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W . A .  H A U P T  P r o je c t  E n g in e e r ,  L a n d e s g e w e r b e a n s t a l t  B a y e rn , N u r n b e r g ,  F e d . R e p . o f  G e r m a n y

SYNOPSI S Tes t s  i n model  scal e have been per f or med on t he v i br at i on i s ol at i on ef f ec t  of
v ar i ous  meas ur es  i n t he gr ound.  Sol i d bar r i er s  l i ke c onc r et e cor e wal l s  as wel l  as r ows of  bor e 
hol es  and open t r enc hes  ar e c ons i der ed.  The r es ul t s  ar e c ompar ed t o t hose of  t heor et i c al  i nv es t i ­
gat i ons .  Emphas i s  i s l ayed on pr ac t i c al  pr obl ems  i n t es t  per f or mance.

I NTRODUCTI ON

A wave s our ce at  t he gr ound s ur f ac e -  f or  i ns ­
t ance a v i br at i ng mac hi ne f oundat i on -  gener at es 
bot h body  wav es  ( P-  and S- wave)  whi c h r adi at e 
i nt o t he i nner  of  t he hal f - s pac e and mai nl y  t he 
s o- c al l ed Ray l ei gh wave ( R- wave) .  Thi s  wave 
t ype i s c oupl ed t o t he f r ee s ur f ac e and i t  
t r ans mi t s  t he maj or  par t  of  t he dy nami c  ener gy  
emi t t ed i nt o t he gr ound ( Mi l l er  and Pur sey ,  
1954) .  Ther ef or e and due t o t he hi gher  geo ­
met r i c al  dampi ng of  t he body  waves  t he wave-  
f i el d at  a di s t anc e of  mor e t han about  one 
R- wave l engt h f r om t he v i br at i ng f oundat i on,  and 
near  t o t he sur f ace,  i s det er mi ned al mos t  by 
t hi s  Ray l ei gh wav e al one.  Hence,  i t  i s c al l ed 
Ray l ei gh wav e- f i e l d or  f ar - f i el d,  wher eas  t he 
r egi on of  body  wav e domi nanc e c l ose t o t he 
wave s our ce i s r ef er r ed t o as near - f i e l d . I f  
a bui l di ng or  any  s hoc k - s ens i t i v e i nst al l at i on i n 
t he f ar - f i el d has  t o be i s ol at ed f r om gr ound 
v i br at i ons  i t  i s nec es s ar y  mai nl y  t o r educe 
t he R- wave ampl i t udes  by appr opr i at e meas ur es  
whi c h ar e l ocat ed near  t o t he sur f ace.
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F i g .  1 Ampl .  r educ t i on f ac t or  vs a f r om FE-  
c al c ul at i ons  ( s t i f f  mat er i al  obst acl es)

Thi s  paper  deal s  wi t h ex per i ment al  i nvest i gat i ons 
on v ar i ous  i s ol at i on meas ur es .  Tes t s  i n model  
scal e have been per f or med t o s t udy  t he scr eeni ng 
ef f ec t  of  sol i d bar r i er s  l i ke c onc r et e cor e 
wal l s  and of  r ows  of  bor e hol es.  I n addi t i on 
open t r enc hes  have been c ons i der ed ( Gudehus 
and Haup t , 1979) .

PRI OR I NVESTI GATI ONS

Ex per i ment al  i nv es t i gat i ons  i n model  scal e on 
open t r enc hes  have been per f or med by Woods  
( 1960) .  He obs er v ed an av er age ampl i t ude r e ­
duc t i on of  t he v er t i c al  s ur f ac e wav e component  
i n t he f ar - f i el d down t o 25 % at  a t r ench dept h 
of  about  1. 2 t o 1. 5 Xz ( Xz = wav e l engt h of  
s ur f ac e wave) .  The same s c r eeni ng ef f ec t  was 
obt ai ned i n t he near - f i el d at  t r ench dept hs  of  
about  0. 6 \ z» Dol l i ng ( 1971)  c onduc t ed meas ur e ­
ment s  on t he s c r eeni ng ef f ec t  of  pl ane s l ur r y  
f i l l ed t r enc hes  hav i ng a max i mum dept h of  6 m.  
The r es ul t s  of  c al c ul at i ons  by Fi ni t e El ement  
met hod ( FE)  per f or med by Segol  et  al .  ( 1978)

ar e es s ent i al l y  i n agr eement  wi t h t he exper i ment al  
ones.  Woods  and c ooper at or s  r epor t ed on f i r s t  
t es t s  on r ows  of  bor e hol es  as i s ol at i ng 
meas ur es  us i ng t he hol ogr aphi c  i nt er f er omet r y -  
t ec hni que ( Woods,  Bar net t  and Sagesser ,  1974) .

