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SUFPJcRY A l a r g e  nunber o f  v i b r a t i o n  measurements Gi ! ., ~ r o l n ~ d  s u r f a c e  and 
on a n  a d j s c c n t  b u i l d i n g  were performed i n  c o n n e c t l ~ . ,  ..L,., p i l e  d r i v i n g  a c t i -  
v i t i e s  on a s i t e  n o r t h  o f  Banglcok. V i b r a t i o n  in t c .1 - i .  , ..as expres sed  i n  
t e r n s  3 f  peak p a r t i c l e  v e l o c i t y .  A s t a t i s t i c a l  co,.,, , I  ~71th p r e v i o u s l y  
collected 2a ta  from o t h e r  s i t e s  i n  t h e  Bangkok arc ;  - L .  _ * l e d   hat v i b r a t i o n s  
gene ra t ed  by d r i v i n g  a  p i l e  i n t o  one o f  t h e  beari:., ,. - -  i a  ~ z : ? ~ x o n l y  used 
f o r  focnding p i l e s  i n  t h i s  r e g i o n ,  i . e .  s t i f f  c l a y  LI L )  2 u n d e r l y i n g  sand,  
a r e  n o t  o f  s i g n i f i c a n t l y  d i f f e r e n t  magni tude .  A P ~ - ~ , : ~ U L L Y  recommended upper  
bound f o r  v i b r a t i o n s  t o  b e  expec ted  cou ld  be conf1.  ...,.. .+ 1 ~ 1 ~ 1  t i p l e  c o r r e l a -  
t i o n  wi th  p e n e t r a t i o n  d a t a  o b t a i n e d  from Dutch c o ~  t~ L - -  a t    he s i t e  and 
p i l e  d r i v i n g  r e c o r d s  x n s  a l s o  a t t e m p t e d  b u t  t h e  oi 1 )  . I - b l c  g i v i n g  a  s i g n i -  
f i c a n t  c o n t r i b u t i o n  was t h e  cone r e s i s t a n c e .  The C - I  - - I - I ~ i ~ [ : ,  howcver, xas  
r a t h e r  weak. 

INTRODUCTION 

V i b r a t i o n s  g e n e r a t e d  by p i l e  d r i v i n g  pay b e  hr::~..i;?. t o  nearby s t r u c t u r e s  
o r  a t  l e a s t  i r r i t o t f n g  t o  p e o p l e ' l i v i n g  i n  t h e s e  b t : l . l ~ : , ~ ? t ; ,  p a r t i c u l a r l y  i n  
corcbination wi th  t h e  a s s o c i a t e d  n o i s e .  . The e f f e c t s  ;! v i b r i i t i o n s  on s t r u c -  
t u r e s  and peop le  have been reviewed i n  d e t a i l  by 81<Li\.:-it 6 L'itITTIKULADILOK 
(1975). .It%ile today modern p i l i n g  t echn iques  have 61 -a c1.y reduced v i b r a t i o n  
l e v e l s ,  p i l e  d r i v i n g  by drop hammer i s  s t i l l  a  widely j l r a c t i c e ,  mainly  

1 . 1  . i n  developing r e g i o n s .  

Although numerous measurements on ' v i b r a t i o n s  c.1. . c l  Ly p i l e  d r i v i n g  hove 
c e r t a i n l y  been c a r r i e d  o u t  i n  t h e  p a s t ,  on ly  few c d s ~  1 , l s t o r l e s  hove been 
p u b l i s h e d .  D'APPOLONIA (1971) has  summarized sonle o l  c l ~ e  a v ~ l i l a b l e  informa- 
t i o n  and a d d i t i o n a l  data has  been provided by ATTh\ /Ll .L :, YAI<I.IEI( (1973) .  I n  

F i g .  1 and T a b l e  I a n  a t t e m p t  has  been'made t o  c o l l t c ~  r l l  p e r t i n e n t  i n f o r d a -  
t i o n  a v a i l a b l e  t o  t h e  a u t h o r s .  V i b r a t i o n s  a r e  usua 1 l y  p l o t t e d  a s  peak p a r t i -  
c l e  v c l o c i t v .  v. v e r s u s  t h e  s c a l e d  d r i v i n g  ene rgy ,  i . ~ .  the squa re  r o o t  o f  



F i g .  1 - A v a i l a b l e  i n f o n o a t i o n  on ground r r o t i o n j  c>tp~i?!:sctI 
a s  peak p a r t i c l e  velocities causcd by p i l e  d r i v i n g  
( s e e  also Table  I) 
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t h e  ene rhy ,  E, A - i  i v e r e d  b$ t h e  hamner (weight  o f  .ner t imes  drop h e i g h t )  
d iv ided  by rh r  h n r l z o n t a l  d i s t a n c e ,  R ,  from t h e  a x i s  t o  t h e  p o i n t  o f  
i n t e r e s t  . I t ! - (  t l ~ ~ t  WISS (1967) used t h e  d i s t a n c e  from t h e  p i l e  t i p  t o  t h e  
l o c a t i o r ~  o f  r ~ . : - ~ ~ s t  on t h e  ground s u r f a c e ) .  A 1 1  d a t a  p o i n t s  shown i n  F i g .  1 
represerlt.  t'ln . n r t i . c a l  component o f  t h e  p a r t i c l e  v e l o c i t y ,  except  t h o s e  o f  
PETER (1953) - 7 4  Dhl,EhlTOV e t  a 1  (1967) which g i v e  t h e  r e s u l t a n t  o f  t h e  v e r -  
t i c a l  a n d  t w  I-.T-izoutal components. It can b e  seen  t h a t  t h e  uppe r  l i m i t  
proposccl by A ; ,  . ',Ti,L & FARMER (1973) s u c c e s s f u l l y  bounds a l l  da t a  p l o t t e d  i n  
F i e .  I .  

