u in mu :1 rent am it a vI to  I c slm ’

t a i l  cd t ’\a t i t  I m t t u t  I s i it s)l a-up s’s’ i i  i s’ s i m l u t a  u ’ c, m ’ t it 1, I m u s’ ui I i  o mt s  is ( C l i  l - i s’s su l - i I m~ a mid

s u i t  i s ’ a l  u ’ m’s m u t u u s e a - u ’) i s  u ’ €’c m n t uuui t ’ t ; d t ’d  m i s  Task • I t
isc ’ rm ’scotuittue ’ti d I hai l t lie’ s 1 m ’e I I I t ’ t mi i t s ’  b mut ods ’ j ( I ’ :ts ~ ‘ ‘ )  ~ I mm mi hu m ’ ti u m m d u  I t i  u -

• h i t u s u m h t u s  l i m i t ’ s  m il  :i new c l ass  01 t a u ’ c ct  v i i  I hi ’ ul s ’s’ s ii t I i l I sl um ’d bc 1 m m—

m i m ’ 1 ’ s s i i  i t  i t t ,  a m u o u ~- auu lum od t ’s I . ‘I ’hu I it mit ud e ’  I I oeks mit mm l m ie ’~l I t am t m ~~’ I m u t m - m t

w i t  b u t C l u e -  t 01 a I am rca am II m ’s’ t ed liv a us’c:m p s - imu (5 luu i s t  ; i t  1 s im sc ’d is I t  Ii . . 
-

lut m t sl t ’scou 1’s I tsh I remit , the ’ im i -b a i t I I em ’ it pm’e a d utuod e I t o p t’m iv I dc’s a l l m p r m u ~u u ’ l a m Is ’

l u otum um l :m u’ v s’ouud It h -mu -u I m um ’ ( hu e I s ’ssni l I : i i ’ gm ’ t :m i c ’ m u  ot  i u ; t  ‘ m’ c ’s t  . S h i m u u l d  I’ .’is k

-~ mu m u t be I tiuiu I e ’muic nt ed , em’ l i m i t  m’ oitt 1 u I c C  ed u 1 u m u u u  sh t ’u’ i,’ I o 1 u i t i t ’m ut  ci (li i it m i umud m ’ I

cim u - u - cul l I I i - - s I - i i ’ t’:i(I mit osic ’ 1 it or Pam sk I cx I rapol a C I outs f ro u t  t I ts ’ I” I v i ’— C I C  us’

St uml I s’s s’ s - i t t  1( 1 his ’ m’ sui qu 1ev 5’d I o pm ’ s-ic’ i d e ’ thme’sc houndam i- us - s o mm d i t  I suit s . As I t it

u i - u n i t ’ l iuu i u I l e a - s  , C l it ’s sl i t ’ s’ I t ’ I s ’ In u-get mit o d m’ I us’ I l  I pe u’utu It d(’ t a m  I I s’sd i u p u C  m i t

I t s  t a t  m g i ’ I i t t  m Lic t II u’ c w i  Cl i  It ;  a I I mt u l  led a m i e ’ n  . I mu s’ em u t  i- a l i t  I • t h i s ’  t m u l u a m ;  a

I is I I I ( i s ’ au I am l a m  i ’ gm ’ a m t ’ s’ :m b im b It ; I c u-as s ’ r I stc~~I dcl a

SI  I g l u t  I us - t ’\ 1- i :u uid t ’sd d escu’  h u h  e uu ,s m ’ sI  m ’ a ms h u I ask i s ’ s l  I ow , c~i t I m  t h u - u - u t  — c u t

I I t - a !  * a-- et  e l  I o u t  r equ i m cml f o r  s ’> m s i t .

- : ( t i I i : u t i s u i s u I h~ i c ’ e C i t y  S t u d y R e s c m l t s

I 11,’ 1 m C’ - p m  c -md as sc’s suuum ’uit it it; th ur Fl c’s C i t  ‘,‘ St udus ’ I i i’O~ Ide ’ h i t ’I ’ A

I ~~~~ s i t  I I u m ’ s dcv  c I s u pmt t m ’ m t l  and spread t hat lie u ’m i t I t  it SeMi t e gi ’it t ’ tai l
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,. ‘ l t t  I t I I 0 l I t  I it s’\ p l u m s  I s ’ll

I t - f l  I s l ua m i s  I m ’ t I . n a t~~ s ’t t
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~~~ ’s 551 -~~(’sted p ros ’ 5’511 1 e-’~ to ‘ m~j ida be t h e  deve j °ped pred ictor bed ;.

si r e :

• l’sre di t’t the re su lt s for one of t he fjy5’s citi es based on data

transferred from the other loUt and compare these resuJ 1~ to

those O b t a i n e d  di re d’ stl). fro~ tIt~ 1~ re mo de l
• Sele ct a nei~ target cit y unlike any on~ of the five and cOw.

pare its f i r e  be ha v ior  as pr ed ic ted by da ta t ran s fe r  and
mm pp i j c a t j 

of the fire model
Thj5 prograni S t r j y ~~5 to maximi ze the 

~~~~~~~ of the Five_City Study

da ta . Al though the re su lt s are appr oxima te 
they w i l l pro vi d e DCPA

w i t h  an i n t e r i m 1 ,  t o o l  f or  damage asse ssme t r i s k  an a l y 5~~5 Sh e l t e r  re-

qui re nt~~~~. POPUI ,ltiOn re lo ca ti on , e tc . In add lt~ 0~ the result 5 can

be comb in ed  
~s i t J ;  the oUL i)Ut f r om ‘h’ask 2 to evaluate the survjc ’sa,)JJ .

of ~ pa r t i cu l a 
I fl d u s t r i ai 

resource in a g iven  attack scenari
A 6 to 12 nia n_ mii on th 

effort shou ld comple te Task

SSs es cm e fl I
U meri t lofled br iefly two appr oach 1 

tsu bl as t/f . 
dam .m geJ 

• The f i~-~ Spread scenario t h a t  
~~~~~~~ chrono logi i the

j  

deve lopme nt of the fi re from i gnl t~ 0~ through fu ll invo lus .e_

meri t , spre ad and bu rnou t• A vu ln er ab il i t ra ting tha t focuses 
~~~~~~~~ on the cr it ical

stru ctur e and thei r ab 1l i t~ to survive a fire 
~~ thei r

environment

The second appr oach co~~ eflces W i th the v uj n e r a bj l ,  
assessmen t

and es tima tes the POteu tj~~i for lOSS on the ba sis of areas tha t exceed

the surv i v ab il i ty 
thr eshold , as il lu s tra ted In A ppe ndix E. Both ap-

p roaches ul t jmat c ,Jv requ~~~ lflfo rmatj0~ abou t the a b 11 1t ~. of t h e  cr it ic al
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structures to survive blast and fire. Particular objectives of Task 2

are to provide sufficient vulnerability data about the critical tacili-

ties to satisf y both approaches , specificall y to:

o Categorize the fire susceptability of resources and resource

compone nt s (by resources we mean industrial capacity , food ,

transportation , utilities , housing and people)

• Inventory surroundings to assess probability of fire ex-

ceeding the susceptibi lity of the resource

o Combine the f i r s t  two i tems above in to a damage assessmen t

ra ting

• Advise on potential countermeasures.

The envisioned approach would gather data about the prevalence of criti- 
r

cal structures in the various NFPA building classifications (i.e., fire

resis tant , noncombustible , heavy timber , ordinary , and wood frame). In

addi tion , the structures will be cataloged according to their ability to

withstand structural collapse; a minimum of three wall categories are

required , namel y,  loadbearing , weak attachment to the frame , and strong

attachment to the frame . Appendix E illustrates how the data could be

used in the hazard analysis. Existing sources of appropriate data are

NFPA , insurance underwriters , fire protection engineers , and a quick

and dirty survey of sample industries. This task should be comp leted

in FY 80 and the estimated manpower requirement is 2 to 3 man-years.

Task 3: CO Production and Mobility

Experience with civilian fires indicates that the major cause of

fatalities is likely to be carbon monoxide poisoning. Existing models

do not allow arm evaluation of this hazard ; therefore , CO exposures re-

present a major unknown in evaluating survivability of populations in

strike areas. This information should be applied to inhabited critical

targets. Critical targets which contain materials and equipment will

not in general be affected by CO. The required informatIon is the time

interval during which the local CO concentration exceeds the lethal dose.
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If thi s timi ue exceeds the available local air supp ly, lethal air wil l  be

introduced into the shelter. (It is assumed that the inhabitants can

monitor the air and decide when to bring in outside air . ’s’ Nonuniform

distributions of the CO may miti gate the problem so spatial- tentpota l

dura t ion in fo rmat ion is important. This distribution mi g ht  he obtained

front existing data or , if necessary , by new information.

Ini tially, the required in fo rma t ion mi ght be derived from mm cxamii-

ina t ion of exis t ing de tailed CO measurements from Flambcau and oth er

l arge- scale fire tests. This information could be correlated with the

characteristics of the descri ption of the critical target.

Presumably , the second cu t wou l d  preserve information from the

ini t ial co r r e l a t ion and modif y it w i t h  temporal  f i r e  charac ter ist ic s

from the fire spread titodel to g ive the concentration rate and histor y . 4

The third level would combine information from levels one and two

wi th site specific details from the target descri p t ions , which w il l

modif y the generation ra te and dis sipation . TI-mis would require meteo-

rolog ical information ,

The three levels are all feasible in princi ple. Level 1 would re-

quire perhaps 6 man-months to investi gate and document. Level 2 possibl y

requ i res 1 titan-year of effor t beyond level 1. Level 3 probabl y requires

a research effort, which should be carefull y defined to matLh available

input to the model and should only be attempted if there is reasonable

hope of obtaining the required Inputs.

Task 4: Modular , General Fire Growth, and Spread Model (CTFF P)

The following recoumiendatlon suggests how the General Ph re Spread

model mi ght be organized ; however , it Is not fina l or ready, for examp le ,

to be Incorporated In a requesb for proposals. We found the al gorithm

shown schematicall y in Figure TV—i convenient auS am vehicle for m’ omive i ’ t u ig

the genera l ideas.

*Clty Fire Environment Program
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One purpo se of this titodel is to provide Input to another al gorithm

which ana lyzes the survi vabilit y of certain key facilities located in

known structures. Specificall y , the model describes the exposing fire

which , with the passage of time , ntay pass , envelop , or surround the

critical structure. The model characterize the exposing fire by titiue-

vary ing values of:

• Radia tion flux

~ 1 • Oxygen dep letion

CO concen tra t ion

• Local winds

• Firebrand arrival as observed at the target structure.

For discussion , we visualize the model to be a main progrant tha t

manages the entire calculation sequence and modulates the interaction

of submodels to achieve a maximunt degree of decoupp ling in the sense

that changes to any one submodel will preferabl y propagate only into

the main program . Coupled to the main program will be a set of func-

tional subprograms .

We visualize the main program as containing four major elements:

i) An input module. This element accepts city survey data, in a

form that Is convenient to the survey process , and translates it into

the fire parameters required by the rest of the program. Presumably ,

the input module will be sensitive to any new data demands occasioned

b~- the substitution of one submodule for another. The output of the

input module would be a city descriptor library.

2) An Initialization section. This element would call a number

of submodels based on the results from Workshops 1 and 2 to reconfi gure

the cit y as a result of the nuclear attack , i .e., modify the descri ptor

libra ry. Specific submodutes would consider:

• Therma l radiation

• Blast effects

- ~~~. ‘5 5 - ~--~ — :.~~ —
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• Debris generation

• Weather.

An additional output of this initialization section would be the

number and distribution of sustained ignitions . In summary , this section

provides the time-dependent calculation with initial conditions :

• Fuel bed descriptors corrected for attach damage

• Distribution of initial fires,

3) The fire growth and spread predictor proper. This , in turn ,

will have two subsections : an elli ptic section , which considers the fire

at a particular instant , and a hyperbolic section , which allows growth

in time . The elli ptic section considers the fire intensity , toxic gas

(CO) production , the fire plume(s) it drives , radiation field , induced

micrometeorology and brand throw, all in an interactive sense--i.e.,

these are tightly coupled effects. The hyperbolic section will test for

changes in the overall fire size due to:

O Burnout

• New ignitions due to firebrands

New ignitions due to radiation

• Contiguous spread .

This section also tests for changes in intensity to the existing f i r e

and incremental fire . Note that time increments could be fixed or im-

plicit.

4) Storage of fire descriptors needed by the key facility survival

al gorithm. It would also develop (graphical) outputs to permit under-

standing of the predicted fire behavior . The modular structure should

allow rapid construction of a complete , albeit crude , model. Subsequent

refinements of individual models involve a minimum disruption to the

main program and can be made without requiring simultaneous modification

of other components.

Note that some components of this model already exist and could be

res truc tured for as sembly into this algorithm fairl y quickl y. However ,
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others (such as the CO concentration at ground level) may require signi-

ficant development to progress beyond a rudimentary structure . An im-

portant management input to the modeling process will be identification

of critical but poorl y understood components where research is needed

to provide physicall y sound phenomenological descri ptions and data needed

to describe adequatel y these components. Approxima tely , 3 man-years

would be required for an initial running capability.

Task 5: Specific Target Model

This model will predict therma l damage to specific elements in a

target area. The model framework will handle either (1) classes of

targets or (2) a specific target element with its individual character-

istics. Also , the model is sufficientl y general to handle either comp lex

fire ana lyses or simp le tabular lookups of resulting damage . Inputs to

the model are the fire environment , target characteristics (inc luding

therma l hardening), blast effects (including blast damage ’), and fuel

carried into the target by the blast wave . The fire environment could

L 

be defined by the Modular Fire Spread Model or by a standard temperature

t ime curve .

The model output is the fraction of peop le or itents such as utachine

tools , inventories , etc., that survives. In some cases , the output may

be sufficientl y detailed to describe the salvage requirements. In fornt ,

the output can be tabular listing s , or data files sui table  as input to

other types of damage assessment calculations . Model al gorithms could

consist of physical calculations , semiempirical building fire spread

calculations , or fire protection engineering rules. The model ~.~i ll be

modular in construction to permit ready addition or substitution of

damage prediction algorithms . The model will be compatible with the

modular fire spread model but will be decoup led with existing fire

spread models or extrapolations of the Five City Study results (Task 1).

A 2 man-year effort is estimated for initial model development to

a useful state .
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*VII I  WORKSHOP 4:
EVALUATION OF’ COUNTERMEASu RE EFFECTIVENESS:

CHOICE OF IN TERVENTION STRATEGIES

Objectives and Scope

The most important objectives of a unit defense program under the

civ il def ense act of 1950 , as amended , are to maximize life saving of the

population in the event of war and to e f f e c t u a t e  emergency r epa i r s  imme-

diately after an attack to facilitate entry into a period of postattack

recovery . This conference has characterized three zones of interest in

the  a t t a c k  envi ronment :

~ A close—in zone where destruction is so grea t that survival
is not possible.

• A zone where only ligh t to no damage is expected .

• A zone where many survivors migh t be expec ted , but vary ing
levels of fire and blast damage occur.

Th is work shop has concentrated its efforts on the latter zone since ;

a grea t deal of pas t resear ch has led to a rela tively good unders tand ing

of conditions in the other two zones.

The matrix shown in Table V1II—l lists countermeasures that would be

necessary or desirable in a civil defense program to support pursuit of

its objectives. The degree of effectiveness in achieving these objectives

is closely related (within reasonable bounds) to the cost of the program .

The following discussion assumes that the nation will not embark on

civil defense programs costing more than two to three times the present

program——thus eliminating major blast shelter programs for the foreseeable

future , but major emphasis will be given to a program in which plans are

made to relocate the populations away from military and industrial targets.

Thus, this matrix is constructed in the context of an attack in which 80%

of the population has been relocated to regions of lower risk:

*

Members of Workshop 3 are G. N. Berlin (Recorder), C. P. Butler ,
L. Pietrzak (Chairman), G. Sisson , and V. Sjolin .
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Table VIII— !

CRISIS RELOCATION

Scenario - Key worker and Critical Resource Protection

Fire/Blast
T ime Frame Cou ntermea8ur es Hard w are Softwa re

Peacetime Public awareness Sirens purchasing Pub l i ca t ions , movies ,
(warning ) TV programs , loca t i ons

of sirens - -

Mass educat on Props (vent and F i re f ig hting and weapons
sa n i t ary kits), effects , trainin g , and
f i r e f i g ht i ng  t r aining , manuals
simulator

City  shel ters  Construct ion , retro— Design ma nuals  and
( spec i f i c  purpose f i t t i n g ,  supp lies location
and in p lace)

F i r e fi gh ting equip ment Equi pment performance Optima l f i r e f i g hting
(op t imiza t ion  and opt imir ation , emergency s t ra teg ies and t a c t i c s ,
purchasing) water resources pref ire p lanning ; eme r-

gency water storage and
locat ion plannin g

Key worker Communication equipment Type s , number and organ-
(identification and izat lon - -

-

organiza t ion)

• Emergency operating C3 , f a c i l i t i e s  - Manuals and training ,
center loca t ion  and number

• RADEF equipment Instruments Number , loca t ion , train-
purchase log manuals

Cris is  . Increased readiness Tools and machinery Planning guidance manuals ¶
(3 days to 2 weeks actions (individua l , and checklists
before) and industrial

hardening

Surv iva l  . Protective postures
(During fires and Fi ghting/rescue
fallout--minutes . Fire-caused reloca- Execution of survival  Execution of surv iva l
to 2 weeks ) tion and rescue act ions actions

EOC operations at
directions
Life  support

Postsurviv al • Critical equi pment
( P o s t f i r es  and weather protection Execution of post - Execution of post-
f a l l o u t — - a  few • Peop le protection survival actions survival actions
weeks) . Equipment/shelter

salva g ing
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Cou n t er m e a s u r e s  in More D e t a i  1

1. Fire Fighting Equipment and Tactics (Peacetime and Survival
Periods)

Smaller Fires—— firefighting equipment should be provided for

smaller fires in the immediate vicinity of shelters. Kits containing

shovels , heavy leather gloves, hard hats , bur l a p  bags , and stirrup pumps

will suff ice for sing lehanded extinguishment of small fires.

Cost effectiveness of stirrup pumps versus back—pack 10—gallon

water tanks with handheld nozzle pumps should be evaluated for use on

fires near shelter doors and shelter air intake ports. Surveys of

water supp ly must include the origin of the water and the source of

pressure (e.g., electric pumps drawing water from wells or gravity water

from reservoirs). Other questions to be evaluated include: Are there

automatic shutoff valves on line which close when sub jected to severe

ground shock? Do shelter manuals show sources of water and nearest point

for control by shelter personnel? ¶
Wall hung fire extinguishers should be distributed in easily

visible locations throughout the shelter. The number per shelter should

be determined by the fire department. Each extinguisher must have simp le

instructions permanently posted . Provisions for recharging extinguishers

should be included in all shelter kits. Also , each shelter fire kit

should include a few tools, such as pipe wrenches, pipe cutters , and

hose clamp fittings for making emergency connections to damage water mains .

Figh ting Large Fires——in a fire environment following a nuclear

blas t , there is a need to fully op timize both fir.efighting equipment per-

for mance and strategies and tact ical procedures to make the best use of
limi ted manpower and water resources for figh ting large fires in or around
shelters or key critical risks. The fire—hose nozzle is a key fire—

figh t ing equipment item in that the flow rates and characteristics of the

wa ter spray directly impac t the total amount of water and manpower re—

required to put out a fire. At present , there are no f ire con trol perf orm—
ance standards and tests to be used in nozzle purchase specifications . In

this regard , measuremen ts have indica ted that curren t nozzles frequently do
not deliver their rated and advertised flow rates (e.g., defi cienc ies up
to 40% are common)
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I ~ l’RO RMI StTM~4ARi ANP RECOMMENhA I’ I 4,I~’~S

liii ’s’ ,, ( i s  to t ’ s ps F t  111 s’llI . It ) I hi I”\’ “.~ 1 I ’ l ts s ,r.tl 4 . t a I I d  s’li t I to o  th is

(Ii l’s,’ 11 4. 4. s ’II5 o f  I lit’ 
~ 

I t  I I ~‘u “ s I i t Ill s

• F i r s t , t t is ’ ’i’ t ’ i s  , t ’l’.’,’ l ,i I s l t , I s i l 1~s l ) t  ‘s . i t l i  l , i’ t  \ t l i l ’ ’ l— l i t s s I l u l i

ob ~t’ C t  ‘s t ’ s aIld ru’ s’ tsI lul l t’t ld, l t  I s ) I t ~~ IS i s  1’t - , t t s ’ d ~ti Ills i nt rodus ,’ t s .i t ’ s
li’ l l t . t t’ks to t h i s  1 5 . 1 1 ’ S 5,’ t l l I ( s I t l I C t  i’v Pt . b1i t l s i t l , .151 \ i 1 I l s

coo l  t i ’,,’ flc’,’ cotie s’ntrated oIl ‘s.’tiat 1.11 4. iii ide (1 to hl14O~t I I4 ’I’A t s
qu es t  ions al ’s ’ ut  b l a s t  m od i t  l i i t t l t ) ! l S  I t)  th t ’  I i  l ’ s t t l l t . i t I 1 0141
nuc 1 t,’j r di’ I. t ’Il,I I i oils . lii i 4. ‘, sot r , ii., i4 :I ’ ii .I s j s na s s ’ Ih 1101.’ Is ,)

sjb t.i j ti Ills ,i l lS’ss t’ t ’4. ¶ 41051  it ? ( s , j t ’ l it  l’s Ilil d 5 5 1 s t  s l i t  i t ’ t i s I V , At
the ’  I I nis’ of I hi s c o t u t  ore (i t s , t ht l”\ “ 0 p I t ’s , I .111 0 ,1 ‘ 1 114.1 it t  —

p in tl i tup ; the ’ r e ’ t s ’ t s  , th e re 0 5 1 ’ s’ 11,4 I i  s u I t s  t o  s , t l i 1 ~ .1 t bI,lil ~~u

in d i F e c  I i ott 01 5’O~ llii 4’ S

o Set ,ond , w i th ill t hi’ I’ r 11145 0 ‘,irk 01’ .1 0 F I s 1 s 1 I~ ’~ a t  ion i’I .111

(I)CI’A ’ s I i rs t  opt i o f i~ , SO’s’t ’l’,I I qt t u~st i ’hl ~. .111th de ’~’ 10101) 5

ulust be (‘OSs ’ I V s ’’,1 prsilnpt lv . A work  in~ I j o t  ~~ I lIt ’
(lii ’ i t  it Ii’S , t’qti i 14105 11? , and (‘s ’ t ’ I s l  s’ t hat .5  I t  l U t i s t  d t o  i’t

c r i Ij c a l i ~ is ~‘.Ir.itooull t to I’s , i l i s t i c  t h j f i k i I l 5 - .ibt’it t (lii l i i i
prohls ’tn 110(1 c o u f l t ( ’ l ’tl l s ’ 5 t s t I I ’ s ’ 5  I s ’ 0 i l  j , , t t t  t i l t  t l i i t  I t .  Ih i s
l i s t  should hi .t ’ s , ij l , i l , l t , ,lt l e a s t  in I ’ t t l i n i l i , I I’ s  lii 111 , iii

t ime I s I F  the’ F’’t’ ~ L1 pI tlp  t’ .io,. A r  c - i  a tod pt  ,‘i’ i t  111 0 oIls ’ u l’!ls

p r i o r  it it ’s in I F rIlls ot  the I rae t i uiti oI .111 s II I s i l  I t s i,
focused 011 the ’  e l l i s ’ s .IS .i w h o l e  ‘ s e ’ I s U S  

~ I’~~ 
i t  I~ ,I t t s t l t j o t l

It )  the 1101114’ s ’Il 1110 t I l t  i s - a l l i s t ,  (‘lit . i I I. 1 1 \ S H  s I  114
f i r e — s p r e a d  l t ’ s) ll l e’l can l’s ’ plea t h ’ s s i l Ij I i t  i. .1 I t  t i l t  11011—

cr it I c a t  s t r u c t u r t ’s ~‘ an 1st’ lle’p l  e u ’ I s  it 5, 
~~~ ~‘l’ .~ b’ I ‘s ~i~ I It ’ t I ’ , ’

of it c it v t o !  1 s ill t li i s  tionc r i t  i ~.I I ,it s t O  I I ‘
~ .

o rh i rd , a compa ri son o I the F t C  t ’ I’U 115 t ide d and .tc 111.1 1 und i op
f o r  FY -‘ q shows the [4 [‘Op t’aiiu I 5 pt It i tip 11101011. l’s .1 t .i b o ut

‘
~~~~

“
~ of the or ip ina l re’conuuc ndat ion;  conse’que’t i t l~~, l~~t s s t  0 1

the work u n i t s  are conitienc ing at t’edus’c d  s p e e d  ,hf l t I  55 ’’, t ’Iii l
p r o g r a m s  w i l l  not s t a r t  t h i s  v t ’ ,ir. O h ’ s ’ i o u s l ’ s  • [lit ’ l 0 i l s ’ S tO I i l.
accomp l i s h me n t s  must r e t  teat in pro1iot’ t 1 s,’Il to t h~ s hort I a t  I
in the budg e’t , and the p r i ori t is ’s in t t it ’ F \  ~~ p1 .- p~~ao 1411.1st

al l ow for bo th the unf iii i shed (‘(‘ c requ is i t  s’S .it id ii hlud pe’t t ha t
a l so  may be loss than Opt ItliUflI , This  I i scat cons 1 t’.It t)I t’uilI4ll.i

s i z e s  the need t o t  a pronupt d e c i s i o n  on t he sc s.ps ’ qu e s t i o n .
When the rev i sed  FY SO program 041 5 a ssem b l e d , an aust Cl’ s’

budget was assumed ; therefore , the pro g ram presented in t he
in troduction cannot be achieved fully in addition to the

*Cri tic al in the sonsi’ of survival , national ‘s’iabi l i l y ,  con ti n ltit v of
au thorit y , and econom ic I’eco’s’s’t’y .
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j
~li t 1.tflded l t ’l’lI’i.i l)t ~ I 1 s ’ i l I  h’ ’i ~~. is) i’ t’dut.’ t I l l s  I I s ’ . .t I  s t  Nu ll ,
the  I

_
t i  s sll ’.i!le’ I l t t t’ t l  l ’l’ i u ’I’ i I i t s  115511105 ’ l i s s  0 1 0 1 1 1  t s ’1.is ps ’.i l s  t l i . i t

( ‘ ,‘s U S  i s t i t 1 . 1 t 1 1 ’ s  011 Ilit ‘s ( i Illt t , i l S i h I t ’ s ’ t I  c i  i t i s ’ ,iI I.~s’ i l i ti t ”
lOtl i’, t ’ s  l’c ’o i l e’

I’lit pt ’ s ’ p l~~il:1 t ’ l t l l l s  Il l s  I t ’ s ,’ t ’1111’lt t ided l~~ ’l 1’\ ~‘O .111 ’ .! I \ “I a t , ,’ 4.0011101 t ied

iii r~ hh”. IX — i .lI1sl l X — .~, 1 ’ sl’ t ’ s ’ t ( It ’ l l .  l’.usks , u r s ,  gt~ ’ii1’s d  5 ’ ,  c 5 ’ t d i n ~ , t o

os ’ t k ’ .h o1’ t s ’ ( ’ l o S  t i . s . ,  i ’.llIl .Iti 11111 05 i,il,” )  ( ‘ r i s st ’ it I t s  ‘ s . t t h i t i  Ii groUp .it~

ind~ c a t ~~1 ill s .lp I t . t l l s t t t ’ l s C OIIIII1C’fl u’ i l l s , , O i t ~~l :\ .11” t i i5 l1 t s 1,tlt ’ S t  1 ’ t i s ,’ r i t ’ s

S i t u ~ c pr tot ’ i l’s c ~‘l1l(sa r So ns hi b een gt  out’s ps ’tls ’ Ni I l’ s ,lls ’ di i I i e U 1 1 , a I 1

p r i o r i t i es  01 a p 1 1 0 1 1  l it te r  ar t ’ assumed equal Uflit ’ s ,’. the rt ’sU I t s  ( l’ ’,’l1:

s’Ilt ’ Oor ks ils’i’ or group .t Us ’ [‘Fi’ requ i s it s ’ to d ie i s i oiis and p 1 ann i np i n

allot her.

Ill I sO  s ’t f utut’ ’,’ unoei’ t a  j o t  i t ’ s , it 40’t V 4 . 5 5 1 4 1  p l s ’~’.LilIl l ’tuous t~ I a ’ s

5 ’ut a n iut t i vear  ~‘t ’ogra~’; h ow e v c r , the intent is t o  r e f l e c t  t s ’c hn ic a l

115 ’ ed s rat h. t’ t h an  po I i  t i ca l  t rends and t o  i’s t ab! i sli l’C,’.s ’ .I rc h p0.1! S ni t  11-

iti ,i 1 j ot’ I t onic’ c onilue osu ra ts ’ w it Ii the pe rc ci ‘s’ed lIet’d s •

I n iti a l Fire Distribution Afterbi as t

Work ~roup I reaffirmed the Import once’ of thre e ot the pt’opi’on~
areas in the orig ina l FY “9 and 5,) li sts, natut’ t ’ s

• Ihe’oi’ct ica l and experimental studis’s of e’xttnguishnient and
enhorict ’nst’nt ot I I re’s h’s blast jut tao Ii ens

• St ’c s ’ndar’s f i r e ’s produced t’s\ a nuclear detonat ion.

• Ignition thresholds for la rge area mixed fuel ‘.‘ent’i gu ra t it4hls.

Fhe b a s i c  quest ion raised by these elements in p a r t i c u l ar  ,tnd thi’ ‘

u ..’ n f t ’ r e ’nce in gene ral is ‘‘where ore the fires ,’’ i.e., what cond itions

ot fue l and env ironment cause pt’tmarv f i r s ’s to pt’rs i st and soconslal ’v

i re’S to develop after the passage of a b las t  wa\ ’e A lo ng—s t a t i d ing

qIlt’s I ion cot ice rns  the relat  ive Importance of the pt’Inia r~’ and ss ’cot idat ’ v 
k

fir e s. In the Five ’ C it y Studies , which neg lec ted  b l a s t/ f i r e  int rac t  ions ,

the primary fires predomina ted and received most of the attention then

and al s,,4 at the coot  e’rence.

Fhts ~upe r io r iIv is not assured when blast e’I’t s’cts are’ inc l uded ;

therefore , the secondar~’ Iit’ c’s should not be comp le tel y bypassed in

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ._L~,_.,_.__ iI,~_ 
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’’. ‘‘I S 1 p11 1 ¶ I -

I I I  l~ ot t  t h e  t .t I i t ’ s  n ~ ‘ i k s ’ ? P5 t is l . i  I I ls~ I

I It ‘s. I l l s , 1. I t lt t l it ’ • ‘ ‘~~~‘ h i ’ . I 5 OIl I 1 1  t s : u l I .1.. I I I I I s “ .5 lid 1 l it l i l  ‘ ‘ I I i s .  S
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,I~~ I’ ,t s ’r, I I I — is . l’ht ’ c ~‘ tu ~ t I’ll I s ’ I I • ‘ ‘. lilt ’ III t . u l 011,1 s , ’I’ l’’ ‘ s I t I , s 1 .11 , 05 s ,‘~il .i

t s~ I t  II 11111 i t  It  - i i l l s  .11 t I 01  1 l I c s ’II’i lIp ‘ ‘II I Pt s i l l  I l ’ s sh t I  i t ’ s  s I  ‘: 1 ,i~~ ’,
1 1 1 0 5 .

‘tI I ht ’iip ii i ~~~~ I i  on I s shs ’ l s i  ‘ , ~,1 ’ s ,  .1 1 . 1 1  ,‘Il, i~~ p O t  I CII t P lu l l’ s I s ’I

11 , 5 1 ’ . 1 .1) 1 .1  1 0115 , t ilt ’ 1’ ’ , 1.5 ,111 1 i OIl st ‘,lsi I t ’ s c ,l11 l ’ s t 1 t  1 s.~~ ‘ I I I 1 1 Pt ‘ -

t t ” l l l t s  s ’( ( l i t ’ ~ t i l i ~~.i l I, t s i l t t ’ ,  ‘ s I I I I l t I . l l’ i l i l’ s  s l it i l ’, is  5 5 1 1 ’  1 ’ t 5 5 1  5 , 1 1 1
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I 01 Illt ’ 1’l’ 5 5 1’ s ’S t ’d ‘ O s ’ s i s ’ l 1 t ’ 1 1 o r t  s i u s ’ i i ICI s ’ s ‘1 11 15 ’ l Iet ’ I’ S :  l ’ s  Ill 1 \ ~~~ t o  l’s’

10 .15 .1 ’s ! s ’l I lit ’ SlIor’s ’L I t ’ ” t  “..

the’ 14 1 0 5 1  1 I i ’s’ ~~l s’t l l0 il l  I~~~( 11 51 ( s ’ll 0O’ S lilt ’ 5 , 5 1 1 5 ’ n I ’  01 i t ’ s  .11 plll’ It ’Ilt ‘.

is  I \  ~O • WI III IOi~ I s ~il il l  c~~I t olls 1 ‘,‘ll t’ • I iii ’ st ’s’ s.’Iid:ii’’s I t I c ’S  5 ?  f is t ’ s ill s I  I —

I j .’ .11 I lls, ’ it It it ’S I S 55  s1.iIII t’ t l I h i t  ~lis’d ; tOo  , t lit’ 1 :11 i’ 1 5, I • C • , I’ s ’s’ I s Ill’ 
‘5

Mi ‘1 ‘s L ,i  SI 1 e’ t 1 e’ Id  I i’S t tl~~5t ’ I V  s’S :1 IlitiC li l~ t F p i ’ F i t ’ Is.1 Ct 1 01 I I li: t il t llt~
1.1110 ! Is.’’ t~\ 011 t e ’st

*.I . ~‘ IcAu I it  ~s’ ,ttu ’ ,l K, M’.’I L , ‘ Ss. ’c ‘.‘IlsIa I lg n i  t I otts I ti Nu’,’ t~~~t At I :‘.s,ii. ,
s ,
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B1.u - t  - Siis~s k El I t O t s  ‘ I I  S t i  io b U t ’s S

UI,, l’~ ~ l’l a ”t /l 1 1 5  I t  I’~ ’~ 
5 O l t i l , i l

~ I o t d  t ha t  -s ~oi nt s,I t o r t  ht, t ’o s, s l l

.~ 1111(1 J n;is r e q u i r e d  t o  d s t t r u u l i l l e  t he  d e b r i s  l ie - I d  d c - t a i l

Ils s ’ t l e d  I’ .s l ’  ths  I i re  ‘. p l t 5 id  ca l c u l , s t i o r i s .  A s  t i n te d  i ’ s  I lls 1~~ ’9 ~ orkshop

t h i s  1111 s ’i’’’ . t t  ‘.00 i ll”  1011 i’ s Cfl l,rth com i l_ I,, and ,i l lo thrr  l e a r  shou ld not

sc 
~I ’ .  1 1  I I rs- t i e  quest  ion is re s o l  ed . A ppcnd ix E conta in  ~~s5I1 e ~ U pgL s I—

b u s  F~~p : l l s i i l I5 , ( ii,, sit t a l l  I ’c q l ~l I r e d  Isil ’ Il l’. t t ) I ’s l- s, c , i i l l (  I U t U I ’ e

In i t t  a 1 lit, r i b  i 1 i t ’ s’ r,s t I lIt. lII’Pi’ O l t c  ii t ci t - I a! U I’S t i  I1~ I Iii. p t t  I Ill i ~S 1

1 0 5 5 e  5 01 c r i t  I c ~i 1 1 oc iii t i e  -“ , equ i p ’ ’ s l It  , ,snd s upp 1 I s , ~~~~ r i rtc i ‘15 I

1 , i s , t s i ’S il’ s’ i I i \ ,’ l ’ s~~ :: j .i ’5 t he c s ’ l I ,hu’t : ib i l i t ’ s -  01 t h e  s t r u c t u r e  and i t s

C s ’Ii t e f l I’- ,itid ~b)  liii a b i l  i t ’ s  s f  I ll s  s t r u c t i t r o  t o  re u l a i n  s t a nd i ti t..

F’i I’t d511 ’-,.14,, is 1110 ,51 I Ike  I v  t o  ot.cur when a c o mbus t i b le  s t r u c t u r e

Co 1 I 015 5 5’ S so t hat the (I o n e s  ,s rt, in i ut ima te c 0111 ac r, ni lii t lie ‘ s i  to I con—

t o nt ~~— — in e,’ ui t l ’ ,t s I  to  .i st andi tug s t r u c t u r e  i~l~~ t i  m ost 01 t h e ’ h e a t  remains

,iPo’s t t Ito c s ’ I I t t ’li l s . l~~o ds pros ’ s of dOnlage would proba hl  V ~ UI f i ce  10 1’

t i i ’ .  vu lOt  rob i Ii t~ r a t  ilip . l’he ’ number 01 l’s pe s of industr  i ,il and Ut Ii lv

s t r uc t u r c o  required for  the an al y sis rot ~a ins  t o  be e s t a b l i s h e d  but the

flh IIii1:IUuII w ou ld  not be l e s s  than three based on the t v p  s of  na i l  s t t ,’uc—

l u r es  ( i . e . ,  load hear ing w a l l s , f r a n~e’ s t r u c t u r e s  w i th  s t r o n g  pane l

. t t t . iehn ~ ’nt , and frame s t r u c t u r e s  w i t h w eak p~1l1e’l a t t a c h m e n t s ) .  We hope

tlu,i t th es e - ques t ions  of  c a t e g o r i e s  can be’ re s o l v e d under Il_ It, ’ cu r ren t

Work L’ tu i  I ~~t -4 C . However , t he dc tenn ina t ion  of o ’ s ’ c r p r e s s u r c s  for co l

lapse of the various c a t e g o r i e s  would be u nder t ,’ ik’ .n in FY ~O under T ask

1 1 — A ,  “b l as t  a n a ly s i s  of individual s t r u c t u r e s . ”

T,i sk L I—B , the initial b la s t  ; t n , i l y s i s  of a c i t y  comp lex (al Icr—

natel referred t o  as a “Rough cut d e s c r i p tion of the debr is  field” )

involves simil ar questions abou t the required d e t a i l  • As indic ated in

Append ix  E , the ex i s t i ng  IITRI and IRS models t r e a t  fou i’ ty pes of t r a c t s

or c i t y areas : residen t ial , i n d u s t r ia l , conmiercia l, and in stitutional.