A l ar ge quant i t y  of  FE- c al c ul at i ons  on t he 
s c r eeni ng ef f ec t  of  pl ane sol i d wave bar r i er s  
l i ke c onc r et e cor e wal l s  or  c onc r et e s l abs  at  
t he s ur f ace have been per f or med by Haupt  ( 1976 a,  
1978 b)  . By use of  t he i nf l uenc e mat r i x pr ocedur e 
( Haupt ,  1978 c)  t he pl ane wav e- f i e l d i n t he 
v i c i ni t y  of  t hese sol i d obs t ac l es  coul d be 
s t udi ed and t he phy s i c al  r eas on of  t hei r  i s o l a ­
t i on ef f ec t  be ex pl ai ned.  Var i ed par amet er s  
have been t he c r os s  s ec t i onal  shape,  t he 
di mens i ons ,  t he mat er i al  pr oper t i es  and t he 
di s t anc e t o t he wave sour ce.  The s c r eeni ng 
ef f ec t i v enes s  has been ex pr es s ed by t he amp l i ­
t ude r educ t i on f ac t or ,  tTr , whi c h gi ves  t he 
av er age r educ t i on of  t he v er t i c al  v i br at i on 
c omponent  at  t he s ur f ac e c aused by t he bar r i er  
behi nd i t .
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One of  t he mos t  i nt er es t i ng r esul t s  of  t hi s  
s t udy  on r i gi d obs t ac l es  ( concr et e)  i s t he 
r el at i ons hi p bet ween ar  and t he nor mal i z ed 
c r oss  s ec t i onal  ar ea 5,  see Fi g.  1.  I n t hi s  
f i gur e p and x ar e t he di mens i ons  of  t he c r oss  
s ec t i on nor mal i z ed on Xz and a equal s  P ' x.

Fr om t hi s  f i gur e i t  i s t o be s t at ed t hat  a r  
does  not  depend on t he ac t ual  c r oss  s ec t i onal  
shape of  t he obs t ac l e but  onl y  on t he nor ma ­
l i zed c r os s  s ec t i onal  ar ea a.

TEST FACI LI TI ES

The meas ur ement s  wer e per f or med i n a sand bi n 
wi t h di mens i ons  of  9. 6 x 9. 7 m and a dept h of  
about  3 m l ocat ed i n t he t es t  hal l  of  t he I n ­
s t i t ut e of  Soi l  and Rock  Mec hani c s ,  Uni v er s i t y  
of  Kar l s r uhe,  see Fi g.  2.  The soi l  i n t he bi n 
c ons i s t ed of  a medi um t o c oar s e sand.  To 
ac hi ev e as much homogenei t y  as pos s i bl e t he 
sand was pl aced at  i t s  hi ghes t  pos s i bl e densi t y 
by c ompac t i ng l ayer s  of  30 cm t hi c k nes s  by 
pas s i ng 10 t i mes  c r os s wi s e.  I t  has  been f ound 
f r om pr el i mi nar y  t es t s  t hat  mor e pas s es  di d 
not  r es ul t  i n a bet t er  c ompac t i on.

The dens i t y  of  t he sand was  c ont r ol l ed at  each 
l ayer  y i el di ng an al mos t  c ons t ant  val ue of  
p = 1. 72 t / m , whi c h c or r es ponds  t o a voi d 
r at i o of  e = 0. 56 at  a wat er  c ont ent  of  3 %.

The soi l  s ur f ac e i ns i de t he bi n was paved 
■ l et t i ng opem a c ent er  c i r c ul ar  ar ea of  A m 
r adi us ,  wher e t he meas ur ement s  wer e conduc t ed.  
Ac c es s  t o t hi s  meas ur ement  ar ea was pos s i bl e 
by a br i dge r eachi ng!  f r om t he pav ement  t o a 
col umn,  whi c h was f i xed at  t he c ei l i ng of  t he 
hal l  above t he c ent er  of  t he f r ee ar ea.  Us i ng 
t hi s  ar r angement  t he br i dge coul d be t wi s t ed 
hor i z ont al l y  ar ound t hi s  c ent er  poi nt .  Fur t her ­
mor e,  i t  was  s hi f t ed t o t he s i de i n a way,  t hat  
meas ur ement s  coul d be per f or med al ong a r adi us  
of  t he c i r c ul ar  ar ea,  see Fi g.  2 b.