I n  l---?kc!c a r e a ,  a f a i r  amount o f  d a t a  has  been c o l l e c t e d  by ERIXNER 
& CHITTr:ZT.bP fl.qr. (1975) .  Due . to  t h e  s o i l '  c o n d i t i o n s  i n  t h i s  a r e a ,  t h e  upper 
l i m i t  c f  e,Yrn.rL.4 pealc p a r t i c l e  v e l o c i t i e s  i s  c o n s i d e r a b l y  lower .  The sub- 
s u r f a c e  con, ' ; !  ic7.; around Cangkolc c o n s i s t  o f  a t h i c k  d e p o s i t  o f  r e c e n t  mar ine  
c l a y .  ~11.1. A - P - . ~  i.t , g e n e r a l l y  d e s i g n a t e d  a s  Bangkolc Clay ,  can  b e  d iv ided  
i n t o  ax-. u p r ? r  --cti.on of abou t  9  t o  1 5  m oE s o f t  c l a y  and a l o w c r  s e c t i o n  of 
s t i f f  cl.ay r ? ' :  -.~c.rl by sand.  The g r o u n d l a t e r  t a b l e  i s  u s u a l l y  about  1 n 
bclo.:~ t h c  7 ;  '.I c t ~ r f a c e .  D e t a i l s  on t h e  g e o t e c h n i c a l  p r o p e r t i e s  of  Eangkok 
c l a y  s::; bf  -:.'..-', [o r  example, i n  NOH e t  a 1  ( 1 9 6 9 ) .  Due t o  t h e s e  s o i l  con- 
d i t i o n s  ;r.nr~ - ' .  - . x : ' :~~res  i n  t h e  Bangkok a r e a  a r e  founded on p i l e s  and d r i v i n g  
t h e s e  p j l c : :  i - . .  , i r . ;p harmer i s  commonly employed. 

' rill rTIKlJLADILOK (1975) measured v i b r a t i o n s  from p i l e  d r i v i n g  
on ts;o s i t p - ,  --<? O £  them s o u t h  and t h e  o t h e r  one n o r t h  of t h e  C i t y  of 
~ n g k c l ~ ,  r n  .1 "-:!i.rlon, a  t e n t a t i v e  p r e d i c t i o n  of  v i b k a t i o n  l e v e l s  bascd on 
l i m i t e d  r ! ? ' : :  C - ~ T  Dutch cone soundings p a s  a l s o  p r e s e n t e d .  I n  t h e  p r e s e n t  
s t u d y ,  xcn c., - , --..+- ._ ,  x,?ere c a r r i e d  o u t  on t h e  campus of t h e  Asian  ~ n s t i t u t e  of 
Technclczy ( 1  i'\ i.n Klong Luang D i s t r i c t  ( approx ima te ly  40 km n o r t h  of 
Bangko;:) C ~ ! I Y ; - ~ ,  t h e  i n s t a l l a t i o n  o f  p i l e s  f o r  t h e  f o u n d n t i o : ~  of a  Regional  
Coxputer C c z t  s r  (RCC). I n  a d d i t i o n  t o  r e c o r d i n g  v i b r a t i o n s  on the  ground and 
on an  n d j ? . r r r o -  k ~ ~ i l d i n g ,  s e v e r a l  Dutch cone soundings  were p e r f o m c d  and i t  
was t r i e d  t n  ---:ro_l.ate measured v i b r a t i o n s  w i t h  a number o f  v a r i a b l e s  which . 

~ 7 e r e  thought t n  i n f l u e n c e  v i b r a t i o n  l e v e l s .  A s t a t i s t i c a l  cornparison wi th  
p rev ious  rrPn~:~!-:ncnts from o t h e r  s i t e s  was a l s o  a t t empted .  

S i t e  Dcscr_i r~ic~n_ ' .  . ' ,  . . . .  

A p o r t i - n  nE t h e  founda t ion  p l a n  of t h e  b u i l d i n g  t o  bc  c o n s t r u c t e d  allti 
i t s  rrtatj:!o ~ . = l - t L o n  t o  t h e  a d j a c e n t  e x i s t i n g  b u i l d i n g  can 1)e'set:n i r i  P ig .  2.  
Three and f - . ~ r  p i  Lcs were. d r i v e n  f o r  t h e  t r i a n g u l a r  and square pi1.e cilps,  
r e s p e c t i v e l y .  '!77.eprccast c o n c r e t e  p i l e s  were 0.35 n~ sq i ja rc  and 1.8 In I ;)r~g,  
They ?,,ere 2ri.1-n h y  a drop hammer of mass 4 Mg u.nd wi th  drop f i a i c l ~ ~ 3  C E  O . ? o ,  
0 .40,  0.60 a714 0 .90  m ,  depending on t h e  r e s i s t a n c e  t o  pc r : c t r~ t l .~ ; r i ,  1, i . ; : i ) i ~ r ,  1 
s q i l  proii.1 - ~t t h i s  s i t e  can  b e  seen  i n  P i g .  3 n .  The 1:oyndary l ~ t ? I : ~ , ~ i . ; ~ ~ i  .ti;? 
s t i f f  cia!; q.1" t b t .  sand i s  n o t  s h a r p ,  however, w i th  poclccts oI: s a i d  c ? c ~ i , r ~ t l i j  
i n  t h e  el.: a ! cc v c r s a .  Thc s t i f f  c l a y  con t3 ins  a  h i g h  p e r c e n t a s e  o  f 
sand.  



u 0 o G, n. 
r o 2 u : a n  " 
a m  mrto r . o  

0 0  <: 3 2rrc 
a r . u r r r  r.n o 7 
e r - n  o  t-3 
14. g a o o s c 1  p 
< O G Q  S C C , C : C ~  
14. 0 7? r: d?l % 
? ? o  o r . 1 - Z  

