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J .K .  B A G C H I S e n io r  E n g in e e r ,  E n g in e e rs  In d ia  L im i te d ,  N e w  D e lh i,  In d ia

SYNOPSI S Pr edi c t i on of  dynami c  r es pons e of  a h i ghl y  unbal anc ed 3- c y l i nder  c ompr es s or  f oundat i on

s uppor t ed on  c as t - i n- s l t u bor ed pi l es has  been deal t  wi t h.  The s oi l - pi l e s t i f f nes s  par amet er  needed 
f or  pr edi c t i on of  dy nami c  r es pons e was  c al c ul at ed t heor et i c al l y  f i r s t  and des i gn was  c hec k ed s ubs e ­
quent l y  wi t h t he s oi l - pi l e s t i f f nes s  par amet er  ev al uat ed f r om i n- s i t u dy nami c  t es t s  on  pi l es .  The 
ev al uat ed s oi l - pi l e s t i f f nes s  was  r epor t ed as a f unc t i on of  ampl i t ude of  v i br at i on and t he val ue 
c or r es pondi ng t o t he per mi s s i bl e ampl i t ude of  v i br at i on was  used f or  pr edi c t i ng t he r es pons e.  The 
v i br at i on meas ur ement s  wer e made on  t he f oundat i on af t er  t he pl ant  was  c ommi s s i oned t o ev al uat e t he 
obs er v ed r es pons e.  A c ompar i s on bet ween obs er v ed and pr edi c t ed r es pons e o f  t hi s  f oundat i on has  been 
made and a r at i onal  appr oac h t o pr edi c t  t he dy nami c  r es pons e o f  pi l e- s uppor t ed f oundat i on s ubj ec t  t o 
dy nami c  l oads  wi t h r eas onabl e ac c ur ac y  has been sugges t ed.

I NTRODUCTI ON

Ef f ec t i v e and ec onomi c  des i gn of  pi l e f oundat i ons 
s ubj ec t ed t o dy nami c  l oads  need a pr edi c t i on of  
dy nami c  r es pons e c l ose t o t he one ex pec t ed t o be 
obs er v ed under  such f oundat i ons .  The compl exi t y 
of  s oi l - pi l e i nt er ac t i on of t en makes  such pr e ­
d i c t i on v er y  di f f i c ul t .  Thus,  a s i mpl e r at i onal  
appr oac h f or  t he des i gn of  such f oundat i ons  I s 
s t i l l  not  av ai l abl e t o t he pr ac t i s i ng engi neer a 
Aut hor ,  t her ef or e,  i nt ends  t o shar e hi s  ex per i ­
enc e i n t hi s  f i el d by  pr es ent i ng an ac t ual  case 
hi s t or y  t oget her  wi t h t he ac t ual  obs er v at i ons  
made on t he f oundat i on f ol l owi ng t he c ommi s s i on ­
i ng of  t he pl ant .

Foundat i on f or  t he h i ghl y  unbal anc ed t hr ee-  
c y l i nder  2200KW r ec i pr oc at i ng c ompr es s or  f oun ­
dat i on was  r equi r ed t o be des i gned f or  a pl ant  
i n nor t her n I ndi a.  The max i mum ampl i t ude of  
v i br at i on f or  t hi s  f oundat i on was r es t r i c t ed t o 
25 mi c r ons .  Res t r i c t ed space av ai l abl e made i t  
d i f f i c ul t  t o des i gn a s ui t abl e open f oundat i on 
r es t i ng o n  soi l  d i r ec t l y  f or  t hi s  mac hi ne t o 
r es t r i c t  t he ampl i t ude of  v i b r a t i on  t o 25 mi crons,  
I t  was ,  t her ef or e,  dec i ded t o s uppor t  t hi s  
f oundat i on on pi l e t hough pi l i ng was  not  r e ­
qui r ed f or  any  ot her  f oundat i on of  t hi s  pr oj ect .  
Si nc e pi l i ng under  t hi s  f oundat i on c ons t i t ut ed 
t he t ot al  pi l i ng r equi r ement  of  t he pr oj ect ,  
40c m di a. ,  10m l ong,  50t e c as t - i n- s i t u bor ed 
pi l es  wer e adopt ed f or  t hi s f oundat i on af t er  
mak i ng a t ec hno- ec ononi c  s t udy.  Thi s  paper  out ­
l i nes  t he appr oac h f ol l owed t o pr edi c t  t he dyna­
mi c  r es pons e of  t he f oundat i on.  Ac t ual  measur e­
ment s  t ak en on  t he f oundat i on af t er  t he pl ant  
was  put  i nt o oper a t i on  enabl ed a c ompar i s on 
bet ween t he pr edi c t ed and obs er ved r es pons e of  
t he f oundat i on.  Us ef ul  c onc l us i on f r om t he 
s t udy  has been r epor t ed.