I n t he c ent er  of  t he c i r c ul ar  ar ea an e l ec t r o ­
dy nami c  v i br at or  of  AO W power  was l ocat ed at  t he 
s ur f ac e gener at i ng a c onc ent r i c ,  s t eady - s t at e 
har moni c  wav e- f i e l d. The v er t i c al  c omponent  of  
t hi s  wav e- f i e l d at  t he s ur f ac e was meas ur ed 
by pl ac i ng a v i br at i on t r ans duc er  al ong a r adi us 
at  c ons t ant  i nt er v al s  of  5 cm or  2. 5 cm at  
smal l  wav e- l engt hs  r es pec t i v el y .  Ver y  l i ght  
wei ght  ( 0. 3 N)  ac c el er omet er s  wer e used as 
t r ans duc er s .  For  t he s c hemat i c  of  i ns t r umen ­
t at i on see Fi g.  3.

At  eac h poi nt  t he ampl i t ude of  t he v i br at i on 
and t he phase angl e wi t h r es pec t  t o a r ef er ence 
v i br at i on wer e measur ed.  For  t hi s  pur pose a 
s ec ond t r ans duc er  was  pl aced on t he v i br at or ,  
y i e l di ng a r ef er enc e s i gnal  whi c h was  obs er v ed 
at  t he s c r een of  an os c i l l os c ope.  The phase 
shi f t  bet ween t he s i gnal  of  t he t r ans duc er  on 
t he sand and t he r ef er enc e s i gnal  coul d t hen 
be r ead f r om t he s c r een wi t h an ac c ur ac y  of  
l ess  t han 1 % of  one per i od.  The i nver se 
sl ope|  of  t he phas e angl e cur ve wi t h di s t anc e 
r epr es ent s  t he wav e l engt h.

An i mpor t ant  pr obl em i n per f or mi ng t he meas ur e ­
ment s  was  t he c oupl i ng of  t he t r ans duc er  t o 
t he gr ound.  On one hand i t  had t o be heavy

a)

b )

9 .6 0  m

Fi g. Tes t  f ac i l i t y
a)  Cr oss  s ec t i on of  t he t es t  hal l
b)  Pl ane v i ew of  t he sand bi n

enough t o assur e good c ont ac t  t o t he soi l  when 
bei ng s l owl y  set  down on t he s and, on t he ot her  
hand t he wei ght  had t o be smal l  enough not  t o 
cause t r aces  at  t he s ur f ac e s i nce s ever al  
meas ur ement s  wer e per f or med at  one poi nt  dur i ng 
each t est .  Fur t her mor e,  t he nat ur al  f r equenc y  
f n of  t he t r ans duc er  on t he gr ound s houl d not  
have been near  t he gener at ed wav e f r equenc y  f a , 
bec aus e i n case of  r es onanc e smal l  c hanges  i n 
t he c oupl i ng c ondi t i ons  r es ul t ed i n l ar ge di f » 
f er enc es  of  t he meas ur ed ampl i t udes .

The f i nal  s hape of  t he t r ans duc er - pl at e ( see 
Fi g.  A)  f ound f r om pr el i mi nar y  t es t s  c ons i s t ed 
of  a s t eel  pl at e wi t h v ar i ous  di mens i ons  and 
a PVC c ont ac t  di sc  of  20 mm di amet er .  The

8 .3 0 n
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Fi g.  4 : Tr ans duc er  pl at e

conc r et e wal l s .

However ,  by t hi s  meas ur e no r educ t i on of  t he 
ampl i t udes  of  t he r ef l ec t ed waves  was  achi eved,  
on t he c ont r ar y  t he r ef l ec t i ons  wer e even i n ­
c r eased.  Ther ef or e t he pl at es  have been r emov ed 
aga i n .

Fi g.  3 : Sc hemat i c  of  i ns t r ument at i on

pr oper t i es  wer e as f ol l ows:

f a >  320 Hz:

G = 3. 6 N
f n<s 200 Hz,  D » 0. 04 

F = 2. 5 N
f n ~  239 Hz,  D ~  0. 055

wher e G i s t he wei ght  and D t he dampi ng r at i o.  
The nat ur al  f r equenc y  and t he dampi ng wer e 
meas ur ed by pl uc k i ng t he t r ans duc er  i n ver t i cal  
di r ec t i on and obs er v i ng t he dec ay  c ur ve of  t he 
f r ee v i br at i on.  The di f f er enc e bet ween f a and 
f n t ur ned out  t o be l ar ge enough f or  pr ac t i c al  
pur poses :  t he ampl i t udes  of  t he v i br at i ons  at  
r epeat ed meas ur ement s  under  t he same c ondi t i ons  
var i ed of  at  max i mum 9 % and t he phase angl e 
of  1 t o 2 %.