U Q I Z  n 1 o ~ ?  
(D w ,J 

I Legend 

n vile cop for srou9 
of 3 plies 

Pile c a p  fo-  zrou? 
of 4 piles 

atll, Piles used fcr vibration 
measurements 

0 Location of  vibrct ion 
pick-up 

V' Locotion of Dutch Cone 
test 

Note: all distances in meters 



Me:isttrcmrntn . - ..-- - _.._- . . 
!\ t:: t * .  i o.f tnr!l: C:ltc!l cc!r:: t c s t s  were performed a t  s e l e c t e d  l o c s t  id,:$ 

' i ~ l i ; .  2 i ~ L l i . r :  \r. ,r, lt!  !,..: lu::n ( - 2 ~  l o c a t i b n s  z,.a.~.lccd by DC i n  r i g .  2)-. 
D ~ I L : ~ I  C C J I I C  : i ; ~ ~ ~ . ~ r ~ l t . : ~  !k<l,i L! 2..5 c capacity ?[1(1 112s of t h e  f r i c t i o n  jack-c 
t y l ~ ; .  011 r l . t r ~  11 I. 1 e Jri.1.i (1s ncn:c:ror[s y~ i . l r ~  t i o n  rneasuren~ents were ~ e r f - i - , . . ~  , t a r  
pi. 1.;; LJIII!: 1 1 i 1 ;  L L  11:rc.i j.11 t h e  t ~ i c i ~ l i t y  o f  tile Dutch cone sorrtldir~gs. .l,l,cJL C 
I . I C J L U ; ~ C I L L . I ~ . : ;  1/21..? 1r1;1J2 011, t h e  groux~d f o r  v ~ r i o u s  dep ths  o f  p i l e  cmbe&..,,~~ a t  

t i i . s i ~ : ~ c c j  I . : I I~~LIL;  . T i - i b i ' . r  one t c ~  20 rn from C!LC p i l e .  Only t h e  v e r t i c a l  L ~ ~ I ~ ~ . , - . '  

nelii: 5 k vibr .~LL.>n u c s  r eco rdcd ,  s i n c e  p rev ious  . i n v e s t i g a t i o n s  have  sllovn ciia t 
.1'11e l iuc leout -91.  cc~~npo~lc::lts i n  t h o  r a d i a l  and t a n g e n t i a l  d i r e c t i o n  were L i~ . aL ly  
s11u11, f . e .  i l l ~ o u t  301i/u, and  neve r  e::ceedcd 80% of  t h e  v e r t i c a l  conlpoli?r,L. 
T h ~ s ,  t he  r e s u l ~ a r l t  v e l o c i t y ,  v to t ,  ibl'lic'n i s  t h e  v e c t o r i a l  sum of t h e  c i i ; ~ ~  
c o i r i ~ j o ~ ~ ~ n t s ,  i s  i i i ~ t  l a r g e r  t han  1 . 5  t imes  t h e  v e r t i c a l  component. On t i A c  
i idj . ic; i~t  b u i l d i r ~ g  which WP.S a  two-story r e i n f o r c e d  c o n c r e t e  s t r u c t u r e ,  ~ L = J  
s u p p ~ r ~ e d  on p i l e s ,  v i b r a t i o n  r eco rds  were taken on f l o o r s  and on a  hi; I .  
I n  a l l  ca ses  v i b r a t i o n s  were sensed  by means of v e l o c i t y  p ickups  and L.CL~.,-J- 
ed or1 a n  o s c i l l o s c o p e  wi th  a  P o l a r o i d  camera. 

During. d r i v i n g ,  a  r e c o r d  o f  blow counts  p e r  0.30 m (1 f o o t )  of  p i i ~  P C -  
necl- ion was a l s o  k e p t .  The r a t h e r  u n c o n t r o l l a b l e  way i n  which C L I S L ? I U I ~  ....& 
= a t e r i a l  vas  a p p l i e d  between p i l e  and helmet  and between helmet  a n d . t ~ !  .... 
r e s l i l ~ i l d  i n  a v a r r a t i o n  o f  t h e  energy transmitted t o  t h e  p i l e  a t  coriiicr;;.~ 
hei.slrt of  drop.  This  v a r i a t i o n  could  n o t  b e  q u a n t i f i e d  b u t  w i l l  c o n s c i i u L c  a 
p o r s i o n  o f  t h e  v a r i a b i l i t y  observed i n  t h e  v i b r a t i o n  r e c o r d s .  

RESULTS AND DISCUSS I O N  

Du tc l~  Cone Soundings and D r i v i n ~  ~ e c o r d s  

Values o f  cone r e s i s t a n c e  and  l o c a l  f r i c t i o n  o b t a i n e d  from Dutch P J .  - 
soundlilgs a r e  shown i n  F i g s .  3b and 3 c .  Sounding D C l  cou ld  on ly  b e  L* . L .  

o u t  to a  depth  o f  14.2 m which i s  l e s s  t h a n  t h e  f i n a l  p i l e  t i p  e l e v a t ~ - , ~ ,  
p r o b ~ b l y  because  o f  t h e  p re sence  o f  a  pocket  o f  dense sand.  Also  wi t i , ln  ,..i 

d e ~ ~ k i  r ange  o f  abou t  12  t o  1 4  m,  t h e  v a l u e s  s c a t t e r  c o n s i d e r a b l y .  In  LI.-; 

d e p ~ h  range ,  sounding DC4 probably  p e n e t r a t e d  s t i f f  c l a y  w h i l e  o t h e r s  p a a j L d  
through sand.  I n  F i g .  4  blow coun t s  f o r  each 0.30 m of  p i l e  penerra t ic11 
havs  been p l o t t e d  f o r  t h e  t e n  p i l e s  which were used i n  t h e  v i b r a t i o n  ~ . ~ j , d r ~ -  
ments .  Again d a t a  s c a t t e r  i n c r e a s e s  n o t a b l y  once t h e  p i l e  t i p  has  t o  ~ C L ~ L -  

t r a  t e  t h e  sand s t r a tum.  