Theref ore , such ca tego r i c ’s could s u f f i c e  f o r  the type of debr i s .  The

FY “
~~~ fire/bl ast report recognized s ix  degrees of damage rang ing f rom

an undamaged structure to an essentiall y continuous field of debris.

5)5
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, s , ’ l lS  I s i s .  1 Ill~, t h~ ‘
~~ s ’ l I, I I ILSI ! is  cl i I i t s  s’ ,i~i c l i ’ t  o’. t d  il l 1 1 1  I l I t  ‘

~~
‘ l s .  ,i si

:~,os ls ’ 1 , th e s e  ‘s~~\ s i , 5 ’  ,i ,, l c ’ s c l s  5 5 ’uld l t  s s ’ ’’ t ’IIIIcI t o ls ’ Il ’ , t h I s . , ,  1 ’  I l l s .

5 ’ u s , h  cu t  sit sc 1,1 pt  ion :

• ~- t .itid i lig st I l l s ,  til l s’ S 1 1 : , i t  t lut ’It I, 1 ,1 po~ 5 i I i s  I, I is. I t ’I 1 0

I l l l, i l l s ,  5’ 1 .151 l i t  i ’ s  s I t s  i t  It  ,i l l’ I  t ‘ 0 i ll s ’ I ls ,  I p l l l’ s. s t  il ,, S t I O s  —

t u : C ’s ( 1  s. ‘s t - 1 s 1 t h~ ,‘il s ii I in R5 . 1 ‘5

• S t  (‘ 110 t Il l t s 1 !I.i( s,’ o l 1,11’ ~‘ s t’II I lit 1 1 0011 1 c ’U lls,l ,i I i s ’ll ~lc .5
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I l ti lizat ion of Five Cit y Results) receive first priority in FY ~U be-

cau se they lire desi gned to provide pre litninary evaluation s ( i .e . ,  within

~i year ’s 11 1 110 ) of the fire threats to typ ical American citi e s and cri-

tical faciliti e s as outlined in the workshop report.

‘two fac tors l inii t the results that can be obtained wi th ‘h ’ ti sk Ill-B :

• The inheren t limitations listed in A ppendix E-- p art icu lar ly
the lack of provis ion for blast damage’.

• Fl ow well other cities can be simulated by a suitabl y wei ghted
composite of the five cities surveyed for the ori g inal data
hank.

Tasks Ill- A and C focus on the critical facilit y problem from the

two points of view described in Appendix  E , i.e., the firespread scenario %

versus the fire vulnerabilit y rating . ‘the results of these two efforts

should clarif y the approach tha t is most effective for the CRP option .

Actuall y,  the two e f fo r ts are no t comp le tel y ind ependent since the spe-

cif i c Inodel needs critical-resource fire-vulnerabilit y information as

one of its inputs.

In FY 51 the emphasis turns to a generalized mode l that can accom-

moda te the f ire and deb r is d ist r ibu t ion informa t ion from Wor kshops 1 and
2 and provide a general p ic ture of fire spread or couple fire environ-

ment inforuui ation into the compatible specific target model to y i e l d

-
‘ 

detailed results. The generalized model involves a substantial effort

con ti nuing ove r seve ral years and should receive grea ter suppor t in the

off  years when the budge t is not s t rained by the Mis ty Cas t le tes t or

other field tests.

A f if th task , “CO Produc tion and Mobility, ” has been deferred beyond

FY 81 because it (1) depends on the fire p icture generated by Workshops
1 , 2, and 3 , (2) becomes an inpu t to the “generalized model” and (3) can

be c i r cumven ted by sui table CR1’ arrangemen ts and countermeasures.

Countermeasures and Intervention Strategies

Log ically, the main implementation of the Workshop 4 outpu t beg ins
when the threat has been defined sufficiently to permi t an evaluation of
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countermeasure effectiveness. Consequently,  the F? 80 and 81 prog rams

show a very modest effort in this area. Workshop 4 recommended seven

projec ts for the initial research program ; three of those have been in-

cluded in FY 80, one in FY 81 , and the remainder deferred .

The highes t priority was assigned to the list of essential irtdus-

tr’ies and key workers , Task IV-A , because this information is urgentl y

needed by all four workshop groups. Ac tuall y, the determination of such

cri tical facilities and workers goes beyond the mission of the blast/

fire program since it is a vital consideration in the total crisis relo-

ca t ion p lan. Wh ile the task is listed in the F? 80 program , the aste-

risk indicates the work should be performed at a higher level in the

overall CR1’ program ; the funds have not been included in the FY 80 total

estimate. The timing for Tasks IV- B (Site Selection Criteria for Key

Worker Shel ters) and C (search of DAS 1AC Files for Field Test Evidence

of Blas t/Fire Interactions) is not particularl y cri tical , al though the
blas t/fire interaction evidence from old field tests would be mos t use-

ful before all the questions have been answered in the shock tube expe-

rimen ts.

Before countermeasures are discarded , it is desirable to have an
unbiased procedure to evaluate cost effectiveness. (App lica tion of

Compu ter Simulation and Decision Ana lysis to Blast/Fire Countermeasures)

Task IV-A in F? 81 provides this procedure .

Program Planning and Review

Program element V-A provides for a variety of service functions

tha t include the contractors ’ conference and annual report , the prepa-

ration of background statements , and a general surveillance of rela ted

blast and fire activities such as the training fires in downtown Burbank

and the destruction of Lark , Utah.
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‘lab is’ IX— I (Pont ‘d)

( [ I — A  Pre liminary Ana lys is  o l  Fire~ V u lnerahil it v
of Gr it, i cal  Resources

[ 1 1 — B Increased U t il i zat i on  of Five City Results 51)

1 1 [—C Target Speeif is .’ Model for Grit ie~’.l Resources 80

I V—A Di’ I’ hi t ’ Es~ et’i t La 1 1 ndust r Ii’S and K~~v Wss rki’ ro 10 1

[V—B Si to  So I oct ion cr it or ia for Rev Worker Shs.’l t ors 40

IV C  Ss’~tre ’bi of l)AS I AC Film Fil e for Field Test
Evidence of Blast/Fire Interactions 30

V—A Se n s i t i v i t y  Analysis/Program Planning and Review
(includes contractor conference and observations
of ather burn programs , e.g., Burbank , Cal i f orn i a
and Lark , Utah) hi)

1270

*Pr iorities are indicated by the capital let ters in the task designat ion.
All A ’s are equal first priority, B ’s are second , etc.

+Although thermal radiation source development , as an adjunct  to shock-
tube experimentation , is mentioned as a part of the program developed in
Work shop 1 (and is included In Work Unit 256411) , it was not s pec i f l c a f lv
listed among the recommendations of that workshop. To provide t imely
support of t he shocktube e f fo r ts , this development also merits a high
pr iority (see’ footnote below) .

‘t S ince the time of the Asilomar meeting, t he Misty Cas t le  t es t  p lanned for
1980 has been cancelled. Therefore , any funding planned for this task
can be deferred or (preferably) used to develop therma l source’s for
shocktube studies.

1’Task IV—A is vitall y needed but it is not within the miss ion  o f  the
blast/fire program and is not included in the total cost estimate .
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Table’ IX—2

FY ~l BLAST/ FIRE PR0G }W’1~

Task Work Unit i’ i tle Futiding

I-A Shock Tube Stud ies  of B l a s t - F in ,  I n t e r a c t io ns
(Cont inued from FY SO) (00

I-B bOO-Ton Misty Castle Verification Experimen ts 201)

I -C Theory of Shock Fire Interactions 100

I-D Experimental Verification of Doubtful Ignition
Thresholds (Large Area-M ixed Fuels) “0

Il-A Ver i f i ca t ion  Experiments (Misty Cast l e )  on
Structural Response 400 ‘

Il- B Anal ysis of Individual Structures 100

Il- C Comp lemen tary Blas t Studies 100

Ill-A General Model of Fire Spread and Threat 200

IV-A App lica tion of Compute Simulation and Decision
Ana lysis to Blast/Fire Countermeasures 100

V-A Program Planning and Review
(includes con t rac tors ’ conference and contac t
wi th other burn programs such as Burbank ,
Californ ia and Lark , Utah) 60

1 440

~~Prior ities are indicated by the capital letters in the task desi gna tion.
All A ’ s are equal firs t priority, B’s are second , etc.
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DgrACHABL E SUMMARY

Fire from a nuclear weapons attack is a direct threat to the popu-

lation of the United States and an indirect , long term threa t to national

survival because fire can destroy the shelter , sustaining resources , and
industrial machinery essential to economic recovery . Unresolved questions

about interac t ion between blast effec ts and fire ef fec ts preclude any
reliable estimate of the incendiary outcome of a nuclear attack on the

United States. As such , these uncertainties are a major obstacle to

defense planning and they interface with national security policymaking

at the highest levels.

To rectify the technical defic iencies in predicting the incendiar~
outcome of a nuclear attack on the United States and to formulate a well—

direc ted program of research, the Defense Civil Preparedness Agency con-

tracted with SRI International in 1978 and again in 1979 to convene a

conference of authorities on fire and blast , structural response , and

related technologies . This report covers the proceedings of the second

conference , and it describes the early—on activities of an optimally funded

program of 5—year duration , whose objective is to achieve an analytical

method for reliably predicting fire behavior and incendiary outcome .

Within a framework of crisis relocation planning , several questions

and decisions need to be resolved promptly. A working list of critical

resources is paramount to realistic thinking about the fire problem and

countermeasures to mitigate the threat. To avoid delay in strategic

planning, this list should be available, at least in preliminary form ,

by 1980.

A comparison of the recommended and actual funding to date shows

that the program is getting under way at less than 60% of the original

goal as urged in the 1978 conference. Accordingly, in assembling the

revised FY 80 program during the 1979 conference, a somewhat more austere

program was acknowledged as a more realistic goal. The focus is

-
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restricted to vulnerability of critical facilities and resources and to

the threats to survival of key individuals. This program is nonetheless

consistent with the broad objectives of the program as laid down in the

first conference in 1978.

:1
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Appendi x

SOV IET  TAR GE T I N G STRATE GY
BY

WILLIAM T. LEE

&th the (IS and the USSR reject In it iat io n of nuclear war by an “out— of—the—blue ” surprise
att. ,,k as an instr ument of nat i ona l policy. Both expect nuclear war , if it occurs , to arise out of I -

a cr isis. At the same time , each superpower suspects the other of harboring dark designs for a
surpri se attack should the circumstances appear propitious , or if some desperate and reckless
leader comes to power. In all cases , the “bottom line ” is how each superpower proposes to use its
weapon s : What targ ets are to be attacked? What degree of damage is to be inflicted? What are the
politico—m i litary ob jectives , i f  any , of strategic nuclear strikes once deterrence has failed ? -j

Public discussions of such matters in the US are dominated by two percept ions of how the
Soviets would use their nuclear weapons . The most prevalent perception is a “mir ror image” of the
US “assured destruction ” conc cp t; attack US cities with large weapons to inflict as many millions
of casualties and as much damage to production facilities as possible. The second , less prevalent ,
perception stresses the danger of a Soviet attack on US strategic nuclear delivery systems — — ICBMs ,
heavy b ombers , and subma rine—launched ballistic missil es (SLBMs) in port — — while withholding
strikes on our cities to see if the US would capitulate after losing most of its land—based strategic
nu clear forces.

I n SALT , th e US haa sought to constrain or reduce Soviet forces so that they would be
effective only against US populati on and urban infrastructures. Thus , we have tried to limit the
number of “he avy ” Soviet missiles that threaten our land—based missiles while granting the Soviets
numberical advantages in missiles that are effective against US cities and other soft targets. The
Soviets , on the other hand , h ave held out , very successfully, for high limits on both “heavy ” ICBMs
and total “strategic ” launchers while avoiding specific constraints on missile characteristics .

There are two essentials to understanding Soviet performance at SALT . First , Soviet targe ting
strategy differs from popular US perceptions , more so from the purely countervalue perception than
fr om the mixed counterforce /counter value version . Second , Soviet strategic targeting strategy
ap plies to both Eurasia and the United States. While we equate “stra tegic” to “intercontinental ”,
the Soviets do so only in the context of SALT , where accepting our definition of “stra tegic ” is in
Soviet interests. To the Soviets , Europe and adjacent areas in Asia are of equa l , if not greater ,
strateg ic importance than the “t ransoceanic” dimension. Both Soviet targeting strategy and the
Soviet concept of strategic dimensions have had , and probably will continue to have , much influence
on SALT negotiations.

SOVIET TARGETING STRATEGY

Sinc e World War I I , th e Soviets have consistently argued that defeat of an adversary ’s armed
for ces is the first and primary objective of military operations in a nuclear war. To defeat a
nuclear—armed enemy , it is necessary first to destroy his nuclear weapons and means of delivering them.

One of the most authoriatati ve public statements of Soviet targeting strategy was made by the
Cosinander of the Strategic Rocket Forces (SRF) , Marshal Krylov , in September 1967. (Krylov was SRF
Commander from 1963 until his death in 1972). Consi stent with the view that even a nuclear war should
be conducted for positive ends , Marshal Krylov stated that the objective of such a war would be
“victory ” for the USSR. According to Marshal Krylov , the principal targets of the SRF would be the
enemy ’s deliv ery systems and weapons storage and fabrication sites; military ins tallations; military
industries; centers of politico —military administration , com mand , and control.

This listing of targets , presumably in approximate order of priority, is designed to f i ght a
war rather than to retaliate against cities . It has nothing in coimnon with “maxim um—fatality ”
targ eting and is not consistent with any simple “assured—des truction ” objective . The list is , however ,
consistent with the damage—limitin g misSions of Soviet forces , and is consis tent with the “vic tory”
objective interpreted to mean survival as a national entity, and postattack recovery ,

TREATERS OF MILITARY OPERATIONS

The general princi ples of Sovie t nuclear targeting strategy must be applied in specific
geographic areas of strategic military operations. The targets located in each geographic ares differ ,
and Soviet politico—military objectives are not identical in all potential areas of conflict.

Reprinted from American Strategic Defense Association Newsletter.
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NE STKATI’l.II D f- IIATE — —  SPRISsI l~~1$

Wil liam , “- Ir ty , Sr .

“the ‘I’hie,’ lo~~ ~f St rat t~~~~
- ” b.’ Ilcnt~ t’t’ot imenko • his tur ta ,t atid his’ad s it the I” s ’ t - e i g n  Pol ls v Depart —

memit ‘f the i’SSK A ,’a,hemv ,‘t ‘C , i ,’n,es ’ Inst Itu te s i  he I S A  and & ‘
~~miada ORE S , Fall  1 9 17 ,  Them,, :

Am,’ t I,’ i ’ s cv , ’ lv im ig f ’ ’ ~Iv - - t st rat .g I sIs ’ ,’ t r Inc has hi-en spawned Ci, ’ t  itt red I (mi t it terms hut univ by
t,i I (hi 411,1 liti ,(ii ,,,i t I -n it ig be l ie f s , C_ C , S - strateg ic dii5 - t r  ines have c P,iinged lii res pons e t s ’ the gri ’w Pm
,‘! Sovi e t r e t a l i a t o ry  fu ’r ,’ e- . fr,,s “mas sive rpt a liS t i ’ .it t” ( lS i ., ’, — l s l t,itt t , ’ disarming ((rat strik,’
(l’1b0 1’(705 to limited strate~ ic strik es (sine , I4 ,’sti , ~ h t Is ’ii Ii i ,, 110W l’,’en ~ ‘di ( ied to Ins’l ud.’
,s’ nut crC ,‘ts s’ w a r t  Ight tug. As itoc Cr liii’s ch anged , s,’ d 1,1 CXi’u,’Cs ’” C ‘ C il’s. Am, t’ I ,‘ati at rat  eg ic

we a po nry . ‘Ils,’, miew Amer Icatt I ee hnis ’al id eas , sus hi as ABM , gen et.I t ed new d,is ’t r in,’s . Hence , in
the U.S. , weap o ns d i ,t a t e d  s ho ct r i nes , not do c t r i ne s  d i c t a t i n g  ws ’ ,ips iii requ i r e m e nt s .  The aut h ,’r
clai ms Ame ric a ’.’ ruling el it e pr opell ed an unneces sary uit’m,, r i S e by fals,’ ,‘latms, s’f a bomber gap
(mid”l’i~ Osl; a mis si le gap (early 1960s); an ABM gap (lit,’ I9bOs), a th r o w—wei gh t gap (early lQ iO st ;

now i t  ts ,i c (vi l defe tist ’ gap. S,’,ui , th~ s,’ will he followed by is misaile — accu ra cy gap and ii
J,’tem - r .,’ii’. t ’—p ot emit tat gait , As t r,’act ion , th e S,’s’i u’t ttrii,iti ,‘reated .i “retaliatory str Ike
capabilit y ” and th en i its ’p ml we re t~ik,’n ts’ imprs’s’~’ it s c i v i l  d,’t ense swa t em , Acc ordin g to the
auth or • the 5’s’ let tl ni,’n: rs’ l s’,’ta the f i r s t  — s (r ike ds ’,’t rim,,’ .’ do,’,, u t  ,‘t ’ ,tsId ~ r “the enur~~ius U S ,
civil deletise programs ” a securi ty threat —— nor is i t s  own ; contend s m i l i t a r y  s t r e ngth ds ’ ,’s not
aut oinatIs’,iIIy translate in~,’ politic a l power; agrees wit h those who think ,i limited strategi c war
would h,’’ome an all—out urban *nd industrial attack; is stir,’ this ’ 1’mohlem of national s,’cur itv ,‘an
be solved throug h measures to limit and reduce armaments. Co~~ ent : & ‘,tm(t ,’ 11$ at t emit i,’ii for views
seen I hrs ’ugbi a dii erent lens . Res’o~~eu,hc’sl read lug not “ml ] V 1.1 what C hic Sliths’! asserts and
d,icumetmc s but ,ils,’ .,s good sent a I caere Is,• on what this ’ asit hor s te e r s  c l  ,‘ ,Ir ‘C -

“ Sa r I ,‘r P!,,v’, With Fir, ’ _ ,— Cibse,i s ions W i t h  Nuclear Str1 te ~y ” by Al a n W ol le , t s r ton, September
1977 . Theme: Amen 5 .i has few opt ions ,sn wh icb t to base i t s  nut - l ea r s t r a teg Y and t hi s c reate s art
ohse~sts ’n in ni Ail m in is t r,Cis ’m , t r y ing t~’ find a middle ground th at isn ’ t ther,’ . The l97 ~’ report on
nucl ear u ’ pt l , ’ns d, ’v ised by the Congr essional Bud get O t t i e s ’  (CBO) prove s a point it msev e r w anted t o
make —— the re .ire no s,’ r iou,i opt ions ; eit het s ins ’ plaits t o  us,’ nut’ te ar Wt’aph t m imi s, ’ms ’ d a y  ~‘i otte does
not , There is no in—between that is t o l e rab l , ’ , C B f ’s three s t p r t ~ ’miti arc bas i c  to .imi v d e bate.  First C

is “fi n I t e  de terrence ”, a minimal strateg y s it only a reta i l istory attack on t i s’ n— mi l i t a rv  t a r g e t s ,
whi ch allow s the ean ,’eUat ion siC the B—l , t he h~ ICIIM , and cruise m i stitl ,’s, A lso , a l l  three
component s ot th ie tria d ,- ,‘ul,l be reduced, at towing more funding f,ir s ’ s ’u s’e ti t ion~~I ,it ’cs •s. S,’cond f •j
“ limi ted nuclear opt I ,tCts ” , reall y I m ite ,ieterr ~’iics’ plus a capS C ItY ( s ’ wagt’ 1 “low levt’ l general wa-

wi th  mius lear weapons ”, il loving ,‘uimu’ ,’ I l i t  Ion of th e N—I and MX h,,t re qu iring depls ’vmm’nt of sea—
[aunt -h e’d cruis ,’ aissi I,’s , advan,’s’d inte rceptor ai r ,-ra f t , iCC,I impr,sv e’d warn Ing systems . Third is a
s i C  it .’gv of “e ssenti a l equIvalenc e” hatse,l no t on m i l i t a r y  assumpt isttis hut ott psvcho ls ’g i- ’al ,‘nes
tha t I ,‘ s,v ,’  in’ ,fos u t ’t the 11 .5 . wi l l  con t I m i s ’  C ,’ ,,ss,’r t its Ws ’ m Id (‘s ’S it ion and r,’assui re i t ,-. a l l i es
Amer ice will mcs’t i t s  coemi tm,’nt S . r equ ir it tg s t e v e  lopms’mit of (Ii,’ N— 1, ~~~~, ht,i iding Tr ide’mi sub—
mar Inca , and incr,sa s ing the planned Inv ent ory ~it c ruise miss i l i’s .  Author Wol fe  ,-i ts s, - t t  s that th e
second ,‘1t t ion won Id I east  C ,’ al l— asCII  war , mask lug this’ st rat ~‘gv s,’l C — s t , ’t  SI- iC ing. IXive’s tiret er t he t ir st
option , which , is i return t o  the Otil les era oi massive re tat l tat  i,’n, Is phi laisopltis ’il lv repu gnant t o
l iberals . such as Paul Wen nks ’ . Thm’ third ‘pt I on wsiu [~f lu I avore’d by Congr ,‘ss , militar y anti
indus t r i a l  intere sts , ,,ii ,h C hoSe lik e Pti i il N itz,’. i’,’mmaemtt : Ou t’ viewpoin t that at tempts t o  s ort  out
some painful fundamental ,, in the strats’gi ,’ debate .

“St ratej tc  and Arms l’ontr,’l l mp iicat touts f o r  i,asser Ws’ai’si~ns ” by Barr y J . Smt ’rnol f • ,,‘t’s e~iic her at
Huds,,n Inst  itu ts ’, Air  (‘Cl(s ’ ,’C ’s ( cs ’  R,’vl ,’w , ,C ,ii,!F,’h, I97~~. Theme: During the next .1” s’ears , the art 01
warlare may be rrve’lutiuniz,’d by laser weapon technology -— high energy hesins of cuh~rent li ght that
could destroy military targets . To ,j,’velop laser weapons , the U.S. and the Sovi,’t itnion are spending
heavUy ‘n re’nsesl r,’h mist t etstltt g• Bombers , l(’BMa , cruise mi ssiles end satellItes could he destroyed
at gre,it distan,’es by IT”C,C’t,I—has.’d las,’rs i

i 
th e t,’chi,m i ’ls’gv can he di’retsspesi . Airborne las,’rs could

he hh,’f’ loved . Anti — l t iser— lasers ,‘ould h, ’ it istal led itt sat ~‘l l ittui . Arms ,‘asnt r,’l ni’got (itt ions would
likely he complicated if laser research advances t,’ a new era in armaments. Authi,l, Smernoi f • sit

s’ot ts ,’cI.a t ,’ Member ,,t ASICA , suggests thit the t ime may come when deterrence is hissed ,‘mm laser—defensive
weapons rather th an an um is t ah ie nu cl,’,,, balance. C,sim,ent: May he nit. more Sc ience fiction th ta n early
v I,i i, ’ ns of nuclear weapons. Of it t t s ’ r i ’ts t hecaumse o f Its lig ht on pos sib le fu ture  s t r a t eg i c  defe nse
measures amid i t s  r~’ lat ionshiip C s ’ -, st .- t teme nt  by arms control  c hief , Pa,a l War u ke , “C April  I, l9T$ ,
“Th e t cchn uils ~gy t o  c re at e  and put int o the f i e l d , weapons that can upset th e s t r a t e g i c  haha n ,’e and
~~ ke fu tur e arms s’o n t r t ’l even more di ll is ’ ut t  s t i l l  thr eatens to  outpa,’e th e’ amiss ,‘ont rot process. ”

‘ R ~ v I , ’w l m i~ t hi, . A m m i  Rae,” by Samuel P. W e l l s, , , C r . ,  of the Internati on al Secur i t y  Studies Pro gra m at
the W I l ss ’,i t ’,’lit ~‘r , W IIs hi t , ig ts ’mi . ti .i~ , , Wot Id Issues , .lune/,lu lv l’) 7 1P . Theme : There are good reasons
Ci ’ h’ , p~ssimlst Ic ,,h’,’i,t g.’ in i tmg Senate sppr,’\’a I of SALT II , First , the rap id pace of technology
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~QNCLRNfl1~ IIILCIA RU~QRT QN “SQYILT C1t LL BLfLN~L”

LEON GOURE

ON JULI st] , 1978. TH E AMERICAN PRESS WIDELY PUBLISHED SUMMARIES OF AN
UNCLASS IF IED C I A  REPORT RELEASED BY I T S  D IRECTOR S WHICH PU R PORTFD TO PRESENT
THE B A S I L  F I NDINGS OF THAT A G ENCY ON THE CURRENT STATE ,  C A P A B I L IT IES,
E F F E C T I V E N E S S  AND I M P L I C A T I I ~Ns FOR T HE STRATEGIC  BALANCE OF THE SOVI ET C I V I L

C DEFENSE PROGRAM , SA ~ TO SAl , THE REPORT , WHICH REPRESENTS A RECENT CRASH
EFFORT ON THE PART OF INTELLIGENCE AGENCI ES TO ASSESS S O V I E T  C I V I L  DEFENSE
AFTER NEARLY A DECADE OF TOTAL DISREGARD OF IT,  ADDS MORE CO NFUSION THAN
C L A R I F I C A T I O N  9N T H I S  SUBJ~ CT .  THIS  IS DUE IN PART TO THE FACT THAT THE
REPORT BECAM E ‘P O L I T I C I Z ED IN THE COURSE OF T R Y I N G  TO AC CosM MODATE TH E
OP INIONS OF STATE  DEPARTMENT AND , IN PARTICULAR , ARMS CONTROL AND
DISARMAMENT AGENCY REPRESENTATIVES ON TH E COMMITTEE DRAFTING I T ,  AS A
RESULT OF THIS,  THE REPORT CONTAINS OBVIOUS INCONSISTENCIES ,  DUBIOUS
CUNCLUSIONS AND NUMEROUS CAVEATS,  WHICH THE PRESS, AND THOSE OPPOSED TO A
MEANINGFUL U , S ,  C I V I L  DEFENS E EFFORT HAVE S I TM PLY GLOSSED OVER.  FURTHERMORE,
IN THE PROTRACTED COURSE OF HAMMERING OUT A COMPROMISE AMONG THE AGENCIES
INVOLVED IN THE STUDY, THE R EPORT REPRESENTS THE LOWEST COMMON DOM INATOR
OF THE F INDINGS WH ICH , THEREFORE,  DO NOT FULLY AND IN MANY INSTANCES
ACCURATELY REFLECT THE ACTUAL STATE OF SOVI ET C I V I L  DEFENSE C A P A B I L I T I E S ,

IN GENERAL TERMS , TH E REPORT CORRECTLY NOTES THAT C I V I L  DEFENSE IS AN
INTEGRAL PART OF THE SOV IET  M IL ITARY POSTURE AND STRATEGY , AND THAT “THE
S O V I E T S  ALMOST C E R T A I N L Y  aE.1..,I~~E THEIR PRESENT C I V I L  DEFENSE WOULD IMPR OVE
TH EIR A B I L I T Y  TO CONDUCT M I L I T A R Y  OPERATIONS AND W 9ULD ENHANCE THE USSR ’ S
CHANCES FOR SURVIVAL  FO LLOW ING A NUCLEAR EXCHANGE. ‘ TH E REPORT ALSO
ACKNOW LEDGES THAT ITS FINDINGS ARE ONLY PRELIMI1~ARY AND THAT “MORE EXTENSIVE
ANALYSIS  WOUL D RESULT IN AN UPWARD. ,  .ADJUSTMENT ’ OF REPORTED SOVIET C IVIL
DEF ENSE C A P A B I L I T I E S ,  ESPECIALLY SHELTERS , NEVERTHELESS,  THE REPORT MAK ES
THE UNWARRANTED ASSERT ION THAT THE S O V I E T S  “CANNOT HAVE CONFIDENCE, HOW EVER, a
IN T HE DEGREE OF PROT ECTION THEIR C I V I L  DEFENSE WOULD AFFORD THEM , GIVEN
THE MANY UNCERTA I NT I E~ ATTENDANT TO A NUCLEAR EXCHANGE, ” AND THAT PRESENT
SOVIET C I V I L  DEFENSE WOULD NOT EMBOLDEN TF~EM DELIBERAT ELY TO EXPOSE THE
USSR TO A HIGH ER RISK OF A NUCLEAR ATTACK. ’ Y ET, ACCORDING TO THE REPORT,
SOVIET C IVIL DEFENSE ALONG W I T H  OTHER STRATEGIC DEFENSIVE AND OFFENSIVE
MEASURES IS INTENDED ALS 9 “TO CONV INCE POTENTIAL ENEMIES THAT THEY CANNOT
WIN A WAR WITH TH E USSR , ‘ THER EBY REDUCING THE R ISK  THAT S O V I E T  AGGRESSIVE
ACTIONS WOULD EXPOSE THE USSR TO THE THREAT OF A NUCLEAR ATTACK.  FURTHER—
MOR E, AMONG TH E SCENARIOS DISCUSSED IN THE REPORT IT IS ESTIMATED THAT W I T H
A WEEK OF STRAT EGIC  WARNING TO IMPLEMENT C I V I L  D~ FENSE MEASURES, SOV IET
POPULAT ION LOSSES FROM U , S .  RETALIATORY STR IKES COULD BE RED Uç ED TO THE
LOW T ENS OF MILLIONS, ABO iJT HALF OF WHICH WOULD BE FATAL IT IES ,  l ,E.,  ON
TH E ORDER OF S O V I E T  LOSSES IN WORLD WAR II, THIS SFj O ULD LEAD ONE TO
CONC LUDE THAT THE S 9V I ET  BELIEF THAT C I V I L  DEFENSE ‘ WOU LD ENHANCE THE USSR ’ S
CHANCES OF SURVIVAL ’ IN A NUC LEAR EXCHANGE IS INDEED WELL FOUNDED AND,
CONSEQUENTLY , THAT TH E SOVIETS COULD HAVE “C O N F I D E N C E ” IN THE
EFFECTIVENESS OF THE IR C I V I L  DEFENSE PROGRAM ,

ACCOR DING TO THE REPORT THERE IS SUFFI~~I E N T  R EADY B~,AST PROT ECT IQ N
FQR “ALL LEADERSHIP ELEMENTS AT ALL LEVELS, ‘ BUT ONLY A MINIMUM OF .IU TO2u PERCENT OF THE TOTAL POPULATION IN U~BAN AREAS COULD BE ACCOMMODATED
AT PR E S E~II IN B LAST —R E SI STAN T S~IELT ERS, ’ A F IGURE WHICH IS EXPECTED TO
RISE TO .15 TO 5U PERCENT BY 19~5. IT IS ACKNOWLEDGED, HOWEVER, THAT T his
ESTIM ATE IS TOO LOW AND THAT FURTHER STUDIES WILL  UNDOUBTEDLY SHOW THAT
THERE IS A HIGHER READY SI’JELTER CAPABIL ITY ,  WHAT THE REPORT FAILS TO
MAKE CL EAR IS THAT THESE ‘M INIMUM ” SHE LTER FIGURES APPLY ONLY TO IDENTIFIED
BASEMENT AND DETACHED SHELTERS IN SELECTED SAMPLE C I T I E S  AND DO NOT INCLUDE
DUAL-PURPOSE SHELTER SYSTEMS WHICH, IF ADDED TO THE OTHERS, GREATLY INCREASE
TH E OVERALL SHELTER C A P A C I T Y ,  FOR EXAMPLE, THE “DISCUSSION ” SE CT ION OF THE
REPORT NOTES THAT THE MOSCOW SUBWAY SYSTEM COULD SHELTER UP TO 54 PERCENT OF
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AT “ill J N I ) L IS T RIAL  I N S T A L L A T I O N S , ’ (w H Ic H  THE REPOR T t A I L  S TO DEFINE OR
I D E N t I F Y )  COO l I) HE S H E LTE RU I)  IN WAR E IMI S AT T H E I R  PL A Ol  UI WORK IS WRO N(; ,
I i IS BASED ON THE ASSUMPTION THAI E A C H  WARTIM E WOR~~I; h i I F T  REPRESENTS
ON E— HAL F OF THE I N STALLAT IONS El Ao l I IMI WORKI Hi- ICE. AC T I I ALL Y , I H E  SI s’I
OF THE. W A R T I M E  WORKF UR( ’ E AT  ANY P L A N T  IS  CON S I DER ABLY REDLI C II )  BY TH E
M O B I L I Z A T I O N  OF RE SERVISTS , 114 1 DISPERSAL OF ADM IN1 ST RAIZ V U PERSONNEL TO
OUT -OF - TOWN LOCATIONS, AND THE EVACUATION OF EMPLOYEES TO OTHER
L OCATIONS TO WHIC h T H E I R  IA M I L Y  MI MR[RS MAY BE SENT. CONSFOLII ’NT IY , IN
MOST C A S E S  T I lE  AC IUA L SHE L i E N  C A b A l I I ’ m Al I N D U STRIAL IN S1 A L L A T I I ) N S
IS 5(11 I IL I t  NI T O  AC ’OMMODA l b  THE EN 11 RI W A R T I M E  W HRKSH I I I ’., LINI I SS I HI RE
E X I S T  NEARBY OT HE R SH E LTER F A C I L I T I I  S FOR T H E I R  (h Il l  -

I INALLY, 1111 REPORT CLAIMS TO HAVE IOUND LI T TI I I \ ‘I L I E N ot OF
LI- b I C )  lyE S O V I E T  MEASURES TO PROTECT THE ECONOMY , AL II 1OIIGH l i i i SURVEY
IS FAR FROM COMP I I T I ,  Y E T ,  TH ERE ARE NUMERO U S RI PORTS b’ROM SOVIET
IM I O RES DE 505’ 181 NO PART IAL (iN FULLY UNDERG ROUND FM’ TO N 1 1 5 , Si L) RAG E
F A C I L I T I E S ,  POWER AND I’OM PINI,; STAT IONS,  FUEL AND W A T E R  R I S E R V O I R S ,
AND SO ON IN ALL r~ RTS OF TI l l  USSR. ACCORDING TO O i l  I C I A L  S O V I I  T
s T A T c M

~ NIS, OVER ~U PERCENT Oh NEW PLAN T S HAVE [ TE EN l OCATED S IN C E THE
MI I)— 1%O S IN SMALL TOWNS AND NEW ECONOMIC R EG IONS,, I~I” b ’I ~

‘ IAL L V  IN
I .L B LR IA ,  WHI LE MANY OLDER PLANTS HAVE DEV [ LOb’El ) SM E LL Iii IA ( ’ I L I T I F S
S C A T T E R E D  IN SMALL T O W N S , ONE RESULT OF T H I S  1 5 10 I 5 ’ I A I E  NEW A IM
PO IN 1S F OR U . S .  S IR I~~I W I b I L  I T HE S0 V IE T I ;  EXP ECT TU SIIA II I Lt RI 1111( 1 THE
NUMBER III IJ .S .  WARHEADS BY A F I R S T  COUNT IRIOR CE ST R I  ii , ~b bOSE PROSPECTS
OF 5 ( 100155 AS A RI St ILT  OF IM P ROV EM E NTS IN S O V I I  T M I S S I L E  ACCU RACY,
ACCORD ING TO S E C R E T A R Y  OF DIIENSI, HAROLD BROWN , AR E [X~ EC1I I) TO lIE
I;RLAT LV I NHAN(’FD IN Til l  N E X T  F E W  Y E A R S .  I URTH I RMORI , A CCl ~IiLl I NI; 1(1
S O V I E T  S I R A I E ( ,I( L ) m ) CIR IN E , , P R I O R I T Y  IN Pbt,’ O T E C T I I ) N  IS G I V I N NOl 10 TH E
I CONOMY AS A W I I OL I , LIII) T O  T H A T  I L L  MIN I  W I l l  o H  I ~; BE LII V I I) T I C  III I SSFNT I AL
T I C  , I I S I A L N  THU SIl’a’ I l  T WAR I T b  OUT AND INI;IIRL S O V I E T  SIJI ’LNI()R I TV IN T I lE
COURSE Ill THE WAR AND AT ITS TI HMI NAT ION, b OR T H E  REST , 1111 SOVI 1 IS
APPEAR 10 EXPECT THAT THEY WILL  III ABLE i’ll S U B S T I T u T E  SURVIVING
IN DUS TRI I  S IN EASTERN EUROPE AND T HOS I (‘APT IJRED IN W E S T E R N  EUROPE (‘OR
Ill ST RO Y FI )  CArAB IL  T i l l  S IN T H E  USSR ,

I’ OR ALL Oh I T S  OETV I OUS SHOR 1 COM INGS , A CARE F LI I  RI Al) I NO HI T H E C I A
REPOR T I ,  I V IS NO GROUND I OR OPT I MI SM o R  FOR DOWN PLAY I NO OF I HE
I M P L I C A T I O N S  OF S O V I E T  C I V I L  D E F E N S E  FOR liii U . S .  - S O V I E T  S T R A T I  010
BALANC I . TIlE REPORT NOTES THA I IN Till FORIS EITA BI. E ,l UTLIR E TbI [RE IS NO I -

REASON T O  EXI’E CI ANY CHANGES “ IN TI lE SI 1V IL 1 LI ADERS ,IIII)GMI Ni T h A i  C I V I L
DEFENSE CONTRI BUTES TO WAR - I IGHTIN G AND WAR -SURV IVAL CAI ’A ITII ITI L S , ” THE
EXPECTED FURTHER IMPROVEMENTS IN SOV I I. I C I V I l  DII LNSE MAY W L L  RE INFORC E
THE SOVIET LEADERSHIPS VIEWS THAT FOR AL L  THE DAMAGE THE SOVIET UN I ON
MAY SUFF~~R IN A NUCLEAR WAR IT WIL ,l NOT ONLY SURVIVE B U T ,  AS TI-I C REPORT
STA llS, LEAVE THE USSR IN A STRONGER POSTWAR POSITION Th AN ITS ADVERSARI IS, ”

Ii
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FIRE RESEARCH MANAGEMENT IN SWEDEN

By Or V ilhe lni Sjdlin , The National Defense Research Institute, Stockho lm,
Sweden. March 15, 1979

Scqpe of paper

The paper consists of’ two parts. The first one wi ll briefly describe fire

research In general in Sweden and then focus on the national fire research

and development program, The second part of the paper will briefly discuss

the process of selection of projects when matters of priority , funding (

ava ilable resources, potent ial of progress etc wi ll have to be considered .

PART ONE

Ear ’ y~ f ire research

tip to the late fifties, very litte fire research was conducted in Sweden.

OTTCO in a wh i le , a project was carr i ed out , but few projects involving

i n-depth studies were initiated . At this time only one research body , the

National Institute for Materia ls Testing, was active in the field. Its

projects , however, were enti rely related to the fire behaviour of struc-

tura l elements and the work was intended to produce fire test methods.

Hardl y any other k in d of f i re research was co nduc ted in Sweden unti l

A rOund 19(0

An increased interest

The late fifties and the early sixties saw an improvement, Etxtensive pro-

jects came under way , particular ly concerning the post-flashover phase

of the fire and its impact on the structura l loadbearing elements of a

bu ilding .

Inst rutnental in sponsoring these undertak ings was the Nationa l Building

Research Council .  The most extensive work w as carried out at the Roya l

I ll - S t ilute of Technology in cooperation with the Nat ional Inst i t ute fo r
M at e r i a ls  Te st im~. Gradually, nOEl’ a lt tC f l t  ion was paid to the f i b ’t’ it st’lf

rat Itt-F’ than it s in f I uence on the ho i 1 d i ng . The in t Oll t I Ofl was to ho i 1 d up
more knowledge as a background for tindt’,’s tand ~iq f I ro’s . St. ill, t h e  o ’f for ts
count b’yw ide wore s oat terod and no 1 ong term qoa 1 s and f’und I og s ha ~l boon

cc ta b Ii stied . As respons ii i iii ty for fi l’C protection anti con t rol w a s  spl it

-~~~~~~ - 