A f ur t her  di f f i c ul t y  c ons i s  
c ont ent  of  t he sand v ar i i ng 
To avoi d dr y i ng of  t he soi l  
c ov er ed by a pl as t i c  sheet  
I t  had t o be r emoved dur i ng 
t he meas ur ement s  whi c h r esu 
of  t he wat er  c ont ent  of  t he 
sur f ace.  Al t hough t her e was 
t he pr opagat i on c har ac t er i s  
t o be obs er v ed t he c oupl i ng 
af f ec t ed c ons i der abl y .  Thi s  
c oul d be av oi ded by us i ng a 
sheet  of  0. 03 mm t hi c k nes s  
dur i ng t he meas ur ement s .

t ed i n t he wat er  
wi t h t i me,  
t he s ur f ac e was 

of  0. 5 mm t hi ckness .
t he per f or manc e of  

l t ed i n smal l  changes 
sand c l ose t o t he 
no i nf l uenc e on 

t i cs  of  t he waves  
c ondi t i ons  wer e 
s our ce of  er r or  
s econd pl as t i c  

r es t i ng at  pl ace

Cl ose t o t he wal l s  of  t he sand bi n some r ef l ec ­
t i on of  t he i nc omi ng waves  coul d be obser ved.
I t  was  t r i ed t o r educe t hi s  ef f ec t  by pl ac i ng 
pl at es  of  r ubber  f oam t angent i al l y  ar ound t he 
meas ur ement  ar ea.  The c r oss  s ec t i onal  shape 
and t he angl e of  i nc l i nat i on of  t hese pl at es  
wer e c hos en t o t r ans mi t  at  max i mum t he ener gy  
of  an i nc omi ng shear  wave but  t o r ef l ec t  t hose 
waves  whi c h wer e t r av el l i ng back  f r om t he

Si nce t he wav e v el oc i t y  depends  on t he s t at e of  
s t r ess  i n t he soi l  i t  us ual l y  v ar i es  wi t h dept h.  
At  t he meas ur ement s ,  t her ef or e,  t he sur f ace 
wav e wi l l  not  be ex ac t l y  t he t heor et i c al  Rayl ei gh 
wave.  Hence,  i t  wi l l  be r ef er r ed t o as Rz - wave

( wave l engt h \ z ) i n t he f ol l owi ng.

TEST PERFORMANCE

The i nv es t i gat i ons  wer e per f or med by f i r s t  
meas ur i ng t he wave f i el d al ong a r adi us  at  a 
gi ven f r equenc y  wi t hout  any  obs t ac l e,  af t er  
t hat  pl ac i ng t he obs t ac l e and t hen meas ur i ng 
agai n.  The sol i d wal l s  and t he r ows  of  bor e 
hol es  wer e pl ane and or i ent ed per pendi c ul ar  t o 
t he di r ec t i on of  pr opagat i on of  t he waves .  The 
di s t anc e t o t he v i br at or  ( Xq ) was  bet ween 1. 65

and 1. 8 m and t hei r  l engt h t o each s i de of  t he 
r adi us  about  0. 5 t o 0. 6 m.  The sol i d wal l s  had 
r ec t angul ar  c r os s  s ec t i onal  shape,  r eac hi ng 
f r om t he s ur f ac e i nt o t he gr ound.  They  wer e 
pr ef abr i c at ed and pl aced by di ggi ng a t r ench at  
t he pos i t i on of  t he wal l ,  i ns er t i ng t hem and 
c ar ef ul l y  r ef i l l i ng t he r emai ni ng gap.  The val ue 
of  \ z was  us ual l y  c hosen t o be about  24,  30 and

40 cm,  whi ch c or r es pondend t o f r equenc i es  bet ween 
about  380 Hz and 240 Hz.  I n some c as es  ( at  bor e 
hol es)  wave l engt hs  of  about  18 cm ( 590 Hz)  and 
of  50 cm ( 224 Hz)  wer e used.  Hence,  t he wave 
bar r i er s  wer e by f ar  l oc at ed i n t he f ar - f i el d.
I n addi t i on some s pec i al  t es t s  on near - f i el d 
i s ol at i on meas ur es  wer e c onduc t ed.

