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Miscellaneous Paper 0-74-3 May 1974

P.\I{B SHOCK \ \ I )  ViBRAT I ON LEVELS , vibration than computer design analyses were capable of
“v T L ~~~~~ Jr . predicting.
Weapons /: J Jc& !~ Luhorarorr ’ Unfortunately, the Dial Pack data did not provide a

large statistical sample and scaling up to the prototype was
The Safeguard Peri met er Acquisition Radar Building clouded by differences in geology be tween the two Sites

~~~~ (PARII ) is ( f l C  ot the la r rze st ahovegr oun d hardened and by uncertainties in scaling the higher frequencies in
structures ever c o t i s t r u c t c d  (fig. 1). It contains a the test data. Because of these uncertai n ties , additional test
1ih~,sed .tr i : , ~ radar  which provides long-range search , data were sought to aid in application of the Dial Pack

~~~~ detection . t a r g e t  se le ct i on , and t racking functions for the model data and a series of vibration / imp edance tests was
~~ . s t e r n .  T u e  PARD is required tu survive and conducted on both the model and prototype. Because t he

function dur i n g,  as well as prior to and afte r .  a nuclear PARB is designed to remai n elastic , i t  was possible to use
a t t a c k  and will experience high-frequency interior the vibration data and linear theoiy to obtain impedance
vib ra tions. Current anal ysis techniques preclude reliabl e and transfer functions for various paths in the model and
prediction of these high-frequency interior vibrations , prototy pe . This process is shown diagran im atica lly in

In order to  obtain more information on the fi g. 3. Convolution of the airbla si data from Dial Pack with
in-structure sh ock loads , a 1/ 12-scale rein forced concrete measured impedances from the model provided e s t im ates
model of the I ’ARB ( h g. 2) was tested during Even t Dial of vibration levels in the model which compared favorabl y
Pack , a 50~~ton T\T detonation conducted by the Defense with measured data from the Dial Pack test .  Using th e
\ue lea r  ~\~~C l1~~\ in Ju l ~ 1970. The model was subjected knowledge gained from the model study and the vibr ation
to the combined effects of airbiast and ground shock data froni the pr ot ’~t~ pe . impe dance t i in ~ t i ’’ns t ot  the
l~i adii i gs.  ~\ t r ~~ , t  ssas measured on all faces of ti r e s t ruc ture proto type were devek ,~d.
and aeceler: ,t i ti arid velocit y were measured within the The test series conducted on the 1/ 1 2- sc al e model
s t ruc tu re .  \ n a I~ us it the data revealed hig her levels of the prototype PARB consisted of driving po int s  on t
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Fig. 3~ Diagr anzinaiie ioading am:d tra nsmnission
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inside and outside ut both structures using mechanical ~~ ss , ~e

vihrat ors .  The v ibra to r s ’ force output  was held con sta n t — - -

while t i r e  frequ ency rr as var ied r em t ir e range ot i i i  l v i  c s I

Fig . 4 sl,, ,w s tire 5000-lb vibra tor  used to v ib ra t e  t l i ~ 
l 

~
.

proto P. pe PA R I3 . ~I

l i g. ~ shows t y pi e al nice I r a t i  ical imp edati cc d ata  t a K cii ~~~~ 

I -

on tire I l l  I t i i t \  pc These data  srer e taken by t h i i ~ l u g  i l i c  :
i i ’ot  center  arid measur ing t i re  ou tput  on t i re  cent er  ul t i r e  

, —

f i l th  fbi r ami d iii en ILs  ci sing t ire driver and gaui ’ Ii ‘ca lit in
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Note t h e  almost peak-for-peak corre lation between tire
func t ions , indicating excellent reciprocity ( l inear i ty) .

To date it h as bee n possib le to d r ive indiv idual  ar eas
of the roof of the model using the Dial Pack airbl ast as
input and hence to predict tire resulting tt io t ioil  at a given ; ‘~J ‘ ~~~ ~ ‘s~.i I

point inside t ire structur e . Fig. ba shows the ve loci ty- t ime I .

histor y computed for the inside of t i re  model at the en te r  ~ 
- —

of t ire f i l th  floor and fig. ôb shows t ire measured dat a for
t Ire saitr e point.