~~~~~

-5 

~~~~~~~~~ 

, ‘:;~~~~~~~T:~~ :~~:‘~ — ‘ -



_ _  - —---~~~~~~~ 
-_

~~~~~~~~
- - -

~~~~~~——‘-,-~~~~~‘-
-. - - -  -

between a number of organizations , there was no central body capable

of making a long term policy for fire research.

A counc i l for fire research

In the late sixt ies , the first action was taken in order to establ ish a

national council or board responsible for coord inated long term fire re— ‘

search. The Swedish Civil Defense Administration conducted a survey in

cooperation with the Nationa l Defense Research Institute . The survey pin—

pointed the needs for fire research and proposed a joint venture in order

to formulate and execute a national fire research and development program.

As a modest beg inning , attempts were made to establ ish a National Fire C ,

Research Counc il. These efforts failed , the lack of proper funding being

the major obstacle.

In spite of this failure , successful fire research projects were carried

Out in Sweden . The Lund Institute of Technology was heavil y involved i n
research on various aspects of fire growth and fire impact on structures .

Mathematical methods to design structural fire protection were developed

and accepted in the Swedish building code. During this time professor Ove
C 

Petterson and his associates established an internationa l reputation pri-

niarely for the ir methods to calculate the time-temperature conditions

during a tire. Other research groups made important contributions.

More and more, interest turned from the flame phase of a fire to the pre-
flashover period . In th is field, the Fire Research Group of the National

Defense Research Inst itute conducted extensive work and also sponsored

projects outside the Institute .

A Nat ional Fire R & 0 Program

Another attempt to establish a nat iona l program was made in 1976. The
- ‘ background was alarming. During a period of ten years , the nat iona l fire

lossos went up by some 100 per cent in fixed prices. A number of large

fires occured with a fire loss in excess of 20 N $ per fire . Some excep-
t ional fires took 20, 15 and $ l ives respectively, a so far unknown si-
tuation in Sweden. To add , the Swedish fire fighters complained about an

increasing number of more intensive and unpredictabl e fires.
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The Swed ish government took quick action . A new training system for fire

officers was prepared , a survey of life hazards due to fire was carried
out in order to improve building codes and consumer acts and new efforts
were made in order to establish a national fi re research program. The

Nat ional Board for Technical Development was ordered to survey the present

fire research situation , estimate the needs for research and propose a

nat ional program. The task was handed over to the Nationa l Defense Research

Inst itute . After extensive work over a period of 18 months, a proposal
was presented and adopted .

The bas ic administrative concepts of the program is a joint funding bet-

ween the government and private enterprises , On a 50-50 basis , funding
has been prov ided for a program to be executed over a period of three

years. A board of directors will be appointed with respon sibility for

the program. A small research administration group will be set up as a

C 
working tool for the board of directors . In order to avoid creating new

agenc i es , the group will be housed by the Swedish Fire Protection Associ-

ation. It w i ll , however, take directives only from the program ’s board
of directors.

I 
I

C

Content of program

The new national fire resealch and developmer .t program Lonsi’sts of 26
projects under six headings. These headings indicate the nature or appl i-

cation of the projects . Ignition , growth of fire and fire environment re-
present the largest number of projects as well as some of the most exten—

s i ve s ingle projects. Fire effects on human beings cover projects on physi-.
olog i cal , psycholog ical and social impact of fires. Fire effects on materials ,

~q~~ pment and structures represent the traditional kind of fire research.
These projects deal primarily with test methods and fire ratings. F i re
fi9,~~j 1~~ and safety~ erin represents efforts in the field of de-

tect i on, suppress ion and personnel protective equipment. System analysis

evaluation includes projects concerning protective or operational systeTnc
on different levels of projects where aspects from various heading s must

— 

he dealt with.
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Finally, the last heading , basic and general support of fire research,
represents administrative and evaluation functions, fire statistics, on—
the-site investigations of fires and information projects. The important
question where a specific project should be executed is still open. Inter-
national cooperation will be considered.

PART TWO -

Priori ties

The process of selection of fire research projects are very complicated .
In one way or the other, the first steps are normally based on some kind
of problems or needs. These are normally described by the users, i e fire
department staffs, safety engineers, building officials and code writers,
with little knowledge of research. Quite often, the researc h needs or the
problems are very unspecific. They have to be structured and evaluated be-
fore the transition in to a research project can begin. Unfortunately,
priorities cannot be based on expressed needs only, however specific 

—

and urgent these needs may be. First, there are no easily ayailable tools
to rank problems or needs. Second, the ranking process will necessarily
involve decisions that have to be taken on a very high level in our soci-
ety. The ultimate long term goals must sometimes be set by the central
government and might have to be based on parliament acts. These high level
decisions are normally taken as part of a package involving also other kinds
of safety aspects than fire. A good example of this kind is a consumer
protection act.

Selection from the researc her ’s point of view

If we assume , that a ranking of needs and problems have been carried Out,
the next step could be to scrutinize the problems from executing point of
v i ew . A num ber of ques ti ons have to be answered .Can these problems be
solved by a research project? Can they be solved by available scientific
methods and resources? Will other problems have to be solved first? What
is the time factor? It is obviously quite necessary to put these questions.
If new scientific methods have to be developed and new resources established ,
the solution of the problem will not be available for many years. This

does, however , not mean tha t this kind of projects should not be undertaken .
It only means that these factors must be recognized in the selection process.

B—7
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One way to meet these selection aspects, will be to develop a long term
program. In order to do so, the funding aspect is of overwhelming impor-
tance. Onl y if the program can be funded for a substantial period of years,
new resources in man power , equipment and fire research management experience
can be developed . Unfortunately, this long term funding is normally very
difficult to obtain.

Contradictory measures

Very complex interactions might arise from purely technical or scientific
conditions . These questions are quite often related to difficulties to
estimate the benefit of one kind of fi re protection measures when the very
same measure creates a fire protection set—back from another point of view.
Obviously, more chlorine in PVC reduces the ignition hazard . It will , however,
create more hydrochlorine , when material decomposes due to a fire in the
neighbourhood .

It will be considered up to the researchers and code writers to dea l with
these kind of problems . Qu i te often , howeve r, contradictory interaction
appears between properties of fire protection and other kinds of legitime
properties. In these cases, other interests will have to take part in the
selection process. No formal tools or organizations have been developed
for this purpose within the selection process.

Outcome of project

Another important aspect is the potential for a successful outcome of the
project. Obviously, the potential varies quite a lot between projects.
The nature of estimation is different when a project deals with mathema-
tica l modelling of smoke movement compared with a project concerning de-
velopment of a particular sprinkler head.

The extension of the potential of research success is the application of
the results. This is even more difficu lt to predict.Hardware-oriented
research projects are easy to app ly. Projects involving complex systems
and organization on high levels are quite difficult to introduce in to
every day application. If leg islative actions are necessary, the use of
the results from the project may be many years delayed.

8— 8
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Supplement
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Ign.ition, growth of f i r e  and fire environment

Ignition and explosion hazards within industry
Generation of smoke and toxi c gasea
Future fire hazards in housing and occupation al environment s - -

Spread of fire gases and smoke in multi—apart ment buildings
Prediction of content of fire gases by computer programs
Origin and spread of explosive or toxic gas clouds within
industry and tran sportation

Fire effects  on hum an beings

Human behaviour at fires

Fire effects on materials, equipment and structures

Fi re properties of fibre—reinforced plas tics
Struc tural f i r e  safety regul ations in Sweden and other countries
Fire properties of linings
Accuracy of fire tests for building material8
Fire effects  on light-weight structures
Fire safety requirements on upholstered furnitur e

Fire fighting and saf ety engineerj ng

Use of aircra.fts and helicopters for surveys of l arge fires
Technical requirements on oil—booms
Survey and proposal for R&D for fire depar tments
Cost—benefi t analysis of fire suppression systems withi n industry
Gas and smoke ventilation with blowers

System anal ysis evaluation

Fire haz ard identification , estimation and management
Reliability evaluation as a tool for hazard estimation in industry
Integrated systems for fire cont ro l in industrial pl ant s
Impac t on company and society from very larg e fire s and cost/ benefit
an alysis of protect ive measures

Basic and general support of fire research

Fi re statistics
Fire investigat ions
Research program for industrial fire safety C

Information act ivi t ies 
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Appendix C

MODELING STRUCTURAL RESPONSES TO AIR BLAST LOADING

In an earlier , preliminary assessment of blast and blas t ef fec ts on f i r e ,

our attempts to develop techniques of experimentally modeling the phenomena

cul minated in delineation of the problem into two separate parts: Problem

1, the blast/structure interaction and Problem 2, blast/(collapsed) struc-

ture/fire interaction . The results of Problem 1 are expected to provide

input conditions for Problem 2.

The pertinent literature contains some information relevant to Problem 1

and practically no information on Problem 2. Notable contribution to Problem

1 has been made by Wiehie and Bockholt1 under the sponsorship of DCPA to

develop an all—effec ts shelter survey system that evaluates the response

of existing structures when subjected to air—blast loading.

Development of an experimental modeling technique requires formula-

tion of the problem with the essential mechanistic details to arrive at

the nondimensional variables that are ratios of the quantities exerting

control over the behavior of the system and that therefore must be kept

invariant between the model and prototype. Since the study objectives

of Wiehie and Bockhol t do not directly invoke deduction of these modeling

laws , we have undertaken the analyses that follow .

Our current goal is to develop scaling laws relating a small—scale

modeling experiment with a l i fe—size  prototype system that faci l i ta tes  stud y

of the blast structure interaction phenomenon. Development of scaling laws

always entails minimization of variables in the problem by d imensional anal-

ysis and establishment of functional forms of the solutions. Specifically,

the questions asked include: What is the time history of net pressure

across the windowed wall of a chamber following the incidence

-
. C—3 ~~~
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of a blast wave? How long does it take to fill the room and hence to

nul l i f y the net loading on the wall? What sort of a flow pattern can be

expected in the chamber before collapse? How does the threshold overpres—

sure causing collapse depend on the room , window , and wall proper ties?

For higher overpressures , how do the t ime , velocity,  and acceleration

of collapse depend on the properties of the system? These and other

rela ted ques t ions are to be answered wi th a set of consistent nondimensional

variables enabling scalable general predic tions.

1. The Room Filling Process

Following Melichar ’s2 work and Shapiro ’s3 text on compressible flow ,

consideration of the mass and energy conservation for ‘steady ” isentropic - 

-

flow through a sharp—edged window orifice of area A in the wall (of area

A , density n and thickness T ) of a chamber of volume V , the chamber
w rw W C

pressure P variation with time t is given by:
C

~~~C A  
, (C-i)

where f is a function dominantly or the pressure difier~nce across the

wall (P — P ) and weakly (but highly nonlinearly) of ~~~ , R , 1. - , and
e c initial

peak overpressure . Experience indicates4that I may be approximated ( fo r

air at about 25°C with overpressu res not exceeding 150 psi)  by

l ’2
f = ~~~ (P — P )

e C

(
~ is approximately equal to 6700—ft psi

12 
sec

1
.) Substituting this

approximation in Eq. (C—i) and approximating the blast pressure decay by

c.- -~

I
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~

. I) ‘ ( )  0

whe re ( P  — P i~~~ t h e  pea k t )ve  p re~~-~C l r t -  m d  t is t h e  t i ’:e of  p o s it  i v e
so

p1-0 ‘.~ ~ re ) 1~I ~ &‘ (1 C I  r.i I (III • the prob 1 e t h a n d  i ~

t t •~ 11 1
— :~-I — 2 I . R—2)(I - —

( ( I )  = 1 , C’

%A ito r -  t he — . a l t d  v a I l  .1 h i  e s a i c  d c l i n c  ci a s

P — P
e C t

- and - ____________________

P — P
so o c 1 2

— ( P  — P )
A~ so

The s o l u t ion  of Eq .  (c—2 ) is strai ghtforward . It may be simplified ,

by noting from experience that 1 is negligible , to
+

( 1 — -
~~~~~ . ( C—3)

The most important imp lication s of Eq. (C—3) are two—fold: (1) the

l o a d  on the v.all due to the blast wave v a r i e s  quadratically with time , and

( 2 )  t h e  time to equilibrate the external and chamber pressures (i.e., to

f i l l  t h e  chamber )  is g iven by :

1 . ( C - i )
1~

T h i s  r e s u l t  is in concurrence  w i t h  a m u l t i t u d e  of e x p e r i m e n t a l  measu remen t s ,

empirical rules , and computer calculations available in literature . In

physical terms , Eq. (C—4) indicates that the time of filling t
f 

is
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• I nd epend ent  v ar l a l ,j e s

— Elapsed time tufter shock incidence
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(2 )  Flow in the  room

• Independent vai ’iables
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(3) Collapse dynamics

• Independen t variables
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Appendix D

OUTLINE OF FIRE DEVELOPMENT MODELS AND THEIR STATUS

Models

Field Equa t ions

Torrance

Laminar , two—dimensional , axial symme tric , and rectangular

Battelle Northwest

Similar in intent , differed in de tail

Notre Dame , UNDSAFE II

Two—d imensional , no radiation , algebraic viscosity

Two—d imensional , with two—flux radiation , al gebra ic viscosity

Three—dimensional, in process , differential viscosi ty

Baum Rehm

Two—dimensional , inviscid, acoustic wave suppressed

Vor tex tracking, temporarily abandoned

Vortex tracking — potentially simple 3—dimensional

Vortex tracking — potentially simple 3—dimensional combustion

Spaulding — Pantankar

Proposed but not much used for two—dimensional transients

Spaulding contention — as finite element models (coupled
phenomenia models) become more elaborate, they will
become more complex than field equation models

Subscale modeling — viscosity an example — will be needed .
Coupled Phenomena

J. Rocket, 1968 state model with semiphysical rules for
state transitions, considered whole building , high-
li ghted geometric data needs.

Building pressurization

U.S. model derived from Canadian current version appears to
have numerical problems

D—l
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.I.)ic ,%i)cse ’ modi’ I cons i d e ’r s tw o  I a t ’er s , t e e - t i n  i c ’ )  l i t ’
me ii-e t a I v a n ~’ed

R u s -  i . i i i  flC ’I IC ’ I elesc ’i- I he ’d as tw o  l~i v e ’r

?~t ’I l i i i , N .  I • 
I t . A.

~ t , i t  t ’ t I c i t i ~~ jt t o i l — I i r c it ’ .il’ i i  i t v i’u 1 es ( d a t ; i  hj se ’el
d r  I r a u i s  i t  101)5

~‘t e i d t  St . i t e -

I’ t r L e ’r

Ba I an d ’ e e ’t  liea t r e I e ’~15t ’ ~in~t lie ’~i 1 1 ( i 5~~

Q u i n t  i t - re

Qii.i s i — s t e a dt’ s ta t e , mo st  c omj) I e tc  c u r r e n t  I r e a t m e ut
ot  1ihys tc.’S

B u r n i n g  augment  i t  ion by rad i a t  ion , t low 1 in i t ed  ~‘r
l I l t ’ 1 1 im i t  ed , I ly e  ~

- o nt  ro  l t ’ci lumes ( w h i c h  m t  er a~’
i n c l u d es  en t r a i n men t  a t  door

‘l’r an s i e nt

I I T R I

Numer i c a l  i nst ab  i i i  Iv  ( i n  e ar l  v v e r s  i ens) p rogr am
c o n t r o l l a b l e

Number of control volumes

Burning rates based on experimental fire b u r n

Well documented , l ook i n g  at p o s s i b il  i t v  el m o d e l i n g
furniture burns her more b a s i c  m easurement s  b e i n g
extended t o  i nc lude  c o m b u s t i b l e  w a l l s  liv NBS.

S m i t h

A l m o s t  t o t a l ly  undocumented

Seems to  he quite capable as used by Smith

NBS .hirn Bevr els, guest  Sc tentist from U. I.. , t r t ’I ng  t o :

( a )  U n d e r s t a n d  what  the  code is doing

(b )  res t  i t s  ab i i  l t v  to  use o t h e r  da ta  s o u r c e s — —
n o n — S m i t h  a p p a rat u s  t es t  dat a

M e Ar t h u r  — A i r c t ’ a f t  c ab i n  o r i en t a t i o n

Tempe ra t  l i r e ’ oh  t i pp er  gas I ave i’ func t ion e I d i s t a n c e
a l o n g  c a b i n  len g t h

D e t a i l e d  mode l  ot  f u r n i s h i n g s  (and w a i l  I i n l ug s )
I I r e  g rowth

1)— 2
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Ii i  r’,.t rd t’ tiI ’1 )~’i ’t  S t 0 b~ illc ’’i t .iUIlc it t ’ ’t t S  L I )  i t  S I F e at  Ute’t lt

St I j i’ t ’ j ) Ii\’S tc ~,

I i , c ’ - c -m i t - i t t  liF e ’ C T I , ; mo d e ’ I , u s  clc ’SI’ ill I ~ j I1c ~ ~ , I I t  I’ ,)  l Cic ’ R t

b u rn  u a t e ’ b u ~~ecI on , ‘~~j ’~
- r I u n c u t  .11 I I Fe , c ’ c ’ i ’ C ~ ’ I l t  c S  c t 1 , i t i e ’. c ’5

iii b et l i l  i l I t ’, i’ Ot  c ’ ~t u e  t ~ ‘ t ’nc ’ I 05 )1  F e ’

R.t ~1 i . i t  i o u  t i e . i t ; i ; c t i t  t a i r l v  cle ’t . i i I ’ d

I i i  d~ i t  I v  mccli i  t , i r  St  u ic t O u t ’

I) . tt a  St  t’ t I e ’ t I l t ’ e ’ ot il l  t t i \ei t’I ’ cia ’ i n g  I so m ) I I \ - c t t . i t ig e ’s as
s t u t i u ’e t t t  t i l e s  .1 I t ’ 111Cc_I i t  I c _ c l — — S I t e ’ e ’ c ’~~. t  S 5 0 I ’ I c ’ S’ d ’i  S t  r i s t t i r e ’
.c ’~. I I dc ) c’ t l u l l e n t  c c l  b i t t  ci l t  I i c ’ ) ) 1  t 10 ~‘b t  0 Il l iti ~~l i l i l t ’
re ’ada b l c _ ’ “ cu r r en t  \ ‘ e u S  io n ” ( .nid “ c t i l ’ l ’ e ’ I l t  “ clt )

~’ t t t i i C I )  I It eli

I t -  i ~-s t 0 0 ~~~~ id ad t i s t  ab 1 e 
~
),I l’ ,tllIe ’t C F5 . t t i d  on , ’ c’ e ’eds

.1 i i .  I v we I I

Mit I t  ij i i ~
- — l’o ’ti; — lao I I i\ ’el lt

Cur  t~t’ul I l v  tw o  l ’ e ’c ’fl) S ‘

I lll ’ e’t’ Fc ’c~UIS be ’ i il~ , e l e ’t ’ C ’ I Op e’ct

\‘e’ut s can  h av e - 
~‘,i i’ j a b  It’ ye l e  re ’u~’e .i mb ie ut  (e I t c c l

o t ext  er u i a  I w ii iel ‘I

I’ i \e ’cl I I Ott t’ t ’u I t  s s i u n u  l o t  e lI\ At .

None r i cii 1 1 V sonuewli a t t end e r ; s  1.1 b I e , bti t some ’ t lilt ’s

t’~ltl t c ’ c ’Il\’ t ’ l t ~t’ in  t’~~’q t t  j r e ’J ii tu i i ib e’i’ 0 1 I t c ’ i 0 t  t o l lS ,

new ve ’rs ion bet  t e ’r .

t 1  J m i s  t o  i l ie ’ I ode emp I r i~- u 1 Jeer  ni ixi uig (based oii
e’xpe ’i i u u i e u i t . i l W i t  ~i ) t O t ’  1101 gas I l o w i n g  t ip  I r em tItleIei ~
.1 ~ et  I i t  • Oc’ tILl 1 l v  net  il l  c t l i ’ i t ’ilt \ C i ’ S t O n

W u I IC — Il l )  t ’Cl ’\’ good — g i \ ’ e ’S m i x  lug expi’ eso ion  t o t
e’o Id  g.is f I ow j i g  i i i  e ’V e ’ t a W i  Ildets - S i  I I • b it t  t l i i  s
has n o t  been i nip I en t ent  cci ;  l i st  e t h i s  in ix  i uig liea t s
I eWer g a s — — t h r e e  t e mp er a t u t ’ c s  t iet  t ~~o I e l n p e t a t u t ’ es C

is Ito t’t ’a rd and 
~ 

Fe ’ sent  C . I . I’ . , .i ui d a I 50 V I i a Ic ’S t lie
e’emhu st  I t ’ l l  0 ~i’ •

Wher e’ do we’ go I’ rem hei’e’ ‘~

Mc’ re’ phen omeno leg i t ’a I reso l u t  ion

W a l l ,  c e  i i  lug ~‘omhus t  t on

Cii Cii pr ed ic ’ t ion s

‘‘ Shoot  ing ’’ f l o w s

t’ I t ime n ea r  I i e l d  en t r a i n men t

li- I

‘ ‘~ -- - -. ~~~~ ~~~~~~~ -~~~~~~~~ - -~ 



I)~’, c r ni i x  l u g —  tflc ’ r e  p i t y  s Ic  .1 11 v ha Sec1 m ode’ I

R,id i t t  i c O t  h I  00 kage - by u l’I ) e ’ r go S

“to I’ e ’ s ~~ t i ,i I r c _ ’sci h i t  ion

W;il I l ie -a t  t ug— — h a r var d  lew~_’r ‘,~‘ .i 1. 1 s - ‘~b o o r h  h e l l but  don ’ I
c i l I t i c ~e ’ I empe ’r .I t t u r e i  -

~ 
—

I.~’~- . t l  ‘‘ h ot  S p o t ’’ fot ’  w i l l  or c’ o r l I Cr  I i F c _ ’S

~.o i;bt i ~~t ib l e  wzi l 1 i g n  i t  i on

\ ‘ .t  r lob  i t ’ c e ’ i i  I r ig 1 , i \’ e’ r I e ’luipe - ra I - o r e  ——w i t li lie i g h i t

\ a  r i o  h I t .’ cc _’ I I  ing  l o v e r  t emp t ’ rj-i t o r e’—— rod ia 1 d i  s t  at i c  t’

Combos t ion ex t  end i iig above ’  t h e  rrn a I d i so cu l t i n t u  i t  \‘

Cc cmhtis  t i ,‘ui ext end in g  unde r  cc ’ i I lug

El fec  t eu rod i l l  ion Ic ’ id

Ft I c c  t Ofl cc ’ i i  i ng  i g n i t i o n

Su p p re s s io n  ( m i s s i O n  r e ’se’ ar c h / f ; i c _ - t o r~ ’ m u l ; t . i l / N I 1 S  s~- a I  in g )

Co mpa r i son W i t  hi d,i t i

Man y f u l l  and mode ’ l sc , t l e  t e s t s

Nc _ ’ e’d I o run  mo de l  ,tga  I ns t  t hic _ ’Sc _’ d at  a ( Se ’ e’ J . Qu E m i t I t ’ l ’e ’

PRC I m a t  r ep o r t )

Find — se ns i t i v e  p a r a m e t e r s

— l i m i t s  of r e l i a b i l i ty

— quil l i t v  ot  p r e d i c t  ions  and reason t’eu
d i s c r e pa n c i e s

— da t a  needs

Re lot  ion to  t e s t  me thods

R~l,it ion to  what  codes  r t ’gu l o t s
I

G r ap h i c s  p~ic’kag~’
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MEMO

A p p e n d i x  F

1 ~ ,‘ Q I)C1 ’A I c’!) I e’renc C on h l , i s  F i Fe ’ R e st - a t ’ - ’ h

S R I  F i r e  R e s e ar c h  Gr ou p

Fire’ Spread Models

1 . m t  r o duc  t i on :  The 19 5 Blast/Fire ’ Co at  e r e ’ulce ’ t e ’c c ’,~a ized  . tna  1 v t  ic.t I

methods for modeling tir e behavior as a vital se g m e nt  ol  the DCI’A

p r o g r a m .  1’hese m e t hod s s h o u l d  comb inc  the  dt ’sc r i p t  ion  o I t i l e’ 5U5—

t . i l n e ’d i g n i t i o n  f i e l d  and t h e’ deso r i p t  ic ’il c_’t t i l e’ deb r i s  t i e l d  j u t e ’ ~u

t’e’ll i c l t ’ f o r  ( 1 )  p r e d i c t i n g  t t i r e t t s  to  t~ t c i 1 i t i e s , mj~’lt i ne ’s , and

people  and ( 2 )  a s se s s i n g  the  p o t e n t i a l  re ined i~i I h e n e t  i t s  ol c o u n t  t’r —

mc - t ; -  ~- ‘ c ’ ’; Sno ” “ c t , ~~~~ c - ’ I t j~ ’ ~ ‘~~,- c - ‘ 5) ’  i 01101 ’-~ p . 1 ! !  0 t he

D CPA ~~
— i t t ’ 1’t ~~- g 1 i 1 ;  c _ t a r i n g  t i ~

- i t ~t,,)s and e a r l ”  I ’~ Os b t i t  t l Ie’5.’ 0 )  t o i l S

were t e r m i na t e d  b e for e  a l l  t h e  p r o b l e m s  were  so l ve d . C o n s i d e r  ing  t h e

c u r ren t  empha s is on a cr jsjs re b o a  I ion  p l .mn  o t  C i v i l  Dc t e’nse • i t

ttppe.i rs des irab 1€’ to examine’ t h e  r e q u i r e m e n t s  I or . ind t h e ’  pe ’r t o rmaul ce

c_i f  t i r e ’ spread m ode l s  in t i t u s  new r o l e .  In o rder  to s t i m u l a t e  d i s —

CU5 siOfl iii t h e’ pred jet ive model  m c ’, w o r k s h o p  we’ have’ Cc _’Il t . ic t  t’d tile ’

tire spread comm u n i ty  f o r  j u t  c’rm , lt  ion abou t  t h e  c u r r e n t  st a t u s  e’t

models pert inent to the DCPA Program . At t a~’hment  (I) is a c o py  c’t  the’

l e t t e r  of inquiry . The re’spensc -s to t h e  I e ’t t  ~~t .(Fe’ summ. i r  i’ e’d here

aicing with a lit t 1 e hoc kgreund t n t  ornia t i on about  t h e ’ mod e I s  deve loped

for the 5—City Studt’.

2. V i t a l  Facilities and Problem Boundaries: As in d i~- a t e ’d in E n c l o s u r e  1 ,

under  the  c r i s i s  rt ’loca t  ion p l a n ,  t he  em p h a s i s  011 P o s t  .11 t a c k  r e co v e r t’

focuses  a t t e n t i o n  on a s m a l l  I r a ct  ion of t he’ s t r u c t u r e s  in  t he  a\’ e’ r age

d l v ;  n a m e l y ,  pa r t  of the industri al a rea , some u t i l i t i e s  and t ’ i ta l

services,  These v i t a l  components  should he d e f i n e d  to f a c i l i t a t e

d iscussions in both the  mode l ing  and cou n t e r m ea s u r e s  workshops .  En—

closure (2) is a preliminary l ist  that con se rve  as .i starting point

I- — 1
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f o r  deciding w h i c h  c_’lements of ou~ c i t ie s  i r e ’ essent  i.d 1 or sh o r t

t cnn s u r v i v a l ari d 1 one t e r m  1 c _’ , ’ over  v . Som e ’ t h i o u g h t  ~~ io n i  be ~ ~ L-I ~‘d

to the relative surviv abili ty ‘f t hese  c o m p ~’:1e:1ts to  t I l e ’ b l t s ~ - i r e

ea~’irenment t rcm .i iu~ s e a r detonat i ,’n . For examp le’. - t  h o s p ’ i t l  l o s e s

its value wlueal the build ing collapses , pr ’h~iH v ~~~ an  ‘verpr ~.’ss-~re-

of 5 ps~ or less w h e r e a s  a m a c h i n e  shop b uf id  i nc  may d i s ap p e a r  com—

p letelv at 10 psi with relativel y little loss if ieavv machinery

ins ide  s u r v i v e s .  Such con s i d e r a t i o n s  of t he  b l a s t  s h o c k  51am~t g c  t ha t

can be tolerated will provide guidance to  t he  b l a s t - s h o c k  w o r k s h o p

j f l  l oc , it  lag the debris r icid  of  in t e r e s t  w i t h  respect to g r o u n u  zero.

11110e the intere sting debris f i e l d  is l o c a t e d , the in itial fire distri—

bution workshop will know where to  concentrate their efforts in t h e

spectrum of thermal rad iation levels and overpressures. While f o r m u —

lot inc  the list , i t  max’ also be desirable t o  consider the g e o g rap h i c a l

loca tion ot  the vital elements of our society . Seine cities may have

l ittle to contribute to the post attack reco\’c_’rv . For exam~’le ,

Fi gure 1 shows the geographical location ot m a c h  Inc  t o o l s  in the

Un ited States. Sixty percent of the t o o l s  are located in t h e  shaded

area around the Great Lakes and in Nd ’ England . T h o u g h t s  a bou t  fire

t h r e a t s  should be c - ’mç’ - i t i b l e  with the vital communities.

3. Fire Spread M ode l s :  Six responses  were r ece ived  t o  the  l e t t e r  of

in q u i re s ’ ; howeve r , t h ey  c a n n o t  a l l  be intercompared because the~’ do

not  . u l l  speak t o  tile same p r o b l e m  Two of t he  r e p l i e s , nam e ’, y , S c h m id t ,

and Gut are extensions of t h e  I I T R I  t i ro  spread mode l  deve loped  in

con j u n c t i o n  w i t h  the  F i v e — C i t y  Stu d s’; t h e r e f o r e , these . u”p r oach es

will be cons idered along w i t h  t u e  ot h e r  h i s t o r i ca l  ~t p p r o a c h e s , i . e . ,

the URS and SSI models.

While it is trite to m e n t i o n  that “a prac t  ical re ason t or model ing

is to reduce a problem to a level that can be handled bo th  in terms c’t

the effort and knowledge required to achieve a solution ,” this truism

is ampl y illustrated by many of the approaches and a s s u m p t i o ns  i i lv o l \ ’ e’cl

in the fire spread models. We will start with the model that comes

E—2
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c’ l o s e~~t t e e  u ’ e - i l i t v  l.n ~‘t tv ~~t c ’~~i d e t a i l  and r e tr e a t .  t h o n g  the ’  p i t h  I

i I l c ’r e . i s i ng  s l m u l at ~~on and svu t l t cs l s .

l’re ’suirna b I , per t’ee’ t ad lie ’ r ent ’ c t o  Ft - i  I i t V Wefli I d ~
‘ ct fl hlfle ’ I l c  e’ W i t ,  Ii an

e’~ ac ’ I de ’se’ t’ I pt  ~ c e t l  o l  the’ I ue’ I e ’ I t_ -fltCIi I s .uid t h e ’ h r  e~ m~ ’- i t’c ’uit ne ’nt , i . e’ . ,

e’, t c ’ h h ou se’ , i t S c_ ’ OflIe’IltS , . t i id  C OV  i t’ c ’tlfli e’Il t w’ ’ti Id  lee de ’Sc ’ t i t ) c ’U l i i

dc t ,i i I S i l t  t 1, ’ t e ’t ’i t t e e  p r ed j o t  t i m e ’  detailed I l i ’e ’ h u i  i d u i p  ,tnel spread .

l’ n I or t  un~i t e ’ v • we c , u u u t i o t  p r e’d ic_ ’ t f l u e’ beh.tv l ot  pt ~ec i se I ~ ‘ iii s t i c  ii

(‘e~tflp Ie’x s i t  ua t ions is b u r n I n g  liot i~~e’~ ; c ’ O f lSe ’qu l e ’I )  I l v , c _m i’ I itit I to I ~c’ll

in  know l edge I or 0c’S an immed i ate ’ .1 b ,mn d onuncul  t 0 t d e’ t . i  i I ed p e r f e c t  i ou t

.ind we t u r n  to  a ver a g e ’ or ,t sl it i s i l c . i l d i s t r ib u t i o n  ~‘t t i r e  he ’ l t . u v i ~’i’ ,

‘rhe’ 551 inode’ I came t h e ’  c losest  to an ex.ic t cbe~~ei ’ Ip t  ion ~‘t t h e’

fuel e lerne’ui Is. Surve ’~’ t eams  inca sured t he houses  • t h e i r  spdc _’ l ug s ,

ope’fl Logs .m e1 e’oflte ’flts In det ail . Obv j o l t s  l v  • t h e  l abor  i !lVc ’ l V e ’ch i i i  H.-

surveying one inc _ icle ’st c_ ’ it v exceed s th e pr a t t j o t !  I i  m i t  ; e’ . g. , the  H

t a r g e t  w o u l d  o ilange bet  c c i ’ e’ tile’ SuI’Ve ’V was e’ omp I e t C .  Ce ’ns eque’n t lv ,

t h e  SSI  model is l imited to a det a  i led samp le sec t  ion of the c itv

Retreating to the next level of detail , the UR S Model d i ~~1’l~~s th e
c i t ~~’ in t o  a re a s  0 1 r e ’I a tj v e’ lv  u n i fo r m  use t , i e t c ’r s , i.e’ . , r e s i den t i a l ,

ind ustr (a I , cec unmeuc ’ l a l  , pubi  to , ouch su rv e ’vs a sa tu t p l  i n g  of struc ture ’s :
in t ’. t c ’h t y pe c e t ’ , L r e ’ .I t o  dete’rm Inc L i m e ’ p o t e n t  m l  t or  t i r e — s p r e ’ad

.t long ho L i d  tug s in  -i t vp I c _ a  I b l o c k  . ‘rime I I Fe ’ he’ii , i~’ iou’ I hiu’ c~u ghie ’ut ,i 11

.ire.i s e~ t 1 h~
0t’t ic ’ii 1 J1~ tYpe ’ . t r e  based on t h e’ pt ’e’pet’ t ic s  of t h e  s m a l l

sampling. 1’he ’ I liR l mode ! f o h  i e) WS 0 5 m u  l i t ’ , i P P u ’ c b at ’ hl  w i t h  SOf l t e’ V at ’ 1

Ot i cUt  S ill I lie mc thto d ‘-‘ I d l v  [d i n g  ,tucl ~
‘ i,iss i t  ‘c’ j u g  t. l ie’ or c_~, 1 s 01 t i l e’ c ’ I I v

in t ’ ’ t r i o  I s,  A l  I trot ’ I s  :ir ~ - s q u i l l l ’ t ’ and e ’ c l u l~ i 1 i n  s i  , e ’ . Eac hi I i - .ic t ~~
.usi-itgucet .1 1 \‘pt’ number b.tse’eh on t ile’ ind I e ’r  c’ e’ t ’i lp , l f l e ’\’ , h u t  Id  t u g  o t  ‘c’S,

sp.ie ’ iuugs , t vpes  of co i i st  t ’ i i e ’ t 1cm , e ’ t . c ’ . l-ac _ -h type’ number  c’0 t’re ’Sj ’OilelS

to .m d i t  le ’re?ll t Ire’ h o h i . t v I ~’r b i tt  w i t h i n  a t I ’ .t c t  and i i i  i i  I t r . i e ’t S  o f

t he’ s ,irua’ t vp e number  
* I lie’ I tres exit [b i t  I lie same be ’tl,lV b r

‘ru e SS I, URS , and I 1TRI mode Is c’e mnlene’e with) .1 program to de l  inc

t h e ’ p r i m a r y  1 ’ , n  it Len I Icid I or a g iVen n u c l ea r de ’to~~at tern s~’en.ir Ic ’,

t h e n  I o l  low the  1 i re bu i ldup and spread t h r o u g h o u t  t h e-’ mode led o i t  v •

I - “ 
- -  - ‘
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A l . i  i ’ ~ c ’ t F _ i c  I I “i t  e C l  t i m e  u u p u i  dat a  and e’ee uwput ,u t m o ~ t mc ’ is ‘is sot - h i t  e’d

s - i t  hi t l i t ’ i g n i t i o n  I h e ’ Li ie ’t c ’t  o r e , Mic ’i ”c ’rt ‘ ! c \ - t ’ I o j ’e~h 0 I.is t r u u n t u  t u g

e ’i  - ;  1 on 01, t, 1w I H-~ I mo de ’ I t ! i - i t  sk~ ps t h e ’ I g i m  It I e ’u t i’~’t L i  Oil 01 1 he O O t !  0

1 1” ItCh h i c ’t  I ti c ’ c i  c t - I i i  e’d !~m t I t e l l ng c i  c ’ S c ’ !’  1 I’ L t O i l ’ 0 “lI t 1’! b i t t  c ’ tO  t h e ’

‘ - i I 111.) t 1 “115 “I  t Ic ’ p r 1 !It.1 F\’ ‘~11 t i Oil cit st t I b u t t  I “ I I  • t hte ~ t i t l e ’ or 1 1  it)

i’e’g,it’d h i ~~ I i r e ’ !‘n I I c _ l o p  , m n c i  spu ’c icl load  t o  sI - ‘c ’lu, - ist i c  i t ’ ’ ’~~c ’ eh m 1 e ’s t b i t

t o u t c ’ i  I nm ic , l ot  t h e ’ 1’h v s i c  ~l c_ let - i i i  i i i ~’ e u i ’ e r . l t c ’ ch i i i  t h e ’ i n pu t  data.

r c ’ pre~’ i dc _ ’ - m i~~’Se ’ ,l ’c 0  ii 1 - O c ’ I I or I i i , ’ S j I i t ’ i c l  i’ I ad i c ’S , Sc ’ hun ic _ i t

re t  i - t ’~L t  e ’d I t’o~ i j ’ luv  s i c_~ ,i 1 rea I i t  ~
‘ ot t o  St e’p l i i i ’  I. i t c _’F ,i uid nued i t  i cc_ i I hc_ ’

M i t’ i~~’ c ’V I h oc. I t 0 n~~ke’ a 11 t it e  t r i ~~k s  oqu.u I - h id r ep  I ,ic en tile ’ st  c ’c ’ Ito ot  it ’

inc _ I  ~le ’ to t 11 ti ! ~ t 1 - . I c ’ m l  ii r~’ s Is ’ t h p t -~ ’ ha h i  i I to sp t each c c ’e ’ I I ic i c’ui I 5 •

Iii t lie’ ri ’c t O e t m i  I i i  c , ’t ’ t ’d I t i , I t  C Mem t e t ’0i- i 0 V& ~t .  i on “ I  t h e ’ m o d e l  , t h e’

c ’c~rnh c ui t er 
~
‘ Iae ’ s ~t c - t I n t ’ 01 e ’iiauic ’’ w i t  ii e it h er  , t  s i m i c  t e ’ eu - m Se t’ i c ’S 01

di t’ e’s’i. l ’i’i . i t  l\ ’  e’i ep t ’rtdc ’nt t t , i i i s i t  l O t )  pt c ’l )iih ’ j lit ~~e’5 10’ i i  i tVd it ,i i’itru

C ’

11 e ’ t t t O f l . j t c’ I ~
- . t h e  Gu t  unoeh e’ 1 t o  c _ j c ’s~ ’r ihee l  in i,~’t m , i i i  l U c i  i,’t ’ ha~’e

t l c ’ t  t i ie l  l ime ’ I c ’ t r a n s l a te ’  , u u u y  si tb I  l e t  jes th at 11,11 be ’ l m t t - k h i e i  !‘c ’ h i I t i e l  C

I lie ’ I .mguagc t-m~ ii ’ i ci’ . Ge’ner,i It ~
- 
, t he mod e ’ I I o h  I c ’m.’s c ’tI  1’ sn t’’c ’c ’ 5 II tOll s

~ he ’ m m l  t h e  M i e ’ r c ’ c ’i’ t m o d e l  . (Wi’ c _ h o n ot  h a v e ’  m ~~‘1’v 01 t lie M i e m  - - ‘i

i 1 ’I’Ol’ t e’ ,‘tl 5e’ c~ h e ’ll t I v , h i t s  c ’ c ’tfl~
) . i  u I ‘ic ’ I i  1 S S ( ’ c ’ c ’tid ilOil e l

-. . 1 h i i H t , i t  i o n s  , ‘rm t ile’ 551 , I R S , and I I ’ Y R I  i? h 1_ c~ Si ’ t c ’.iI M ’~i, ’1s : ~~~~~~~~~~~~~~~~~~~~

* time etc I- i ’ ’ hab he ’ snmrnar~ ’ I t’e)tfl l v i  l U l l  I ‘ui o I c _ s t  c ’ifls o t  F I y e ’

j~e ve ’ i  epflle’ult ’’ j ’ c ’j t l I S Out Se’vt’t’,i 1 - i ~ ’t ~ ’l’ s I ii i ~ I 1 11111 t Ile ’ m i t  i i i  V ‘‘I

these I I i’e’ 5 p m  c ’a~ ! mode I s ,  l’ i’ c ’i’ . m t ’ t \‘ t h e ’ ‘‘\c ’ ’- t t  i-lO ’c’ ,’ i * ’  I 0’ , l i i O ’c I ’ll ‘ ‘ ‘fl

- e r o s  i ’ I . u o l  i I u i l , I c c ’ t o  I lie ’ st t’ i te ’t u t c ’i ; . l ’lie ’ C ’Xj’ ’i’ i r n e u l t i  I d , u t . i  • .o , , c o i n —

‘l it  I t  l o n u  I em ’ I j i ’ e’ spi - c ’t d  b\’ i’~~d i . i l i e ’ii it t i d I t t c ’l’i i1I ~lO , ire  I ~‘u ’ t t i c ’

hut 1, LI ~ i 1g:i  i s  ;u u l ’ V t ’\ ’ell Iii t h e ’ i t i t t i - m t  I l , i c ’t  . 1 5 5  iguiuiie ,’iit • i c ’ i i5 ( ’ ’~t ie ’ i I t  I v ,

i be r~’ ’-a u 1  I s  d o  u u o t  . mp p h ‘- t o  ser i c ’ m i s l v  c l a m i i i g e c _ h  b u u i  l d i ; i c ~:-~, p i t t  i~’ iil - i i  l v

e.’ i u ’ t u  I he V I F , ’ t ie ’ I ‘ii  go 1’ 0 1  - tile1 [rig . ,\s i l l  u u s t  m ’ i t  e’cl in  F c m i i i ’ i, ” 1 l i c ’

I I I W I  Ii c ’c i  0 I e ’ \ c ’ I tic_ I c’s t he  , m u e , m o t se’r j o l t s  cl - ima ge , 
~‘ o m i t  roe’ t u r ,u  ~I I V Ut ’

I t  t i c ’ ‘ p - i  C ’V c ’ t l ’ t ’ t ’14 5111’ i’ 1 Itle.’ bit t pu ~ ’h ’ t !’t \‘ 1 ‘Oc ’u i j ’ i ’t ~~’\ t  li - i t l o i l

t~~’t- ;ti.iti\ - .t t’ i i -  t n t . ’ [ii t he  • ‘ m d  ~ p o t  i c ’~~ i ot i s .  Se’e’oti d l v , I I i c ’~~c ’ I t c ’c l C ’

I- ’ -i

-- A~- ~~~~~~
-, — ‘ ‘ _______
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make no provisions for mass fire phenomena i.e., the probabili t ie s

of fire spread by rad iation and tire brands  make no a l l ow an c e  b r  t i r e

inioced wind s or a merger ot ind ividua l flames Into a single column .

~~ . Continuous Debris Field : In the regions of high bl ast overpresstires ,

the  s t r u c t u r a l  d e b r i s  f i e l d  becomes f a in  t’ofltiflUelUS and a third

mechanism fo r  f i r e  spread becomes impor tan t , n a m e ly , c o n t i n u o u s  c r eep .

Under these cond it ions , the  fuel distribution becomes somewhat .iii,i l c ’-

gous to the wildiand pa tterns encountered in t~ ’rests. C ot i s e q u e n t lv ,

several of the wildiand fire spread models become 01 interest , e. g . .

Albini’s “Spot Fire Distance from Burning Trees” and the MRC “F i r em a n

Model” submitted by Pietrzak. One questiout tha t  should be ’ ;mnswem’ c_’~I

before extensive application of such models to the  nuc leat ’  t ire situ-

a t ion concerns the  d e n s i ty  of f i r e  s t a r ts  in the h e a v i ly  dama ged

regions. In the absence of b l a s t/ s h o c k  e x t i ng u i s h m e n t, t h e  f i r e

start density precludes the need for appreciable [ire spre’ad and the

spread that occurs is filling in between the numerous starts. In con-

trast , the wildiand fire spread models favor a fire front spread pre—

domin~’-i ntly controlled by the wind and terrain .

•
1

‘~ 6. The F a c i l i ty  F i r e  V u l n e r a b i l i ty  R a t i n g : 1~ the fire spread models

examined so far , specific de ta i l s  are sacrificed to keep the  lal’c ’r

e f f o r t  a t  a p rac t i ca l  level when dea l ing w i t h  a mans’ structure’ tat’get.

In the crisis relocation plan only a small I rac_’tion e .g., less th an

el the s t r uc tu r e s  are directl y e’oncerned ; there? ore . .e. re’verse

procedure may be p r a c t i c a l  I . e .’ • , rat e’ the fire vu l nerahi I ltv of t h e.’

v~ tii l structures and ignore the  rest of time buildings unless they

obvious iv pose a t h r ea t  to s t r u c t u r e’s of inte’rest . This t’- m t lug

approach  was examined In tile mid h960 s by 1, \‘. u n  and A s s o ci at e s  in