Grjund V i b r a t i o n s  

a Measured v a l u e s  o f  v e r t i c a l  ground mot ion  i n  terms of peak p a r t i i l ~  V C -  

l o c i t y  ( i . e .  one-hal f  t h e  max. peak-to-peak v e l o c i t y  e v a l u a t e d  from a c e - u r i )  
a r e  sllown i n  F i g s .  5 and 6.  I n  Fig .  5 v i b r a t i o n  has  been p l o t t e d  ver.>us 
dep th  of pile.embedment f o r  v a r i o u s  d i s t a n c e s  from t h e  p i l e .  A g r e a t  i.j . .--r 
o f  inrasurernents were made a t  a d i s t a n c e  o f  1 0  IU f o r  purpose  of c o r r e l i ~ ~ ~ ~ .  
w i t 1 1  cone r e s i s t a n c e .  At  any d i s t a n c e  t h e  v e l o c i t i e s  appea r  t o  vary  f.11 

s i ~ h ~ i l a r  p a t t e r n  a s  t h e  cone namely a n  i n c r e a s e  w i t h i n  tile L L L . ~  

r a n ~ i r i r ,  from abou t  12 t o  15 rn and equent  d e c r e a s e  a t  e r e a t e r  d ~ b ~ l . 2 .  



a St i f f  Clay(AIT 
e Sand ( A I T )  
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5 10 50 100 202 

d ~ n e r ~ ~  ( ~ o u l s s )  /~istan'ce(rn) 

F i g .  6 - A t t a u a t i o n  of v e r t i c a l  ground motion a t  s u r f a c e  3 ~ 3  
comparison wi th  r e g r e s s i o n  l i n e s  from o t h e r  s i t e s  

F ig .  6 shows a p l ~ t  of v e r t i c a l  ground motion v e r s u s  s c a l e d  i:iir;jr men- 
. su red  when t h e  p i l e   ti^ passed through t h e  s t i f f  c l a y  and through ~Lle  sand. 

I rcegression l i n e s  and co:responding s t andard  e r r o r s  of e s t i m a t e  ( i r l ~ i L : t r t l  by 
a v e r t i c a l  l i n e  through t h e  mean value' of each r e g r e s s i o n  l i n e )  £or c1.r: two 

I s e t s  of da ta  a r e  a l s o  giren ( f u l l  l i n e s ) .  I n  a d d i t i o n ,  r eg ress iu i i  i L L a c s  from 
I ,11 e a r l i e r  i n v e s t i g a t i o n  (BRZNlJER & CHITTIKULADILOK, 1975) have b;a: 1i:carpo- 

r d r e d  i n  t h i s  f ibwre (dot:ed l i n e s )  f o r  purpose o f  comparison. Tlicd. Jars 
were ob ta ined  from two s i k s ,  one c a l l e d  'EGAT' , a t  F'hrapradaeng, ~ ( I ~ , L - u x :  20 
luu s o u t h e a s t  of Bangkok ani  the o t h e r  c a l l e d  'Lak S i t ,  about  16 bn L L U L L L I  of 
Bangkok. It can be  seen tEat a l l  t h e s e  r e g r e s s i o n  l i n e s  f a l l  w i t l ~ ~ i l  u r a t h e r  
114rrow band when compared ~ L t h  t h e i r  s t andard  e r r o r s  of e s t i m a t e .  A i ~ i ~ v i o u s l y  



proposed u p p e r  1 f v i t  o f  t o t a l  v i b r a t i o n  i n  t h e  Bane a r e a  (based on d a t a  
from sancl a t  Fcq r )  is a l s o  g iven  i n  t h i s  f i g u r e ,  na-y 

v  = 0.3 dz t o t  

I t  Z p p e - r ~  ! l . l t  t h e  type  o f  l a y e r  p e n e t r a t e d  b y . t h e  p i l e ,  t h e  l aca tLon  o f  
t h e  s i t e  and 7 : - r  r5e  s i z e  of t h e  p i l e  have l i t t l e  i n f l u e n c e  on t h e  n s g n i t u d e  
o f  v i b r a t i o n  p:- ' ' . "  sround s u r f a c e .  A l l  d a t a  c o l l e c t e d  have t h e r e f o r e  been 
lumped t ~ . c t ! > n .  ' - 1 . 1  i n  o v e r a l l  r e g r e s s i o n  was de termined.  This  r e g r e s s i o n  
l i n e  and i.tr. "-. ' . c-I Eidence b e l t  f o r  a s i n g l e  obse rva t ion  o f  v e r t i c a l  v i b r a -  
t i o n  a r e  g i v , , -  ' : . T i ? .  7 .  Even i f  t h e  upper conf idence  l i m i t  i s  m u l t i p l i e d  

z / ~ n e r g y  (Joules) /Distance (mj 

-. . 
- . - O v e r a l l  r e g r e s s i o n  f o r  d a t a  from :l-.rc -? s i t e s  

and r e s u l t  o f  m u l t i p l e  r e g r e s s i s r .  : sk in ;  i n t o  
account  t h e  d i f f e r e n t  orl ,qFn of chc  ;!am 

by 1 .5  t o  appr flat? t o t a l  v  

V t o t  a 0.3 JE/...-br va lues  of  
posed upper l i m i t  f o r  vtOt rer  
spcctrurn of d i f f e r e n t  s t r a t a  ; 

A nore  r e f i n e d  a n a l y s i s ,  
my v a r i a b l e s  ( s e e  f o r  exanple  
d i f f e r e n t  o r i g i n  of t h e  d a t a .  
l a y e r  o r  , l o c a t i o n .  The r e g r e s  
then  t h e  form: 

'711ere Y a n 3  XI a r e  t h e  l o g a r i t  
a r e  d u m y  v a r i a b l e s  used  a s  £0 

Th i s  r e s u l t s  i n  a  f ami ly  of pal 
t i o n  i n  i n t e r c e p t  l r o n  t h c  one  
t h e  d i f f e r e n c e  i n  s t r a t u m  chara 
t h e  o r i g i n  o f  t h e  d a t a  i s ,  hove 
seen ' f rom F ig .  7 t h a t  t h e  two 1 
l i n e s  f o r  ssnd a l n o s  t co inc ide .  