EVALUATI ON OF SOI L- PI LE STI FFNESS OF SI NGLE 
PI LE

Ty pi c al  Soi l  Pr of i l e of  t he Si t e i s gi v en i n 
Fi gur e- 1.

± Q. oo

BBo w n  s a n d y

GREY MEDI UM 
TO FI NE DENSE 

SAND

F I G . - l .  S O IL  P R O F IL E

Soi l - pi l e s t i f f nes s  was  ev al uat ed by  c onduc t i ng 
i n- s i t u dy nami c  t es t s  on s i ngl e pi l e i n bot h 
v er t i c al  and hor i z ont al  modes ^ of  v i br at i on.
Si nce t he ampl i t ude of  v i br at i on of  t he f ounda ­
t i on was  t o be r es t r i c t ed t o a v er y  smal l  val ue,  
t he t es t s  wer e c onduc t ed at  v ar i ous  ex c i t at i on 
l evel s  and i t  was  dec i ded t o ev al uat e bot h ver t i ­
cal  s t i f f nes s  ( KV) and hor i z ont a l  s t i f f nes s  ( Kh ) 
of  s oi l - pi l e sys t em as a f unc t i on of  ampl i t ude.  
Fi g . 2 and Fi g . 3 s how t he v ar i at i on of  ’ Ky 1 and 
1Kh 1 wi t h ampl i t ude of  v i br at i on*

I t  was  s een f r om t be r es ul t s  t hat  ' Ky 1 was  mor e 
or  l ess c ons t ant  i n t he r ange of  obs er v ed ampl i ­
t udes  of  v i br at i on wher eas  ' Kg’ depended on t be 
ampl i t ude o l  v i br at i on.  ' Kh 1 and ' KV1 ev a l uat ­
ed f r om s i ngl e pi l e wor k ed out  as f ol l ows :

Ky  = 1000 + SD t e/ c m

KH = 1 2 . 8 3  A - 0 * 1 ^ *  s d  t e/ cm

( 1 )

( 2 )
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A i n ( 2)  denot es  ampl i t ude of  v i b r at i on bet ween 
5 and 120 mi c r ons .  St andar d dev i a t i on ( SD)  was 
f ound out  by  equat i on

SD
( Kcj  -  K ^ ) 2

(3)