~~~~~~ OCI) and they developed a manua l  of Data  Cath er  l u n g  Pr ae’t I ce  r e l a t i ve  I c ’

the  r eusabi  I it s’ ol  bul Id ings i t te’r a war I ir e .  T h e  in p r c _’~’e’ d m u re.’ I o I lows

the  genera l build ing code and insurance prae’ t Ices of eva lua t lug t h e

hazar e l  due to foe I load ing  and the amelor ta t  lung j ut’ tu~ ne’~~ ot p a s s i v e .’
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ft Fe’ I’ Fe ’ tCC t tori measures. Wi lb c r It I on I r e’se mi Fe ’ c’s sue ’h ‘is m acl i ! uie I e el s ,

the r ,i t trig process  may even he simpler because’ t h e s e’ Items are Fe’I at i v e ly

I n s e n s i t i v e .’ 10 I i re  and s h o u l d  s u r v i ve  u n l e s s  hei r fee l l i i  hot c’ c ) h h l S  l o r  , m

l ong  t ime. ri meta lworking sh ops , t h i s  c ix t apos  it ! on e’t fuic I , ma ch i  hu e ’s

at id t (nit ’  i s  ap t  to  oce.’ur oii h v wh en cembu st  f b i  e w a l l s  and rools 0th 1 apse

and bu rn  a round the  mach ine s

A t o u r — s t e p  r a t  log and auia I vs is proe’e’eie.irc shiou 1 d 1) l’OV ide’ 1. he est i umma t e

eiiv Is lou ied in  l:i sk 2 o t Work ing  Group

(I) ~ I : i s s t t  v b u i l d  lungs accord  lug to the hr fire hazard
rat lung, w h i I c h  all ows I or b oth  the ’ fire.’ P0 te’il I in I
.iu id c o l l a p s e  p o t e n t i a l  of the  St m c  ture

( 2 )  Pet e’run Inc the  number  o f - O n  t lea I mach Inc’s hmou ~ eel In
s t r u c t u r e s  of each f I r e  hazard  r a t i n g .  2

(3) Est imate the building area l o s t  in each fire hazard
category under a postulated nuc l ear attack. Compute ’
the fraction of machine tools i nv olved , assuming lO ud’-
Zeiss iii all co I I opseel comnbust lb 1 e st m c  t u r es  .

(~c~ Mod i t  v le ~sse.’s ac ’ c ’ord lung to  probabili ty of s u s t a i n e d
combustion , e’onslderiuig the potenti als f o r  p r i m a r y
and se’c’e’nda rv ign it Ion and t I re’ spread from adlo in it ig
st r u e ’t u res.

I
(‘F

I’ . m b l  ~ I’;— I shows a m a t r i x  of s t r u c tu r e  ca t ego r i e s  suggested I or St t ’p I .

‘l’ hi e ’ I i Ve ’ ye ’ Ft  I~’~ I head I migs e’ or resp ond to t lie NFP A— I vp c - b u i l i d !  ug c ’ I ass i —

I I c ’ m t  ( ems  ~ nul t he hor izont a I head iu lgs laid Ica te var louis a h i  I i t  Ii’s te l  W i t _ li—

sI an d I lit ’ c ’V O F  ~re’s sutre of I lie shoe kwave. Ree’ o rd s I rent i n s u r a n c e  c em—

p an Ic ’S and t~ ire p r o t e c t  Ion engineers, In e’on j  uri c t Ion wi  lii some’ Sit  t ’Ve ’\’ S

would prc ’t’ I eI e .i d i s t r i b u t i on  of m a ch i n e  shop f l o o r  ;u t ’e i iS  in th e’ 15 Sj ) ot s

in the m atrix. Average va l i i i ’s  of ’ the ’ oV( ’i’ p F e ’ S S m i r c ’S to  0 ol l ap s e  the ’ roe I s

W c ’ t t l c  he ’ m h t a  f n e ’d f rom Work ing  Gr oup 2 f o r  t h e  n i l l i ’  spots In tile.’ bet torn

t h re e  I I tie ’s ot  t 1w m a t r i x ,  The two top  I ines e.’an be’ uie’gl cc Ie ’eh l’c ’e’ ; m m m s c ’

I li e n-u t ’ st rite I tires el~ not  e’0flt~l in enough t ile’ I (0 se’l’ I oils I v damage’ I lie ’

~iac ’ h m t n e ~~.

Machines  In f ir e — r e s i s t i v e  and n on combti s t  h h l  e b i t t ]  d t u g s  ma~’ he

dest i’c’ ve ’eI by h i  a~~t or I ly i n g  nil ss 11 es , hu t  the’ f i r e . ’  sh iou Iii e’ I i t l S c  li t t Ic

prob I e’m . Th e’ I i re  hazard  Inc rca sos as t h e  progress!  on goes I- rem hie ’a vv
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F ,ih h e’ K-h

I-I RI’ Ih .\,-:ARI) RA’l’INGS -\ t)Rl) I NF I’() S l’RI ’ i ’ I l ’ R A I .  ( ‘\  I h - ~~ ) RY
( R u i  Id  t u g  \‘u h m i e ’t ’ - i h l  l i t  v C l a ss  I t  I c i t  b i t )

Ce~ II Ipso l o t  t O t  i , i l

( e c \ - e ’ F j h t ’ e ’ s s u t e -  i t i  1 1
I _ c  c , i e h

Nh- PA Ru l i d  in g  Bear j u g  Weak  St i’oim ~,
1v 1’ e 1~’, m h  I s Frame ’ I- ’ r a t t i e ’

= F i l c ~ re ’s 1 st h’e I’

,‘ N e c i t c em ni b t i s t I h i t ’ P , 1
7 I’

l I e - i vy  I iniher  P
3 

P
8 

P
1 

—

-4 = t)i’eI j u t  F’,’ P - I’ I’ -
4 9 h - c

Wee~c l t rome’ P P PI I )

l ’ t F c ’ lhi .~;ii’ d R a t  i ng  At ’e’a (a)  —

Whi e ’ I ’ d ’ I’ I l’ e ’S t n t ’ l- xpe ’e’ t od te l I)e’st rev M i c ’ li t t l e ’S

I ,e’ .i( l
Be’,ir i m i g  We’ ,ik S t t ’ e hul g

W , m h h s  l-’r,-irne’ 1” r auuc ’

I (1 0 (1

2 t) 1) 1)

I a~ 0
8 “II

ii , ,~ -9 1 4

I .i ,1 
1
10 ~i h S

a R
2

K R
1 

rail ins f i’oni ground , -~~~‘ t ’ c ’ where’ t h e’

ov e ’rpre ’ssu  re I rem the’ tit le ’ l e n t ’  burst ( ‘c l i i i I S liii’

ove.’rpre’ssure for st rile.’ t i i t ’ ;i I e ’o hi apse.

K = I lie.’ p r oh ab l  I It v of s u s t a i n ed  e ’ ehmbus t I o n .  i n  liii ’
s imp I e’st as uumpt  b i t , K cr0 I el i’ bit li e 1 lug t v pc’s
I antI 2 because’ t her e  Is no f uel and K • 1 t o n

\ ‘h le S 3 , ‘c , and ‘
~
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t imber’ , w h i c h  i s  d i l l  i e ’ u l t  t o  i g n i t e .’, lo  wood frame’, wh i ie ’ii i s  t h e  most

combus t I hI t ’ . Even In hose’ c’e~ttibU~ t ft t o st rue  t tires , t h e ’  itm ac - it l u t e ’  I c’c ’ is

shiou let surv i ye as long as t he  roe I s and w a l l s  hu rn most  c ’ I I li e ’ l iie ’ I Iii

t h e’ s t a n d in g  p o s i t  lou .

S t e p I I two I ~-e’s e’st ima t lug the’ I F ;i 01 t O r i  0 I e e l  Ia pse’d e’ombus t l b  h e

st ru e ’ t tire’s; t he’r e’l’ore , some’ a t t a c k  s c e .n a  r i o  i s  r e q u  i reel t o  dot e’rnl Inc t h e ’
u r e a  s t ha t  I ’ e ’ c e ’I y e ’ an c ’V e l ’ I ) t’ e’ ss t irt ’  i i i  e’Xc(’ss ot  the’ c m - i t  I c ’a I Va l u t e ’  tot’

cc ’ l b  I)se’ . A h i  de’grees e l f  soph i s t i c ’ O t Ion e’an be’ j u t  rod m i c ’ ed a t  t h i t s  po iii t

de pend i Ilg en t h e ’ know le ’dge of e ’nemy t a r g e t i n g  p l a n s .  I n  the ’ s imple’st

c ’a 5e ’ , assume N bombs elI equa l yield a re  de’t onated , ‘it  t h e ’  same’ a l t i t u d e

under  ide’ttt  ie’:i 1 n t m o s ph i e ’ r Ic cond i t  iot~s c ’ve ’r M c i t  los e ’ t  t c ) t O l  a F e ’;i A

e’ O n t O  in  it i g  V machine ’ s e ’qu a l  lv  d isperse’d throughout the  c i t  li’s in 7. I I ’

of  s t r u c t u r e’s .  I t  t h e ’  s t r u e ’t u r a l  c o l lap s e  areas t relm the  bombs do net

o v e r lap ,  t he f ra c  t~~~ii c~~f each e ’ t~ the nine vol nerab  le ’ SI ri le ’ tore’s (1101

e’c)I I zilise w o u l d  he where  a is  ti le overpr essur e  a c e o  e ’XOc ’c_’eh i f lg  t h e

c r i t i c a l  v a l u e  f o r  collapse ’ of structure (‘1 ass I h eat ion i . Coiise’quient  l v ,

t i le’ t o t a l  frtio t tern of mach ines  lo s t  in th i s  sc e n a r i o  bce’entes - -

S a N S . a , N S a N
f = \ ‘ _j__~____ 

+ + .. .
A A AI = 0

wh ere $ = 
f loor of thI~, _p a r t i c u t a r tvj )e oi ~ t r u c ’t u r o

I t o ta l  f l oor  space fc l r  a l l  15 cnte’gor it’s

z i + z 2 + z 3 ... 
~
‘l5

T h i s  scenar io  is  severe because i t  assume’s t ha t  all t ile’ cc ’I lapsed

s t r u c t ures  burn  and damage t o o l s .  Tile n ex t  degree  of r e t  inemeilt  , Step -c ,

allows for the vulnerabilit y t o  sus ta ined  i g n i t i o n  f ront e’ it he i-  p r i m a r y

or secondary c ’a u t S e S .  These s u s t a i n e d  I i r e  fa c tor s  e’flte’r the’ e’Xpi’ e ’ss ieln
S
1l~1

a~ N
a l o n g  w i t _ l i  S, i.e. ,

Obv iousl y, If d ifferent sized bombs are emp b ove’d along with ~‘ a ri a —

tions in burst altitude , the summation must cover the individual bombed

.ire.’as instead c m l  t h e  average , i . e . ,  a
1
N is replaced by O i l  + 0

12 
+ O

h
+ a

~ 
wh ere t he’ second subscrip t refers to a specif ic bomb damaged ar e a .
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I n c  ie l e ’n t . i  I I y , t h e  s j u ’ ’  I I  h e ’ h i t  n r c ’ c h i  su c h  l , t t  l u g  ; ) r e h c ’ t ’ c h m i r e -s  is

p a r t  i , ’t i h , i t ’ l v  c ’ c ’ i i d u i e  l y e  t o  st l m t m i i h , i t  l u g  c ’c ’u i ti t e ’run e’asuu t e - e e ’ui e ’e’pt ~ . i t i cl t o

e’V.i I t i n t  I mi g t he ’ I i’  e’ I t e ’e ’ t I ~‘e ’ne’ss

An a l t e r n a t i v e  a p p r o a c h  to  r at i n g  a cc o r d i n g  to  a l i s t  of r u l e s

is to e va l u a te  t he  f i r e  behavior  in the st r u c t u re  w i t h  an an a ly t i ca l

model s u c h  is Berlin ’s “Bu ilding Fire Safet~’ Mod el. ” Presumably ,

the  model  a pp r o a c h  provides more flexibility If it can e v a l u a t e ’  s i tu -

ations for w h i c h  t h e r e  a re  no ru les .  Conve r se ly ,  the  f i r e  d e v e l o p m e n t

and spread models can be used to es tablish ru les f o r  t he  t r , i d i tj o n a l

inspect ion  e v-m l u at i o n s .  Since Ber l in  w i l l  be d i scu s sI n g  t h e  b u i l d i n g

f i r e  s a f e ty  model la ter in the Conference , I will leave f u r t h e r  c om-

men t s  on t h i s  a p p r o a c h  to tha t session.

Ques t ions  to be Answered and Dec i s ions  to be Mad e ’ .

• Which  a p p r o a c h , I irespread scenar i~’ or f i r e  v u l n e ra b i l  i t _ v
rat ing, is the most e f f e c t i v e  f o r  a ~‘ n i s i s  relec’Jtic)ll p l a n
situation

• HOW i m p o r t a n t  a re  i gn i t  ion f i e l d  J e t~i i i  ‘-u jii hot u t;’~’t~~’i c lies
e .g .  , F igure  2 s u g g e s t s  tha t ~i bout  t F’ - s m:: ~c ’ I F - i c I i ‘u
bui ld j ugs burn  per t r a c k  i r r e sp t ’o t i v e  ,‘t  he I o n s  t v o t

ig n i t i o n s .

L 

• How s h o u l d  severe b l a s t  damage ht - hand led i t  t h e  I l i e

spread scenar io  ap p r o ac h  i s  pu r sued :

• How impor t an t  are  the  s o — c a l  I t ’d mass I t i c  c i  e~~t 5 ’  ~~~ hi
app roaches :  For e x a m p l e ’ , how na i ~ V 1.1 ‘er  0 ho t out id —
ing b u i l d i n g s  pose a t h r e a t  t c ’ .1 v i t . i l i o t 1 i ~~v and u~’ ti . -a
can t h ey  be n e g l e’e ’ ted .’

• What are the  p r ob l e m  he un d ,t  1’ j O - u i i  t o i m ~ of V i t  1 s ~~~ i ,  —

t u r e s  and blast damage I e ~~ e I s

• Is i t  p r ac t  ic ,u l to  use the  e~, 1st lUO ire’ ‘~; ‘ t , ’ .ic 1 modt ’ I s  t , ’
pred j e’t the  l c ’SSt ’S t o  be ,int  i i I ’ i t  e ’cI ui t lc. ’t i c t - i i o t u  I n u t -  1 , - i i

attack or does the labor m v t ’ IVt ’ci “s’ e r e ,h e  I~~ he ’ I

manpower , and support .iv,iil - ihle ’.’

• Where can and shc~ ui ’e c i  models  he e mp l o v e d
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February 22 , 1979

Dear

The 1978 Conference on Blast/Fire Interactions produced a set of require-
ments for  predictive f i re  modeling and guidelines for s tructuring such
models for DCPA use. A principal use of su ch models is to aid prepared—
ness planning intended to maximize economic and societal recovery . Their
purpose is to assess the additional damage and loss due to fire (i.e.,
over and above blast and other prompt weapon effects) and to evaluate
the relative effectiveness of alternative countermeasures and mitigating
actions. In the context of crisis relocation , however , emphasis is on
resources and services tha t are essential to continued societal viability
and postwar recovery, rather than population survival. I ask your help
in provid ing DCPA with information to aid the making of decisions on how
to proceed with model developmen t for use in this context.

By way of review, several steps appear to be involved in arriving at
suitable models , each involving a submode]. :

• A blast—damage and debris—distribution submodel

• A f i re—ini t ia t ion submodel (predicts distribution of f i res
of both primary and secondary origin)

• A fire—spread subsiodel

Our focus here will be on the third step and approaches to f i re  spread
modeling , but the other two must be kept in our peripheral vision since
they provide the input target description for the third , while it , in
turn , determines what detail the first two submodels will have to provide.

I have already noted that stress is to be given to fire vulnerabil i ty of
critical resources. This includes the threats of fire to:

~ Industrial plants and their hard—to—replace machine tools

~ Personnel shelters for  the segment of the population that
has not relocated from the area prior to the a t tack  (i.e.,

SRI International 
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in a successfully executed plan of crisis relocation ,
this would be mainly the key personnel who must  remain
to perform cri t ical  functions and to sustain essent iial
operations , processes, and services).

• Such ocher critical resources as power plants , water
supplies , communications , and t ransportat ion fac i l i t i es .

Accordingly,  whether or not most of the residences , c o m m e r c i a l  and o f f i c e
buildings , etc .  burn is of concern only (1) if , as a neighboring struc-
ture , it direct ly threatens a critical s t ruc ture  while burning or (2 )
to whatever extent it may contribute to the development of a generally
hostile f i r e  environment . Thus , the model may j u s t i f i a b l y  neglect , perhap ; ,
90 percent of the buildings in a c i ty ,  or treat them in broad—brush
fashion only.

It is also important to recognize tha t the region of the urban target
of main concern is within a roughly circular area including blast over—
pressures greater than about 1½ to 2 psi; tha t is , undamaged s t ructures
are of little concern to predictive modeling except in the presumably
rare situation of a moving—front fire (e.g., a conflagration of the
Tokyo—Yokohama sort). Therefore , in addition to treating fire spread
by jumps between still—standing build ings , it is essential to includ e
jumping spread between noncontiguous debris piles and creeping spread
through more—or—less continuous fields of debris in which shells of the
more blast—resistant buildings may still be left.

The character and detail of the output of any model tha t is acceptable
for one application may be totally unacceptable or inappropriate for
another . We perceive three levels:

(1) Minimum useful description——Extent of Burnout:  a burn
density map that provides an indication of whether or not
a critical locale (e .g . ,  specific resource , shelter , e t c .)
was at any time during the history of the f i re  d i rec t ly
threatened by f ires in neighboring buildings. (Alternately,
an assignment of the probability of destruction of a speci-
fic resource as a function of location , both in the ci ty
and relative to G .Z . )

(2) Better description——Time Phased States: a fire distribu-
tion map showing the number (or fraction) of cr i t ical
structures in each of several states (e.g., no fire , burn-
ing, burned out), at different times following a t tack , from
which the changing threat can be inferred . (Alternatively,
an assignment of a probability—versus—time function that a
specific resource is in a fire state, depending upon its
location , both in the city and with respect to G . Z . )

E— 14
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(3) Best d e s c r i p t i o n — — D y n a m i c  Response and Th rea t :  a ( p r e f e r a b l y H
n o n d i s c r et e )  de t a i l ed  desc r ip t ion  over t ime of the  distri-
bution ar.d i n t ens i t y  of f i r e  and assoc ia ted  t h r e a t s , including
in t e r ac t i ons  wi th  the  general f i r e  environment  and mi t iga t ing
e f f e c t s  of ac t ive  and passive countermeasures .  This would - 1

be sufficiently detailed to permit determination of whether
and when a spec i f i c  resource is th r ea t ened  by f i r e  and , if so ,
its response to the threat in terms of percen tage ‘oss of
func tion (or u t i l i t y )  over time . ( A l t e r n a t i v e ly , i ts  sto-
chastic counterpart).

If you have (actually or concept ually) a fire—spread model that qualifies ,
(or are aware of one that might qualify) for DCPA ’s consideration , plea se
describe it briefly and supply the following information :

1. Features of the model

• Requirements for input data; detail required in the
description of the fuel , the environment; basic para—
me ters involved .

• Basic assumptions employed ; mechanisms treated , sensi—
tivity to assumptions.

• Mathematical  fo rmula t ion ;  sensi t ivi ty  to empir ica l
inputs. —

• Nature of the output .

2. Adaptability to DCPA applications

• Which of the three levels of descript ion outl ined above
(minimum useful, better , best) applies?

• Wha t appear to be advantages and disadvantages for

L 

these kinds of application ?

This information will be required in time for the upcoming conference——
March 18 through 22. Please respond if and as appropriate before ‘larch 9.
Than or your attention to this.

S:~~~~~~~. M~~~~~ ,~~1anager
Fire Research epartment
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Enclosure (2)

VITAL FACILITIES AND THEIR PRIORITY

(a) Life ’s Essentials (Short and Long Term)

(1) Water Supply: Source , Purifica tion Plant , Distribution System - 
-

(2) Food Supply

(a) Source — Farm Equi pment and Supp lies

• Seeds , fer tilizers , c hemicals , machinery

• Animals , feed s, da iry

• Fishing f l e e t

(b)  Food Processing and Preserving

• Canned food , cans , canneries

• Frozen foods , f reeze  dried

• Dried foods

• Meat processers , packers

(c) Dis t r ibu t ion

• Trucks — roads, terminals

• Trains roads , terminals

• Boats , waterways , terminals

(3) Shelter

(a) Energy to keep warm (avoid exposure)

(b)  Sani tary system , sewer plant

(c 1 H ygiene suppl ies

(d)  Garbage — t r a sh  removal

(e) Ul t ima tel y enclosures

(4) C1 o th ing

(a) Textiles plants

(b )  Sewing machines

(~~; Law and Order , Protection of People , Possessions and Fac i l i t i e s

(a) Police, sheriff , highway patrol etc. assume martial law

(b) Fire depar tments

• (c)  Some public records
£ 
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(6) Medical Facilities e.g., Hospital , Dr ug Houses , Ambu lance ,
Pharmac ies

(b) Communica t ion

(1) Telephone

( 2 )  Radio

(3 )  Mail

(c)  Peop le T r a n s p o r t a t i o n

(1) Buses and Terminals and Repairs

(2) Trains and Terminals and Repairs

(3) Aircraft and Terminals and Repairs

(4) Bicycles and Repairs

(5) Autos and Repairs

( d)  Energy for Economic Recover

(1) Electrical Generating Stations and Distribution System

( 2 )  Natural Gas System and Distribution System

(3) Petroleum Products , Ref ineries and Distribution System

( -~) Coal Products , Mines and Distribution Sys tem

(e) Industrial Plants — to Rebuild
*( 1)  SIC ~33 Primary Metals

( 2 )  SIC :;34 Fabricated Metal Parts

(3) SIC :135 Machinery Excep t Electric

(4) SIC :;36 Elec trical Machinery

(5) SIC ~37 Transportation Equ ipmen t

(6) SIC :~38 Precision Instruments

(7 )  SIC ~39 Miscellaneous Manufac turing

( f )  Material Inventory

(1) Food Supp lies (Short Term)

(2 )  Metal  Stock

(3) Raw Materials

(A) Chemical Supplies

*SIC = Standard Industrial Classtion

!~— 1 R
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2. DIS C USSION ~F PR OC~~~URA L STEPS

a. Task A - Selection of Critical Industries

The selection of i n d u s t r i e s  to be kept  O p e r a t in g  in an ln t e r n a t i o r~~l

cr is is so ser ious as to t r igger  an evacua t ion  can be a very  d i f fi cu l t  
- -

chore. The Soviet  C iv i l  Defense manuals gives the fo l lowing instructions

concerning operations d~ r i n~ a crisis:

“Sta b i l i t y  of ope ra t i on  of n a t i o n a l  economic e s t a b l ish -

mer.ts d u r i n g  w a r t im e  is achieved by :

1. ensur ing  the  r e l i ab i l i t y  of power , gas , an d water
supplies ; creatiug reserves of raw materials

and fue l ;

~~~ . improving technological production processes ,

guaranteeing automatic s.~utdown when a plant,

or facility is made inoperative;

3. constructing and equipping shelters in  installs-

tioris and plants for employees and workers , pri—

mnar ily according to the num ber of shifts, and

preparing mine shafts and mines as shelters ;

~~~. preparing bases in outer zones for th~ reloca-
t ion of scientific-research , construction , and

other establishments that are to be evacuated

from large cities in order t~ continue operation

in wart ime ;

5. creating protective struct~res for admir .istra-

tive units ;

o. constantly preparing civil defense formations

to carry out rescue and emergency restora tion
work w ith consideration of the special features

of each plant ;

7. performing organizational and engineering-

technical work to prepare a plant for change-

over to a basic work regimen, providing a

ser ies of defense measures for workers and

employees, stockpiling material goods and

special equipment , preparing to operate with

E—20 
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emergency supplies of power and water, p r o v i d i n g

for f ire preve nti on, and inaugurating other mea-

sures in accorda nce wi th the nat ure of p r o d u c t i on .

“The pr incipal measure to ensur e the operational sta-

bility of establishments and plants In  the event of enemy

attack is the complete conversion of these sites to the

‘basic operational system ’ for civil defense. The ‘ basic

opera tional system ’ f-or an establishment or plant refers

to the organization of plant operations under threat of

attack (as ordered b’, civil defense signals~ to en sur e a

red uction of losses, should the enemy emp loy weapons of

mass destructi on.

“Converting these facilitie s to a ‘ b a s i c  cperat~~cnal

system ’ ~xpedltos the red u c t i o n  of plant act iv ities to

a range of attac k (proclaimed by civil defense stgnals~ .

Tho emergency measures are carried out  in o l u d i n g  t h e

prevention of fires , explcsions. and c’thcr pr ohl~ ms of
a secondary nature ~short circuits, destr uction ot’ th o

liquid fuel tanks , etc.L Thus , these plants which

must continue certain of their operations . oven a f t e r
the air alert signal has been sounded , are c o n v o r t o d  t o

a reduced operating regimen. The workers and employees

remaining In the  p lan t  take cover Individually and make

use of other protective measures. In cas ’ of r a d i o -

active , chem ical , and biological contaminati on . workors

and employees take the necessary protective measuros.

In addi t ion to convert ing these unit s to  a b a s i c  oper~%t-

trig regime, technological measures mus t he taken t o  incr ‘ase

the operat ional sta bility of an enterprise and ensur e
the protection of workers and employees.”

A more recent Russian Civil Defense publlcattot-~ gi vo~ more d u o s :

“An important place within the civil defense system

is occ upied by economic installations. The term instal-

lation in  civil defense termin4’logy is used t o ’ designate

E-21
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pla~ ts. factories , kolkhozes, scvkh czes , educational

i n s t i t u t ions , of f ices , and other establishments.

Industrial and agricu)tural enterprises comprise the

country ’s main economic potential. The principal

produc tiv e force is employed at these en terpr ises --
the worker class and the kolkhoz peasantry . There-

fore measures to prov id e protect ion against mass
des truct ion weapons sho uld be carr ied ou t on a
pr iority basis at economic installations.

“Civil defense head quar ters are set up at all

installations. Depending on the size of the instal-

lation , they are staffed either by full-time civil

defense personnel or by employees w h o  mus t also per-

form their regular duties. ”

The Russians use the phrase “national eccr.omio establishments” in

all their c iv il defense li terature, and the fact that c i v i l  defense head-

quarters ar e set up at all such ins ta l la t ions lea ds us to the co nclus ion

that only the industries considered important enough to  he operated durin g

an evacua t i on are included in the term “national economic establishment. ”
The statem cnt that these establishments “compr ise the countr y ’s main

economic potent ial ” suggests that most industries woul d be kept i n  opera-

tion. Their military literature continually st~-esses the necessity for

maintaining a strong, stable national economy as a base for military

operation in the event of nuc lear war.

DCPA has not yet established a priortty list of critical ind ustries

for CRP, but an tntertm planning directive4 says:
“In general, activities recommended for consideration

[as essential industries~ include thos e essent ial for
life-suppor t of the population , for the nat ional defense ,
and for maintenance of an austere level of eccnomic

activity (e.g., food , fuel, pharmaceuticals). Some of

the more significart areas that should be considered

include:
Oil and gas production (under SIC~ Code 13);

*
SIC Standard Ind ustrial Classification .
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For the purposes of assessing civil defense capab i l i t ies for nuclear

a t t a c k  s i t u a t i o n s  and for  e v a l u a t i n g  and p l a n n i n g  c i v i l  defense counter—

measures , two d i s t i nc t  types of f i r e  models are usef u l . They are (1) a

mode l to prov ide information on the f i r e  threat to the n a t i o n  and (2)  a

model to provide information on the magnitude and c h a r a c t e ri s t i c s  of the

tt re threat a t  the local level. The first type of information is u s e f u l

for dama ge assessment studies whereby not only the fire impact on na t ional

surv ival can be estimated but also through iterative studies a national

pol icy can be established . The second type of i n f o r m a t i o n  is usefu l for

fo r m u l a t in g  and eva lua ting  countermeasures aga inst  combined nuclear a t t a c k

hazards inc lud ing  radiat ion exposure , as well  as the f i re threat  at the

local level . As such , it is importan t tha t  th i s  type of f i r e  model esti- .

mate not only the extent  of f i r e  spread , bu t  also the dynamics of f i r e

spread , which incl ude the rate , mecha n ics , and the associated hazards ,

as well as it s  behavio r and response to coun termeasures .