. t o  behave d i f f e r e n t l y .  This  da 
p l e t e l y  r e p r e s e n t a t i v e  a s  i t  wa 
t c n c e s  from t h e  p i l e .  I n  Fig .  
d a t a  b lock  l i e s  t o  t h e  f a r  r i g h  
( P / R ) - r a n g e  cons ide red .  It s h  
t o p  of t h e  s t i f f  c l a p  and o f  t h  
t h e  AIT-s i t e ,  bu t  t h i s  i n c r e a s e  
crc.?sed s t i f f n e s s  o r  d e n s i t y  o f  
v i b r n t i o n  l e v e l s  of  s i x i l a r  mag 

Also s h o ~ ~ l  i n  Fig .  7 a r c  t~ 
Gc~:innn Standard  D I N  4150 (1971) 
t y  11c i n d i c a t e d  shou ld  occur .  

l!.L!L!!.!!fi--!! !?.!:.:!L!2?2 
I'itrt: f c . 1  e  vt*.lncf t i e s  measurc 

J.nl; n l  e ~ j i ~ o t ~ l  !.I: Fi.g. 8. A l l  va 
1owe:;t: t h ~ c s h o l d  of  dnmsge g iver  
a p p l i e s  t o  o.id s t r u c t u r e s  i n  a  F 
cou ld  b e  c l e a r l y  E e i t  by people  



k a r e a  (based on dnta  

1 Y 

( I ?  

the  p i l e ,  the. l o c a t i o a  of 
: f l uence  on the  rc lgni tcde  
ed  1 1 3 ~ ~  t h e r e f o r e  been 

.ncd.  This r ~ g r e s s i o n  
:c ion  of  v e r t i c ~ ~ l  v i 1 ~ 1 ~ -  
~ c e  l i n i t  i s  r . u l t i p l i e d  

gression lines: 

s i o n  line and 
ance belt for 

from t h r e e  s i t e :  
; s i o n  t a k i n g  i r  

b y  1.5 t o  s p p r o r i n 3 t c  t o t a l  v i b r s t i e ~ ) ,  it s t i l l  f i l l s  below t h ~  ! i . :L -  

. = 0.7  .,/Ki;l Tor va lues  o f  $ 1 ~  grcz  t e r  t han  25. Thus t h c  pi -uvi  ;,;! jr pra- 
( .Of  

:;or;eJ I ! ~ ~ I C I .  l i 1 1 1 i l :  I:ur vtc,t r e w s i r ~ s  a .;c%at;o~:ablc bound eveil With c I , L L  ~ ~ ~ l o r ~ e d  
,,,"ci ~ . ~ I I I I  0 1 :  ( I 1  t I ' ( : r ~ n t  Y Lra tn  and l o c a t i u ~ ~ y .  . . 

'1 111ot.c: r~ t l l i .~~c t l  a n a l y s i s ,  how eve^:, cnn Le accompl ished by thc  L:.C ~ r '  durn- 
#.,, var.i.cibLc:j ( s c e  for exaxp lc  D U P E R  & SMITLi, 1966) which can accLu..c idi; tile 
1.11 ;l'c~-c.~?t c ) r i ~ i l ~  of t h e  d a t a .  I n  t h i s  c a s e  " o r i g i n "  would mean c i  ~ i . sr .  s o i l  
I ~ g c : .  o r  1 o c  on.  111e regress ic ln  model f o r  t h e  p r e d i c t i o n  o f  v i i r ~ ~  L i v t i  t akes  
( i i c 1 1  tlic C ~ L I I I :  

Y = Po+ Gpl + B 2 X 2  + B X + O 4 X 4  3 3 
, . : ( 2 )  

\ , i ,ere :. and. XI :ire t h e  loga r i thms  o f  v  and @/R, r e s p e c t i v e l y ,  a n J  Y L ,  
 re duliully v a r i a b l e s  used  a s  follo.t\ls: 

X 3 9  X4 

d a t a  b l o c k  

f o r  s t i f f  c l a y  a t  EGAT 
f c r  sand a t  EGAT 
f o r  s t i f f  c l a y  a t  Lak SF 

0 f o r  sand a t  AIT 
0 f o r  s t i f f  c l a y  a t  AIT 

'Rlis r e s u l t s  i n  a f ami ly  of p a r a l l e l  l i n e s  shown i n  F ig .  7 ,  w i th  :tL 2-via-  
Lron i n  i n t e r c e p t  from t h e  one  f o r  t h e  AIT sand s t r a t u m  g i v i n g  a z  , : _ ~ . . - t e  of  
tile d i f f e r e n c e  i n  s t ra turn  c h a r a c t e r i s t i c  and l o c a t i o n .  Th i s  ~FsL~LLIC L 1 3 ;  of  
ti12 o r i g i n  o f  t h e  d a t a  i s ,  horgever, s t a t i s t i c a l l y  n o t  s i g n i f i c a n t .  11 can b e  
s t e n  from F i g .  7 t h a t  t h e  two l i n e s  f o r  s t i f f  c l a y  a t  EGAT and A I T  -..-! ~ l ! e  two 
l i n e s  f o r  sand a lmos t  c o i n c i d e .  Only t h e  l i n e  f o r  s t i f f  c l a y  a t  L,:, appca r s  
t o  behave d i f f e r e n t l y .  Th i s  h t a  b l o c k ,  however, may n o t  b e  c o n s l ~ , - ~ J  cou,- 
p l c t e l y  r e p r e s e n t a t i v e  a s  i t  was o b t a i n e d  ove r  a r a t h e r  narrow ruri,e u r '  d i s -  
t a n c e s  from t h e  p i l e .  I n  F ig .  6 ,  i t  can  b e  observed t h a t  t h e  mean iri ~ 2 . i ~  
d a t a  b l o c k  l i e s  t o  t h e  f a r  r i g h t ,  r a t h e r  t han  i n  t h e  c e n t r a l  reglo , ,  o:' t h e  
($?/R)-range cons ide red .  It should  b e  k e p t  i n  mind t l a  t a t  t h e  E & L  - i t e  t h e  
t ap  o f  t h e  s t i f f  c l a y  and o f  t h e  sand s t r u t u m  was abou t  6 t o  9m J c L p L r  t han  a t  
tile AIT-s i t e ,  b u t  t h i s  i n c r e a s e d  dep th  a p p e a r s  t o  b e  compensated b) LI., i n -  
c r e a s e d  s t i f f n e s s  o r  d e n s i t y  o f  t h e  c l a y  o r  s and ,  r e s p e c t i v e l y ,  tlLbJ pruducing 
v i b r a t i o n  l e v e l s  o f  s i m i l a r  magnitude a t  t h e  ground s u r f a c e .  