K^  a Comput ed val ue of  ' K1 at  an ampl i t ude A 

Ko^ = Obser ved val ue of  1K'  at  an ampl i t ude A

SOI L- PI LE STI FFNESS FOR PI LE GROUPS

The val ues of  ' KV'  and ' Kh ' eval uat ed f r om i n-  
si t u t est s wer e f or  si ngl e f r ee head pi l es.
But  I n act ual  pr act i ce pi l es ar e embedded I n 
pi l e caps wbi ch woul d r est r ai n pi l e heads 
agai nst  r ot at i on.  For  t he ver t i cal  mode,  t he 
gr oup act i on wi l l  I ncr ease t he set t l ement  and 
t hus decr ease ef f ect i ve st i f f ness of  pi l es 
( speci al l y,  i f  pi l es ar e f r i ct i on pi l es) .  
Ther ef or e,  f r om eval uat ed ver t i cal  st i f f ness 
of  si ngl e pi l e Kv,  ver t i cal  st i f f ness of  pi l e 
gr oup can be t aken as Kvg = n x Kv x R wher e 
n i s number  of  pi l es I n gr oup.  R i s a r educ­
t i on f act or  dependi ng upon t he pi l e spaci ng.
I n case of  end bear i ng pi l e ' R'  can be t aken 
as uni t y.

The ef f ect  of  f i xi t y due t o pi l e cap i n t he hor i ­
zont al  mode wi l l  be t o decr ease def l ect i on f or  
a gi ven l oad and t hat  of  gr oup act i on wi l l  be t o 
i ncr ease def l ect i ons.  The over al l  ef f ect s of  
t hese t wo f act or s on ' Kh ' wer e est i mat ed by com­
put i ng def l ect i ons at  gr ound l evel  f or  t he case 
of  f r ee head as f or  a gr oup of  pi l es.  Assumi ng 
a condi t i on i nt er medi at e bet ween f un f i xi t y and 
f ul l  pi nni ng,  over al l  i ncr ease i n st i f f ness of  
pi l e gr oups was t aken ast

Kj a -  1. 10 f or  pi l es spaced at  3d.

K/ ,d -  1. 25 f or  pi l es spaced at  4d.

Kj d -  1. ^1 f A t  pi l es spaced at  5d.

Dept h of  f i xi t y wor ked out  t o be 2. 4m t o 2 . 7 m .

MACHI NE DATA

Machi ne dat a f or  t he desi gn of  f oundat i on l a 
gi ven i n t abl e I .

TABLE -  I .

Wei ght  of  mot or -  25. 00 t e
Wei ght  of  compr essor -  39. 00 t e
Oper at i ng speed -  333 rptn
Pr i mar y hor i zont al  i ner t i al

f or ces -  0. 2 t e
Secondar y hor i zont al  i ner t i al -  2. 6 t e

f or ces
Pr i mar y ver t i cal  i ner t i al -  7. 5 t e

f or ces
Pr i mar y hor i zont al  i ner t i al -  8. 0 t em

coupl e
Secondar y hor i zont al  i ner t i al -  5. 0 t em

coupl e
Pr i mar y ver t i cal  i ner t i al -  7. 5 t em

coupl e

I BEDI CTI ON OF DYNAMI C RESPONSE

The desi gn of  pi l e f oundat i ons subj ect ed t o dyna­
mi c l oads r equi r es t he sel ect i on of  a possi bl e 
f oundat i on conf i gur at i on and t he pr edi ct i on of  
i t s dynami c r esponse t o t he ant i ci pat ed l oadi ng.  
As coul d be seen f r om t abl e I ,  t hi s machi ne had 
i t s secondar y hor i zont al  i ner t i a f or ce t hi r t een 
t i mes mor e t han t he pr i mar y hor i zont al  i ner t i a 
f or ce-  Thi s added t o t he di f f i cul t y of  t uni ng 
of  t he f oundat i on,  si nce secondar y mode of  
vi br at i on al so cont r i but ed subst ant i al l y t o t he 
ampl i t ude of  vi br at i on of  f oundat i on.  Si nce 
r esul t ant  ampl i t ude of  vi br at i on had t o be r es ­
t r i ct ed t o 25 mi cr ons onl y,  t he r est r i ct ed space 
avai l abl e made a sui t abl e conf i gur at i on of  f oun­
dat i on ver y di f f i cul t .  For  t he pr edi ct i on of  
dynami c r esponse f ol l owi ng t wo assumpt i ons wer e 
made f or  t he desi gn of  t he f oundat i on -

( a)  Pi l e was assumed as end bear i ng si nce 73$ 
of  t he desi gned capaci t y of  t he pi l e was 
car r i ed by end bear i ng.