The pr of i l e of  t he shear  wave v el oc i t y  wi t h 
dept h as obt ai ned f r om Rz - wave di s per s i on

meas ur ement s  and f r om c r os s - hol e t es t s  i s pr e ­
sent ed i n Fi g.  5.  The wave v el oc i t y  i n t he soi l  
var i ed t o some amount  wi t h t i me due t o c hanges  
i n wat er  cont ent ,  whi c h c aused v ar i at i ons  of  
t he appar ent  c ohes i on.  Ther ef or e,  pr i or  t o each 
t es t  meas ur ement s  of  t he wave v el oc i t y  wer e 
conduc t ed,  whi c h ser ved t o c al c ul at e t he f r e ­
quenc i es  y i el di ng t he des i r ed wave l engt hs .
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To enabl e a c ompar i s on of  t he r es ul t s  of  t he 
FE- c al c ul at i ons  ( Haupt ,  1978 a)  wi t h t he 
ex per i ment al  r es ul t s  t he wav e v el oc i t y  of  t he 
obs t ac l e mat er i al  was  c hos en about  5 t i mes  
hi gher  t han t hat  of  t he s ur r oundi ng sand.
Hence,  a mat er i al  was  pr epar ed hav i ng a shear  
wav e v el oc i t y  of  about  530 m/ s ec  and a dens i t y  
of  2. 32 t / m3 . I t  c ons i s t ed of  a c ompound of  
gypsum,  sand,  powder  of  bar y t es ,  gr ai ns  of  
bar y t es  and wat er .  The r i ght  mi x t ur e was f ound 
by t es t i ng s pec i mens  of  t he mat er i al  i n t he 
r es onant - c o l umn- dev i c e .

The bor e hol es  i n model  s c al e wer e s uppor t ed 
by pl as t i c  t ubes .  The mat er i al  RNF 100 was 
f ound t o be t he mos t  s ui t abl e bec aus e i t  was 
sof t  but  s t i l l  s t i f f  enough so t hat  t he t ubes 
c oul d be i ns t al l ed.  For  pr oduc i ng a bor e hol e 
t hi s  t ube was  pushed ov er  a met al  pi pe whi ch 
was  gui ded t o move i n v er t i c al  di r ec t i on.  Wi t h 
t he t ubes  penet r at i ng i nt o t he g r o u n d , t he 
sand was  s ucked t hr ough t he pi pe by vacuum.
Due t o f r i c t i onal  ef f ec t s  t he max i mum dept h 
obt ai nabl e by t hi s  pr oc edur e was about  30 cm.  
The mi ni mum s pac i ng of  t he hol es  wi t hout  
openi ngs  bet ween t hem was  8 mm.

Al l  meas ur ement s  hav e been per f or med t wo t i mes 
and t he av er age v al ue was used f or  t he f ur t her  

,anal y s i s .  Thi s  was done by c al c ul at i ng t he nor ­
mal i z ed ampl i t ude

Uz ( x)

wher e U( x ) r epr es ent s  t he ampl i t ude of  t he ver ­
t i cal  c omponent  dependi ng on t he di s t anc e x 
i n t he case of  an obs t ac l e wi t hi n t he wave 
f i el d and Uz ( x)  i s t he ampl i t ude of  t he und i s ­
t ur bed Rz - wave f i el d.  The s c r eeni ng ef f ec t  of  
t he obs t ac l es  i s ex pr es s ed by t he ampl i t ude 
r educ t i on f ac t or ,  crr , whi c h i s t he av er age val ue 
of  t v  ( * )  behi nd t he obs t ac l e:

x 2

a r  = '  f  V x )  d x  •

2 1 x 
x  1

The c ons i der ed i nt er v al  r eac hes  f r om i mmedi a ­
t el y  behi nd t he obs t ac l e ( x ^  t o Xj ,  wher e t hi s

i s not  a c ons t ant  val ue bec aus e r ef l ec t i ons  
f r om t he wal l s  of  t he t est  bi n i n some cases  
i nf l uenc ed t he ampl i t ude,  see Fi g.  7.

vs [ m/ sec]

d e p t h  [ c m l

Fi g.  5 : Shear  wave v el oc i t y  pr of i l e wi t h dept h

TEST RESULTS

Sc r eeni ng ef f ec t  of  sol i d obs t ac l es

The t es t s  c onduc t ed on sol i d obs t ac l es  ( see 
Tabl e I )  ar e def i ned by t hei r  number  and t he 
pr oj ec t ed s ur f ac e wave l engt h.  The ac t ual  val ues 
of  Xz al ong wi t h t he c or r es pondi ng f r equenc y  f

ar e al so l i s t ed.  Fur t her mor e t he di mens i ons  B 
( t hi ckness)  and T ( dept h)  ar e gi v en f or  each 
t es t  and i n addi t i on p and x,  whi c h ar e t hese 
par amet er s  nor mal i z ed over  t he s ur f ace wave 
l engt h.  The val ue 3 i s p mul t i pl i ed by x,  e. g.  
t he c r oss  s ec t i onal  ar ea of  t he wal l  nor mal i zed

2
ov er  Xz ( see F i g . 1) .