The results obtained thus f~r in th is  s tud represe n t - ‘ ‘ I ‘~~~~ s , 
~~~~~~~~~~~~~~~~ ~~

.

the only K nowir set of data  available , i u i  a blast— and -

impedance-tested model and an irnpeda ir ce-t est ed proto- . - 
“ 1 ,  .5

type  s t ruc tu r e .  The success ohn .nned with ti n s technique I I I I I I I —

demonstrates that it is a valuable tool for use in pre-
diet ing t i re blast-induced shock and vibration levels within Fig. 6. coinpari som: of measured and calculated i ’eh ’cit; ’
structures.  data f~ur tin’ Dial Pack nr ‘dcl

* * * * *
COM(’[ J T K R - A J I W I )  tn~:sl (; :\ , m r  t he time-share mode on r u t ’ Vi I S  e t i i r i pu i c i .  I i s

by II. 1, unt ‘ito , (‘ouvers -at i or ra l l y  Orieir  t ed E ng ineer i r ig (‘t ’i i i  pu re t  S~ sit ’ II I

IIr ’dr aulj es f . ain ‘rat , ‘ri allows an ettgin ee r t i ‘ use an v pr ‘gra m i t o  r gri ‘up ‘~ igi a iris
from a su b rou t ine  l ib ra r y  sr rh a m, . rh iss l i i t i ’ i i i r t i i i i u i i t i  of

The U. S. Army Corps ot Engineers ins ta l led  i t s  first e t f i r r t . Tir e s~~ tt ’lri c o t i l n n u m i i t , i t t ’s w i th  t i re  usc! in f i t s  o r r r i

co inp ut er in t he late I 1)5 (l’s . Toda y , t I re cotn pu te r is used lair gu age ami d p rod rices it ’s u l t s i i i  at Irc t a i l  i r m i t i  i’m sr i n i ~i -

in some manner  in a great t r umber  of Corps func t ions ,  I t Presently tire i i t l i a r ~ c o t i t a r n s  ‘‘sci ~ -‘~ ~~~~~~~ mc lj t c d  i s ’

is co irs i de red to be an essential eng i neeri it g tool b~ nr any by ii ra nbc eng i n eeri n g - Ut Ire r it usc r p i in cs wi l l  he m c l i i  dcii

Corps e irg irre e rs air d it  110W a ppe a is t I itt t the  Corps is when pr t igr aru s a i t ’ di’s ci spc~l . TIre t i a rne  ‘ I t i r e  ‘ \ i c  I r i s  I

s t a t rd i m rg on t i re  threshold of great  pr ot itis e for m aki n g t i re  progra m ir is (~()RP S*** ( a u  , i t i l ’ i I \  I I I  I s ’ !  ( ‘ i l S s l s I l O ’ I I . l i l \

~‘o u t r p i r  her  t i re  indispensa b le eng ineer i  rig tool it is capab le Orie ir ted Rea l—Time Pro gra tir  Gene r a t  tug sI s i l l  I I i h i m ~
s i t  be cot ir ing.  Time principal f a c t o r  tor  t h is p o te n t ia l  has as ter i sk s  den ote th a t  t i re  p r s tg r amtu  is in the \~ I S L ’ I I I~’~I t c r

h e e m r t ire deve l opr ire i t t  of t I r e  i r i i & ’— c h l a r i l l g  c o n ip u t e r  s\ s t i ’ I i I _ svs ( en i  l ib ra r y  amid a v a i l . , l i h t ’ to au 115515 of the V i i  S
The deve l opruc ir t  ot a t t r e an i t i g t t r l c onipu t e r  poti ’ni t t t t i  t i n i r e—s iia r i t r g  s~ s t e l l i  -

wi th i n  t I re  (‘orps of F i i g i i , ec r s  h e g :r i ,  itt  l ’) r ’ S wh en tire Tir e nt i e i ’hanic s t o t  us ing  the ‘is s t i l l !  .itc si tu ic

Oh h i t e . (‘hi d ut F irg ir r eers  (0( i ) . b egan w i t h  ai r  m m —dep th  e l emen ta ry  T u e  en gineer acs t’ sscs t h e  V i i  S conm tp u t d r  r r r
st ud ~ of tIre etig iir ree r ing pr r icv ’Sses arid t h e  i d e r r t r t l c a t i o n  a t i t n e — s h t t r i m r r t i  co r t r p i i t c r  r e r i n i r n a l .  l i e  5 i l ’. C i s C s  s t i t h  t i r e

it proble ms t i s s s i t r a t e d  wi t h  c o i t r p r r r e t i / i m i g  these p t , , c~’ssi’s . computer  in n I rig h i su i . I\ 
~~~