( b)  A condi t i on i nt er medi at e bet ween f ul l  f l xi y 
and f ul l  pi nni ng was assumed t o af f ect  on 
t he t op of  t he pi l e.

As has been st at ed ear l i er ,  t he pi l i ng of  t hi s 
f oundat i on const i t ut ed t he ent i r e pi l i ng r equt e-  
ment  of  t he pr oj ect ,  t her ef or e,  i t  was not  
possi bl e t o get  t he r esul t s of  i n- si t u dynami c 
t est  of  pi l es I n t he i ni t i al  st ages of  desi gn 
when number  of  pi l es had t o be assessed.  The
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s oi l - pi l e s t i f f nes s  whi c h I s an I mpor t ant  par a ­
met er  I n pr edi c t i ng t he dy nami c  r es pons e of  t he 
f oundat i on was ev al uat ed t heor et i c al l y  bas ed on 
t he abov e as s umpt i ons .  Pr e- pi l i ng des i gn char t e 
( I r i sh and Wal ker ,  1969) was  v er y  hel pf ul  i n 
ev al uat i ng t he f r equenc i es  of  v i b r at i on i n 
v ar i ous  modes .  Dept h o f  f i x i t y  was  as s umed as 
2. 4m ( 6 x  pi l e d i amet er )  i n t heor et i c al  ev a l u ­
at i on of  s oi l - pi l e s t i f f ness .  Fr equenc i es  o f  
v i br at i ons  wer e c omput ed f or  v er t i cal ,  ho r i z on ­
t al ,  r oc k i ng,  t or s i onal  modes  of  v i br at i on ai d 
al so f or  c ombi ned r oc k i ng and s l i di ng modes  of  
v i br at i on.  For  t he gi v en unbal anc ed f or ces  and 
coupl es ,  ampl i t ude of  v i b r a t i on  was  c omput ed i n 
al l  t he modes .  Res ul t ant  ampl i t ude of  v i br a ­
t i on was  k ept  at  25 mi c r ons .  Af t er  a number  of  
t r i al s ,  t he pos s i bl e c onf i gur at i on of  f oundat i on 
s hown i n Fi g . k was  sel ec t ed.  For t y - t wo pl i es 
wer e r equi r ed t o s uppor t  t he f oundat i on.  The 
pi l es wer e s paced at  9 x  d i amet er  of  pi l es.

Subs equent l y ,  when t he  r es ul t s  of  i n- s i t u pi l e 
t es t s  wer e av ai l abl e,  t he  s oi l - pi l e s t i f f nes s  
v al ues  c or r es pondi ng t o 25 mi c r ons  wer e c hos en 
and used f or  pr edi c t i on of  dy nami c  r es pons e of  
t he f oundat i on.  Agai n,  asbef or e,  t he f r equen ­
c i es and ampl i t udes  of  v i b r a t i on  wer e c omput ed 
i n v ar i ous  modes  of  v i br at i on.  The di f f er enc e 
bet ween t wo set s  of  c al c ul at i on was  mar gi nal .  
Though t he c onf i gur at i on of  t he f oundat i on 
coul d be s l i ght l y  al t er ed and t hr ee or  f our  
pi l es  coul d be r educed,  s ame was  not  done at  
t hi s  pr oj ect .

The pr edi c t ed r es pons e c omput ed by  bot h t he 
above met hods  appear  i n t abl e I I .