The t es t s  M1 t hr ough M6 wer e per f or med wi t h 
sol i d wal l s  i n t he f ar - f i el d.  I n addi t i on t wo 
cases  of  near - f i el d i s ol at i on ( M2/ N,  M5/ N)  wer e 
cons i der ed.  Tes t  No.  M7 was c onc er ned wi t h a 
model  sheet  pi l e wal l .

I n Fi g.  6 and 7 t he nor mal i z ed ampl i t udes  Ty (x )

obt ai ned at  a t hi n,  deep wal l  ( M2/ 30)  and a 
wi de,  s hal l ow one ( M4/ 30)  ar e pr es ent ed as 
ex ampl es .  Al so i n t hese f i gur es  ar e pl ot t ed t he 
c or r es pondi ng c ur ves  f r om t he FE- c al c ul at i ons  
per f or med at  obs t ac l es  wi t h t he same nor mal i zed 
d i mens i ons .

I n f r ont  of  t he bar r i er s  a di s t i nc t  i nt er f er ence 
pat t er n can be obs er v ed i n bot h cases .  Her e t he 
c ur v es  f r om t he c al c ul at i ons  and t he meas ur e ­
ment s  c oi nc i de ver y  wel l  c onc er ni ng t he l ocat i on 
of  t he peaks  as wel l  as t he at t enuat i on of  t he 
peak  v al ues  wi t h i nc r eas i ng di s t anc e f r om t he 
wal l .  The hor i z ont al  s pac i ng bet ween' t wo peaks  
i s al mos t  ex ac t l y  Xz / 2,  whi c h i ndi c at es  t he

i nc omi ng Rayl e. i gh wav e bei ng par t l y  r ef l ec t ed 
at  t he wal l s .

Behi nd t he obs t ac l es  a s ubs t ant i al  r educ t i on of  
t he ampl i t udes  can be obs er v ed i n bot h t he 
meas ur ed and t he c al c ul at ed cases.  The meas ur ed 
c ur v es  s how c ons i der abl e var i at i ons .  However ,  
i f  t he mean val ue i s c ons i der ed t he c ur v es  f r om 
t he ex per i ment s  ar e i n good agr eement  wi t h t he 
c al c ul at ed one.

Fi g.  8 shows  t he case of  a near - f i el d i s ol at i on 
wher e t he same wal l  i s used as i n t es t  No M2/ 30.  
Compar i ng Fi g.  6 and Fi g.  8 i t  can be s t at ed,  
t hat  t he i s ol at i on i n t he near  f i el d i s obvi ous­
l y mor e ef f ec t i v e t han i n t he f ar - f i el d.  Thi s  
r esul t  i s i n f ul l  agr eement  wi t h t hose of  t he 
t heor et i c al  i nv es t i gat i ons .  Fur t her mor e,  at  t he 
meas ur ement  t he ampl i t ude r educ t i on seems  t o be 
even gr eat er  t han at  t he c al c ul at i on.  Thi s  i n 
f act  i s t o be ex pec t ed bec aus e t he near  f i el d 
i s ol at i on t es t  as per f or med i n t hi s  i nv es t i ga ­
t i on i s a t hr eedi mens i onal  pr obl em ( pl ane wal l  
i n c onc ent r i c  wav e f i el d) ,  wher eas  t he FE-  
c al c ul at i ons  ar e deal i ng onl y  wi t h t he t wo-  
di mens i onal  case.

I n Fi g.  9 ar  and a ar e pr es ent ed i n t he same

way as i n Fi g.  1,  e. g.  t he ampl i t ude r educ t i on 
f ac t or  i s pl ot t ed v er s us  a.  The nar r ow band whi ch 
had been obt ai ned f or  trr  f r om t he c al c ul at i ons

on sol i d obs t ac l es  i n t he f ar - f i el d i s i ndi cat ed
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Fi g.  6:  Nor mal i z ed ampl i t ude,  t es t  No M2 / 30 Fi g.  8:  Nor mal i z ed ampl i t ude ,  t es t  No M2/ N 
(£ = xQ/ Xz )