‘‘- in w Inc h  i m s
~~~i , l l 5  lie i s h i ~ s

Iii  rt ’ \ i ewr i ig  t i re  pr oblems . ()( ‘ I . g rouped t h m e i r i  r n t t o  t i r r t -e to nm . supplies time inputs  de m anded is the i o t t i p m r t e i
p r i t tc i pal t i n t - i s ;  ( I )  a r iced to provide b e t te r  a nd i i i s i i e  and reviews t h e  i & ’s i i i t s  as pr in ted  at  t i re  t e r t i n t n i a i .  l l i c C i t t i l c

casml ~ at - t e s s i h i l e  h t i rdw are ~ (2)  a ir ced to develop a l , h i a i ~ pnoc ess eatr e t i s i l ~ he learned by an enginee r in l i s t  a t crr
of cor r r pu te r  p nm gr ann r s  pe r t i n en t  to t i re  (‘o i h i s  of En gin eers nnr imi t e s  Since t i re  basic s t , l i i , , i m t i n c s  m ii ’w m r  t h e  S\ s tC I n

011551011 a nd w l u c i m could be relied upon to produce were i l e s e l op e s i  lis h y draul i c  e i ie i n i e e r s . the y ate  W r m t i c n i
s a t t s I I t c r , i m ~ s& , l u i t n t m i i s ~ arid ( .~~) a riced t o make i t  easier ‘ ‘ i  itt  (lie l an t gu a ge of ant eiig it ie & ’r. \err  I i v , i r a i r h n ~ si es ig mi

t i re  c i i ~’ r l r ce i  to c o in r in ru i r i ca t e  w i t h  and list ’ t i r e  c o i r r p n i t e r .  pr rig r tinrs t i l t  c o n t i n n t , r i r s l \  being added I i i  t i n ’ ~ ‘. S t i r i l  u s

I h i e  U . S. A i i i i ~ Frr g i i ieer  V i a t i’ m r r a , s  F xpe r i t r r e i t t  t ime permi t s,  rite on ti v r eqn i im et n ie n  t s r  addnn g ner%
S i a t i , s i i  ( W i - S I .  nm co l r j u inc t i o l ’  w i t h  0 ( 1 .  has addressed progr airr s to tire sv st e t t r  is t h a t  t’ai li p l s ’ g n a i l l  t , ’ t l t t i l i

t h ese p roi i len tr s  tu rd t l nere is i i ,  1W a p i l ot  s v s t t ’ i i i  o t i e r t i t i o n r a l  preamble eon io r t t n i i r g  to s~ s te i n  spt ’ci t i tr t i i ’ t i s .
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Rl- : 1’ ) RIS nt  t i  si  i i  n ’ t ’ t t i i s t i t  u t t’ i V~ t S ti ’tsq~ons / / / s I.s Ia/’,’rat,iri

ttrtd ~zc R, ’ s t i , , m is s ’ h I  t \ t i t s ’ ’ l s s i l - t ’ i , ~s t l s s - s s I  Vt . i i s i  P t u m r i s ’s . P ti i  s t i s  i i
‘f I)r, s / to  1 tlat ,-rial i~ o ars /i rI t e  Pt u im it m m  Stn t i t ts ’ r i  55 t r i m  - tis I i . I . . ( k im las t  .in i,] J S . S i r j m i s
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Pr ir ,t ’ s n i s , m m  si t t ) r et t gi’st ~i1.mms ’nn.ut  t o It t t  J su t i nnssumn . Fe~ t ii m k , u t  - t i i t , n p i smt , ,  J) alu !‘rs I s s i  5 l i l ~’ ( s l i t s  1

R,.’ I i s l n i  I) -74 -t . % I. ,r 1 4 .  -‘r us ’m mi ps i  t s r  P r s , g r i m i m  ,u n  (‘o m i n s l u i m i m , -  n t r ~’ ( in i t i a l  ‘I I n n i in e  r I c r ~~
- t’ i s i r  H i ls  I~~ i I , t r .us ~ . \ l m s s s t L s n , s s , u ’ , I’apcr k— ~~4 I . S t i r  I I  -I .( , ‘~ns t, fs tau’,urut In

I n i s r r , i t - t m s ’ t m Sl ,ummni . i t  t or I s i r s ~ \i5 I I i r i s - S t i s r i n s  Ss ‘I s ! ! !  ~ m
i i l S s s l t , , i l s s i i  s s t  ACCCII7Ii t t7st S t s i h s , s t s  t s ~i h i s’ t ) s t s ’ r m n m i n t a m n s , n n  s t  Si l l s  Os ot St s s ) I c  Si s t ’ i l r l s  SS c,I  - 51s’n t i , ~st st n t i n  t \ s s ’ ss t’ s r
~s , i t , t s l s - - \ tk , t ,  im ~ tS ’ii,~t . i m i ’ , l ’s 55 . (~, Sti ti s i \ h l S t s t t j i l s , ’ i I ’ s P.i 1ui ’t l’nt ’ s , i i re ’ , . l ’s I It , ( ‘ t u ck , j n  S t i s i  s t i  H i s s i s  l’aps i  k - 7 4 2 SI. ,,

I . 1 5 t ’ t ’ i 7 4  f s ) ~~4 
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t s i t i j p t i ts ’i n t 111151 h- si I’ r snss t s tr t  b r  t i , I e n  h u h  i i  S lu t i r , , sn , , i  I s , i s i t s
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