VI BRATI ON MEASUREMENTS ON THE FOUf OATI ON

I n or der  t o assess  t he ac c ur ac y  of  pr edi c t ed 
r es ponse,  i t  was  dec i ded t o ev al uat e t he p e r ­
f or manc e of  t hi s f oundat i on af t er  t he pl ant  was 
c ommi s s i oned.  When v i br a t i on  meas ur ement  pr o ­
gr amme was  dr awn up,  i t  was  I nt ended t o obt ai n 
t he meas ur ement s  at  di f f er ent  f r equenc i es .  
Meas ur ement s  wer e onl y  pos s i bl e onl y  when  t he 
mac hi ne was  oper at i ng under  80% and 100$ l oad.  
Bot h t he ampl i t ude of  v i br at i on and f r equen ­
c i es  wer e not ed at  di f f er ent  poi nt s  on  t he 
f oundat i on bot h at  pi l e cap l evel  as wel l  as on 
t he t op of  t he f oundat i ons .  Fi g A  shows  t he 
v ar i ous  poi nt s  at  whi c h v i br at i on meas ur ement s  
wer e t aken.  Tabl e I I  gi ves  a c ompar i s on be t ­
ween t he pr edi c t ed r es pons e and obs er v ed r e s ­
ponse at  100$ l oad.

DI SCUSSI ON ON HI EDI CTED AND OBSERVED RESPONSE

Whi l e meas ur i ng t he r es pons e on t he f oundat i on 
dur i ng t he oper at i on of  t he mac hi ne,  i t  has 
been as s umed t hat  f or c i ng f unc t i ons  gi v en by  
mac hi ne manuf ac t ur er  and l i s t ed i n Tabl e- I  ar e 
c or r ec t .  Th i s  as s umpt i on has  been made af t er  
t he mac hi ne manuf ac t ur er  had r ec onf i r med t he 
dat a af t er  t es t i ng t he mac hi ne i n s hop bef or e 
i t s des pat c h.  The c ompar i s on of  obs er v ed r es ­
ponse wi t h t he pr edi c t ed one wi l l  be mean i ng ­
f ul  oi l l y I f  f or c i ng f unc t i ons  ar e c or r ec t l y  
ev al uat ed .

Fr om t abl e I I ,  i t  c an be c l ear l y  s een t hat  
obs er v ed r es pons e di d not  v ar y  v er y  muc h f r om 
t he pr edi c t ed one.  Thi s  v al i dat es  t he t wo 
as s umpt i ons  made dur i ng t he pr edi c t i on of  t he

dy nami c  r es pons e of  t hi s  f oundat i on.  The e f f ec ­
t i ve l engt h assumed f or  t he ev al uat i on of  s oi l -  
pi t e s t i f f nes s  t heor et i c al l y  al so was  i n mor e 
or  l ess agr eement  wi t h t he ev al uat ed dept h of  
f i x i t y .  Thi s  per haps  i s one of  t he r eas ons  why  
t he pr edi c t ed r es pons e by  t wo set s  of  c a l c ul a ­
t i ons  wer e not  v e r y  muc h di f f er ent .  The c om­
par i son of  pr edi c t ed ampl i t ude of  v i br at i on wi t h 
t he meas ur ed v i br at i on f or  unbal anc ed cor apr es- *  
sor s  f oundat i ons  on pi l es  r epor t ed ear l i er  
( J oges hwar Ps i ngh et  al  1977)  al so showed t hat  
as s umi ng f ul l  f i x i t y  on  pi l e head wi l l  r es ul t  
i n pr edi c t ed ampl i t ude of  v i br at i on l ower  t han 
t he meas ur ed ampl i t ude.  The as s umpt i on of  f ul l  
f i x i t y ,  t her ef or e,  i s l i k el y  t o be i ncor r ec t .