This study is l im i t ed  to the eva lua t ion  of f i r e  spread models de-

veloped b y I I T R I , tJRS , and SSI for the O f f i c e  of C i v i l  Defense . C r i t e r i a

were developed against which the models were compared in terms of the

‘.ul nerab i l it y assessment and dynamic research information needs of civil

defense . However , there is no adequate prototype experience or reference

case calculation against wh ich the models could be compared for realism .

According ly their accuracy was evaluated in term s of a state of the art

structur ing of fire spread mechan i sms according to submodels .

Fire spread mode l development was virtually limited to the rad iation

f ire spread mechan isms , but both the 1 ITRI and URS models included
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speculative treatments of fire spread by I irebrand s. The thr ee rad ia -

t i o n  f i r e  spread models all prov ided procedures for  c a l c u l a t i n g  l ir e

spread given the inputs  describing the urban configurat ion and the dis-

t r ibu t ion of initial fires. The level of detail considered in the urban

configurat ion model determines both the effor t required in ac cumulating

the data base and the computati ons. The model ing of urban configurations

is an importan t and difficult task. It is importan t because the d iffer-

ence in fire spreads for each urban entity is due pr imarily to d ilf er —

ences in the urban configuration. It  is difficult because of the vast

number of configuration combinat ions  that cx ist . The I1TRI pro cedure

for modeling the inputs for urban configurat ions is the mos t complete .

but the modeling treatment sacrificed too much accuracy for sixn p l -i u.’i t ~ .

The URS procedure gives a better account of urban configurat ions by con -

s idering the uniformities of street layouts and the uniformities u f

building orientations that are common among some tract types , but the .~~~

procedure was not developed beyond that of a single—family residential

row configuration tract, The SSI procedure used actual urban configura-

tion measurements without modeling and , as such , i t  wou ld be most rea l—

istic ; however , because of the effort required in data accumulation at-id

in computation , the procedure is prohibiti ve ly expens ive except for

small area sampling.

The modeling of the fire parameters is more limited in scope than

the modeling of urban configuration. Nevertheless , ign ition . burning,

and radiating characteristics are associated with building type and

occupancy characteristics , and a continuum of these characteristics

exists. However , building and occupancy character ist ics are more easily

categorized into distinct groupings. All three models st.itfer from in-

adequate mode ling of the fire parameters. The rad iat ion lire spread

properties are shown to be quite sensitive to the range ci parameters
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used . Acc ord ing ly, the f ire spread submode ls were considered to be

oversimpl ified , and the relat ionships among the submodels were not con-

sidered to be adequately developed.

The SSI mode l did not include any firebrand f i re  spread analys t s.

Altho ugh the URS report discussed firebrand t ire spread and attempted

to estimate i t s  relative significance , onl y the IIT R I mode l pr ovided a

fi rebran d f i r e  spread model. However , the I I T RI  mode l is based upon

empirical f u n - t  inns derived from inadequate ly documented data.  As such ,

the paramet .- rs associated with the mechan i s of firebrand f i r t -  spread

were not modeled . The extrapolation ut the l i m i t e d  data from two com-

pl etely d i s s im i l a r  events to firebrand f i re  spread in American c i t i e s

wi thout  spec i f i ca t ion  of the controlling e f f e c t s  and the differences

among cities can only be considered to be speculative.

The development of a mass fire model was not included in any of the

fire spread models, and yet this fire spread s i t ua t ion  is particularl y - -

important in the formation of countermeasure concepts . None of the

models inc luded expl ic i t  modificat ion of fire spread character is t ics  by

fire fighting countermeasures. Nor was a fire spread mode l deve loped

I or blast-damaged configurations.

The SSI f ire mode l for the assessmen t of national vulnerability

was derived from their detailed fire spread mode l. This mode l s imply

equates total f ire spread to the product of initial ign itions and a

choice among a set of adjustment  factors. The adjustment tactor s are

a function of the in i t ia l  ignitions for two types of tracts and for a i r  -

~ 

-

and surface bursts. Since the va l id i ty  ot the detai led mode l has not

been demonstrated , the val idi ty  of the derived mode l must rema in

questionable .

I t  is admitted that the cr i ter ia  against which the models were

c~~ pa red were broader than the task spec i f ica t ions  for wh ich they wert ~
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developed. Further, the criteria are broader than what is possible

with the present state of the art understanding of fire spread phen—

omens. Nevertheless one of the objectives of this study was to recom-

mend a model f or further development for civil defense needs . Therefor e ,

the models were tested against broad criteria to determine the full ex-

tent of their applicability. None of the models demonstrated a generality k
of approach and open—endedness of expression such that it could form a

f irm basis for further development. The URS approach seems to be in the

right direction , but there would be no great advantage in building on

it , since it did not get very far. According ly , it is recommended that

a “reference ” fire mode l formulation be constructed for evolutionary

development. This model would represent the state of the art understanding

of fire spread mechanisms and , as such , would u t i l ize  appropriate parts

of the concepts and developments in all three models, and would indicate

the research needs for upgrading the understanding of fire spread pro—

cesses. By making appropriate simplify ing assumptions , it would be - -

po ssible to develop models of limited u t i l i ty  with predictable levels of

detail , accuracy , confidence , and required operating effort. f
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Appendix  F

EXPERIMENTS ON BLAST EXTINCTION OF FIRES

1. Objectives

The object ive  is to es tab l i sh  complementary experimental  and theoret-

ical e f f o r t s  leading to a basic predictive technology. An initial aim is

to p rovide answers to f i r e/b l a s t  quest ions of immediate concern. The

short—term objectives are to: (1) observe , under controlled and repeatable

expe rimental  conditions , the interactions of shock overpressures and

blast—induced f lows with combustion processes , (2) test pos tu la ted  h ypo-
theses (e .g . , shearless disp lacement) for  flame ext inct ion , and (3) deter-
mine the cr i t ical  pressu re/ f l ow  condit ions for  ext inct ion as they re late
to fue l properties and pe r tu rba t ions  due to geometry.  The longer term
objective is to establish the basic physics of the f lame/shock interact ion
processes in order to fo rmulate a generalized ext rapolat ion and predict ive

model fo r interact ions between air blast and f i r e .

2. Bac kground

The radiat ion emitted by a thermonuclear explosion can cause ignition
in a thermally thin combustible bod y with a high absorptivity and a good
line of sight. Whether the blast wave that follows the radiative precur-
sor enha nces or retards flame spread is less certain.~ Appendix F describes

- - (1) past experimental efforts to understand the blast/fire interactions

and (2) t he development of the DCPA Camp Parks shock tube that is the

basis fo r this program .

3. Previous Experiments

Although it had been suspected earlier , the f i rs t  evidence that low—
peak—overpressure.jof an air blast could extinguish an incipient fire was

set forth by Tramontine & Dahi (1953), who performed shock tube studies on

kindling wood over a quarter—cenLury ago . The most positive evidence to
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date remains work by Goodale (1970) on a full—scale furnished room in a

shock tunnel. A 2.5psi blast overpressure extinguished all flames in a

test room , although up to 3 psi could not extinguish smoldering (rekindling

occurred after t ime between minutes and an hour). There was a limited

positive pressure phase and no independent control of the flow in these

experiments; still , high—speed cinematography indicated that flame was

swept off .i bu rning surface by a “shearless displacement ” upon arrival of

the shocked air.

These experiments were conducted using different sized windows

through w h i c h  the blast wave passed ; however , the findings were independent

of window size. Since the flow field induced inside the enclosure is sen-

sitive to window size , this independence of extinction threshold on window

size suggests that the pressure discontinuity associated with the trans-

mitted shock , rather than the character of the subsequent flow , is respon-

sible for flame extinguishment. Indeed , mot ion pictures offer some evi-

dence of this. In a few cases , the photographic images show flames dis-

placed , without distortion , from the surface of the burning object. This

displacement without boundary—layer shear may or may not be a practical

extinguishment mechanism. Clearly, it has practical limitations ; for

example , this mechanism would fail to completely remove the flames over

a fuel of greater length (along the direction of shock propaga t ion )  than

the maximum possible shock—induced displacement . For a shock of g iven peak

overpressure and y ield , the duration may allow fairly large air and flame

displacements , but in closed or cons trained spaces , the shocks are re-
flected at h.’rriers and often the flow stagnates after relatively short

excursions. However , current understanding of transient boundary layer

phenomena is insufficiently developed to permit establishing any scaling

relationships.

Moreovec , Goodale (1971 a,b) corrobated in another facility that ~u

9 psi overpressure still could not extinguish smoldering, even though a

2.5 psi overpressure could extinguish flame. It may be noted that some

tested materials (a cushion filled with polyurethane foam and kapok) did

not smolder at any pressure after flame blowout.
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Wil ton (1976) partially confirmed ( o ~~d , i I t . ’ s wo r k , si n ce h i g h  f l o w —

velocities (in a so—called long—dur.-it i o n — H o w  facility) did ext1n~ uish

bu r n i n g  of ? - ~~h ’o f~~:t ob j ec t s  at an • : • - -~~ of 2—4 psI overpres s u r o.
The fuel type , and its location in t h I  rots i .c .  • i t s  s u s cep t ib i l i t y  to
high—speed flow), infl uenced extinction. - - - . ‘

~~~~~~‘ objects continued to

smolde r , and such objects rekindled t o  I . ~- - s -  ~. I t i i n  a t ew m i n u t e s .
At t he  500—ton h i g h — e x p l o s i v e  d ot  on.i i o n  o t h e  Ml  XCI )  (~~“J -\ Y~Y ser ies

in l97~~, SRI attempted to validate r e s i i l t ~ •~ i t h e  e ar l i e r  URS shock tunnel

simu la t ions and to gain some pre l imin~ rv s c a l i n ~ r e l a t i o n s h i p s  f o r  t h e

extent of shearless displaceme nt of f l a m e s .  IlorHon tal trays of vary ing

length  (at  grade)  were f i l l e d  w i t h  g r av e l  s .uturate d w i t h  kerosene . These

t rays were located at st a tions expec t t ’d t o  e x p e r i e n c e  neak overnressures  H
rang ing f rom 1 to 5 p s i .  The results ot  t h e  i - ’~periment seemed to contra—

diet the results of previous experiments .  Not one of the fires was ext in—

guished even at the 5 psi station , and slwarless disp lacement consistently
failed to occur. These seeming co n t r a d i c t i o n s  migh t  be explained by the
non ideal shock behavior near the ground in field tests of TNT explosions .
Later , it was reported that the shock fron t was degraded near the ground .
Because the fuel  plots were flush  wi th  t he  ground surface , they could have
experienced (1) a gradual pressure rise , rather than a shock discontinuity,

and (2)  a peak pressure less than the a n t i c i p a t e d  f ree—fie ld  value . On
the other hand , the differences in e f f e c t  could be the r esult of rep lacing
solid fuels that require substantial heat to v.iporize with a li quid fuel

that has a significant vapor pressure and a low latent heat of vaporization .

Most recently , during the 120—ton detonation of a high explosive at
MISERS BLUFF , Martin & Alger (1978) found that a 20— cal / cm 2 thermal load ,
followed 2 sec. later by a 7 psi shock , caused a vinyl—covered polyurethane
foam cushion , situated well off the ground , to be subject to a sequence of

f i r e  i n i t i a t i on  followed by extinction . A c t u a l l y , the foaitt cushion was
half covered with ter rycloth , but  bot h segments experienced quite similar

fire behavior.
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The duration , as well as the strength , of t h e  overpressure enters  in to

t he quest ion of whether  the a r r iva l of the blast wave can extinguish burn-

ing established by the radiant precursor ; in  f i c t , the blast/f ire Inter—

ac t ion  appears to he a h i g h ly  c o m p l i c a t e d  i n t t - ~ a c t i o n  not  related simp ly

t o overpressure  alone .

Devc1~~~~ ’nt of a B l a s t / F i r e  Test F a c i l i t y

In 1972 , DCPA funded the desi gn anti d e v e l op m e n t  of a shocktube  f a c i l —

ity specifically intended to provide a fitn d im ent al understanding of the

physics of b l a s t — f i r e  In t e r a ct i o n . The f a c i l i t y  was no t comp le ted because

of unexpected del ays and i n s u f f i c i e n t  funds. h owever , in early 1978, the

Defense Nuclea r Agency (DNA) provided i n u t i s  t o  c omp l e t e  the facility. By

December , 1978 , the facility, which is b u t t e d  i t USA Camp Parks In

C a l i f o r n i a , was ope rated successfully and i s  no’~ available for experimental

s tudies  of b l a s t — f i r e  i n t e r a c t i o n s .

The hear t of the SRI—developed Blast-Fir e Simulation Facility is a

30—inch diame ter , air driven shocktuhe s p e c i l i c a l l y designed for experi—

ments in b l a s t — f i r e  i n t e r a c t i o n s . T h i s  s i u o c h t u i h e  prod uces b l a s t waves

that simulate the characteristics of kiloton—to—megaton nuclear explosions

in air .  Peak overpressures and pos i t ive—p hase du r ations , p reseluected and

controlled by the operator , are subject to independent variation by relief

of pressure from the plenum that drives the shocktube . The duration is

controlled by a novel release mechanism external to the shocktube . The

peak overpressure is governed by the initial plenum pressure. The facility

Is designed to provide peak overpressure s up to 25 psi and positive—phase

durations from fractions of a second to over 3 seconds . A system of ori-

fices at both ends of the shocktube and a receiver tank at the exhaus t end

prevent the premature rarefaction of the test section by matching the out—

flow of the receiver tank (when it is full y pressurized) to the outflow of

the plenum.
Althoug h the fa c i l i t y  is operable in itn present form , several mod i-

fications need to be made befo re it is put into routine operation . Until

now , the facility has been operated w i t h  the test section closed and wi t h—
out a fire target. The system was desi gned to have a telescoping test

Liii..iir_iuiiiuii~
__ - - - 

___ - - .

~~

. - --- .. :. -- ~~~~~ ~~~~~~~~~~~~~~~~~ - -



______________ 
- 

I

section that allows fires to become established , while burning In the open

before being enclosed. The telescopins~ section is then closed just as the

shock is initiated. For safe operation , thi s closure must occur automati-

cally upon command from a remote loc u ti o n . ~~ believe this closure can be

perfQrmed with a remotel y operated pn eum atic drive. Firing of the shock

would then follow automatically upon a signal from a microswitch interlock

designed to eliminate any possibility of firing before positive test sec-

tion closure. The interlock would also nrevent firing If the test section

failed to close.

It will also be necessary to provide test targe t supports that will

be sturd y enough to hold large target ensembles stead y under blast wave

loads without interfering with the operation of the automatic test section

closure mechanism or distorting the shockwavc . Because the telescop ing

portion of the test section slides inside the adlacent downstream tube

to allow for unrestricted movement , t h e  test target support will have to

be canti levered from the neares t s t a t io n a r y  upstream section as illus-

trated in the accompany ing figure.
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-u . i’roj~yarn of Re ’a tch  t a s k s
I d ea l iz ed  test t a r g e t s  ( e . g . ,  f l a t  p l . I t t ’o and sphe r i c a l  w i c k s  ot  vari-

able d i am e t e r )  s u p p l i e d  w i t h  a v a r i e t y  ot  t u w l ’  representing a p r a c t i c a l
spec t rum of f l a m m a b i l i ty  (e.g., gases , l i q u i t h .  and so l ids  cover ing  a w ide
range ot B numher s *) w i l l  he i gnited and sub j e c t e d  t o  shock waves ot pre-

determ in e d overpres sure and posi t  i v e — p inase  d u u r . u  Ions .  Prior o shock m i  — I -

t ia t ien , the target w i l l  he al lowed t o  h u m i i i  a t u 1 l~’ ventilated , fre e—

convect ion mt-’de. E x p e r i m e n t a l  c o n d i t i o n s  w i l t  he~ chosen to exp let e t iuc

dependence’ ot response behavior on certain a p p r o p r i a t e  nondimensiona l para-
me t e r s  derived from theoretical consid eration s .

The’ course of this research is cent fn g e ’n t  on results that cannot he

f u l  lv pre ’d i c ted in advance. We bel lov e’ t h a t  t h e ’ program wi l l cent Inue’ t o t

sev er a l  y e ar s  and w i l l  need to  he mod i t  led at sev e ra l  dec i s ion  ~e1j~ts  as
the ’ work progresses. The act lv i  t It ’s of I lit ’ 1 ii t ~‘ear , as out  11 ti ed bel ow ,
emp iias I .‘ e t ’xp b rat ion and p m ac t  I c .u 1 eva I n a t  t on  of the  so—call t’d rne’chani sm

of s!Ie ’,t t less  d isp 1 ace ment . A dec Is I on I’ ’’ t n t  i prey  I ded f o r  t h e  cent  i n —

ge-nc v  t h a t  shear less di sp I ac - emn ent  w i l l  hc I u ’ ( I f l t l  t o be’ un i nine i t  ,u n

Task 1——Use  th e b l a s t  / t  I r e ’ shock t uk i. t ’~~’’lote’ t h e ’  ob~ e’t ~- ahle t o—

spenses of ideal  t ar ge ’ t s t o  b l a s t  wav es  I v i i  t i i g  c ii.i  t a c t  c i  1s t  Ic s .

t a s k  .‘— —  Experiment ,i i i  y Inv e s t  I g .u t e t lie pes L i t  l ,i  t ~tl p henomenon of sh ies t —

less el t sp  I ace ’ment and i t s  dependence ’ on I t i e !  l ass  and stir I ace’ roughness .

Obs erve ’ t t- .u n o t en t  b o u n d a r y — i  aver  dove ’ ! e~pne ’n

T ,t s i ~ - 
I — — D e t e r m i n e ’  shear less eli sp I .I, -euie ’nt  ~l i ot  snt’es along f l a t  I i t t ’!

beds In  t he  t re e— str eam c e n t e r l i n e  of t in’ h i  a o l  / t h e ’  sho~~k tu b e ’ ( i . e’ •

I d e a l  I :ed simulation of t h e ’  M I X E D  t ’O~lI’ .-\N\ ex per i ’ -~e ’n t ) . See k a ‘ s c a l i n g

law ” t o  i t ’ l a t e ’ d t sp laee ’rne ’ut  d t a t  Su et ’ 1 e h i  as I w . u v e ’ cl iara ct  er 1st ics ;  corn—
pare’ dat a from thes e expe l- Ime n t  s w i t  ii t in ’ t hle’ eite ’ t t e a l  deve lopm e ’nt b e ing

done’ In  a se’par at  e’ york Uni t  by TRW Svst  e ’ i ’ i - ~

tu sk 4 — — U s i n g  a r i g i d  b .u t  f l e  e’i t ’ c t e ’ul on it ’ t ue’l bed norma l t o  the

d l i  oct  ion of shock p rop agat  Ion • exp it ’ i t -  e l  I I of ot ag n. u t Oct t low iii t rei~t

*Rat t o  o f gas — p iutsu ’ c-h em! cal  e ’xot h orn  Ic  i t  ~ 1 c’ cu t l e t  h e ’r m i t - tee iii  i erne’nt t o t
g u s i t  t e a t  ton .

F- 1

t I
’: J

L. _~~~~
_.— - 

- •~~

— -~ ~~~~~~~~~~~~~~~~ — — ~~~~~~~~~~ — — ~~~~~~~~~ ~~~~~~~~—-- ~~~ — -~~



o f a wall  and other non—free—field perturbations behind the wall. Esti-

mate threshold conditions for blowout when shearless displacement effects

p 
are not Important.

Task S——Review results of TRbJ theoretical stud y to identify key ex—

per imnental tests of the validity of the  theory; perform experiments that

the remaining time and funds allow . Report the results of the year ’s

work.

Tasks 1, 2 , and 3 are planned to absorb most of the year ’s effort.

However , if the results of Task 2 fail to confirm the practicality of the

disp lacement , Task 3 will be Inappropriate and the remainder of the year ’s

effort will be given to Tasks 4 and 5.

5. Summary and Justification

At t h is point In time the rri’z~~~ - :  u n c e r t a i n t y  a f f e c t i n g  the ’  predic—
tabilltv of fire effects of nuclear  a t t a c k  is the nature of changes in the

initial fire incidence/distribut ion caused by b l a s t—wave  i n t e rac t i ons . As

noted abov e , in reg ions of urban targets experiencing overpressures greater

than abo ut 2 1/2 p s i ;  t h a t  is , t he  m aj o r  p ar t  of the direct effects area ,

the r e a r e serious doubts about the v a l i d i t y  of  any estimates of the number

an d k inds  of fires that persist following tile passage of the blast wave.

The lack  of data and a theoretical u n d e r s t a n d i n g  of the underlying physics

preclud e’s any worthwhile attempts to mod e l  fire behavior and evaluate the

additional threat of fire to survival of the population and economic re-
sources at risk. Early remedy of this d e fi c iency through a program of

c a r e f u l  exper imenta l  s imula t ion  and m e a s u r e m e n t , backed up by a coordinated

effort to develop theories , is an u rgen t  research r e q u i r e m e n t .
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\o was e’n iphia s  i . e ’~l by t h e ’ Ma~ I ‘1 ‘5 (‘on t o F t - l i c e ’ eu iii ast / I ~ t t  I n t  c i

. I t ’ t 10115 • I li e ’ m .t I- .’ F ji~pe’d i mc i i i  I i~ l i i  e ’veme ’ilt  of  .1 I i re 1it ’hi ~ t i  mo de ’ I

p er t  i n e n t  t o  c i V I l  c l e f  c l i s e ’ i S  t h e  l.i~~k of eimie l t ’r st a n d  l u g  of t h e  i m i t h e i e ’llce-

of  l , I . i s t  e~’.u ~’es on I i r e ’  p l o g r e s s  and dove ’ I opmcult  . A ~erv  w i d e  r . inge o f

into t.lt t b U S  b e t w een  t lie t W O  i i ie ’V I t .1!) it ’ c ’ c ’ui c c ’fll i t  ~iii t 5 O f ne ic  I d i  F .1 I t a~ k

li . l l f lL ’ i v  Ii l.ist and t Ire ’ • mus t  ot i I I be ’ c - , ’t i s  i de ’ i e c l  puss I h i t ’ by I hm e ot c t  I t

and .euv model  .ut t e m p t  tug t o  t ’m t i r ,~e’ c’ i l l  rc.i I i s t  Ic  i t t  d ua l  i v e s  \~‘t i \ l l c l  lie

OSSe ’i l t  i~i l  I v  w o l t  he !  c O O

t u d o r  DCi’A s pon s o r s h i p  SRi  I nI. emm a I I oti.i 1 im , i s  a ! m e . ic lv  eumba rked upon

an ex i ) e r t n i e n t . i l  p r o g r a m  to St univ  t i l e ’ b i . u s t  / t  i r e  i u t c ’ m a c t iou  i t s e l f  . t h i s

work w i l t  c o n t e mp l a t e  .ehst  F n - t p ar . i m et  or o , Stic ’ii is  b u r n i n g  r a t e ’s , h 1 i ~~t

c ’ve ’r p m - e s s u r t ’s and d u ra t  Ion s  • t u e  I t e’xt ure • and h i t ’ i ( l t ’ l lO I t  v . Rt ’~ u i t  s

oh t hee se t de ’a I I ;~~it i on s  w i l l  he I nv .i i nab I e to  t he ’ I m a  I te ’So I ut  IOU 01 t h e ’

c (v ii ele ’ t ense p r o b l e m  •

But the re  is .i need t o  a p p r o ach  t h e’ same pre ib len t i - out . i t io the ’r v i  e ’e~—

~~ t ’ [n t  , name ! v , In  w h a t  k h i d  of env I rc ’nlnt ’mi t w i l l  t h e ’ b l a s t  I i I t ’ m t  era ci ion

t ake  i ii at’ e Wha t k I tids of I ice I s  and non t tic l s  w i l l  be exposed I o 1’ I .ist  .un ~t

I i r e  h o w  w i l l  fe ic  is  .111th iioie t u e  i s he (mite’ rrn t u g  i eel I t  t hese ’ as N’’ I s 0

he’ euiv I r onme ii I con ! d he di.’ t~ I ned e’a r i v enough , It mii i ghi t be’ p0 ss lb i e t ci

n a r r o w  t h e  Se ’ ope of t he  exper I m e n t a l  hi .ist / t I re re’sea to Ii.

It Is t tic purpo  Sc’ c’ t the i- i.’ sea re’ ii iiroposcd hie~ ye t o  beg in t he’ cii.’ I t n t  —

t ton of  t he  cmiv I ronment in wh ic -h the  l i l a  st / I i r e  t n t  e rae t I t ’ll t i~~’ t it  ro liv

~‘a I cci t a t  tu g  v a r  (oil s p o s s i b le ’  ci 1st r i b u t  ions  of wit 1 1 elehr is [mpe ’se’d by t ile’

n a t u r e  of t i l e ’ so I’ l I t ’ tel re ,iiiel eu ti’e’ b l a s t  wave.  lb  Is work wi l l  d t t  t e r

I rem prey ton s  eiesc r I lit i c ’lis of  debr  I s  d t s  t n  h~it  I elliS • wh i cii (twa i-I ,ib l v  maci t ’

gross simplif y In g assumpt tons , by a p p l y  lug a p p i - ox (mate ’! v hu t  rea list t e al v

known pr Inc [p i e ’s o f w a l l  c o l lap s e ’  and ae’r odyn am Ic t i - i l l s  L i t  1cm ot  I ragrne ’nt  s

i t  I s  exp e ’t - t ec h  t h a t  t h i s  r e’sea r e -h w i l l  he’ t he ’ i n i t I a I phase’ e l I  a p r o g ram
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which will later treat the  combined debris from other structurai elements
hi n i w a l l  pa ne’ i s  as w e l l  as debr i s  f rom room c on t e n t s .
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Back~~roun d

For more’ t h an  I i )  ve ’ars SRI  I n t o r n a t  t o n a l  has , under D CPA sponsor-

ship, developed comput at i omi a l  model  s o t the response oh hti i i  d l u g  e’le ’mcnt s

to a i r bi a st  loathing (Rets 1— 5)  • 
( en era  l i v , these’ mode l s  contemp  i a t e ’ , i m t

airbiast Incident head—on , s ide—on , or r ea r—on  to a w a l l  con t a  in lug

openings to  an tn t  er ior space’ , wh I cii gradua  11 v f i l l s  w i Iii  a in pressure ’

(Ref 6) • Tue eros ion of t lie ou t s  ide’ pressure’ and time boi l I d u p  cit the

inside pressure are ca l cula t ed , produc ing a hist orv ci t net load tu g  on

wall or floor.

Froni the spec I fied structural pa rame te r s , d e f i n i n g  w a l l  geomet rv

materials and method of construc t ion , a o n e— d e g r e e — o f — I  reedouii m o d e l  of ‘?

the structura l element is c o n s t r u c t e d  and the  t ime response of th e ’ mo de i  ‘~
to the load calculated by integration. If the wall reaches a p o i n t  of

collapse before the direction of It s  m o t i o n  is reversed , t h e ’  c a i c e i l a t  ion

terminates. “Cot lapse” is d 1st inguished f rom “ f a i l u r e ’, ” w h i c h  m,iv mean

merel y comple te  (‘ rack lug A co l l apsed  w a l l  c’an no l onge r  suppor t  any

vertical load . These c a l c u l a t  ions have h i t h e r t o  been made ma ink ’ In

support of estimates of the shelter potential of s p e c if i c  b u i l d i n g s

(Refs 7,8).

Sponsored by the Defense Nt~’ lear Agenc’~’, SRI lil t orna t  lomia i i s

c u r r e n t ly  combin ing  severa i of  Its compu te r  programs for ana l vs is elf

b u i ld i n g  elements s t o r y  to make p o s s i b le  ~a l c e t l a t  ion of the s imu l tane ’ous

response of all will is on one story of a b u i l d  Eng ( R e f q The purpose’

of the  research for DNA is the d e v e l o p m e n t  of damage’ f u n c t i o n s  r e l a t  t u g

structural damage to tactical weapon use. One of tu e advances maci c under

DNA sponsorsh ip has been the i n c o r p o rat i o n  c it p r ocee le t re s  to  h a n d l e ’ o b l i q u e

shock incidence on walls.

In 1973 SRI International turned i ts  a t t e n t i o n  s p e c i f i ca l l y  t o  w a l l

deb r is by modi f y ing an IITRT 2—D program for caicul.i tiiig b l a s t  I r a n s i a —

t ion of the human body (Ref 10) to hauidic tile motion of w a l l  t r~ignient s

t;— 3
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in three ’  d i m e n s i o n s .  h i l t  t a t  c on e l i t  ions  f o r  the ’ ‘a i c ’ei l a t  ion a re  s i l l ) —

• p l i e d  by the  SRI wail ana l vs is c - ode’ . On l v  a I e-w t e’st ca l ou  lat ellis ii ,-iv e’

been mach e w i t  ii t i i  is  d e b r i s  code as a p a r t . c u t  :u t i r e  mode ’ I S t  t td  V (Re’ I I i

( a t  so I or l)t ’PA ) . Pr e ’v Ion s  d eb r i s  ( l i s t  r t heir (ciii s t i t c h  ic ’s hav e  been ccuuice ’r u ie ’eI

w it i i  asse-ss ing ease’ of ingress  and egress amid c’ouls equ eui t  l v  wc ’re basc ’ei cu l l

a s sumpt  ions c u t  u n i f o r m  distr ibtit ton cut debris f r o n t  t a i l e d  SI r e t e t u r e -s

A uio t  her (-omponen t c u t  t he d e b r i s  I mpc r t ant t o  t ice ~~0 I t ’ll I Iii I I or I ire ’

i n  a st rue’ ture is t iia t cons jot ing c u t  rooni contents , Part l O l l  lam - I v the ’

f l a m m a b l e  c o n t e n t s .  Sonic’ e’xpe r ime ’tit  a I work has bt ’eii done to  I oc ’ i t  c t best

mater Ia is d u n  lug blast l o a d i n g .  ci t  j e t  I v work with mode is i n  shoe ’k tubes

at  BR!. (Re f 14)  and w i t h  n e a r — f u i !— s e - . u l e  w a l l s  a t  I R S  (Re f l 5~~. N e i t her

e f f o r t  a tte ’mpt e ’d to  mix srrue’tura i w i t h  c’ e u u i t e u i t  debris but  e x a m i n e d  I i c i e r

e f f e c t s  w i t h in r ig id st ru e- I  ur e s .  By app h ving the q u a s i — e m p i r i c a l  tii e ’ cu rv

of jets (Ref 16) i t  is p o s s i b l e  to  c a lcu l a t e  w i t h  r e l a t i v e l y  s imp le  pi - o—

cedures the  i m p o r t a n t  earl~’ met ion of room f u r n i s h i n g s  loca ted  near  e x t e—  c ’-
n o r  wa l l  openings .  As t he  1 low cou it inu e s  • comp lex h i vd r ocode s  are ne c es—

sary to  follow the f low of air; however , it is l i k e l y  tha t cu r ren t s  a re

weak a t  these l a t e r  t imes and the  f i n a l l o c a t i o n  of the  m a j o r  ob j e c t s  has

been already determined by the simp le jet f l o w .

The proposed research has the objective of d e t e r m i n i n g  those ’ f e a t u r es

o h  the d istr ibeit ion of debris tha t are important to f i r e  spread mid liii—

t i l t  ion

>toL h o d of Aj~p r oac It

l)ebris e f f e c t s  are felt by primary fires In two distinct wa\’s: (a’)

in reg (t ins  o f  h i gh overpressure (30—50 psi), a m aj o r  therma l pu l s e ’ is

deilvered af ter the debris  ha s been c rea ted and l arg e l~’ distributed ; (hI

in the low pressure reg ions (3—5 psi) debris appears o n ly  after primary

f i r e s  have been started . The situat ion is illustrated in Figure (— I where

of h eel s arising in a 1 ml surta e-e burst are shown . The abscissa i s

dIstanc e R from GZ in k i t ;  ord inate  is t ime I in sec onds after d e t o nat  Ion .

Therma l t luene’e as a I ui-ic t ion of range appears ~i1 ong the  top  cu r e! i n a t  e’

A pa r t  i.i i se- a l e  has been provided on the ahsc issa to show overpressurt - .

The solid curve represents t ime of  arrival ta of the airhl ast front at

I~ 
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range R w h i l e  t he  f a m i  lv of dashed curves shows the therma l t Iuence

( c a i/ c m ) w h i c h  has a r r i v e d  at  R by the ti me t . The leas t  f l u e m i c e  t o

start a signif Leant pr m ary fire may be considered to  be 10 cai/om ,

h en e-e L i i i ’ 10 ca1Jcm ~ co n t o u r  is t h t e  lowest  of the family shown . (Crc -a—

t ton of  debris from a eel l ap s i n g  w a l l  t akes  a c e rt a i n  ani out l t  0! t tin e?

,ifter blast ar r i v a l , bu t  fo r  the  pr e s e n t  purpose  t h i s  i n t e r v a l  is shor t

enough to he i gno red . )

l’!ie d i  I fer c i - ices  be tween the  two r eg ions  of L ’verp r essu re  are  cv i d c ’n t .

In t h e  more  distant an n u l u s  ( 3 — 5  ps i )  , es sent i a  l i v  a LI tu e therma l pulse

is dot ivored before blast arriva l and , in f act , p r i m a r y  h ires have an

i n t e r v a l  of 1 to 10 seconds to deve lop  b e f o r e  t h a t  i n f luence  is f e l t  -

B l a s t  here is most l i ke ly  a perturbation to existing primary fires, in

the  h i g h  p re s su re’ range (30 to 50 p s i ) ,  whi le  q u i t e  dangerous  amounts  of

therma l f l u e n c e  arrive ahead of the b las t  ( i . e .  , up to  150 c a l/ c m ) 
* 

t he

fire development interval is an order of magnitude shorter t i -tan at low

pressit res ;  moreover , the blast  is fol lowed b y the  m a j o r  f r a c t i o n  of the

the rma l energy inc ident at these distances f rom CZ. (At  JO psi about

two t h i r d s  of the thermal pulse appears after blast; at 50 psi , abo u t

t our fifths.) Here , primary fire in a blast disturbed environment is

a ma jo r  possibilit y . The situation at intermediate ranges fal’is in

between ; there is opportunity for significant irradiation of b o t h  undis-

turbed and blast affected structures.

Existing SRI structural ana lysis computer codes provide both t ime

to f a i l u r e  o~ wal l  ( a f te r blas t arr iva l )  and speed of fragments c’riterion .

An existing SRI debris translation code computes the trajectory el f a

s in gle wall fragment under the influence of the b l a s t  wind and gra vit y

and approximates its interaction with-i essent iall y r i g id st i~uc tur e s  such

as intact floors and the ground . By ignoring any interaction between

fragmen ts themselves , a history of wall fragment locations c’an be found

as a h tine’ t ion of f r e e — f i e l d  overpressure f rom w h i c h  a t ime—dependen t

d e b r i s  d is t r ibut ion can be deduced for  a given structure at a series of

ranges f r o m 02.
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— Work Plan

Task 1 — Calibration of Analytical Model

Study f i lm , pressur e and def lec t ion gage resul ts and post shot

inspection reports from the German house experiment at Operation Dice

Throw (1976) to establish a history of wall deflection , fragmentation

and t r a n s l a t i o n  to serve as a test  case fo r  the anal y t i ca l  debris  model

as app lied to a single fragment. Any necessary modifications to improve

realism of model will be made.

Duration : 3 months

Level of effort: 460 labor hours

Task 2 — Development of Uni f ied  Computer Program

Incorporate the analytical debris translation code into the building

subsystems code for analysis of walls and floors of a single story of one

building;  test and debug the combined program.

Duration : 2 months

Level of Effort: 300 labor hours

Task 3 — Debris Distribution Near Incipient Collapse

Select one floor or a portion of a floor of a low—rise NSS building

with predominantly masonry panels in a frame structure and apply the com-

bined code developed in Task 2 to the exterior wall panels at three

free—field overpressures : (1) incipient collapse overpressure of a

facade struck head—on , Pc
, (2) 

~c 
+ 0.5 psi and ~~ Pc ÷ 1.0 psi. Using

the results of Task 2, describe the wall debris field in time.

Duration : 3 months

Level of effort: 520 labor hours

Task 4 — Fragment Interaction

Examine the results of Task 3 to assess the importance of the col—

lisi,u ns among f ragments .  If the effort appears justified , develop an

~~ - ‘ - ‘ - - ~~~~~~~~~~--~~~~~~~~~~- -  _ _ _ _ _ _ _ _
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a na l  V t  i c~a I means of t a k i n g  ecu 11 is ions of thi is Ri mid i n t o  a c c o u n t  and

r c ’c’ a lc -u l a t e - d i s t r i b u t i o n s  ( 2 )  and ( 3 )  ~ t Task 3 .

Dura t  ion : I m ou t h

Leve l  of o h  t o r t  : 150 labor  hours

la s  k “ — I ) e b r i s  1) i st r  i b ut  fo c i  at Hi~~h Ove~~’r e s sur es

At t entpt  t 0 r ep e’a t Task at  I r ee— I i etch c)ve’ rp r e s si t r c  equa l to 30 p~ i

Assume building I rame i- coca ins in  p lace’ -

D u r a t  i o n :  I — I  ,-
~ 2 mon t h s

l eve l  of - t f o r t  : I 7i) l a b o r  h o u rs

I

Task h — P r e l i m i n a r y  St u dv of F u r n i t u r e  as I) e’b r i  s

By means of t he  q u a s i — e m p i r i c a l  t heo ry  c f  jets , attempt t o  determine ’

ty p i c a l  trajector i t ’s of  the- simulated barrels used by BRL in t h e i r  nioelcl

basement  s tud  ies  (Re t I~~) and compare results with i reported cuhser’.’at ions .

l)uration : 1— 1/2 months

Level c u f  e f f o r t : 2 3 0 labor hours

Proj ee’t Resp onsihi  lit y

This project will be administered within the Quantitative Social

Sciences Center of SRI’S l’ rban and Health Systems Group. T u e  pro e’ct

l o a t h e r  w i l l  he John R . Rempel , senior p h y s i c i s t , who will direc t dail y

projec t c-oord inat  ion and t e c h n i c - a l  operat ion and will he responsible f o r

performing the pro,jec-t . Overall technic-al and financ lal p e r f o r m a n c e  w i l l

he reviewed by V incent L a u r i c e ll a , Manager of the Sy s t e m s  l) eve iopment  and

Preugrams Departmen of the  Qu a n t i t a t  ive Soc ial Sc iences C e -nt  er. Other

p r i n c i pa l SRI s t a f f  members who will part ic -i pate in this proje’c-t ar e ’:

J ~flte’5 E. Beck , senior resea r ch engineer

.John Herndon , programme r

James Hewlett , programmer
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App end lx  II

PRO ;RAfl srAl ’EM EN T FOR I’ I RE/BLA S1 ’ 1 NT ERAC ’I I O N

OBJ ECT IVE

The ohiective is to  asses~’ by a n a I v t t ~ m o d e l i n g  the si gnifi cance of a

thermon uc lear blast on the s p rea d  of I ii ‘‘. i i i i  t j a t c i l  by the therma l rad i-

at ion .

BACK ;ROU NI ’I

It the sudden at  r i v a l  of r a p i d l y  i t  .in . l i t  in;~ shocked a i r  can e x t  in —

gui  sh f l a m e s  i gn i t e d  by the rm a l rail 1.1 i Ott  t h . i t  at  r ived a few seconds to a

m i n u t e  e a r l  let , then the’ f i r e  t h r e a t  of t ) %i ’rn ion i i i  l e ar  exp losion is d 1mm —

I shed apprec iabl y the weapon natura l  I V en ~wndi’ t I t s  own ant i — f i r e  coun ter-

measur e be fore’ sign i l l cant fire d r i ~tge i an at I si’ . The object  I ye is to
c l a r i t y , rapidl y , I n expen ~. i ye lv , and (‘x l) ii c i t  Iv the ex t  st ini~ cont t ad ict orv
ev idenc ’e f rom HF’ t c’s t , shock t u b e  and shoc t i t n ue  1 cxpe r t men t s , in  wh ich

bi as t  i n t e r a c t i o n  w i t h  p r e — e x  I st I n~ t i’ h a .  i’~ .’i l i e d  in ex t  I fli~li I shnte nt  on

some’ oc cast ens , and in n o ap~’.i re n t  in  t 1 ue t t ~ .’ on o t he rs.

T u e  most per ! Ions cases o t  spread a I I i i ’ i’ utaI  1 ptop.i ~~it ton wi th
the w i n d , hr~’ :t t i sc  w i n d — a i d e d  I l ame sp i  i . i d  t v p i ~~,i l i v  o c c u r s  -i t r a t  c ’s or ders

of mann I tw i t ’  f a s t e r  t han t 1 am. ’ sp re a i l  i I i t s  t I i i ’  w ind . Fot i ’ \af l tp i ( ’

spread  t ip  a w a l l  is ‘
~~~ ~‘ I as t i t  t ban s1ii ‘ iii dowii .i wa l l  . Wit t i e  t ad t a t  lye I v

I m i t  Ia  t ed  f ir e  may he sp read  w i t  ii ot  a i a  i n .  t he I I ow ex p e r t  enced upon

arr iva l  o f  t he hi ghe r— prc ’ssure  , h i  g lic ’ t — I .‘ ‘ ‘ l’ c ’ I i t  i i i  c shocked a i i  a i t  ent Ion

he r e  is cen t I tied to the more ’ v igorous ; l’ i cad w i t It the ’ w i n d

T u e  on ly mod.’ 1 of f I arni’ spreaii w i t  Ii  1 h~’ s’ t id  t h a t  coup 1 e’s c..t s  and
s o l i d  phases , t hat r et a i n s  ex p l i c i t  I i ” i ~~’i ’t  i i  i ii p im t en i •c and (k it  m a i n t a i n s

ma ss ( i s  well ,is (Ii.’ rnta I ) budge t  s is  p i t  s i n  i t ’d h~ Ca i t  it ’ r , l’en de 11 and
}e  idma n ( 197 ‘I . l lowove r , t It I s mod e l at p i .‘ s e i t  I ~t o es not account t or pre-

c urs or ra i l  i . t  t ion or I (nit  e— ra t e client c i  1 k i te I ic  t CIIpOta l iv  and p. ’ ii a l l  v

v a ry in  ~ pre ssu re , or i i i  gh l v  nonun i f  onn f 1 ~w l h e s t ’ gene’ t a l l  i t  t on s  a re ’

re qu I red i f  a model  , or I ~ I nai l  v des I ‘~n, ’~I I i i i i  I t ’ rp r e  t i n  g St C i i . . ’ I I lifl fl c’ I
exp er im i ’ nts (I i re—t es t  prot  oco l AS T II I~~.. 1 • i s 1 i’ hi ’ ex t  etided t o  the t h e r —

monuc le n r—hurs t  case .