< % 

Also shown i n  F i g .  7  a r e  two l i m i t i n g  l e v e l s  o f  v to t ,  reconui l~l io~d Ly t h e  
Cerman S tanda rd  D I N  4150 (1971),  below which no damage t o  s t r u c t u r ~ ,  t h e  
t y p e  i n d i c a t e d  shou ld  occur .  

!. I 

Uui ld ing  V i b r a t i o n s  

P a r t i c l e  v e l o c i t i e s  measured a t  s e v e r a l  l o c a t i o n s  in t h e  adjdc-L:L b u i l d -  
i n g  a r e  shown i n  Fig .  8. A l l  v a l u e s  were l e s s  t h a n  2 mm/sec, w h i ~ t ,  1 3  ctia 
luwest  t h r e s h o l d  of damage g iven  by any o f  t h e  damage c r i t e r i a  and L . I . I L L ~  
a p p l i e s  t o  o l d  s t r u c t u r e s  i n  a ragr s t a t e  of  r e p a i r .  V i b r a t i o n s ,  t . ~ r . ~ v ~ r ,  
could be  c l e a r l v  f e l t  bv peool  ' ,>p, i n  t h e  b u i l d i n g  and coul d L C  L !d - d f f 

- u  
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Symbol Pi la Location of D~atonce 
No. Measursment ( m  1 

0 137 Corridor(Wail: 19.5 

Q 184 NlIS(Floor)  19 

6 184 N I 1 9 ( W o l l )  19 

+ 183 N I I 9 ( F l o c r )  19 

0 183 N 2 4 5 A .  2 0 

V 183 N 2 3 9  38 
L 

X 183 N 2 5 1  X 2 7  - 
O 185 N 245A LL 21 

V 185 N 2 3 9  3 9  

i 8 5  N 2 4 3  2 3 1 

F j ? .  8 - Vert i ' ca l  v i b r a t i o n  observed on f l o o r s  and w a l l  o f  a d j a c e n t  
b u i l d i n g  a s  a  f u n c t i o n  of p i l e  enbedr~ent  

a 5  " c ' - 7 r l y  p e r c e p t i b l e " .  I n  F i g .  8a t h i s  l i m i t  i s  i n d i c a t e d  f o r  s t e a d y -  
s  t i  t -  - r i b ~ a t i o n s .  Fo r  t r a n s j  e n t  v i b r a t i o n s ,  such a s  p i l e  d r i v i n g ,  t h i s  l i n i t  
i n  1 1 .  7 1 Ly h i g h e r ,  i . e . ,  beyond 2 m / s e c  ( s e e  WISS & PAEYELEE, 1974).  J n  t h i s  
cg-., ' h o  e f f e c t  of  t h e  v i b r a t i o n s  on people  was o f  minor impor tance  compared 
t o  h i g h  n o i s e  l e v e l  produced by t h e  impL1ct of  t h e  p i l e  hammer. 

r e .  ?.!as a l s o  observed t h a t  t h e  v i b r a t i o n s ,  a s  weak a s  they were., cot11.d 
irrr-, i 7 :17e performance o f  s e n s i t i v e  t e s t s  Thus f o r  stress-controlled t r . i n -  
x i ?  1 ( - 5  t s  c a r r i e d  o u t  i n  ropm N119, t hed ie  f o r n a t i o n  d i a l  gngcs respr,r~rlc,? ! - o  
each + m c r  blow. Also du r ing  a  pi . le  l o a d  t e s t  c a r r i e d  out: ttme 1 5 0 ' n l  ? : , j . ? . y  

f r m  t h e  p i l e  d r i v i n g  s i t e ,  t h e  d e t l e c t i o i l  d i n 1  Sages v ib rn tc r l  ~ I . L ~ , l ~ t . l . y  I n  
rrcr-nee t o  each blow, w h i l e  v i b r a t i o n  was impe icep t ib l r ?  t:o pcop lc .  Thus 
whcnn..rr p i l e s  a rc  d r i v e n  i n  t h e  Banglcok a r e s  c l o s e r  t han  abou t  25 In t o  A 

bu i l  rli r i p . ,  equipmcnt s e n s i t i v e  t o  f l o o r  v i b r a t i o n  cannot  he  opcrn t c d ;  

V i h r a  t i n n  F r e d i c t i o n  . - -. . . -. 
. I t  r.*as tz ' ied  t o  c o r r e l a t e  ~;:c,-lsur-cc! vcrtj.ca1. pj.r(.i.c'lci ' ~ c ! i c t c : . ! l  i.i!~ ' ! i t 1  

grnlln.-: '7 I: 10 m d i s t a n c e  from a p i l e  b c i n g  drive:-L !.:ti\ i c . ~ , . : i . ~ l  c j~ i2 i i l . i  ';i2!: 

w i ~ i . - . l ~  ;.cL-c thought  t o  i n f l u e n c e  v ' i b ra t iou .  Thus f o r  v a r i o u s  dep ths  and  E ~ Y  

been c a r r i e d  o u t ,  veloc 
f r i c t i o  :, curnulo tivc 
p i l e  pe. > a t i o n  Ep (a 
t h e  penetration ( i n  m) 