Fur t her ,  i t  i s  not ed t hat  pr e- pi l i ng des i gn 
char t s  ( I r i sh and Wal ker ,  1969)  c an al so be 
ef f ec t i v el y  used i n wor k i ng out  t he  pr edi c t ed 
r es pons e and pi l i ng r equi r ement .  Howev er ,  i n 
us i ng t hi s char t  s ui t abl e as s umpt i on s houl d be 
made f or  ef f ec t i v e l engt h of  pi l e.  I n pr ac t i ce 
t hi s  v ar i es  bet ween 1. 5m t o 3. 5m ( ac c or di ng t o 
aut hor ' s  ex per i enc e) .  But  s i nce t he f r equenc i es  
i n hor i z ont al  and t or s i onal  modes  v ar i es  as

V( e f f ec t i v e  l engt h) ^  
i mpr oper  as s umpt i on o f  ef f ec t i v e pi l e l engt h 
may  mak e wi de di f f er enc e i n t hepr edl c t ed r e s ­
ponse whi c h may  ul t i mat el y  r es ul t  not  onl y  i n 
ov er - des i gn,  but  al so i n i mpr oper  t uni ng of  t he 
f oundat i on.  Ther ef or e,  ev en i n t he abs enc e of  
dy nami c  t es t  on  pi l es i n- s i t u,  t he dept h of  

f i x i t y  s houl d be ev al uat ed f r om hor i z ont al  
l oad t es t  on  pi l e.

I t  i s f el t  f r om aut hor ' s  ex per i enc e t hat  s oi l -  
pi l e s t i f f nes s  par amet er s  f r om i n- s i t u dy nami o 
t es t  on pi l es  s houl d be ev al uat ed as f unc t i on 
of  s t r ai n l evel  ( ampl i t udes  of  v i br at i on) .
Thi s  woul d enabl e des i gner  t o use a s oi l - pi l e 
s t i f f nes s  par amet er  c or r es pondi ng t o per mi s s i ­
bl e ampl i t ude of  v i br at i on of  f oundat i on i n t he 
des i gn of  pi l e suppor t ed f oundat i ons .  Thus ,  
t he pr edi c t ed r es pons e woul d al so be v er y  c l ose 
t o t he obs er v ed one.  Aut hor  has  used t he same 
appr oac h f or  t he  des i gn of  t he f oundat i on f or  
t he same mac hi ne at  a di f f er ent  pr oj ec t  s i t e.
At  t hat  s i t e,  t he f oundat i on was  s uppor t ed on 
c as t - i n- s i t u dr i v en pi l es.  The per f or manc e of  
t hat  f oundat i on has al so been v er y  s at i s f ac t or y
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TABLE -  I I

Fr equency i n c/ mi n
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Ampl i t ude ( mi cr ons " Fr equency i n c/ mi n. «Ampl i t ude ( Mi cr ons )

Met hod 
l oi l owed CO

o
• H
-P
u
0)
>

CO i
O !

|
0) • 
>  !

t
bfl •
5  I
•H  f

*  !
°  *
°  !«  f

S’
• H
£
O

P
*H « 
*  }

P
C
CO

4>
t tS

CO
o

• H
P
u
0
>

W)
c
•H
•s
as

CO f W) 
d  ! d I s i

1---- 1---- 1---- f

o
ai

x:
a

p

f i

d
CO

p

4>
aJ

Comput i ng 
s oi l - pi l e 
s t i f f nes s  
t heor et i -  j 
c al l y
_____ ____«

Usi ng Eval -  | 
uat ed soi l -  L 
pi l e st i f f -  r  
ness |

— ̂ M . m  M —  X

2400

380

5: 0 j S3 8 24. 8

4 4 4 - - -
i

4. 5 | 22 I 7 I 23. 8!

485
3620

810 i 469 
J 4660

I . . . I  . 1 4. - 4 -

21 2 2 . 1

and t be pr edi ct ed r esponse t her e al so was i n 
f ai r  agr eement  wi t h t he obser ved r esponse.  
Lack of  space pr ohi bi t ed t he pr esent at i on 
of  t hese dat a her e.  Si nce t hen,  aut hor  has 
used t he same appr oach f or  t he desi gn of  
unbal anced machi ne f oundat i ons on pi l es at  
t hr ee di f f er ent  si t es.  The per f or mance of  
al l  t bese f oundat i ons has been ver y sat i s ­
f act or y.