PRo Ii I . P1
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par t wit h simulation achievable in the 510 shod , tube facility, is t he

foll owing simp lified si tuation . A h or lwn t .il long flat plate Is taken to

be known to undergo sublimation at a sp ci ’l lii’ d temperature , wi th specific

(endo th e rm ic) heat of phase transition . A t t ime zero , radia t ion is

inciden t on the  entire plate , with the most  Intense radiation occurring at

one ed ge , hencefor th alluded to as t in’ Ie.idinc ~ edge . This radia tion

effec ts sublimation , wi t h a por t ion of t i t . ’ outgassed vapor being combu s—

t ib le with oxygen in an exothermi c gas—p ha se chemi cal reaction . Part I —

c ula r lv if the specific heat of combu st joe si gni f i can t l y  exceeds the spe-

ci f ic ’ heat of sub l ima t ion , the p yr ol vsis I t o u t  and flame spreads acros s

the su r f . i c e .

The quest  ion to be answered is whet her t h i s  f l a m e  spr ead ra te  is en—

hanceci l iv the a r r i v a l  of shocked (h i  g ltt ’ i — I en i perat eire , h i gh e r — p r e s s u r e )  gas ,

taken t o  f l o w  over the  l e a d i ng  edge suc~i t h a t  w i n d — a i d e d  f lame smre ~id

ensues , or whether the’ hi gh—speed flow I ,‘aiis t o  re sid ence times for reac-

tants too  shor t  re la t  ly e  t o  che m ui ’ a I — resR I I ‘ i i —  r a t  t t imes , and ex t  i n c t  ion

ensues .

I

Al’PRO.\ ’!l

In t It i s stud s’ there is t o  be I l teo r( ’ t a I / e x; ’i ’ i I men I a t  I l i l t ’ rchange

wit it add i t iona 1 and s imu i t  an eoti s lv  e x e c i i t  i’d sl ioi -k tube t e s t  i n g  t he a i m  is

• nut tia I adv . t n cem en t  of exner I men t a I and t ht.~ .’ r et  i r . i  I work  t ow.i ru I lie goal of

iden t It v i  ng p a rar i t ’t r Ic ranges In wit i d ’  Ii I i .  I / I i i .  interact Ion enhance’;

f l ame  spread (p re sumab l y because of t h e  . i ; I ’~ itn ’t t ed t hernia l load t u g  f ron t

shocked air , Incr eased pressure , .111(1 0 ~v ~‘ ‘ti  .iva Ii .ib i 11 t v  ‘I • attel ot ht’r para—

met n c  ranges In which h i.ist / fire tnt ora ct ion suppresses f I .‘t nie’ spread (pre—

sti n t. th lv  because of t e m p o r a l l y  abrupt  i’ i .in ‘c hi liii’ envi ronmu ’nt , t o t  c~~d con—

• vet ’ t I ye t r a nsp or t r a t e  compet i t  I vi’ w i t  I t c l t i ’ni I ~~,i  I an ti pv ro lv s is  r a t  e , and /

or d i 5j l t ’  r sal of t lie’ I iwo I veil fuel I l it  I ’ I i  .1 i ’men t i i’d lv i  du a lly iin.ih lu’ to

R u s t - i  in b u r n i n g ) .  Blast / f  i re  In te r ac t  i o t is  iieeul not ent . i i l  l ’l .1st  waves

genera ted b y the same’ burst as that of (ft.’ t i d  l i t  l o t t . , l  p r e ’ * i I ’ su ’ r (e . g . ,  an

at t ack  mat ’ i n v o lv e  m iii  t iple b u r s t s ) ,  , i i i i l I i tu i, -u ’ ,I I i t  e/hi. a st Int et act ion

need not conc ern I t s e l f  lne xt ricahlv wi t i t  t b ,  i t ton m.’chi.in ism of t h e

f Ire in  t er . ict  ing wit ii t he bl a st . 11w in ( I  a 1 ~ r oh 1 em to be a I t  a c ked is

t he re Lit i ye I y si nip Ii’ one—hors t u ’ .ise : t ad i I  ‘ t  i on a t h erniu ’ni ic  1 i’nr bur s t

i g n i t e s  a I i r e , ant i thil s f i r e  t l t t ’n  h i t  c i  . i . ’ t - . l i i i  t In’ b last wave th a t

11— 2
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arr ives subseq uently.

The proposed pr ogram of research Is combined analyt ic  and numerical

modeling of f i re / blast  interaction . The aim is to re tain all the essen-

t ial physical phenomena , with a self—consistent level of approximation for

simplified geometry and material properti es and flow , such that rap id , in—

• expensive , and exp licit solution displa ying the variation in system be-

havior as a func tion of mu ltiparameter depend ence Is attainable. Compar—

• ison of theory and experiment is then t easll i le , and extrapolation to a

broader cl ass of circumstances than those exp l i c i t l y  tested , ei t he r in t he
labora tory of in the field , is possible ..

• The inclusion of more sophis t ica t ed f o r mu la t ion , wi th respect to one

cla ss of phenomena is specious if oth er inrt’ r .n’t Ion phenomena are retained

in only a s imp lis tic manner. The re q uii’ .i t c  boundary and Inertial condi-

t ions , corrobora tive measurement , and/or n ,’eded thermod ynamic data are

of ten unavailab le , such that elaborat e t o r n i t l a t  ion assures grea ter expen-

diture , bu t may achi eve no grea t er v . i l i d i t v .

Th us , the in t e r d i sc i p l i n a r y  p r o g r a m  i l l  ru’si ,i rc li emp has iz es appr oxima t e

but simultaneous inclusion of f l u i d  d v n a m i ~- ’ . , c h emistr y , radi at i ve t r ans f e r ,

and phase transit ion In a manner that is ti n it’ uI it cu rrent  needs of 1)CPA .

• NEED FOR SOLUTION

The question posed is answerab l e  in  mus I i . i i i i i ~t i c  terms , by s o l u ti o n  of

statements of the conservat ion of mass , nto mt ’n t u m , and energy , with appro-

priate boundary and init ial condi’ Ions .  I I i , ’rc is a cause—and—effect rela-

tionship between the disturbance ’ applied and t h e  sy stem response observed .

Any stochastic discussion unprofitabl y w o u l d  l i k e l y  disregard the laws of

physics and chemistry I n favo r of random responses according to somewhat
arbitraril y chosen prob abilistic param ctt’ ts .

A part icu la r need for solo t ion is r(’tl u l i  u ’d i i& ’c. iu s e  the svne’rg 1st Ic

nature of f i r e/ b l a s t  i n t e ra c t  ions flp p u ’. Ir s  I i ’ 110 a b i s i s  fo r  s e r i o u s  r e ’—
appraisal  of th e threat from thermoni c lea r l~ t ’. t p u 1 f l s  . The con le ct  nrc that

“sheanless displacement ” leads to blast bl ow—off of a diffusion flame from

even a t o t a l l y  I nvolved f u e l  slab , w a r r a n t s  s~’ ru t  m v  in the  near f u t u r e .

Because the diffusive scales for mass , ntt i n iu’nt  t i nt anti energy In most gaseous

mixtures are t y p i c a l l y  comparable , It seem’. implausible that purely invis—

cid dynamics coexists  w i t h  h i g h l y  d i l i u s i v i ’  t ’n e r g e t t c s .  Titus important
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b l a s t / f i r e  phenomena are being interpreted In terms of physics of content—

able v a l i d i t y .

In a more general context , one canno t  ch. i rae ’t e r i r e  cont inuous and
discontinuous fire spread without knowing  t h e  initial ignition sites.

The initial ignition site’s, in turn , . i r u  d~’tu’imint ~d by the radi ative—flux

In cidence , •w  ‘ ? “ .“ : .  • :
‘ i” . !‘ ‘ ui t — ‘ • ‘ ‘ - ‘ :  , lot f l u e’ I ear weapons .

Thus • t he ’ quest  ion posed he it ’  was se c t i t t u l  I ’ ’  I i t t t l % ’ in at tent ion ~1evot t’d to

i t  by uticon t to I it ’d—fire spec Lii iats . i t  I I i . ’ l~ i ’~’ \— ‘.1’ 5msorcd meet ings  on the
f i r e  threa t o I the  rnxrnu c le  .t r weapon s , lit ’ Id  in  ‘

~ .i r cii I ~~ -
, 

~ and in  Lire ’ ii 1 Q 7 ~
at t h e  ,\ ‘.i t o m ar  C o n f er e n c e  ~ roun ds , Pa c i t  i~ ; t  ov u ’ , t ’ .il i f o r n i a .

(:ONCI. t r s I  O~IS AND st~e~~~’
• The ex p e n d i t u r e  of t i m e , money , and et t o r t  r equired for  la rge—scale

s i m u l a t i o n  of thermonuclear  blast  on an urb an target limits these tests to

a small number , executed at large Int ervals of time . The instrumentation

is limited , and replication for corrohu’t- .ition quite impractic al, Even the

very partial simulation possible in t h e  l.i h ora torv is highly costly, and

few s .,tlsfactorv facilities currentl y e x i s t .

If one commits prod ig ious reso%iIces I s ’ inst i l l a civil—d etense p lan

o pre~’.ira t ion and counterm easures on I lie I’ . ’ . . I .‘I stochastic’ game—pla ying

alone , one may be deluding oneself :.‘~, ‘
‘ - . ,“ •~ , . bec ause mu ch of the deter—

mi nist h e ’ physics Is known . The course th’.’mu’t I  t it ional and cost —of feet lye

here is t o  devote a sinai 1 amount of t eSo;.! .‘ ‘. t o  fire/blast modeling, he—

t’ausi’ thi s is a part  i cu l a r I v  c r 1  t I c-a l , t a t  iu ’i explicit quest ion for which

an answer In  sinipl If led e’ircumstanu ’e i ‘. I u ’ ,i s  t H e .  Speculative ext rapola—

t b i t  to m o l t ’ I n t r i c a t e  sce’lta r lets coo i~I I’.’ I C u t  ~‘ t  ~t~’ee’d f rom such a well—
I

gro unide ’ 5l .inswe r .

L
I
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App endix I

SHELTEREES FORCED OUT DUE TO FIRE
By

R u t h  V. Shnider
Center  for Planning and Research , Inc.

Palo Alto , CA 94303

This paper presents an analytical model for calculating the fraction

of people assigned to shelters who will  be forced out of those shel ters  by

f i re , and the f rac t ion  of those forced out who wil l  become f a t a l i t i e s .  The

model can be used wi th  any a t tack scenario , for  any shelter  class of known

character is t ics, in either a residential  or bu i l t—up  neighborhood . At the

present time ,’ values for  some of the parameters can be only best estimates ,

due to lack of knowledge. These term s clearly indicate the areas where k

additional research is needed , and as be t te r  information develops , the

values in the model can be improved .
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Model for- Fire Fvent CaIculat~ons

~ Fr~ tion forced out of Shelter Class I by fire , in all overp resst~re

r tc i c ~ns (o) considered for class I.
c 2—S psi , 5—10 psi , 12-15 psi , > 15 psi

(FF 1)0 = Z ( F F j)og Fraction forcec out of Shelter Class i in region o during
all fire generations , g.
1 < g < 4

L 

FF j0g = ajo fogCg Frac tion forced out of Shelter Class i per fire generation g.

a 0 ~% of p~~ tion in region o
% of popula tion experiencing <(MLOP) for Class i.

1og = Fraction of structures with sustained fires per fire

genera tion g in region o

Cg = Countermeasures that are applied by trained/jnstructe~
population t h a t  reduce 

~og

~~
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EF~~~ Fr l o t  j Of l  of f~~t a]  i t  o n g  FF 1 i n a l l  o v c r p r L ’ s o L l r e  r e g i o n s  o

considered b r  cl:,ss

I
= F r a c t i o n  of F a t a l i t i e s  am ong FF 1 Ifl ov er p r e s su r e  r e g i o n  o , 101

a l l  gererations g.

F j og F r a c t i o n  of fat alitie s among FF 1 in overpressure  r eg io n o , per

generation S. I
F 105 = C) where f~~ ~ 0.02 I

0 .2 0 4 f 05-O. 004 where

• 

~:_ ~ 
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I 1~ ‘ n t  I S i t . u n  i’d I I 1 i’s , I I ’ , 1 0 s  ‘n I t t - 2 ,-~~ or

1 1  l l  4 I t ,  1011 i f l I t i l , ’. I , . - , i i e . , . . , i ,  ,o- ’ t  • e,i I , ’ i t ’ I l l s  ‘- I I , .11, 1 ~ l 0 5 t l i i

I s ’ . ‘ 1’ 1 I p  I O I l  01 Sis ,  Ii o ‘ - 5  — , . - ,- F t - , I a t l v  , ( h i ’ I I _ 1~ I t o  5 (‘1
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l o t  I oi,’i og i S O  t o t ’ Ot i s : ( 1)  t h e  ,iv , I , l O t  hui l d i  ng h4- i ~1i t I I .  , t l ’ , t t t 1 1 1 , ’,’ 5 ,‘t I ’ S

(t - s , i s t ’ u  en C1 , I I I I t T I , I t  i on  of the v a t  it’d hui ]din~ s l i s t e d  i n  t h e ’  c ’ l , i s s )  t o t  bo t h

[l ’ s  l ( ’IlS ( 2 )  in the S - 9 p~~j r , ’ i l l o n . t h e  p i o h . t i ’ i t  i t \ ’  of pi I t’sl’, v 1111111 i o n S was

,~~~ p;, 0.095; (3) in the 9— 11 p Si  i t ’ g t o m , the prc’i~ahi 
‘l i t ”  o f p r  i r , t r v

i 1 1 1  t ons  was  t ak e’n as p — 0. 3; and t h e  ~nil lie’s e’f ci in the lO d e ’ 1 w e r e  then

c .iicuLitt-d : ci 1- (l_ p p)
3; (4) in the 5-9 ps i  region, the t r , , c t i ~~~n O f  s 1 1 1

v t t ’ i ng  p r  m ar y  l i i i ’s w.i s t ,i kt ’n as 0.1, t h e  t t , i c (  ion of  Secon, I ,11V fites as

0.01 , t I l e ’ 1 1 , 1 1  C t h e  pt I n a t  V C i I t ’s  ex t  1 n~’u I sh od WO I I ’ .1011 I r t ’d r 4’k I ml] ‘d , .ind the’

pto b .il~i 1i tv ot tire sprea d w.is t aken :o tIc 0.1; (S1 in th t ’ 9 — 1 1 p s i  I ” f 1 1 011
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( I s  I I u 1 1 t ’l - 5 , 1  I - t I !  V j i 111 1 , ~5 I - I I  ,~ I V t 1 I o s  i t .  U 1 ‘-o 0. 1 , 1 Us 1 i . s s  1 I I I  I - ‘ - -

I 1 I os 1 0 - t~- , • Ii Ii C t he ex t  u t  p sit d i l -  d 1 1 II v l i i ’ ’  L I  I I’ I 5 I I  1 1 5 - 5 ~ I I . 1  I ’  -

p , ‘ l . I 1St  lit v t i f  I i~ e’ sp i ead La .iken as 0. 2.

In t I l t ’  h I I I i t  t I p )  a l i a S  t h e  f ol l ow ing . I ’ ~ I . S t l i f  l s 1 1 5  L O l L ’  ~h’ for tI , - ‘ ‘P s - I ’’

(‘‘~ i X  II ‘‘I. ts , s - , . , i (511 l s ’ V f e’W ~ f th i ’  C 1’ i l , it ion t s f  s I , l t  .1 I I I  Rt ’ f s .  1 , 4 , 11 , . s t d  13 :

(1.)  111 1 h 5  5 9 p s i  t o g io n th e ’  h i t  1 1 . 5 0  o f  p T I ’ . I I V  f l i t s  L I .  ~~~~~~~ US 0 . t , l i st

I l , I t t I O f l  ‘ I t I v i v i l I g  . i s ;  0 . 10 , t h e  C i , i c t i o n  of  st ’o o t I d , * I V  f I r e ’ s to; 0.05 , ~~~ of

t h e  p1 m a r y  I i n ’ s  • - x t i n g u i o i i e d  w i l l  r i - k i n d l e , , ind t h e  p i o b , i b u l i t v  of f i l e ’  1 1 I t ’ U l

i t; 0 .2 ;  (2) in t h e  — I  I psi tog ion t h e  f t  .101 iO n  (
~ I pt  i ‘arv f b I  & ‘ l l  was t ,ikon as

U . f - S , the ñ . t ,- t ion ~u iv i v in g  as 0. 15 , t h e  fr action of st-oo iidary I ‘it ’s as 0.1 ,

4V. t ’I l i t , -  pt i ~~. I I  v f i i  C ’S e x t  i n p u i  shed w i l l  i- u -k  I nd Ii- , and t h e  pi  ob ,ih i tv of

l i i  o 5 . 1 ’ !  , - , t d  it ;  0 . 2 .

The’ ‘‘ l ot..- ’’ ~ s t  n U l l ’ s i l l ( - l ude’ a i e ’ s s t ’n i n g  of t h e r m a l  e l  fe’cts due to d,i~ t’ne’s~

,nJ /or 1.u k of w i n d . whe r e a s  the  “h i g h ” e ’ s I  m i t  es i n c l u d e  a g r e - ; I t e r  f i r e  s p r e a d

t,io t or due to winds. According to Ref 1 , such effects are probable if winds

cxces - i  7 t p it , ,ind accordin g to Refs 14 and ~c , windspeeds of less than 7 mph

could be ~~xr s e c ’ t ed  in only 13% of the (I.~~. c i t I e s .

C.ilct i iat ion- ; t , ’r the 2—5 psi and 5—9 psi regions In both areas a t s - prt’st-nt ed

in tables , followed by the final results for this shelter class.

1, S.  ,J. l s ’r ma and S. B . M a r t i n , “The N i i c  lear Fine Thr ea t  to  U r b a n  A r e m s ”

tu ’P A ‘. : o t k  Unit 2 561A , St a n f o r d  R e S e ar C h  I n s t i t u t e , M e n l o  P a r k , C a l i f o r n i a
( i t p r i  1 1915)

4 .  S. .1. W i e r s m a  and S. B . Mar t in , “Eval uation of the Nuclear Fire Threat

to tkban A r e - a s ” , DCPA Work  Unlt265lA , Annual Repor t . Project PYU 8150, S ta n f o r d

S0’;t ’ , l r C h I n s t i t u t e ,  I lenlo  Park , C a l l f O r f l i a  (September 1973)

11. J .  R o t z .  J .  Edmunds , and K. Kaplan , “Formation of Debris from Buildings , and
T t t i ’i r  C o n t e n t s  by B l a s t  and F i re  E f f e c t s  of N u c l e a r  Weapons ” , URS 651—4 ,
I R S  Sy s t e m s  Corpora t ion . B u r l i n g ar n e , C a l i f o r n i a  ( A p r i l  1966) .

13. ~~ , M a r t i n , S .B . ,  “The R o l e  of F i r e  in Nu c l e a r  W a r f a r e ” , 0N A26 9 2F , IIRS Re-s e -arch
;‘o tp . i iuv  ( A u g u s t  1974)

14, S t a tistical Abstr act of the U . S . ,  1971 , 92nd A n n u a l  E d i t i o n , U . S .  D e p a r t m e n t
of Commerce , Bureau of the Ccnsur

15 . %:ork Alman ac’ and Book of Facts , 1975 — Newspaper Enterprise Associa tion , Inc. ,

N . Y . ,  Cleveland
1— b

_t~~~á,~~ 

—-~~~~~ -. .~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~



~ r..
!!CC ~~~~~ ~~~~ !!~ ~~srI C ‘.C Q’s (“I r’,I

C C~~~~

~~~~~~~~~~~~~~~ 9~~~~~?~~~~fl~ 
O CC I

- -~ ,-..
C -, i’~ tO ‘ srI 11.1 ,rs . u..

5” .~-. ..‘.. 01 1.400 
to tø C) — .Cit sO ~“l “ ~~ “ I “ i . . + so

~~~~ ~~~~~~~~~~ to 
~~~~~~~~~~“~ ‘C h’ ‘,‘5 ‘~,“ ‘ “  + Ol IN . 

~~~~~~~~~ + 0 1 0 3  srI ,-... r-- C ~~.iJ ,—5 — ‘-I ‘C .“4 ~~~ 03 “~ C to - • C ~~~t -~ • Cl “4 C C • Cl C C C . 03 • CLI C) . . . . II . . . . 
. ci ~~~ Cit C + C C C C + C C C C 00 + C ‘— .10 () ItS ‘,—‘ ‘-‘ ‘—‘ ~~ ‘ tO 01 ~~- ~~~ ‘— ‘-‘ 03

~~ C) ~~ 555 555 04 C C’ IN ~~~ 
~~ so ci ~ csu ~ c’~ Ci

i 

C) C C C C C C 0 
~~ ~~ C ~~

~~ ‘~ ~~
, 01

~~ -~~ (‘4 N. ci to ~~04 N C C .-~ ~~ 
C 01

a) 0 0 0 0 00  0 0 0  ~~~~~9 9

I C C C) C ~~

‘C C (‘1 N. 01 50 C 03 to 4’ ~‘1 03 “ 4 u l  ‘~~ ‘0 0 c~0” 01 -~ to N. N -.~ ‘-4 —4 0 C I”~ (“1 ‘0 Cl 03 “~ ,‘-l.—i -.~ 0’S ‘-4 C ,—4 0 C C 0 0 0 -~~ in 50 ~ ~“SC) C C C 0 4 C C C C 0 0 0 0 C C C) (N00 . . •501 
~4’I C C) C C C C C C 0 C C C) C C C C C CII ii Ii I t It II . .-  II II II ft ft II Ii II II

“'5 1-)tO -~ 1.400
01 03 ,—, ,-i

-~~ ‘I? 01to ‘0 C  ,‘, 0 • 0 (01 toitl to  Li ~~ ,.-~, C ~
, ,,.

~ 0 0 I’.01 01 C .C C (‘4 ‘ ,-“, ,C 4 ..~~ •C C + . 0 C to • ,—l C
‘0 .—, p (“1 C • + ‘-4 ~~ 0 • + ,—~ —‘ 03‘~ 0 C C to (01 C’- CO ‘— 0 -~~ 0 C (01 ‘~

,- 
~~~ .-i ,~~ ‘.0 ‘.0‘r4 ‘-‘ ‘- ‘ 0’ s-I to  ‘-4 ‘—‘ 0 0 0 • NJ 5.-’ (01 05 03C 

~ ,_, _ , 01 ‘-4 (55 •  0 • 0 • ,—, so ‘? (01
10 • Cl C C 0 C 01 • 0 • 0 03 0 C 0C   .  ii + • 0 ‘—“ 0 II + • . .

~ + C C C 0 (‘9 C ‘—“ ~~- to 0 0 C 00 
~~ 

.—, ‘- ~ ‘.-~ “— — 00 0 ~~“ to to 50 *0 ,“4 ‘.-“ ‘.‘ ‘.~‘ ‘~~ DO•‘4 C in in to ,~~ C -‘4 (‘-5 04 (“-1 0 to N. N. N.us so so so . . . . . so
0 t) C C 0 C 0 I- 0 0 0 0 0 I-’ 0 0 0 C 0 F-’

04
(ft ~~

-~ -~~ -~~ -~ -,, ‘~~ “a’ -~~ -a’ -a’‘0 5—’ 1~ ‘.. “, “s. ‘-, ‘-, ‘-,, —,. “.,. -.,. ‘.
-~~ — ‘-4 -4 ,-4 ,-4 s-I s-I ,-4 ‘-4 “-45—,

I.) 1-” ,-4 101 sO 01 ,_
~ C”~ ‘0 Cl

‘0
s-i

(0 ‘5 ‘—4 (‘9 I’S ‘.~~ -0- i—I (“.1 01 .,? -e~ —i c’.j ‘~lSs-I ‘.-s s-s ‘I-i —5 ‘ 5’. Is_i il_i il-I Is_I Is_i ti_i ‘I’d is_s ~ ,,

1—7

-_j _ -



‘2 5”) -
~~

5- 
5’ C’

0 C

101

~I -,

5- 5’ - C —

(01 03 N. .4 N.

N- 05 r., (01 itS 0’ I -

-‘1 ci C) ~~ (01 C 
-

C ’ S- C’ c C) C) C) C C’ C 
- 

C’ 0 C C’ - 0

-s  C’ Q Q 0 C C S

Cr
155

C 101 I”. - I s - t  C to i”-~ ~~ 50 C e’ c” ‘A’ (“I C
5’ ~~~ s N’ I” .-~ C ‘ ;  03 03 03 C) Cr’ C’ C’ .4 C’ 555 r—
01 ts - ‘  ~-‘ ~--‘ C’ C’ 0- I”S s t  0 0 C ~~l sOs ,—, C’ (01

‘.‘. C --‘ C’ C - - ‘ C) C) 0 C’ C) • C — C C C- I’-
‘5 5 ’ . ‘ . • L _

N- C’ C’ ~ ‘s 0 C’ C C) C C C) , 0 0’ 0 C C

— 
ii ft II II II Ii ft II 54 II II ft II II II ft II

-‘s 5400 1-300
5’- . Ii S~~ —‘5

5
_ _- —

5’
— - ,  . 0 3 0 3  .

04 .-‘ C. —, — .4 Li .4 -‘s Li
I( to ‘ ‘ .C 03 • C’ ,C -‘s • 03

LII C (“1 C) C s-I 0 • ‘4 C .“i
- s  ‘—~ I —“ -“, 01 . 5--’ C’ .,—. — 03 • ‘._ . ., _ . NJ

~1. ‘~ 5 C’ - -—.. C’ (‘1 N, ,—I 0 -“. + N- C’ C’ C ‘-. C (C’ SI’S
OS ~L_’ N. ,—i . ‘— 05 03 at’ C • 5-’ 0’ + .‘—~ C

.
~ 

5 . ~~~~~~~~~~~~~~ ,4 C) — . (“S C C’ s”I ,—4 OS ‘,~ ‘
‘. ‘5’ ‘ ‘  ‘0 ‘ C> C C 0 ‘ C C C’ C • C’ 0 to C
5/I , , C , ’..~~~~~~~• . ,  ft 0 5--’ • • ‘ II C’ ‘s’- 0 II

-4- -‘ ‘ C’ C C’ + —‘. 0 0 C + —“s 0 • C’O ~_t - s,j - ‘~ is~S 5- ‘—‘ 5’— 00 (“-5 (“S ‘—‘ ‘— ‘— 00 to to 5-” 5.” 5’— 00
St , - s  C’ ‘ s-s ~~I ,-I  ~~ C) • s-’I s-I s-I C’ • IN (N (N

sO ‘ C ’  ‘ ‘ • so • ci . . . (ft C • • . It
L C) ‘— C’ C) 0’ 1-’ 0 ‘-~ C 0 C I-’ C) 5’- C) C’ C I-’

~~~

0 0 C) 0 C C) C) 0 0 C 0 0 C C) 0 0~ 0

I 0 to sO 04 (01 0 ~‘9 -~ 0 sO ill ,-I (N ‘.3
‘.7 — 0 N. (‘4 0 0 l’.~ 03 as to s-I 0 -3

‘ OOs’l O 0 0  -l o o o  o c~~~o o  o m
s _ i C C  0 00 0  0 0 0 0 0 0  0 o o o  oo
0 0 0 0  d 0 0 0 0

lu ll N N N N N N 1 N N N N N N

- 1.400 ‘— 1.400 ,-‘.
II’S (N .-  50I • 0 to

‘‘. 0 0 II 0 — i,’, ~~~“ 4 • 0 .~~ 0 • 0 ‘ I O  Li
0 0  • . 1. ‘ 0 ‘

• ‘ 0 ~‘S II’S C .~~ 0 • 0 .-s “ -
- 0 0 “ .  + ‘S + ‘-‘ 0 + V’s s-I (.4

0” s-I ~4 • (‘4 50 (“4 03 -4- “~ - “4 • s-i C’S 0 ,
~~ C) • • —5 s--1 0 0

SO • 0 0 0 04 0 0 0 03 0 0 0
• ,-i 0~~~•- ‘ N C) . + • . . .

SI’S C ’ ~ + -~~ 0 0 0 0 N to 0 0 0 ci
t,5 II’S ~~ •— 00 ‘— ~~- 00 s-4 ‘.“ ~~ ‘ ~~.‘ ‘.., - 00

• II I S-i C,) • ~-I s-I s-I ~~‘ > 0 03 (‘4 (14 (‘9
C) 1f t 0  • • (V . . (ft , . ., .  (ft

O 
0 0 0 ~~ ‘ 0 0 I— 0 0 t-I 0 0 0 0 0 F-’

so
0

50 03 .4 -3 -3 -3 -3 -3 -3 ‘.7 -t ‘.7 -3 -3 -3 ‘.7 ‘.3
I L i ”. . ‘.. “~ ‘ . ‘‘ s “- ~~~ ‘‘s ~~ . ‘. ‘-s “.

I .C .-I s-I ‘-I -i ,.i s-I s-I s-I ,1 s-I ~.4 s’I s-I s-I s-I
- O F ’.