1,0

0 ,8

0 ,6

0 ,4

M  6  /  4 0  

V S -M 5 / 4 0

, M 4 / 4 0  M 3 , 4 0

---------- M 6 / 3 0

M 1 I 3 0 > /  N  

M 2 / 4 0 \  x M 3 / 3 0

M 5 / 3 0 ^  \

M 5 / N ^ M 6 ^ 2 4 N V M 4 , 3 ^ ^ M 4 / 2 4

M 5 / 2 ^ M 2 / 3 0 ^ >

I
a ^M2/ N

*»*

—

0 ,2  0 ,4  0 ,6  0 ,8  1 ,0  1,2 1 ,4  a

Fi g.  9 : tr vs a f r om t es t s  on sol i d 

obs t ac l es

Fi g.  7:  Nor mal i z ed ampl i t ude ,  t es t  No M4 / 30

Sheet  pi l e wal l s

by t he t wo dashed c ur ves  
of  t he cr ^- val ues f r om t he ex

wi t hi n t hi s  nar r ow band.  The 
M5/ 30 and M5/ 24 can be expl a 
t hat  t he obs t ac l e wal l  had d 
s ev er al  week s  bef or e r unni ng 
f or e t he mat er i al  showed a s 
of  about  800 m/ sec .  However ,  
c al c ul at i ons  wi t h hi gh- v el oc  
c onf i r med t hese r es ul t s  ( Hau 
t r i angl es  i n Fi g.  9 i ndi cat e 
near - f i el d i sol at i on t es t s

As can be seen,  most  
per i ment s  ar e l ocat ed

s mal l er  val ues  of  
i ned by t he f act ,  
r i ed out  s i nce 

t he t es t  and t her e-  
hear  wave v el oc i t y  

c or r es pondi ng FE-  
i t y mat er i al  have 
pt ,  1978 a ) . The 

t he r esul t s  of  t he

Sheet  pi l e wal l s  ar e s omet i mes  c ons i der ed as 
ef f ec t i v e v i br at i on i sol at i on measur es .  Ther e ­
f or e t he t es t  No.  M7 was per f or med us i ng a model  
s heet  pi l e wal l  of  30 cm dept h,  a l engt h of  
120 cm and di mens i ons  of  t he pr of i l e as shown 
i n Fi g.  10

Fr om Tabl e I  i t  can be seen t hat  t he s c r eeni ng 
ef f ec t  of  t hi s  t ype of  obs t ac l e i s not  s at i s ­
f ac t or y  at  l eas t  f or  val ues  of  i t s dept h whi c h 
ar e i n t he or der  of  t he wav e- l engt h.  Woods  ( 1968)  
has  al so poi nt ed t o t hi s  f act .  However ,  hi gher  
ef f ec t i v enes s  mi ght  be ex pec t ed at  s mal l er  
wav e - l eng t hs .

The agr eement  bet ween t he t es t  r esul t s  and t hose 
of  t he FE- c al c ul at i ons  has  pr ov en t he r e l i abi l i ­
t y  of  t he t heor et i c al  r esul t s .  Hence,  t he f i n ­
d i ng of  t he FE- s t udy  has been conf i r med:  The 
s c r eeni ng ef f ec t  of  sol i d obs t ac l es  i n t he 
gr ound does  not  depend on t hei r  ac t ual  shape,  
but  onl y  on t hei r  nor mal i z ed c r oss  s ec t i onal  
ar ea.  Fur t her mor e,  near - f i el d i s ol at i on was 
f ound t o be mor e ef f ec t i v e t han f ar - f i el d i s o ­
l at i on .

1 3 m m  2 9  m m

« + »- - - - - - - - - - H

Fi g.  10:  
Di mens i ons  
of  model  sheet  
pi l e wal l
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Tabl e I  : Tes t  v al ues  and r es ul t s  at  sol i d obs t ac l es

Tes t  No B

[cm]

T 

[ m ]

x o 

I cm ]

f
a

[ Hz ]

Xz 

[ cm ]

P T a
ar

M1 / 30 6 30 165 320 29. 7 0. 20 1 . 02 0. 204 0. 699

M2/ 40 260 39. 7 0. 30 0. 76 0. 288 0. 680
M2/ 30 320 30. 7 0. 39 0. 98 0. 382 0. 465

M3/ 40 253 40. 7 0. 74 0. 30 0. 217 0. 752
M3/ 30 326 30. 0 1 . 00 0. 40 0. 400 0. 604

M4/ 40 240 40. 6 0. 74 0. 30 0. 219 0. 756
M4/ 30 30 12 165 320 29 . 3 1 . 02 0. 41 0. 425 0. 511
M4/ 24 385 24 . 1 1 . 24 0. 50 0. 620 0. 452