Both a r i t h m e t i c  and log 
a  s t e p w i s e  r e g r e s s i o n  t 
t i o n .  I n  such a procec 
sponse  e n t e r s  f i r s t  i n t  
whose p a r t i a l  c o r r e l a  t i  
r e g r e s s i o n  each v a r i a b l  
p r e v i o u s l y  inco rpora t ed  
r e s p e c t  t o  t h e i r  c o n t r i  
t h e  model. A d e t a i l e d  
i n  D U P E R  & StlITII (196E 

The s t e p w i s e  r eg re  
i n  a  l i n e a r  model was t 
c i t y  a t  10  m, from t h e  F 
double l o g a r i t h m i c  s c a l  
g r e s s i o n  i s  s i s n i f i c a n t  
s l o p e  of t h e  r eg res s ion  
t a  t i v e  p r e d i c t i o n  from 
i s  a l s o  shown i n  F ig .  
appea r s  t o  b e  too c l o s e  
was about  t h r e e  t i a e s  a 
s t i f f  c l a y  and sand s t r  
t h e  AIT-s i t e  and f o r  th 
q u i r e d  t o  g e n e r a t e  t h e  
s  t r a t u a  must a f  Ecct t h e  
needed,  however, t o  p e r  
turn p o s i t i o n .  

Based on t h e  obse r  
w i th  e a r l i e r  xezsuremen 
may be d r a m :  

( 1 )  For  p r a c t i c a l  u se ,  
by d r i v i n g  a p i l e  
any s i t e  i n  t h e  Ra 
t o t a l  v ib raL ion ,  i 

' 1 . 1 1 ~  j l i . 1 ~  t i p  i s  pe  
. L I ? I ~ + : : ~  r:i t h e r  low 
v a r i o u s  s o i l  condi  

- . .  
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- ca t ed  f o r  s t eady-  
- e  d r i v i n g ,  t h i s  l i m i t  
U E L X ,  1974) .  I n  t h i s  
jr i ~ p o r t a n c e  conpared  
: l e  harmer.  
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c 

, s  they  were,  could  
aes s -con t ro l l ed  t r i a -  
\ l  gages responded t o  
o u t  some 150 m away 
b r a t e d  s l i g h t l y  i n  
: t o  people .  I%us 
,n about  25 m t o  a  . 
b e  ope ra t ed .  

-i7 0 - 

. e  v e l o c i t i e s  on t h e  
: v e r a l  q u a n t i t i e s  

pi!<; which wcrc o r  very  close t o  l o c a t i o n s  where Dutch cone s0ul i : i ;  ... >: r . ~ d  
bc-I; c a r r i e d  o u t ,  v e l o c i t y  was c o r r e l a t e d  w i t h  cone r e s i s t a n c e ,  qc, l L . . - 1  

fri,::-ion q f ,  c u ~ n u l n t i v e  o r  t o t a l  f r i c t i o n  q t f , a n d  t h e  energy p e r  me!:cr ~i 
1, i 1 i:ei~c~c::l I- t i m  1<,, (a  (:u:II~ t i t y  o b t a i n e d  by tlLviding the  d r i v i n g  elli-i,gy by 
t i l , .  i . U ~ ~ ~ ~ ~ . ~ ~ ~  Lull ( 1 - 1 1  111) 1 1 3 ~ .  Llow), i . e .  

;. y'. 0 O 
D 

Bc;t i r  . L ~ i t h i ~ ~ e t i ~  and lo j i a r i t hmic  s c a l e s  wcre cons ide red  f o r  t h e  v a r i z b l ~ ,  3i1d 
a s[.cl1wise I-cgrcssiorl  technique enployed t o  f i n d  t h e  l l b e s t " . r e g r ~ s s i u ~ L  v , ; L~ -  
t i  Tu s u c l ~  il p r a c e d ' ~ ~ r e  t h e  v a r i a b l e  most  h i g h l y  c o r r e l a t e d  wi th  c l i t  L - G -  

S ~ I ~ I ~ ~ > : :  cn tc rs  fLrs t ir\t:o t h e  r e g r e s s i o n  e q u a t i o n  fo l lowed by t h e  v a r i a L I ~ ~  
w l i o ; ~  j l u r t i i i l .  cu r r e l i l t i i j n  x i t h  t h e  re,sponse a r e  h i g h e s t .  A c  every  s t ~ p  or' 
r e g r c s s i u ~ ~  eiicll v a r i a b l e  e n t e r i n g  t h g  r e g r e s s i o n  equa t ion  and a l l  v a ~ - i d l l ~ j  
p r c v i u ~ s l y  Lncorpoc..ttcd i n t o  t h e  model a r e  checked by p a r t i a l  F - t e s t s  w i c l ,  
r c s i l cc t  t o  t h e i r  c o i ~ t r i b u t i o n ,  r e g a r d l e s s  o f  t h e i r  a c t u a l  p o i n t  of  i- i ici ;  1iLco 

t h e  t..uclel. A d e t a i l e d  d e s c r i p t i o n  of t h i s  rnzthod nay b e  found,  f o r  kxat..,.Lc, 
i n  i>l<iPER G SMITH (1966) .  
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Tile s t e p w i s e  r e g r e s s i o n  r e v e a l e d  t h a t  t h e  o n l y  v a r i a b l e  t o  be  r t c d ~ . ~ , ~ J  
i n  n l i n e a r  model was t h e  cone r e s i s t a n c e ,  qc. I n  F i g .  9 ,  t h e  p a r t i c l ,  vLl~- 
c i r y  J C  10  m Erom t h e  p i l e  h a s  been p l o t t e d  v e r s u s  t h e  cone r e s i s t a n c i  L I  : 
d o v ~ l c  l o g a r i t h m i c  s c a l e  t o g e t h e r  w i th  t h e  r e g r e s s i o n  l i n e .  Although ~ i . ,  .-2- 