One mor e i mpor t ant  obser vat i on made at  t hi s 
pr oj ect  was t hat  t he r esponse of  t he bor ed 
pi l es has not  been ver y much di f f er ent  f r an 
t hat  of  dr i ven pi l es.  Thi s has been con­
f i r med f r om t he obser ved r esponse of  dr i ven 
pi l es at  a l ocat i on cl ose t o t hi s si t e hav ­
i ng si mi l ar  soi l  condi t i on.

CONCLUSI ON

One of  t he most  i mpor t ant  f act or  af f ect i ng 
t he accur acy of  t he pr edi ct ed dynami c r es ­
ponse i s t he sol l - pl l e st i f f ness f act or .  
Aut hor ' s exper i ence has been t hat  t he soi l -  
pi l e st i f f ness shoul d be eval uat ed f r om i n-  
si t u dynami c t est  on pi l es as a f unct i on of  
ampl i t ude of  vi br at i on.  Usi ng f r om t he 
r esul t s of  dynani c t est s,  st i f f ness f act or s 
cor r espondi ng t o t he per mi ssi bl e ampl i t ude 
of  vi br at i on of  t he f oundat i on wi l l  enabl e 
t he pr edi ct i on of  dynami c r esponse wi t h an 
accur acy of  *  10%.  I n t he absence of  dyna­
mi c t est s,  t he desi gn char t s ( I r i sh and 
Wal t er ,  1969) coul d be used t o pr edi ct  t he 
dynami c r esponse of  t he f oundat i on wi t h an 
accur acy of  +20% pr ovi ded t hat  ef f ect i ve 
l engt h of  pi l e i s ei t her  cor r ect l y assumed 
or  eval uat ed f r om hor i zont al  l oad t est  on 
f ci l e .

Si nce t he behavi our  of  soi l - pi l e i nt er ­
act i on i s ver y I nt r i cat e,  i t  i s hoped t hat  
r el at i vel y pi mpl e met hod of  anal ysi s out ­
l i ned i n t hi s paper  may be a usef ul  t ool

f or  al l  pr act i si ng engi neer s I n desi gni ng a 
pi l e- suppor t ed f oundat i on subj ect ed t o dyna­
mi c l oads .

ACKNOWLEDGEMENT

Aut hor  pl aces on r ecor d hi s deep gr at i t ude 
t o t he Engi neer s of  Techni cal  Ser vi ces 
Di vi si on of  M/ s Nat i onal  Fer t i l i zer s Li mi t ed 
f or  pr ovi di ng necessar y f aci l i t i es f or  
Vi br at i on measur ement .  Aut hor  i s al so 
gr at ef ul  t o Mr  R. C. P. Choudhar y f or  cr i t i cal *  
r evi ewi ng t he dat a.  Hel p and assi st ance 
pr ovi ded by aut hor ' s col l eagues,  M/ s S. B.  
Jai n,  J. S.  Dhanj al  and Mr s Vi j ay Set hi  i n 
compi l at i on of  t he paper  i s t hankf ul l y 
acknowl edged.  The paper  i s bei ng publ i shed 
wi t h t he ki nd per mi ssi on of  t he management  
of  Engi neer s I ndi a Li mi t ed.

REFERENCES

Ar ya,  AS et  al  ( 1976)  -  Ear t hquake Engi neer ­
i ng St udi es EQ. 76- 7 ( unpubl i shed) .

Jogeshwar  P Si ngh et  al  ( Aug 1977)  -  Jour nal  
of  Geot echni cal  Engi neer i ng Di vi si on,  
Pr oceedi ngs of  t he Amer i can Soci et y 
of  Ci vi l  Engi neer s.

I r i sh,  K and Wal ked,  ( 1969)  -  Foundat i on 
f or  Reci pr ocat i ng Machi nes,  Concr et e 
Publ i cat i ons Lt d,  London.

188