I’. s-I 01 ‘o as ,-I 01 sO as s-I 01 sO 0’~
C)
50
4-i

00 ~~ ..‘I (“4 01 0 “l (14 01 ‘.7 0 s-I “5 (01 ‘-3((, ((,4 ~Oi ((.4 Is, ~(‘~ Is_i (4.4 Isi II’s II’S 14.4 Is-i 54-i 54-,



-~~~~~~~~ -~~~~~~ - —-

Sh( 1t r ( I ~ 4 F t i t I i ~ I I snc

C s ’n er a l  F q sl :N t i o ns :

LOW BEST H I C H
FF(6A) O.0833R+O,19278 0.1696R+0,3304B ~~~~~~~~~~~~~~~~

F’F(TR) O.0587R40.13258 0,1606R+O.24’,3B

F O .0343r’.+O.0952B O.0695R+O.l(90B 0.l] R40,.’4~~7B

Where R = percent in Resident ial Area
B = percent in Built—up Area

For exa m p le, Let R = 20% , B = 8O~
Then the f r a c t i o n s  w ou ld  h e :

LOW BEST U1~~
6A 

- 
TR 

- 
6A TR 

- 
6A TR 

-

FF 0.1108 0.1177 0,2942 0.217:’ 0./s169 O .319t>

F 0.0830 0.1491 0.2147 
- 

-

FFS O•9170 0.8509 0•7853

Where FFS = Fraction of Those Forced Ou t Who Survive
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Investig at ion 14) Improve the Effectiveness of Water in the Suppression of Compartment Fire s

J A BAl I. 511(1 1. ‘.1 I’IE’l’It’/ .AK
S f  i ss, ‘s R, ’o, ’ar s -h 5 - s ‘r,’, 51. 1115 tI . I’ ( ) fl~ s .u 7 1 9, ,”a?I ía I l s j rh , j ra . S ‘a hfI Irr I l a  ‘53 1 ( 4 2  ( 1  - 5 - 5

I I I  • s S  5 5 , s l  A 4 1 r 15 I ‘5 s . rn “ ‘~ is~~l liu r m Au4isisu 3 , 1 9 78 1

SI - \ I ’ S s  ~Ii~ It is then demonstrated how the e’ornlsut s-r
simulation (‘all he tise’d to identify bUilding

(‘sing a phvsu’ally-based computer simula- and fire conditions most likely to stress the
lion of co mp a r t m e n t  fires , e’haracteristk’s of technology and also to estimat e’ a preliminary
the water spray from hose no~-zle systems set of near optimal water spray characteristic
Used b’,’ the’ fire ’ S(’rVi(’e’ are varied and the’ e’f~ performance goals. ‘l’hese results theis provide
feet on fire knockdown performance’ corn- a basis for future hardware development and
pared . l’li.’ ob je ctive is to improve hose experimental testing,
noit l. ’ performance to achieve more effective
fire control with smaller water usage’ and dam~ - -

age and with tolerable levels of high tempera. I N T R 0 mI C -TI ON
ture steam over a wide-range of building and
fire conditions . I)espite the’ almost universa l use by fire ser-

A desc’nption of the e’oInpute’T su’nuiat~on ’s vices of plain wate’r dispersed by hydraulic
theoretical and empirical basis is provided . no,.-zles there st ill remains e’onsiderable un e’er~
The uni que feature of the sim ulation is that it tainty in quant i fying its effects as a suppres-
not only models fire growth from flashover sant in mobile fire f ight ing operations . One
through a free’ burning phase , hut also fol. would like not only to estimate the ’ total
lows the’ fire history through the’ period of quantity of water and its application rats•
water application to either knockdown of the whi ch would effectively suppress a given stru e.
fj re ~ or burnout,  tural fire , but also one would like- to identify
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and quantify the factors which influence sup. factors which are known to affect water
pression effectiveness . Operational experience usage ; eg. fire growth with time , water to
supplemented , where necessary , bycase-specif- steam conversion efficiency (i.e . the differ-
Ic experimental tests has in the past provid ed ence between conventional and high pressure
empirical answers to these questions, Such re- fog nozzles), building access as it relates to
suits do not in many cases provide enough in- water stream dispersion efficiency, the fire -
sight to forward the optimization of mobile fighter who must contend with high gas and
fire suppression systems . This paper describes steam temperatures, and different fireground
the use of a computer simulation which tactics , manning levels , etc.
models the major physical interactions in the
suppression of compartment fires and pro-
vides an estimate of water requirements and SIMULATION APPLICATION
their functional dependence upon fire condi-
tions and the characteristics of the suppres- The function of the simulation which we
sion technology, have developed, called the fire demand (FD)

Figure 1 displays several generalized esti- model for short , is shown schematically in
mates of required water delivery rates for Fig, 2. The FD model is designed to relate
control of residential fires , plotted as a func- the suppression effort via a simulation of the
tion of involved fire area, which illustrate pres- fire character to the suppression results. Fire
ent knowledge. The ISO (Insurance Services character is determired by building and fuel
Office) curve , though based upon operational parameters. This approach was developed to
experience , is very conservative and probably meet the objectives of a project aimed at
represents worst Cases [1] . An actual average identifying deficiencies in mobile fire sup-
is represented by the curve labelled opera- pression apparatus , identifying research areas
tional experience ~2 ] ,  By contrast the much of high potential , and of eventual improve-
lower water requirements obtained frt. ’n ex~ ment of equipment specifications.
perimental fires must reflect the absence of From an early version of the FD rnoclel [4),
many of the difficulties and uncertainties of the hose—nozzle emerged as a key item in the
operational fire fighting 12] . The Iowa State fire-fighting system. The characteristics of the
formula is a simple theoretical estimate which water spray generated by a given hose—nozzle
demands a rate of water flow sufficient for directly impacts fire control performance. For
cooling within 30 seconds, the heat generated example , the smaller water drops (with corres-by consumption of all the oxygen in the corn- ponding high surface to volume ratios) gener-
partment volume [3]. The wide diversity of ated by currently available high pressure fogthese estimates may reflect the inherent Un- nozzles operating at about 44.7 bars generally
certainties in the problem , but it is also require lower water flow rates than conven-
attributable to the coarseness of the descrip- tional nozzles operating at a much lower 6.9tion which attempts to relate required water bars . On the other hand , because high pres-
flow to the single factor of involved floor sure fog has higher water to steam conversionarea and which does not account for other efficiencies, larger quantities of high tempera.
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tut e’ ste am may be’ gt’nerate’d and inj u re the’ charac teristics of the’ i i e , i z l e ’  (e .g. ht ’ael geo-
f i re f ight er .  metry and operating pressure) and !(1,’asur,!ig

:tri im port an t que ’st iomi is the ’n : are the’re’ the water spray e’ha racte’ristit -s , as one’ pro-
alternat ive Ope’ratnig pre’ssure’s, water flow ce’eds, to se’e’ if the’ goals are’ being achieved .
rate ’s and nozzle ’ head configurations that When comnislet e ’d , the’ prc)totylw is then cx -

might better ut il ize the delivered water and perime ’ntally te’st-ed , l)ut under th e ’ limit ed
reduce ’ the ’ fra ction wasted but without the’ critical condit ions identified pre ’vio us ly .
potential injury problem? l”or e’xample, In the’ future ’ , we’ anticipate’ some’ cycling
lou-cr water flow rate ’s may be possible~ by be’twt ’e’n conlput e ’r s imulat ion de’ve ’Iopme ’nt ,
se’tting reasonable standard s on the range ’ of analysis , prototype ’ dt ’ve’lopn-sent and expe’ri-
drop size’s in the pattern to reduce the’ fra c- me’ntation to improve the’ e’stimate’s of e’se-h
tion blown away because’ the ’ drops art’ too and to “f~m it ’ tune ’’ the final compone ’nt
small, or the ’ fraction that pe’ne’trate ’s the fire design. In this  approach , though , we’ believe’
without being fully evaporated because’ they c ostly hardware ’ de ’vt ’lopmne ’nt and e’xperi-
are’ too large’. By proper design and for changes mental testing work will  be’ accom 1)lished in
in operating pressu re , one mig ht achieve this a structured , controlled and focused way to
without increasing the quantities of steam the assure’ maximum payoff .
firefighter must contend with  or reducing fire’
knockdown effectiveness, In effect,  one’ (‘Ofl’
verts the ’ same amount of water to sWain . hut SIM1 >I.NI ’ION DESt ’RIl ”i ’IUN rby wasti ng less , the ’ tot-al water flow rate ’ re’~
quired is lowe’r. For the’ above’ app lications the ’ full s ’ involved

If these technologi c al de’ve’lopme’nts (‘an be ( post-flashover), sing le’ compartment fire’ was
achieved the potential imp-act on fire’ fighting, chosen as the’ fundamental  model not only be-
in our view , would bt’ significant and range’ ca u se’ it repre ’se’nts a stre’ssful fir,’ su ppression
from the  pumper equipment itself to manning situat ion , hut also because’ pre’vious investiga-
levels and tacti c -s re ’sulting from smaller host’s tors 5 - 7 j  have ’ successfully modele’d this
with lowe’r weight , lower noAzle ’ reactions , ete’ . f ire’ in its fre’e’lv burning phase’ without  sup-
These’ developmen ts might also reduce water pression. ‘l’he ’ir me’thods, which we’ follow ,
damage and e’nhanee fire’ fighte ’r safety by calculate the’ fire de’ve ’lopment in terms of
reducin g water load on burning buildings that lumped parameters describi n g the’ energy amid
ce)ntribU U ’ to structural collapse’. mass balance ’ of the compartme ’nt as a whole.

For these reasons further development and The Fl) model adds to this work the ’ e’ffe’ct of
app l ica t ion of the’ F l)  mode’l focused on estab- su ppression efforts with applied water , The
l ishing require’nie’nts on water flow rate distr i- re’mainde’r of’ this section hrie’fly hi ghlights the ’
bution densitie ’s ~l m m m 2 ). d rop size distri- structure’, operational fe’ature ’s , and ge’ne’ral
butions 811(1 effect ive ’  reach of the ’ nozzle ’ theory on whit -h the ’ simulation is based . A
wate’r pattern , detaile’d description is give’n in ref. 181  -

As de ’n sonstrate’d in suhse’que’nt paragraphs . l’tw level of detail of the vml eset, ’l is e) e ’t e ’r-
the ’ Fl) mode’l is used to systemati cally vary a mined by its  practical obje t -live ’s isid th , ’ r,’-
wate ’r spray characteristic (e.g. the shape’ and quireme’nts of simpli c ity and comp uta b i l i ty .
re ’lative’ location of the ’ d rop size’ distribution Figure’ 2 shows in gene’ral terms t i e ’ pnne’ipal
eurv e ’m and to obse’rve the ’ effe ’ct on the ’ de’sired inputs , outputs , and oper at imi~z ~1a r , ; ’ I ’ P - ‘r s of
end re’su!t (e.g. fire ’ control ), ln t n i t  conditions the’ Fl) rnoele’l iiiiel sugge’sts ti le ’ re’I eti ,n of fere ’that  dete ’rn iine ’ the ’ operating e’nvironmn e’nt are’ service’ operations to the physic-mel inputs  re’
also varied to identify those most likel y to quired to characte’rize ’ the suppr e’sslesn e’ffesrt -
stress the ’ technology , In this way a prelimi . Table 1 is a summary of the ’ major inp u t and
n ary sct of perfor mance goals and critical output parameters, and should provi d e’ li0 ap-op erat ing conditions for wa~e’r spray an’ preciat ion of the’ le’ve’l e)f (i( ’t lfl I inc luel, ’et in
e’stahlished . the Fl) model.

‘rhe’se’ results provide ’ a basis for hardware 
~‘igure 3 provides an overview of the ph ysi.

deve’lopment and experimental testing. For cal effects and interactions ince)rpOrated in
example , further prototy pe developme’nt in- the model. Starting from assum ed conditions
volve’s systematic-ally changin g the physical at fl ashover , the Fl) model advance’s the fire ’

~ 
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i’ABt .Ic i in succession of time steps. .Alts’ration of con-
$umu tsteoo mput . outpu* par ameters dit ions with time is determined by prese’rva- 

-~ - - - - teon øf a balance of heat transfe r rates to the
Situ aiio n desc ripeorsi (inp u l) gas of the ’ room and by preservation of mass

-   — balance’ of matte ’r entering and leav ing the’(‘o lup ir t  mcn t
- - - compartment. In Fig. 3 heat e’xehange is m di-are’. of vC nt iii ion t~p,~n,ng

v ,’ rt ut -al h.’iiihi or v enti lat ion ~~~~ 
cated by broken lines and mass flow is tu tu-

floor area e’ates by solid lines.
ce’mpartnscnl heig ht The’ heat balance of the room gas accounts
wall/c ’s’ihng are’, for heat sources (burning), heat losses (waterwall lhit-kne.. 

- vaporization) and heat e’xchan ge me’chanismsw ill tv I k ’ ( h eat  ca p.ccts and t’Ondu. ’ Iivit y) - - - -- ( radi ative , convective ) with the other system
component s (ambient atmosphere’, walls and

I~iel load lwe ’ig h t /un i t  floo r are’) ceilings, floors~ . The strong influence of theIui’l surfict’ area thermal properties of bounding surfaces forrun aur fact ’ e’spoat-d Ct, water impact compartment fires requires subsidiary cale’ula-effec t see h,’at of conihe isit itili - - -tion of temp erat ure profiles through the thic k-
Wale r app iut ’atussn ness of the walls and floor. Simple estimat es
w ale r ~~~~~~ r a t e ’ for heat transfer rates are ’ employed th rough .
t im , ’o f w at er applw ation (sf t cr fl asho ver) out.
cone auigl e of ho..’ A t r e a r n  

The mass balance is an accounting of gassWi’ ,’p tilUe’ ~‘( compartment cov~ -~’age’ . -
cesium.’ median d u-op dla me’ter (‘I W St eT entenng and leavmg the -ompartment through

- -  - - ventilation openrngs and includes sources of
mass due to burning fuel and vaporized water. x— - — - -  - The flow is a~umed to be buoyancy drivenPrima ry through the ventilation openings by the ten s -lost’ckciownl(a,lure perature differen ce betwee n the hot room gas C

to u t w at Cr used 
- -

t e ,tal wate r vapor iaed and the ambient atmosphere . No fu rther fluid
total wat. ’r unvapo rized dynamical detail is included .
t u m e  i t ,  knockdown ~i( achieved) Heat generation rate in the compartment

depends upon ventilation (air influ x) or fueliw’c’eindarv 
-- 

- area. The model assumes cellulosi c fuel andfue’ l r em ain in g 
- -

temp eratur e hiatui ry of compartment gas employs the empirical criterion developed by
tem pe ratur e hi stor y of wall/ceiling surface’ 1-larmathy [9~ to estimate the burning rate
retained heat in st ru ct u re based upon either ventilation controlled or
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tnt or iei r  scm r fsm t ’e’s w hose’ cooling mndire ’s’th- sf eliama’l Or Is as ile ’t ’u’eased by c’s ahu ora t i t S  Ii to Si
feels (lit ’ Ie’mlieraturc’ of e ’om lsart nie ’i st gaPe’s. si.’i ’ snsstlt e’ntuugis Its lit’ sWe’pt 55555 Isv list’
l ii.’ frail ion eu f the t cit al ftie’l scm rfaea’ su e ’a ite - cm i~ 1 raft - H e ’stm I t s  fell single’ ill-is ps sure’ ;tve’rstga’d

i’e’psih le’ to  waler inipsn ’t iii sty also valseiri it’ d ’s u ’r si m s stssti iiieei ci rep si: u ’ eiist ri Is tit Itiii t e ’
Iiiiuie i water  stn ei the ’rvhv reduce’ the ’ rate ’ of pr~e1uce’ a water part it ic uis ilig as i l l ei st  r stte ’ei in
he ’stl 5~u ’us e’ rsm t ii ’Ts I miigu isis iisen t o f t  h i s  fuel Fig - -I - l’Ise ’ T i ii i ch’l st s.stttsse’s se i~ c ssiis H sussmlt’s’
ara ’ss is siss tm nied te l  ot -e’ur when the ’ rate of heat I I ~ I dm51 t i l s t ml t e uli eu f ii rei $ s Si,’ u ’s ii Ii ii ’hi 151st Iii ’
e’\ t t ;tc ’% ic~i5 I sv ss it e’r S si pc si~i ;sit ii m u ’~ ee ’~sl s the i onS Islet e’ly e’li strat i i’ll .‘ee i b y l isa ’ t e s t tun ic ’
hi p ’~iI gei sa ’r smt ion rate’ l iv  ‘,,: rr m sz~ ~~, u r n  i m p  (tori median d rop d isimel ~r , ii al f es f t he ’ it sit e’r i cit

‘‘s. F lit ’ l i st al stnio cmii t elf water  sa ilor t u r i s clos e ’ oCt 15 rs iii ii n h  ss holeust - l is t s si: C stint h u t f
ii need Irons all s e sem n a ’s mu st ~ it ili. ccliii - al ui l l i ’  • I t s , ’ (rmic ’t ion eif is-at or is liii tm is :ij ’ e sr
Isst rtm e ’mst and t lse ’refes rs’ msi~’ ri-slut’.’ f~re’ iii .

l i i i  sit v Isv che k un g cuf vent ilat ion elpe ’ii ings - i’is u, elut i r uisul  mo u s - I t - s I Ii.- t , ’ i s s s , s , - i s  a- i I, ’,, . ‘I w ai e’i(‘e’ntrat to  the ’ e’sttnl.s (toii of wate ’i’ c’ff st-t s u~ ih.- l u ’ ~’ liSIU, ’T , ’t I 45s ~5, l~ Ti’ P • .1 ‘ i’s tIle 5,’,
is t h a ’ silsisort ion men t of t h e ’ wat e’r ~‘ei lu hilt’ mis l,e
into three-’ parts: ( 1 1st par t wim i e ’h is b1cu~i-n T . S( -.

- I’ ~l’~ t l i  — :‘ ~~~~ ,I 1 u ;  . ‘‘ ‘ ‘Cel l 5ass a~- t h r escmg h fa ilure ’ l i i  I~’use ’trsi tt’ the’ upd rafts -

in the’ e’esnipart men t . t 2) a 1ssirt wh ic ’li is 5:1 15cm
m za ’ei in lb.’ e ’onih ms ir t men t gas , send (3) liii’ re’ - is h .’n’ 1’ .. us h Is, ’ , ‘ Is u  ns u ’ us,,’,l an it op , luauna ’i , u
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Fu g ~‘ Tempe’rature htator~ kncut’kdowei failure
lated temperature history for a pesst’flashover

~~~ii. fire in a small compartment for the’ conditions
listed jmm Table 2, The gas temperature’ is

7 ,, - shown by a solid lint’ and the teniperature of
7 ,‘ the’ wal l and ceiling surface us shown by a

- - ( ,‘ broken line. The’ fire’ burn s freely for 10 m m .
• Subsequent to this time water is applied at

/ I two different rate ’s - 37.9 I mm ii Fig. 5) and
~ I 

I 56 .8 1 nii e -m ~Fig. 6) . An application rate’ of
37 .9 I 1mm produces a sharp temperature ’ cir cu s

~~ .4- 0 4  but the temperature stabilized at 170 ( ‘ arni
I the ’ fi re (‘ontinues until  fue ’l hur n o em t .  B~’ cern-

\ - — - ~a. ~~~~~ e- - trast an application rats ’ of 56.8 I nun quick-
Sw — \,,~ 

C - - c ‘i - .  ~-l -e ly l~ etuci ’s the gas te’mperature’ below 100 C
and the ’ wall / ceiling tem perature below 200 ‘

C and knockdown is achieved . These two tern-

~~ ~~~~ 
peratures, whie’h the’ model employs as knot-k-

Fssi IS ‘%‘u’mpcrature h~steir ~~ 
— teniscle iieswn sa achicsa ’eI - 

down criteria , art’ arbitrary and re-suIts art’
sensitive to them. Mod ification may 1w Ti’-

ize -’d cools the’ compartment gas. The fraction quired based (In future’ e’xper imental te ’stlhig
which reaches the floor is re.interpretc’d as the’ but the present value ’s y ie l d couise’rvat iSe’

fraction which reaches interior surfaces and estimates of water requirements.
fuel , and is distributed to them in proportion One finds in general that as the ’ water sippli-
to wall/ceiling area, floor area , and exposed cation rate is incre’ased , keeping all other eon.
fuel surface area, This comparatively coarse ditions fixed , knockdown occurs abruptly
sub-model accord s well with observed extin- above a certain critical application rate. Below
guishment effec ts of drop sizes ~or drop size this rate knockdown does not ot’e’cmr , hut total
distributions) and captures the high sensitivity water usage is large since the fire comutinues to
of cooling te s this factor, burnout. ~hove this critical application rate

water usage drops sharply because’ bumming
time after water application is short -

MODF.L RF.SULTS ANt) SENSITIVITIES One can present simulation results and
principal sensitivities in t erms of a curve on a

Some example results of the FD model are graph of water application rate t ’e’ERU S volume
ahown in Figs. 5 and 6 which display the simu- median drop dia meter. The curve divides the
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rAH t,F wet t e r s t I n : ev  c ’hua r act e ’r ms t ic ’S l iii ’ re ’ la tmvt ’ c lu s

( ‘,* euet it uiium ~ used ii, , - ,u %I
~ ’ i, t~ h ucm t mciii cif ci rep Si / i ’s iii t I l e ’ sj sr :uv is used as

au e ’\ au i i l s l e ’
( ‘i~rn IuII r enit ’nt et e’st ’ r u p t  ion i” egune ’ 7 shows ti l e’ se iss i t  m v i i  v c s f  t li e ’ rescmlt s
roo iii h,-,~ hi ~‘ I -i lls ( i i  I W e e  e ’eu ii l Lum urt uuut ’iit s u e ’s as i mitt mcccl eel LW I he’
fi , i ,sr  area 

- 2 Se ‘I met limit ’ snueut I e ’c in u sstrt iii on t I anti lsrokc’n
area ,,i walls .iu,d c,’ , f u i u ~ i 5 . ’ ems -

- 2 l i m it ’ lesrge’r c-oiuu l sms r t m iu c ’n t I - I hua ’re ’ are ’ twow uus , l,, w- area I aol in

w mn ,I, ,w h, t~ hi i 7 in e ’ tin s e’~ fo r t’at’h ccsnui mart msue’n t si/i ’ Iit tst ’lle’d (iv
wa ll  i h c i - ~ ,i ,-~~ t ~, in I he ’ e’xt rc’ma’s es f iseuses ible ’ ft u e ’t uure ’a ae ’ee’ssib le ’
wa  It Ii 

~‘e
’ lip is i n iata ’e b ats to ci ir a ’ct ox t iiugtm msh rne ’nt Isv st at c’r ens pstc’t

- l ’tui s c-hart sh ows t butt if wscte ’r applicuit ic smuI’ ii. ’I ii. -i’c ’ i i ph
- rate’ is scaled Isv tc it st l  in t er ior  surest of Its . ’ corn -fue l l,,ail 71 ii~~ k i ~ us ,

fuel siur tiet’ s’ area ~~~ ~~~ ~~~ 
jmmt rt tuue ’nt (F ie t t h e’ t e u t a l  floeu r are ’si 1 stlisiost

fuel iu r i .u , ,’ Sr i’s u ’~~p~’i~.’it i ,  w-ae. ’r i di ill
2 itt c ’iu t ie ’:cI rc’sults sure’ c b ts t iiu e’ et for  t h e ’ hit s e’esni -

heat t .f  i nn l ’t i~ i u ’n ~‘ 7 ~‘ k i a l  k 15 mart flia’fll si/ u’s - I lciwe’sa ’r , I he’ re’scu I t s  sire’
- strongly St’hisitiVe’ to the’ fruit -I id i hs cu f fue’l surest%~ at t ’ r app iit’iic u i iai cle’ae’r u pci csui

- whi ch ms rc’ac’hah Ie’ Isv ss-ate ’r. h~ iioc ’kc icus t i l  cu c ’-i i  in.’ o I wa te r  ii;up lu. ’at mon i i i  flu is - - 
- -

con , ’ anp I,’ iul hose’ at t rans  e~5 tta ~~r e’a ’ uc cu rs by cli ffs’re’iit mne’e’hsimiisii is im i list’ liSts i ase ’s -

•w- .’.’~u t I ns.’ u’’ c’sus- t ’r t-nns m ua r t  isse’nt s If no fuel cams lit ’ d ire’c’I Iv e’\ I imigu ishe’d k in mc ’k -

s i st u en e n s. ’ i imuin w au. ’r cire ’p d ,aisu e’t.’r ci 3 nsu mu eicsw iu niust occ’cmr by cooling cii e’eunu puu rt u iue ’nI
flow r ah e of ut-a ie’ r 5 7  9 I nmin  gas. ‘Flue’ gutse ’ous ccu o ling tt’h icts is ii vu ’nv se ’umsu

i0 spm I l ’i~ ~ tive’ func ’turn of drop si/t’ proe tt mc ’e’s the ’ shu ar i s
5e~ $ I nun - -

fm pp m)  I”t~ e~ 
tiuiii im i ici~~i of t lue ’ (‘tins- c’ sit an op t i tu lcm n u drop

- - - Site’ . Hm,’ c’csntr ast wh emu a Item -ge ’ frmtc ’tiesn of t h ’
fu e’l su rest is accessible’ Its et ir s ’t ’t ss’stle ’r mn s fu ac ’t

sm of the ’ grap h into two regions e’haracter- tile ’ crit ie ’al waler app lit ’sut iou rate’ for kisock -

i zed by combinations of water delivers’ rate down de’crt’ases as ciro p st / c ’  i m ut ’re ’stse ’s . For
anti volume median drop diameter which are’ the’se’ conditions kiuock clown is e’ffe’cted by
scie’ce,ssful or unsuccess fu l in knocking down a de’c’rt’ase’ of heat Isrotit ict ion rate’ e’omuse’qeme’ist
the fire’. ‘l’he’ following de’mcsnstrate’s how to e’xtinguishrne ’nt of bim n u in g surfae ’e’s . l’he’
charts of this euattmre can be’ used to help ide’n. larger dres iss arc’ isudi r t ’ e’ffes ’tis’c’ sn se’c’ the ’y
tify sensitive huildim u g and fire’ condilions like- petue ’tratt ’ b etter , lost’ he’ss of their i,’ci lcmiuut ’ by
Is’ It s stress the fire suppression technology , c’vapeirmu t ion , amid c’arry more’ st-sute’r 1cm t h ic ’
as well as to ide’ntufy near opt in iun i nozzle t s t mr iu i m u g surfac ’e’s. ‘l’hui s strcsn g se ’,ssit is ity le s

c’xlutuguishutblc’ fu mel sire -a is ~tlses slucsw ii ciii seth

- ‘  • 
,. :- ~ m- ’ 4 I .t  seq ue’tit graphs .

- - .,~~
- ,,__— ‘ Figure’ 8 display s the’ se’mlsil is-fly of results

t e l  tha dp i  miin~. fiu c t a sr 1’~ it time lu isa tie fine is
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_ us-here ’ -~ is the  area il s e ’nt mliii li m o i ’ 1 ’a ’ u i i ui5 ~5 .
- ‘ 

— Ii Ihe ’ir ve’rtical hue’iglst , and -I ( l ie’  ie i ta l

I inter ior surfmuc -c’ an’su of list’ e’csmnpms rt n ie ’iit
- 

— 
— ‘l’huus fut t l eu r , tine ’ of t lit ’ t ir ius i t ’ che ’so’ri~stors , u f

I - - - - I t’esrnpiirt me’mu t e’es ms e tit ions . roughl y i . 55 r~ ’~~”
- 

- the ’ ratio d sf heat ge ’mie ’r at itimu rate ’ (cm i sent us
- ‘ h e m  e’omu t r eull e ’ti fires I t s  the ’  h ea t transf er r ,:

- 
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~54I~~~~ CI (ci I I , -’ hs esu en c iiusg sum rf see e ’ s I tist - e’r a t t i c ”  of
- - 4  ~ 1 

— ‘ this fac’tesr pru citme ’a’ ltswe’r tt’ill is’rat tire’s ittuct

- - smaller e’~rc ’tml at ion s- e ’ t i ui ’t I ia ’s iii the ’ C e s h l i  
~~~~

- ‘ - ‘ S ‘ -‘ ‘ flie’fl t - l’lie lower waler mtj ip hc ’mut m e l t S  rate’s Slid
~ ~‘I - ‘ - ~ I ’5 1’  (hu e ’ sh i ft of op lirnu m ims etrt ip Si t e ’ to snsaile ’r

Fig 7 Area waling Ie’ n aiti v ui y () ;wasang (aet t ur , values al srnatle’r b~ is t - esn si st e ’nt s t i l l s  t t s e ’
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‘4 ()p,’umiutp ~.ec’t,’~ I ~‘~t s euus i t i i , iS  Post flauth Fig 9 Se’nsit ivit ~ t c u  gut s teuiuperaiure’ a m ~ n oektluwn - 
-

t urn ” — It) nun Ope’nmui g facleir , F0 — ii e)33 -~~ 
SI 

~ Post fi~sh tIme ’
u-c iiuin ~

\s me’ntione’d e’arlie’r result.s of the sirnu la- lowers and hroade’ns the nuitscrn urn of the
lion stre ’ sensitive to  the knoc kdown criteria critk ’aI curve’. Lowering cmf gas temperature
,-hose’n . Figure 9 c’ornpares results obtained the final tOO degrees fm-ens 200 — to 100 ~

(‘

(cur two duffere ’nt gas temperatures selected puts a premium upon smaller drops.
to denote knockdown. In both cases knock- For given conditions of compartment and
down re’quires sc wall/ ceiling surface tempera - fuel , sirncilation predictions of total water
lure Ic’ss than 200 (‘. No effect is appare’nt rt ’quire ’ments can be epitomized on a fire’
when knockdown c-an be achieved by direct demand -hart as illustrated in Fig. 10. Total
t ’xtingcsis hment of all fuel area, However, wate’r vo lume pc’r em it interior area required
wbt’mu c’ontrol must occur hsy gaseous cooling, for knockdown is represented by contours in
It highe ’r gas temperature at knoc-kdown the ’ region where ’ kno ckdown is possible . Con-

- ‘ -‘C 
~~~~~~~~~~~~~~~ 

I - ‘ I i

~~~~~~~~~~~ 

i:~ 
~ - 

I

L~~~~~~~_~~ ___J.___.L— J_ L ~~~~~~~~~~~~

~~ ~ I I I  ISO Il-li 4

Fu g ill Fir ,’ ut e’ ena ni i t’h~ ri -

U~~

I-



t c u cm r s  I C I I I S k L ’  th is region Ii~ ve ’ l i ttle nut ’amuig scus drop dtamt’tt’r of 0,3 uusun sthit’h is lie’Thaps 
- 

-

‘ 4 t i i i u ’ no kncu ( ’ke iown oc( ’c, rs and water u sage’ ty imm c ’a J of the ’ spray mu o zilt ’s cisc’d in the’ c x  -

is ttt’termuntxt (iv mupp li t ’ati om u rate and time to  pcrume’nts.
fue’l burnout - It u s wort h noting that total Iue ’I The st’atts’r of the ’ experirs ie ’nt-al data is
los,ctie ig of the ’ t -un i p s t r t nu e ’ u u t  , a c’onve ’nti eunat shown by the’ hc’av dots and the ’ e ’urs e us
nu e’ascmre ’ c f  ~itmssihl e ’ fir e ’ soy t ’ r u t v , has ruts a ’ffe ’cI drawn through th esu r average ’ . ‘I’he ’ cxt ie ’rin le ’nts
cu r uon the ’ s im c ul a t i o mi  pre ’dme ’tions of so i s i u r i ’ s  found that a watc ’r app lication rate’ less thuan
sb us e’ffes ’tmv c’tic’ss . It only ~t e ’tt ’rnutne ’s (hi t ’ (crc’ 2~’ I — m m  did nest c’ eintr eil thie ’ fire ’ . ‘l’he’ mini-
duration in the ’ cast’ of knot ’k demwn f aule mre ’ . I )n niur .. aji l i lmc ’at mc mii rate’ required for knock-
the fire ’ t le ’nu amsd c-hart a bread flat minimum ciciwn in the’ simutatuoti is 34 I -nu ii i - In conu-
of tot-sd w smte ’r re’quire’d occurs within the’ bight paruson with thc’sc’ e’xperiments the’ Fl) model
c u t  the’ critical curv e’ . Water delivers’ sit f l i t ’  r a ta ’s predic t ions are’ re’asonahlt ’ but soniest-hat con-
and d rop Si / c ’ s  wi th in  thus  re ’git mn scch i i e’ v e ’ sc’rvativc’, an ex pt’cte’d result deliberately built
knockdown with minimum total wute’r usage’ . imuto the model. Thc’ too sharp rise’ of the total
l’ht ’ increase’ of totaL st-att ’r requirements at water require’nst’nts at high application rates
hig ha ’r a i i i ml m c ’sctior i rates above ’ ( hums r e ’gilun is shown by the s imula t ion  is a dese’repancy
caused by the ’ finite ’ thermal t i i f f ~s~u s i t ’ . of the - which indicates that the nuode’l uudt ’restmnsatcs
walls and t’e’mlirug. rt si ’ur cooling re ’qumr s ’ -. a the ’ rate of intc ’ri or surface cooling. I -

(m itt ’ ti me’ ru ’gardlt’ss of the’ st-ater sc~s~- i3 l  mo ms In a series of post-flashovor suppression ox -

rate . Slitmu ld kn ot ’kd owtu tune’s rather than perunuents Fue ’)us 121 ns(’asum’e’d th c ’ quanti~
tota l ss- sit a ’r be’ tsf mnte’rc’sI these ’ may also be tic’s of wat er vaporized and remaining as run-
iml otte ’d ICS con tours  on ii smnui lar  c-hart - off fl~m r fire’s occurr ing in a coon-c similar in

geonuetry . vent ilation and fuel characteristit’s

F X P E R I % tF ’5 U to that used by Sa}zberg et a!. In his fires the
water was applied 10 m m after flashove’r and

In Fig.  l i t h e ’  1ired mc ’t ions of the’ FE) model the rates varied between 25 and 50 1 ‘mimi .
arc’ e’ompared st- it h sonic’ e’x pe ’r imm ’ntal results Although Fuchs does not record drop size dis.
oht st mne ’d by Salzhue ’rg of a!. I I J  - The’st’ data trihutions it appears that both high pressure
des nest rec’e r d  the valut ’s of several Lua ramc’tc’rs — 35 barst and tower Iirt’ssure fog nozzles
to  st-h ue -h nuc-edel re’suhts ares st’nsitive’ so we were ’ u sed . For these case’s we’ assume that the
have chose’m’u re’iusesusabhe values for the sisnula- volume median drop d iameters would be of
t i O f l .  hir e’xamplc’, we’ assume a volume mcdi . the order of 0 , 1 to 0.4 mm ,