grc .  s i o n  i s  s i g n i f i c a n t ,  !:he c o e f f i c i e n t  o f  c o r r e l a t i o n  i s  on ly  0.616. i ,,L 

s l c i l c  of t h e  r e g r e s s i o n  l i n e  i s  a lmos t  i d e n t i c a l  w i th  a  p r e v i o u s l y  gi*,.. L,?- 

t a  t i i r e  p r e d i c t i o n  from t h e  EGAT-s i t e  ( B R F ~ ~ E R  6 CHITTIKUIADILOK, 1975) LI ,  i ; i l  

i s  a l s o  shown i n  F i g .  9 .  The r e l a t i v e  p o s i t i o n o f  t h e  two l i n e s ,  hove r i i ,  
a p p e a r s  t o  b e  t o o  c l o s e  c o n s i d e r i n g  t h e  f a c t  t h a t  t h e  energy a t  t h e  k 2 > . J - ; l ~ e  
was abou t  t h r e e  t imes  a s  h i g h  2 s  a t  t h e  AIT-s i te .  On t h e  o t h e r  hand,  LL., 

s t i L E  c l a y  and sand s t r a t u m  a t  t h e  EGAT-site were c o n s i d e r a b l y  deeper ~ l i ~ .  
t h e  AI'T-site and f o r  t h e  s a n e  p e n e t r a t i o n  r e s i s t a n c e  more energy w i l l  i, 1.1- 

q u i ~ e d  t o  g e n e r a t e  t h c  same s u r f a c e  v i b r a t i o n .  Thus t h e  dep th  o f  t h c  e d ~ l  
strac-ln must a f f e c t  t h e  i n t e r c e p t  o f  t h e  r s g r e s s i o n  l i n e .  Piore da t a  b u L ~ J  br; 
neeJ- rJ ,  however, t o  pcm. i t  a q u a n t i t a t i v e  a s ses smen t  of  t h e  i n f l u e n c e  "1 < [ l a -  
turn p ~ s i t i o n .  
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CONCLUSIONS 

. Based on t h e  o b s e r v a t i o n s  c a r r i e d  o u t  a t  t h e  AIT-s i t e  and t h e  cornp~.-1~an 
with.  ~ ~ r l i e r  measurements i n  t h e  Bangkok a r e a ,  t h e  f o l l o w i n g  major  c o ~ i c l ~  j iol ls  
may bd drawn: , .  

( 1 )  For p r a c t i c a l  u se ,  no d i s t i n c t i o n  i s  n e c e s s a r y  between v i b r a t i o n s  c-c,=d 
by d r i v i n g  a  p i l e  through s t i f f  c l a y  o r  through t h e  sand u n d e r n e d ~ t i  ~c 
dliy s i t e  i n  t h e  Banekok a r e a .  A previously recommended upper buuliJ r a c  ' 
t uLa l  v i b r a t i o n ,  i . e .  vtot  = 0.3 &/R, may b e  cons ide red  a s  s a f e  W L L I .  

t h e  p i l e  t i p  i s  p e n e t r a t i n g  t h e s e  s t r a t a ,  a l t h o u g h  t h i s  upper  bo~lrrLL L,...LY 

appea r  r a t h e r  low when compared w i t h  o t h e r  v i b r a t i o n  d a t a  c o l l e c L t J  c u r  
va r ious  s o i l  c o n d i t i o n s  and p i l i n g  ar rangements .  



I ? : ~ y ' = 2 3 5 4 0 J o u l e s  Correlated 
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Cone Resistance ( k N / m2) 

F l g .  - ?el a t i o n s h i p  between peak p a r t i c l e  v e l o c i t y  ( v e r t i c a l  
cnnponent)  a t  10  m d i s t a n c e  from p i l e  and  cone 
r e s i s t a n c e  

(2 )  D r i v i q ~ .  - n r 7 r r n t e  p i l e s  by drop h a m e r  i n  Bangkok subsoLl  a t  d i s t a n c e s  o f  
20 m oi- n c r s  from e x i s t i n g  b u i l d i n g s  w i l l  no$ cause  any k ind  o f  L m a g e  
due t o  ?: i ' -rqt  Cons a1 though t h e s e  v i b r a t i o n s  :,,ipht b e  c l e a r 1  y p c r c a p t j l ~ l  c 
t o  p ~ o y l n .  Vf-bra t ion  s e n s i t i v e  equipment, howevcr, nny u s u a l l y  n o t  be 
opera t ed ?!..- lng d r i v i n g .  

(3)  Ccrrelq f . ~ e  qllrfnce ground mot ions  w i t h  ~ e n l t r a t i o n  d a t a ,  such ari Dntck 
cone c c l ~ - ~ I i  n g ~  and p i l e  d r i v i n g  r e c o r d s ,  i s  of  lixi tcc! sz4:ccss. A cor l  - 
l a t i c n  h a +  ' ~ o q  p a r t i c l e  v e l o c i t y  2 n d  D.rtct~ coitc r es i s to r l cc  cn l l  BC r4$ ! : n .  ' 
b l i s h ~ d  s n d  enab le s  t!lc predl .crir ,n a t  n s i t s ,  'Liowolr.::., t : ~ r ?  v ~ I . ~ I  .:t i i : i > .  

inten.cl t;' f o r  l a y e r s  o f  equa l  cone rcs.Lsiani;c depci;cl:i a l s o  cjn t-lie rla;KCi:  
of t h r  1 . y - r .  
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