- I I I~

~A I t  1 W A i l l  II’Pi I1llkIW

I” ig I i  (‘eempcir iae .n with exp e’r imr n la .

~~~~~~~~~~~~~~~

- —._-JjjNI ~~~~ l’ — ’ 

-



\ isajor I C C 1 5 C ! L l ’ 4 i t l l s  of l’ut ’hs ’ e ’XI) e ’ruusie ’Tut S RFFF : RKNt ’F-s
us that ahuproxum iuate.ly 100 I of wate r u s sa il or -
u ,~e ’et during fu rt ’ km iot ’k t lo wn tue matt er which
iiemii It’ is cused - I’hts ra’su It is in good agree’- i ( ueel ,’ it , ,  i h,’ flsi ’t. ’rn uunae u . n  C C I  R , ’c1uu r a et Fir , -
i i it ’t i t  st - i t lu that  jm r t ’et m e ’te’ti liv the ’ l”l) niesd t’I - I’ i,i~t - tu , ~~ir ~~ u , ’e’ S,’r~ i s , ’ (III I e ’~ - “4,‘~~ \ ,~rL -

~ht hs e i t mgh the ’ Iot a ! (Iti antit l e ’s re ’qcmir t ’d s-ant’s I)si ’t’e’uistk ’ r u ’ 1 -i
2 F Sal ber g, F’u re’ h ) t ’pieii si.’ Ci t  C ) pe’ at  C C u u i s  A I11 I~ SI c -si ~ps u tue - .cui ii , the ’ nuodel sheiws that for flow i i’i’~ ~~

- ,~~ ~~~~ - m it i C u s uus  Iii si Cl i i i ’  s i f I ’ i’e’h ICC ‘ I I  ‘gsr .at a’ S be’t wt’e’n 2 su _ tnt t ~it) I nu ts stud nu ext iatu Re~~ si~ h (‘cu t t e r  - t ‘hica ~e, - Jun e ’ 197 is - p 1 2i h r eip  ctu ~er ne ’te ’rs bc’twt’e’n 0 1 an(i 0-1 mm the’ 1 K i~1 ’ % “ r and F W Nets ~s.u , W~u i , ‘r C C I  fur , ’ fight ing
sta ie ’r actually t’aport~ed us fairly t ’onstanl and elSie ’ of h o w  feun n u ui a m , F:CC ~ F:~~i , ’ i i5  H u l l  is .
ci t the’ e -’rulc ’r of 110 I • ‘I’he’ model results Iowa State’ I S I S , u s i i \  - A u iu- s , Iowa . I 9t~5i i SI Pi,’i r t *l’, ci j l I h4 I S I C C 1 I  i-I.u u ~‘CI r cM ’ar e ’h C l i i‘Ii C~ ss tha t  this ’ tIm ffe ’re ’uue ’e 1 ie ’t ii e ’e ’u u the’ t cm tuil “i i Li I p me ’uI t i , C C  IC ~ ’I ,  C 1. % C I I C I  C i~’d 11% i i scaj  g e e s e’  r uis _ mt.  r suiup lie’d .uisi l  t ha t  vsuliorite ’ti is lost ItS usc -use Fir,’ Supmuu,’s.su,~n — Ph~ute I It e’si’are’h He’-
rcuu u ci f f 1  ie- ~ - ,u,u se (lie’ st-cutc’r tt roiilc’ts ,cre ’ too Lk sr e , V - ~u Iii - Nsi t  ema t 5 ,1 . 1’, ,’,- I” ,u eiuue la t uufl a
I,er, e’ eir ,er.’ t i l t iwn ,tss sty because’ the ’ dreip le’ts R e t  N0 NSF H A S ‘cl a SH - Wasts in gte ui u .
fa il  f e u  i C e ’ i se’t rate ’ the ’ utxi ra ft s in the’ t’ompart - - 
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$ K Kawagu ’. ’ F~eu. uuai ue sus I ’ I  f i re ’  ui ’n ipi’r amur e ’ mauls ,’
c c  iN c ‘i - -si is c’ur s’e iii resesms , Iiuulchung Re’ua’areh Pap .’r Ne ,  29 . —..

Rese ar ch ti ustu tu ue , I’,’k~ ~‘ , i ’sS$7 ~~~—.
I )t”, i ILu I .Iui e Cuit tiC the Fl) model is t’ontmnu . 7 V I t i t C i  ,,IC,L15 su et H H Wu itiiiusus ,,us . PICSi I .isti

I i i L’ snuel qcu auu ot a t ivc ’ t -aj uhrat ieun h~’ e’xperi . C ’ S ’ S  t’cuu s psrtfls .’uui f e i , ’s . t t , ’ ) C , I I  I \~, t e ’B F’R( ~~~~~

nu e ’ui t , el  t e s t  m u g  us i sl amu ne ’tt , h u t ’ results iii d ate’, 1 , F’~re’ R, ’wars’h ( r euup.  1 1 I S , ’ I S I I V  i~I (‘at.-
ii r ire sci ffu e me n t  Ii’ establish the uti1mt ~ 

I nnCi. hter le le ‘4 

~~ I I ii r late el re se arch iicm f this niotte ’Imng approach as a vt ’rsatmle ttnsl equipmen t te’ chneuitug ~ uiu lla e’ d I ’y local g I C % ’ - n n -
t cir e~u sum t u f y i tu g c’ffe’t-tmve’ne ss c)f water to mm - rne ’ist Fa re ’ Suppr c’saiois - Phase’ II Rese arch
I rei~e’ the ’ technology u sed by (tm-i’ se’rvme ’e’s ~n 

R.’ptsr Natues us a l  54 1, 115’,’ Fe ,un ~Iue i i iu f l  1tCI)Oil ~ .O

the ’ ~u p t C re ’ssmesrs of t ’onupa rtn ;e’nt fires. NSF RA 7702cr , ~Vaschungces n , 1)1 ’ - 1977 . 2 1
9 ‘1’ Z i larma t hv - A sew look at cons pa lm m.’use

fir e ’s , Part  I . t” ir , - Te’ch,iot 5 ( 3 ) 1 1 9 7 2 )  19$
- K N i ea - F . (Sc ; K%I KN’I ’S I I .) P R eis1um susd F J R i tuui n i t , ’r , J (iso F’u,’t , -;

~ I 9 3 1 (  - ‘k )

t h e ’ work rc’porte ’d he’re’ st-as support ed by 11 F’ Sietzti, ’r5, F J \‘e, ds-a rka ,enel ( C ’ ?sI , , atusueeus ,
( ‘oa i t r a e ’t No - NSl” -(’9t I from the ’ National SICus C iii Un u IS at e’ r r ,’c5u u r e ’n ie ’aut t , C I  S C C I S I S I C S r , , s I i l  of
Se -i e ’ne ’e’ Foundation ~N SF’ 1 un der its H AN N r iuO fli f i re ’ut , Far ,’ Techn ol , ~ (l) i ~ 1971 )1 22

- - 52 5’ Fuch s , Br ee nul - und I~ usc h i’er utu c’he’ stil l ver -
~ireugranu . (.rsututtmd c’ us e’xpre’ssc’d to Dr. David -sichue ’eIe ’,ut ’n I~,se’h ni le i ,~t Ii ii Cuulfit) ~ ,‘i’siuc’hsSe’mdn uan , th e’ pre igran i managc’r at NS F . for r , s iu ns  usal e i r lit - her t reus5 e’ , F ’ir e’ t’r oie’e’ t ie uus S, ’nsiuua r .his mnte ’r e ’st 1uis e t  e’nc ’ouragc’me’tut - Kuer t si r cuh t ’, ( e ’rman\ - VF ’h )H ( I  ll7 el 1

s-rh ,. imci.u n t it a ’si v apsiu ra za ’el t , ’us et i i,  iImcreaa, ’ I e , r  spras-
,‘h ,er ue ’i .‘r ,et ut ’s ,lg. ;I r i ‘ea c h  i’ag th,’ kusem t ’kt t ,iwn t ai h ur si ’
tin,’ ,‘iuls -
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‘I ’ c m j i l i ’ I

i’ , i ; k I)t’sc ’ m I j~t io i u li i i  l’ r c I j i e l s c ’~I i’ r esj e ’ c t  : A N AI , v z l - : ( -. I t -v ~ or- i~’i i:x ( ( : k i UI - :  &: i ~ i - )

c ) im j t ’ e t i s , ’

I I  de ’~;, u i t ’s ’ I lit ’ .i I rIm I lOt ~ I i t ’ l l  i ’d de ’I mi ’  I s  I (t~ I d  I i i  .i 1, i  r g t ’ (1 , 5 ,  e ’ I i  s’ ,

u ;  .1 I l u m l i t ion c i t  t h u e  Iii m e  I . m t  l o u  I i 1 I lit’ t I i e ’ m’u u i si I ~ u I o t’  , Sc’ t l i , m  ( I t i c ’  I

u t -  r u s s ,i mi , I c u S S ’  I i  o u i m u u t ’ m i (  ; e , m i m  l ie ’  kmitmwii as uu i ’ i - e s ;, lrV t o  ( i t l l s m c l V t ’  I l l i c i t ’ i ~l s tu d I

C I I  p i  i u u , m u v  .in t l  ‘ , t e I I i I C I , l t ’ V t i l’t ’st  l i t S , i u i c l  c i t  I I i’ c SISF,C IUI

S e e C i l i

I ’ e’ r I  e ’ t ~iiu I l i e ’ t e s t  I OW ( m u g  s t m b t  a o k ; :

I . l i e ’ ; , - u i  l i e ’ , i i i  c ’x t ’u uip i . i r  c ’ I t  v ot r t u c ’ (ci m’ su I i v

,~ . St ’ 1 e ’ I ’t  iii i t t si c ’k t hstt w it t  Id  I m r c i s ~ (t i e ’  sc I c m l  I r s i i u g e ’ ol  cl s i m n s c g e
(gu l l uil ue l .~t ’ t O  I e ’ e ’a t  I e u tu  , W t’ii I icmII v I t ’  I t I  .i i id lit ’ ( g l u t  i l l  h c m m ’ ;l

1 . u s  I m ig ‘ .~ l o t  I m ig t c ’clmtu (qtit’s siti gum ie tit t’tl Isv t e s t i s  I d c ’ m s i i m  I t ’ t ’mu g (t tet’ r l ug
tttlgiu m e ’iit t m t  ii L i st  L~l I ‘e ’t s ieo e ’a ue - I i e’ ro , pt’t’d l e t  lii g l I C O S  I e ’ i l u ;

a I m t t m l i s t t i l t’ i l u i g e ’ c u t ’ d t ’b r l s I ( e ’ I t t  lu s t  c l i  It ’s  t I i i ’ e u t m g i i t s e i t I l i t ’  e ’ I t  v p

u. I ste ’mi t I t V I lI e’ .1 m e ’.lS -S where’ I ctt ’ t her rt’sc ’;il’ c ’Il (ii t l t ’ hm I s  tI ( s t  m l  Im emt I c u ll

m u d  Iii st r t m e t c m r , m  I e v s l  I c i s i t  ( e m m i  el  t ’ x I ; t [mu g str cic ’tt mm ’ e’s Is l i k e l y
1cm he t h e ’  most re wsi rd (mug In  i c u m ’ t  her  c i u s c l t ’r s t ;m n d  I mug c ml I I i
t l sm m nsige ’  a m i d / t s r  I I re’ d ;iiim ;igt ’ I~ t’c’ct Ic t I ci i i  / I~ rc ’Vc ’ ui t ( c i i i .

Me ’ t hocl

St i l i t s i s k  I uums iv  m a k e ’ US e ’ c i t  Iul’ t ’ V ( e m U S  15 c c i i  I t c ’t etl nea t c’t ’ l s i  I t4 t - , 5~, , I ” I ve ’ —

C I t  It ’s St t idy , S ; mm i be m t’t u mui:t ~is , N F S t l ; u t s i )  ; I t  m : lv  Im elu e C t  I t  I i’ cm is i spec ’ ( . m  I su t ’ m ’  1s t  1

am id  o t  m’ e’& ’t I eve I s t i rve ’y s  , h u t  I t  w I  I I t’t’( lu I r e ’  stunt ’ t i c ’ l .1 I I  t ’ t I liii I l u _ I I mug

u_ ’xamn I nat  ( tin , Ni - mt  c m ii  I v  w I  1 I s i  s~e ’ ;  t i mi d  d 1st r ( h t m l  I t imu s c m l  st rue ’ I tu i ’ t’ -c ( 5 1 5

I re mm ii si c r Isi  I scm m ’v c ’v s  ) be ’ m ’ cqt t  I l’(’tI • html  I yp I’t ’,i I t ’otls t rut ’ I I c m l i  nie ’t hock mui t i s t

be ’ e ’~~t s ili I I sh e’d liv t-m m u— s It t ’ (tispel t’ t lou , e’xamiu I u u a t  (c i i i  c u t ,iu-i—btm I l l  e ’cmiss t nmc I I tutu

dr n w  I m ugs , s t m u c l / e ’ r  • p ’~ ( l i l y , e ’ e u m u s u  I t  si t I c i m i  w I t  Ii ,‘i i’c ’Ii I t e C e I s stu d c - lag  Ifle ’e ’i’ s

we’ I I ae ’q tu ;u  l i i i ccl w i t  Ii t h e ’  c i t  v

S c m b t 5 i s k  2 w I I I ( 1 c m I c ’k I y rc ’v  I c’w ex t  y’e ti lt ’s antI  s m w (tIe’ o
~~

m e ’ e ’ ( re m uu m c i t  , t t  I s i ck s

(is Sc ’ I ci ’t I iig t lie c sm i e ’ s i t  t ; i c ’k t cm lit ’ st tuel t ed (e ’ , g , a I u’Ii t t i ’ st s c it ’ s  I gmi e’et I em

K- I 
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n e ~ l in t i ’ a I t b l a s t  ct su m uiag t ’ , p l mipe i l t u t s i t t :me ’ks e s l i  I (nilt ~~cl 1 m m  ge ’ t  w i t  li l mu t ile ’

e ( t \’ , . m u u c l  at  t .c1 - ks c ’ t i  mi ~’I g Iihi m u h u g  t , i t g e t  ou t st i lt ’ I l ie ’ e ’ l i v  h i t  e l i c I t ’ ,1 I i ’

l i i  I ’ di C l I e ’ c c ’ I I - I t e’ m c i  ~l , e u u t g t ’ e m  I lit ’ ~~I I  v I t  ‘c ’i I . 1 l” t ’l  I li e ’ I I m st  ‘‘ e m u e l e - l i l t

‘‘I e m c i ~ ’ , 4m u i is - .~ 
( mu g  I e ’ — - i ue i r ~~ ( m l  ( t i c k wi I I l i e ’ e i — m e ’th

S e m l i I  . e , ;b  I ~s I I I  uu ; mk e ’ c i sc ’  I I I  p m c ’g l’ su m u u s i l e v e ’ I c i l ’ e ’dl I i ’ m , e u i m l s - ; I ;  el  ‘;t t i l l

t e n  a I i l  e ’mc ’m i l  I mi t  1u~l i  l l~ I i .mmi i e ’ s  I m m i e t  t e s t ’  I m s m us e I mt I i ’ll C I I  I I _ l ~~ i5l ( ’l i  I ; ( ,~ s i t

I liss I t ~sm i I I k e ’ i v  di c ’I~ I ’  ci 1 st  I I h e i t  I c ’mu pa I I e ’i ’ i iS  sI t V t i m - I e l m ; I (m e ’s , M , e u u v

‘ ; u u i n p  t I~ ‘ u u s  s,’ I 1 I l i st S c ’ t ‘ b e ’ mmi a c le ’ ,i h ie ’ um I .t I~~h ml - i s1 sh u  I c ’ I c l  I t ug  • I I ‘is ’ , I i - I —

i l l c ’ l i t  si t ( i ’ii , ,lt i cl c i t _ I l l i s  ( l i t  e ’ r , m c  I I e ’ m l ; ~w 1 I t s e ’t hie ’ t ’ ~t c ’hu I ;  limi t 1 w t  t h u  t o t  ,- l c ’ t

tI l u , t s u  I .1 I , e i l l l h s i l u i e u i t  ‘ s t  . I h u s h c ’s1 psi i’ ;miil t’ t t ’ I S’ttl (si t I ci i i  St  cu d  ic ’s -S 155515’ l it ’

I i ’ ’ ’ i ’ O ~ , 1 1 5  I I ’ t ’\p  lot e ’ (lie ’ t ’t I i ’ l l  S e ’I I he ’~~c ’ ; m s s e lm i l j ’ t  lotus , h t m l I l i l t  i ’ I i , e - ~ ’ e d

I , ‘ ‘S’ , l  l ~ hi s~’ u I I - se - u k  ( C ’ ~~ l 1 ’~~’ i e t e ~ I l i t ’  c l e l ’ l  (S tu sh i ls c m t ( e ’ li Ii ( s t  c i i i t ’ . ( h e a t  em e ’

uiu , s S t  I I k e ’ i v h u s  I j~~I i t  , s l  a ’~~e ’ u5 I kmi , ’w 1 e’d~~t’ . 0

S e m l m t  . 1 5 k  - ,  , pe’ i I e i m i suc ’ tl I i i  c ’ e ’ m u s t m l  t t m l  I~smu w I t h  I (m e ’ u e ’ ; e ’ t t i - c ’ l u t ’ m ’ ss . is’ i  I I

, ‘X s im l i m e ’ ( l i e ’  Pl’c’ct 1. - i  l ens  e na cta ’ I i i  Si m bl ask a ;  we I I as I lie ’ Ii ’ l~,i~~e ’- ;  , i n

u t  ,Ie ’m t e ’ , i ’ S S e ’sS I l ie ’ tiie s S t  mi ec e c l c ,cl imu h m rc m ve ’tiielst s , l i i  I lie ’ , ‘ V e ’ l s i  I I c u t i c l e ’  t le ’t ui  i s

d l  •st ( l i m i t  ( ,~u i isie ’ t h i t u t t  e is e ’u _ l • s i t i e t  t ’ cu -c t s e ’ I I l ie ’ I m i i p te i v e ’m e ’c u t ‘s . 
- 

I

fly : Wi ‘ u k  shie sp 2 Mt ’mh it ’ m - . K , Rt ’mi ipc ’ 1 , w i t  hi I ui t l e ’pct it l  e ’ui t ec ’ui ( I ~ I lie u I i o n ’ .
by  (‘list m’ I muisuui I - , K . W h e ’hi I e’ sluust Mt’mui bu_’ t’ s i .  11 , Ke ’ u u m i e ’d v sin el 1 • W I I t  c~li

K 2 

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -~~~~~~~~~~~~~~ --‘~~~~ - ---
~~~~~~~~~

--
~~
__--

~~~~~~~~~~~~~~~
-

li mp Ic ’ .‘

Am u e h y s i s  c ’I h i tc h ht i % u ~~ h ’ m at iies

.\ m s . m I vs  I s  p~
, i’ I d i  rme’tl t m V t ’ u’ I lie ’ 1 m ; m st  Ss e ’V e ’ i - s c I s t -Irs I mid I u t  c ’s t lus t  t lisi Sc ’ —

nieii ( s-s j ’ l c d v  ide  t hit ’ I sc ’~~t slut ’ I t  L’l’ SI i su t ’e u_ i t s u l  I . i v . u I  I s i b  1e ’ e m h i t  I c m m u s  i uu h itm I lu _ I (tugs

e l I  5~ ll t l t ’ t ) l i t i  ,i l’ e ’ t i  , Mu e’x c ’ e ’ I u t  i c i m u  I s  n i sut l e ’ I c ’t l isms e ’ui sc ’mi t s (ii I l i t  1m I at  e’

h u n ( I d  h u g s .  I ’hiu _ ’ s c ’  t i l t ’ e’xp e ’c’ t c’eI t i m I t i l l  s -s cudde mi I v  and sit i i ’ l e t  h ye ’ l v  1 cu w

e m s’ e ’ u l i u t ’s scmrc ’ s . l u s ~i I ie ’l’ e’ I e ’ F ’  shi cit i 1 ci be s u vem lu _ ted . We’ I c’c’ I t l us ~ t , m t c u u ’ I hsu _ ’ u ’

cxc ’ t’p( I c u mi  mliv lie’ l i t ’e ’ e ’SS,i u s ’ . Iii I s-s r e t  i t s  It s Ius us em sce ’t u t s t m i  t a t  I I l stm e ’ cl

I m u ( I d ( u s g s .  I!i i u — u i s e  I i i c ( I d I t s g s - s , c’spt ’s ’ i . ’, l  I v  tho se  w i t h  st u~ su ug w i t  I s , ;i u, ~

e ’X lie’t ’ t ._ ‘d ( c i c i ’ I lapse ’ u_ lime’ ci t hu e ’ I .i 1 1 cur t ’  c i t  t hue ’  I rs mmi le  sv s t  u_un s I t  c ’ S i ’l

Im re ’sscmu ’ e’s I e ’ss I hi a tu  I t )  l u s h  . I h e  u u t i u n h i e ’ u ’  c m l  s t til ’ it’s that u _ I 1st I m u g u m  I s - s Ic t ’~
I cmw— t’ I s t  I i’emus i l i i  s~1u — t  1st’ 1;; us , ’t k~~owu m l  I h u h  s I i tsse ’ . Wlut ’ mu .u I i i  g l i —  m i s t ’

lit m 1 1 t h  1 mug c c ’ I 1 . m psi ’s • I hit ’ h u t  c ’ l , I c ’ t I eti c ’t ( lit ’ I i’ sit s i I m u g  ss-st  cm w I t  hi (lie h i Se ’

ull t’ mu t • I . e ’ , , c ’s’c ’rh ie ’smtl s- s I sib • I c i c t u i d s u  I I u_ m n • pe m l  p hu e ’u ’ tu I wsl i i s -s , et u_ ’ . , usiav be’

sc m I I I s  i cut t c i tlsinu ;m ge’ t hie’se’ c ’ t urn j u e m m u t ’m i t s . t h e  r e ’st u I t  I s I u s e  I t I l e ’ h i t i  se ’msue ’uu I

hes s - s c ’ s  i t s  sI t’ eti g t l i  I c ’ ut’ S 1st  c ’Ve ’ l j i l i ’ssem i’ u_ ’s.  l ’h iu _ ’ l o t  e ’ m a c ’t  ( d i m u  r e t  e’ri’ e ’ci ( c m

I s  I I  I t u s h  r at  etl I mu I-’ I g uil e ’ •~
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I

h t i s  p ro c 1st’ I V t i l l s  I m i t  u_ ’r su c- 1 l en  t h ;u I was umeg I Cc ’ It’d in pres’ I titu s .m u u si I S’si’s

c le ’si I ( m u g  w I t  Ii pre ’d l e t  ( m u g  t lie St u’ t ’usg t  lu e ’ t  list seulseult s. A st iu c i  v sheet  1 d Is , ’

( m u  i t  i t t  eu_ i h e :

I . I)e ’ I u s e  w h a t  c i t  u _ ’ g e i r  i t ’S ot  h tm 11 u _ l I  m i g s  w i l l  e e l  lapse ’ wlueuu
s tub  ec  t l u _ u  h i , e  st eve ’ r p r t ’ s s u _ m u - a s  . l b  I s slu e i im l u _ I  bc done’
( m u  t t’ runs ,st h tm 1 1 d ( tug lie I g lu t  , p 1 at a t’ca c u t  t hu e him i i  d I m u g ,
t \ ’ I)a. ’ c ’I w i  I I s ( a r u _ ’ I u i u u g ,  t i i mn:u t’ c ’l u lo g)  pu_’ru_’u_ ’lit smperl curd s ,
I v pe ’ i i  I I rain I us g sv 5 t cult.

Dc’ t e r m  (ls~ to wlua t ext emi t and cinder  wha t u_ ’ond I I io n s t lit’
I n t u _ ’ r . e c - lots  i i I  the ’ I r a m n i n g  svs t  cmii w i t h  the  basement  is
(n s li c r t  s m u t  .

I .  D u _ v t ~ lop  s-s in sp I I f  led pro ced sures  I or p r e d I c t  lu i g  I lit’ 51 r engt  Is
1ut  basements  t a k i n g  I n t o  sm u _ ’ u_’ci cm n t  ( h u e  In t u _ ’r s i ct  lois wI  lb  t he
I r a m i m u g  sy s t e m .  )

-~ . I)eve lu _ i l )  p r o c e d u r e s  f o r  u_ ’xped le n t  1 s- cupgr ,ud I iig soc is bsusememst s .
‘rhu_ ’ I r s um lug svs I u_’m/h;ss ’memut tnt erae’ t Ion phenomenon is espec (ails’ im p or —

I stil t when c I t ’tl 1 lug wi t l i  hard upgraded basement shelters , I . e.  , gresu t u_’r

t hsu m s 30 PS I . At h i g h  overpresstures  even b u i l d  tu g s  w i l l s  weak wsu I l s  mli v

be’ e ’X I i e 1c ’ I (‘u_I t e eve u . t u r n  or O u _i I lstl) se . At t lie present  t line u _ - c c ur  (us l o  rinsi I I ous

in t h I s  are a is  ve ’rv limited .
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I’cm l m i c ’ I

( ‘cinuuiic ’i i tS  c m l i , St m’ cmu _ ’t u r I c  I I ,~m sc ~I t i s~~/ R ~u_ ’s,1m si~is,t’ Ci i i  r en t  
- 
Work

Cturi’eust iuive’S t I gtt t I otis th ea  I w I t  li htm l hi I hu t ’ I oath I mi g  m u d  m e ’s; ’ 1 1 55 , s e ’  , I

st FUc ’ I t i m e s  ; t h e  work  u_ -a n  l ie ’ ~‘ ,e t  u_ ’gol’ I ,— i’d .is I c i i i  ,‘ss’s

1 . I , o s tu _ I  lug

.u ,  U t  ghi t~u_ ’ Se’ ( c i t  I on u_ la t a tifl a spot - i t  I c ’ s( ft uc ’ I t u u ’e’

Ii . (Ui I i c p u c ’ sung I c  s t u d it’s

Ru _ ’e ’mut  l’ s i m l t  c ’t m i ’ t i c ’l’ s( ( mu _ i I t ’s

u_I . I sit  C m I t  I i oath I m ig I t’c ilil I h u e ’t i u ’v

u_ ’ , B i .t s t  s h i i u _ ’ l u _ l i n g

11 . Ra ’sptmmisc ’

.t . Whm iu I t ’ beds’ rc-’spernsc’ -
-

b . St r t mu _ ’t nra  I i’ e ’ sp u _ mnsc  e l  wem sid u _ I  t’isit’uit s

Al 1 e d t  the’ tiii c m\’c’ st ti u _ h h e ’s sift ’ t i c ’ I ( y e ’ ~iuu _ l is’ I I I e’c ui u t m i  h tm l e Iuu ~- .m m ’ s’ Imu g

isi .i tu m su _ ’ rs to  t lie p t’u_ ib I ciii ~e t hussnu _ I  , t ’ e ’Si s (u_Icr l i i i 1, - i 11 v I hue ’ I e s s id h  I m u g sI cu t i  h e ’s.

i t  ciii 1,i c l e ’, I  i s  w I t  hi cs l i t  s i l  i i i  t i g t lie u_ ’ e inm p I e ’t C I osm ~I I  uug  i ’ll .1  l l e ’li sc ’ - 1 I k e ’
st U t t s ’ I ilt ’u_ ’ . (‘lit ’ UlOu _ I u_’ I is  ;ub tn i t  .

‘ I t l i i  ghu , has a s-s l u ’p i u i g reel ,lm i t t 1 I’,t Sc’—

m u u em u t . A lar g e  ncmn i b t ’m’~ u _ i t Ius’ e’s s tt t e  gags ’s h-co t It l e ss - s l u _ i t ’ 5111,1 e m i u l  I c i t ’ ~ I c ’5’ I LIe ’

wsl I I  1 u _m~uu _ i hug u _ l ; i t a (u _ i I t  feu ’ e’t it is m I p l ’ess tmrc ’S ‘I I i ’l tu c il Ii so t  m.d si~ d oh ’ I lu _ h Oc ’
sun g i C’S c~l i u u u _ ’ i u _ h e u u u _- e’, Da ta  u_ ’;mfl hue ’ c ’ c m t i e ’ ha t ~ ei i s , t  ii 1 . 1 1  go — s e c  he ’ e ’xp e ’I t ille ’m i t  S

In  w h i l e ’ hi w ,t I i  I s m ( I  t i re s  we’u’t’ e’xpcr I e’uu c ’ e’u _ h , Me ’ i t ’ s-s g’i  i i  I t ’ . i m i  I I v , t l i t ’ • m h i I I c lue ’

s im i g I e ’ e’xpt ’ r I e’mii t ’uu 1 s wi  I I he ’ t he’ I t t ’ sI u _ m ut ’  s c sindt us ’ t i’d whi t ’ u e ’ t l ie ’ susi g I

Sc ’ l e e ’t eu _ i w i l l  lie ’ I list I a u g  I t ’  s i t  wh I i ’ lu I hue max I mcm i p I t 5  S e t I  e s - ;  w i l l  hue’ IIi’ —

Vt’ I u_ u p e u_ l . ‘l’hs si I p1’c ’ssuIm ’ t’ w I  1 1 be lil t ’ i c ’ t l ’ l l l uS  I c’ii I , his mwt’ ~ ’ t’ u’ I hus i i i  I l i t  I c h e ’S’ e ’ I e ’h’ e ’dI

t u t u  the ’ I I’ u _u l i t  I sic ’ .,’ u _ h u t  lu g a nt ’u’lms a I aug I c ’ i ’ I I l ie ’ I c l i ’ l l e ’ ‘ ‘

‘h ’h i I s  I ~ ;ueh Im ig cIa I a  ~ 1ic i ti he1 hue ’ t u see l , m s I lie ’ ( m i l i e U  I~ ’ I l’ c’ c ’ u g h  I i’d ~i nil

appt ’ c ivc ’ul i.e’speuusse’ e’tielc so that t Ile’ 1 eu :id Iu ig  i’ li 5 iuu ge ’ e’;i(iSd ’eI his’ I hue ’ e -hus muug c’

I mu s lu g it ’ ti I ( m u ’ tde nu _’ e’ umav be’ e’i,’ ;t I tisi t eel i f l  t e’t’iui S i ” t  c ’h i u u l g c ’s I mu s I i  t i e ’ I tu ’ ;l I

re’spu_unsc,
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I t em  lb is sin obi ique ang le s tud y tha t is a imed s i t  t h e  l u_ mw p r e s s u re

re’g lu _ mn I. 2 ps 1 ),  The press-curt ’  h u i c ’rea se’ u_’su i m se d  liv oh i  i ciue a n g l e ’  l i - c t  e r—

Su _ ’ u_ ’ I [015 v ar  iu_ ’ s In pressur e and du rat  ion as a f e m ui c  t ion u _ i t  t lie shu _ i ck  wave

t r a v e l u _ l i s t  S c o t ’ t’ oti t h e  sur f act ’  c u t (tile rest . The var  (ant ’ c is  i l - c u _ h epct sdc ’ui

I t t i t ’  s ide u_’ u _ ig c’  c ’ t f u _ ’ u_ ’ I- s. An e q t u s u t  ion f o r  d t ’t t ’r m l m i in g  t h e  ~~t i v u _ ’ t  u_ u rm lists

he ’c ’t i u_ Ic he rm (ned but is as ve t  unrepu_ ir ted

I t i s  Im p o r t a n t  t h a t a prou_’edurt’ f o r  t i u _ ’i ’Ot i f l t  ing  t e r  t h I s  1 esud I mu g

c ’ hu si tu g u _ ’  he [u u _ ’u _ i r pu _ r at  ed t nt  o th ue  l u _ m a d  i m g  u_ ’ om-cuput si t ion su_ ’ hi’med ami d t I u s u t t I l t ’

u_ ’ur r en t  exper  im et i ts  be cxtt ’t dt’d t e  h i gher overpre sSure  re g iouu s  t o  ecu m p I c ’ —

ment  1)— pr Lin e se cu la r  lc ’s

It em Ic t r e a t s  the increase in loading  caused by shocks in r e e u it r an t

c ’ c m r n u _ ’ r s  . A r u _ ’ e n t r s u m u t  u_ ’i ’r tu er  Is  I ormed when the  geomet  m s  of  a t ar g e t

e ’ ansi’s (lit ’ she”.’ k wsive tu _ m re t~ I u_ ’c ’ I auid r c ’— ru _ c t  1 C t ’ t wlu t i e .’ t h ere Is s t i l l  s tub—

st an t  i s t  1 p r e s s u r e .  ‘rhut ’ re—ret lee t I t ufls u_ ’s m u s u _’ vt’ i’v l i i  ghi pr e s su re s  t cm

de ’v u _ ’ l u _ u p .  ‘l’ lic ’v sm r’ u_ ’ , ti sm wu_ ’ver • ‘s- c r y  I i i c ’ ti I I zed , sm nd t lid u d u r a t  I u_i n i s  pm I t  e

s h o r t,  The s t r ut ’ t u r a l  s (gut f I c ’,eu uc ’t’ ‘I tluu_ ’sc’ sharp Inc reases mu st he

, is - s su_’ssc u_ l . Rcs [dent  isu I su m - c d cdimm e’~ u_ ’ 1, 11 st  rut ’ t curt’ s lu suve geu_ im e t  r i es t ha t u_ ’sili

lead te d t he u _ hu _’v u_ ’ I opmeui t ci I t hese  ye’ my h i  gli pr e’ssuru_ ’s

H i gh  i n t e res t  t ar get s  s h o u l d  he.’ si ssc’ss~~d sis t o  t h’it’ i r  1 ik u_ ’ i i h u _u~~u_l u_ m t

h a v i n g  a re ’t it r s lnt  u_’u _u ru er gu_ ’omet rv t h a t  w t u u l d  make tht ’m more vulnerable’

t hia u s t hit ’ s’ Si r t ’ now b e l i e v e d  to he ,  The expeu _’ ted s lu t - c r t  u_h u r s t  I [u_un I esud s s l uc i tm I d

hu_ ’ i i 5 e ’u_ i as Inpu t s  t ci a r espomu se cu _ -cd t’ to u_ ’Vsu iu;u t c,’ thu e  Ir in spu _ u r t  sitt s’ e’ i i i  t’Vsi—

I oat  I u g  t lie blast resistance u _ i f  spec i f  he  sI rut ’ I curt’s.

I t em Id clt’ ;i Is  wi  t h u  a c o m p t u tat  (u_ ifl s t 1 t e c h n i qu e.’ I c - c r  det  ennu i t u g  ( lit ’

sls ‘ k l u_ -cad (tug  wi  Ui in a st r u c tur e ,  Tb is  t i s e ’ u _ i f .iu_’’.m t ms t it ’ I hme ,’d u r , Cu _) t i l )  I ed

w i t h  an e x i s t  tu g  scheme fo r  d e t e r m i n i n g  the t i l l  tu g  pres s iuu -e  h i s t o r y  w i t h -

in .u reseum (cur strem c’turc) will allow u_-c l-ce te-c dt’termine th ut’ u_’u_ u m-uip l e t u _ ’ Ie -iau_l

Ii i s-st cur \ ’  w i t h  In a s t r u c t u r e, Th i s  • coupled wi thu ,i pr ou_’edure f o r  ei u _ ’t e r—

mi mu lng t h e  ex t e r i o r  loads , w i l l  a l i c u w  c-cne t c d e teru um it s e  the  d i f f e r e n t  t a l

I t-cads on e x t e r i o r  w a l l s .  Large structures w i t h  non t’a i I  ing It t e r i t u r  w;i I I s

represent  a spt ’ u_ ’ial  u_ ’sise tha t I s -  not now be ing t ’onsIder cd ,

The c u r r e n t  c o m p u t a t i o n a l  work s h u _ u l d  he checked by da ta  t ru_ -cm p re—

v lmu s  ly c’tun dt ic t cd exper iment  p a r t  ic’tm l a n y  smg a I n s t  h ighe r  pressure c’xpcr I —

nuent s ( 10—20  psi) .
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Item Ic deals w i t h  the complex problem of shield ing. Most b l a s t/

structure interaction problems consider classic cases where an u t u d i s t u _ i r b e d

shock strikes Ii structure , when in tact in any city or industrial complex

the shock wave will be continually redirected by its interaction w i t h

responding and nonrespondlng t a rge t s .  D i f f r a c t i o n  around one b u i l d i n g

w i l l  cause the  shock wave to converge on the next b u i l d i n g . Ti-ce dif-- .  H

f r a c tiv e  loads could be q u i t e  high in th is  case , but  i t  f o l l o w s , at l ea s t

fo r  some element of t ime s tha t  the drag load ing w i l l  be reduced . L i t t le

is known about the shielding problem and little is being done. Some

da ta  (not  viet  r epor ted)  f rom the  l978 Mig ht y  Mach exper imen t s  were ob tained

in an elementary shielding experiment. Other more definitive tests will

be conducted this year (Fl 7 9 ) .  These experiments are being cu_ indu u_-ted

w i t h  1000—pound charges and models tha t are one meter  h igh .

The sh i e ld ing  problem is an impor tan t  one and exper iments  to  solve

it  need not be done on such a large scale fo r  the DCPA megaton scena r io .

S m a l l e r  models added to the  FY 79 planned experiments could yield data

on both  t h e  d i f f r a c t i o n  and drag loadings aspect of the problem . This

lesuds to target  response , the second par t  of the overa l l  proposed work.

Item Ha deals with -c whole—body response , which reu_- eived a l a rge

measure  of e f f o r t  du r ing  recent years.  There are now many u_ ’odes a v a i l —

able to t reat  the problem , and there  is ongo ing work to r e f i n e  the codes.

Addi t ional work on such codes is unwarranted .

Available codes should be tested against bench mark exper iments ,

however. I t  is also wor thwhi le  to consider large m u l t i s t o r y  s t ruc tures

as targets-  i’n response codes , which he re to fo re  have been used onl y fo r

tactical vehicle overturning problems . This should be a high priority

task , which could be accomplished in the very near f u t u r e  because of the

potentia l influence on the shelter and debris distribution problems .

Item lIb deals with obtaining the failure pressure of plywood sections

under differen t boundary conditions , This work is outgoing on a small

scale. Future  plans call for testing sections up to about 6x6 ft.

This work should be compared to static loading da ta in order to

properly assess the effect of dynamic loads on timber construction .

~~ : Workshop 2 Member W. J. Taylor
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R I . m st  W t u i u _ I s--s Ic -c P is t st ’u u t ’t i t  A tea s

~
‘u _ m r t lice pul ’pos u_’ u_ -c I u_ ’I is t i a  I t  v p ru _ ’d 1’.’ t iu _ i tu • lucr e is ~u uue. ’e’d t o  ci  cvc ’ I op

,i pru _ u u_’edurt’ I e m r  preci Ic ’ I hug s e .’ l u _ i c i t  v t [e.’lds in basement shuc’ I t c’rs . h i s  i s

csise i , u I t s ’  m eu _ ’h am i i sm heu _ ’ t urnt ’s iun p cmr t a m i  t wheiu ‘.‘ 1 u_u se mru _ ’ s  .c me no I pr u_ uv iu_ 1 u_’d c u r

ire’ c c d I ic u p st’u_t Liv the b l ast . The p r u _ b l u _’m we wisls t c u  s~~ l y c  i s  ii I sist i t  u_ ’d

‘ ci ~- i  i t t u _ ’
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Fi gure  63 Bla st  Load ing of Ba s.euent Are a s
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i l l u s t r a t e s  th -c at  we are  in need of s i m p l i f i e d  procedures fo r  p r e d i c t i n g

ba sement s’e h oc its’ fields amid t ime—dependent loadings u _m fl i n ter i or  wsi i l s

and par t  i t  ions .  \‘u_ ’l eu_ ’ I tv  f i e l d s  woo Id he used to pred i ’ .’t the  r e .’spocise.’

cml people.’ and u_ -chjc c t s .  Time—dependent  pressures  w o u l d  be used to  am i s s  I V . ~~e ’

the st rength u_ u t w alls , par titions and the overhead floor systenu . Parti—

t iu_ icu s stud walls sire inst rumental in hold  it ig up the overhead sI  s ib .  W hic u t

t h ey  f a i l , the  s t r e n g t h  u_ if I lie slab is degraded .

We recommend t h a t  a s tudy be i n i t i a t e d  to deve lop  a procedure  f o r

= p r e d l u _’ tin g :

1. Distribution u_ -if ve.’ l t m u_’ I ty  fields in basements.

2. DistributIon of pressure—time histories u _ n ver t i ca l  at-cd
horizon tal , interior basement surfaces.

This needs to be a simplified procedure and may be- developed ba seu_ i c-cit

resul ts  of cur ren t ly  exist ing hydrodvnma ic codes,

By: Workshop 2 Member A. Longinow
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Ra utd a nd S s t  ema Ic U nec rta m t  es

For t h e  most p a r t , the ana l yses wh ich sire p e r f o r m e d  f o r  [)CPA e mmu

v a r Ious  of i t s  r esesur ch programs use d e t e r m i n i s t  Ic ’ mu _ d e l s .  A l t h u c i u g h u

u n c e r ta  m t  ies sure d i scussed  • stud soinet imes q u a n t i f i e d  , t hu  i s i s  riot d u _ u m u c ’

imi any s~’st emat Ic manner .  There is a need to account  f o r  unct ’rts u i u t  I ~‘s

and to bu_ iunu_ l the.’ results of u _ u r  ana ly ses .  One approsu u_ ’hi to the’ p r u _ i b l  em

is as t u _u i  lows . Consider su s imp le basement she l te r  whi u_ - c se ru _ ’s lm u _ in s e  t u _ u n ,u

range u _ i l  c ive ’r i u r u _ ’ s s t m r c ’ s  i s  i l l ust r su t e d  ius F igu r e  1

A

_____  _ _ _ _ _ _  u ’ i -c- Fj u _~l u _j

o 12 ;‘~~i

Fig . 1 She l te r  Respon se

This  sh e l te r  experiences y i e ld ing  at 6 psi and t o ta l  u_’u _ - c l  lapse sit

12 p s i .  These results , however , represent  one set of d a t s m  and one weapon
site , all of which are really random variables. Tlue v a r ia t iom ’ms u_ i f  these’
rand om variables shotuld be considered when performing the response suna—

lysis .  If this  were done , then the cumulative distributions for pu_ tints A

(yi e l d i n g  of the she lte r)  and B (collapse of the shelter) may lu_ u_ik as

shown in Figure 2.-

t
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Fig. 2 Cumulative Density Functions for P o i n t s
A and B of Fig.  1

Th is graph - c  In d i c a t e s  tha t  25Z of s h e l t e r s  of t h i s  ty p e  w i l l  y i e l d  s mt  - 
- -

about 5 .5  psi and 100% at about  8.5 ps i .  Th i s  p rov ides  us w i t h  m o re  in—

fo rmat ion  than the graphs of Fig.  1 and t h e r e f o r e  a l lows  f o r  m e-crc ’ u_ c u n t i —

de.’nc ’c in our estimates. However , this is not yet enu _ ugh . Thu e v a r i a b i l i ty

in the f u nct i o n s  shown in F igure  2 is due to rand om v a r i a t i o n s , i. e.’.

ma terial  properties , dev iations f r om specif ied geometry , workman sh i p ,

variat ions In overpressure due to aiming errors , etc. We still need to

consider systematic variations.

Al though random variations tend to average out over a lari;e pu_ ipulati on

of l ike  objec ts, systematic errors do not. Systematic errors arise from

the  lack of p rec i s ion  in the  ana lys i s  method such as used tu _ u gu _ ’ner s i tu _’ t he

resul ts  shown in Figures 1 and 2 .  Thus , if the lack or p rec i s ion  u_ i t  the

given method Is known , then th i s  can be used t o a d j u s t  the  r e s u l t s .  t h i s ,

however , is seldom known and therefore , the most expedient approach max’

he to determine bounds on the results f rom the given anal y sis methu _ u d , I . e .,

wo rst estimate and best es t imate .  The f inal result may be as shown in

Figur e 3.
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F i g .  3 Cumula t ive  D e n s i t y  Functions for Points A and B
of F ig .  1 wi t h  Bound s on Sys t ematic Error

.\ heist distribution may be used t u _ m a ccoun t  f o r  variations between
*

t i uc ’ s u _ ’ hot ut ids .

O t h e r  m et h o d s  may be used to q u a n t i f y v a r i a b i l i t y  in r e s u l t s, and
t h e  w r i t e r  is nu _ u t advoca t ing  t h i s  p a r t i c u l ar  approach.  The foregoing

was w r i t t e n  ( u _ i  i l l u s t r at c ’ the p o i n t  tha t , due to the large number of

cmnc c ’rtaint ies inherent in any  given problem , we need to i den t i f y the I ~degree c ml  ret  [abi I i t y  In our cal u_-u l a t ions .

B y :  W o r k s h o p  2 Member A. Longinow

*5cc Rowan , W i l l i a m  H.  et a l . ,  “F a i l u r e  Analys i s  by S ta t i s t i ca l  Tec lu—
niques ( F A S T ) , ” Volume I , User ’s Manua l , TRW Systems Group , for
Defense  Nuc l ear Agency, Oc t .  1974 (AD /A — 004 295) .
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