M5/ 40 270 39 . 0 0. 15 0. 77 0. 118 0. 800
M5/ 30 6 30 177 340 29 . 1 0. 21 1 . 03 0. 213 0. 414/ 0. 456
M5/ 24 404 23. 4 0. 26 1 . 28 0. 329 0. 4 10

M6/ 40 264 40. 0 0. 75 0. 15 0. 113 0.  817
M6/ 30 30 6 170 328 30. 4 0. 99 0. 20 0.  195 0. 725
M6/ 24 379 25. 5 1. 18 0. 24 0. 277 0. 480/ 0. 530

M7/ 40 258 39. 4 0. 76 0. 952
M7/ 30 30 180 322 29 . 6 1 . 01 0. 783
M7/ 24 385 23. 6 1 . 27 0. 849

M2/ N 12 30 12 320 30. 7 0. 39 0. 98 0. 382 0. 215

M5/ N 6 30 12 320 30. 6 0. 20 0. 98 0.  192 0. 494

Sc r eeni ng ef f ec t  of  r ows  of  bor e hol es

Pos s i bl e geomet r i c al  par amet er s  of  i nf l uenc e on 
t he i s ol at i on ef f ec t  of  r ows  of  bor e hol es  ar e 
t he di amt er  D,  t he s pac i ng E and t he dept h T.  
Thes e par amet er s  nor mal i z ed ov er  X ar e r ef er r ed

t o as 6,  e and t . The di mens i onl es s  c r os s  s ec ­
t i onal  ar ea as used i n t he case of  sol i d wal l s  
i s c ons i der ed not  t o be a meani ngf ul  par amet er  
at  r ows  of  bor e hol es .  I ns t ead of  t hi s  t he r el at i v 
nor mal i z ed s hi el ded ar ea was  def i ned,  whi ch i s

Bec ause of  t he di mens i onl es s  dept h x t hi s  par a ­
met er  depends  on t he wave l engt h,  wher eas  t he 
ex pr es s i on 6/ ( 6+e)  r epr es ent s  a pur el y  geomet r i ­
cal  par amet er  of  t he r ow.

A t ot al  number  of  6 t es t  s er i es  has  been per f or med
v ar y i ng mai nl y  t he di amet er  and t he s pac i ng of
t he bor e hol es ,  see Tabl e I I .  At  each t es t  ser i es
sev er al  wave l engt hs  r angi ng f r om about  18 cm
t o 50 cm have been used.  I n Tabl e I I  al s o t he
nor mal i z ed s hi el ded ar ea |5 and t he ampl i t ude
r educ t i on f ac t or  f or  r ows  of  bor e hol es,  ar , ar ei r  ’
i nc l uded.  Due t o di f f i c ul t i es  i n pr oduc i ng t he 
bor e hol es  not  al l  t es t s  coul d be c ons i der ed i n 
t he anal y s i s  ( B1,  B3) .

The c al c ul at i on of  t he ampl i t ude r educ t i on f act or  
i n t hi s  c as e i s based on an i nt er v al  r angi ng 
f r om t he r ow t o c ons t ant l y  x^  = 370 cm.

I n Fi g.  11 and 12 t y pi cal  c ur v es  of  t he nor ma ­
l i zed ampl i t ude r v ar e pr esent ed.  I n Fi g.  12 i n

addi t i on t he c or r es pondi ng cur ve f or  t he r ow of  
uns uppor t ed bor e hol es  -  e. g.  wi t h t he pl as t i c  
t ubes  r emov ed -  i s t o be seen.  I n t hi s  case 
t hi s  r es ul t s  i n a c ons i der abl e i nc r eas e of  t he

ef f ec t i v enes s  of  t he r ow.

The v ar i at i on of  t he ampl i t ude i s gener al l y  not  
i nhanced i n f r ont  of  t he r ows  c ompar ed t o t he 
r egi on behi nd t hem.  Thi s  i ndi c at es  t hat  a r e ­
f l ec t i on of  t he i nc omi ng wav es  at  t he r ows  does  
not  occur  t o a s i gni f i c ant  amount .  Thi s  c on ­
c l us i on i s s uppor t ed by t he f act ,  t hat  a r egul ar  
i nt er f er enc e pat t er n,  as has  been s t at ed at  t he 
sol i d obs t ac l es ,  can not  be obser ved.

Fr om t he publ i s hed r es ul t s  of  i nv es t i gat i ons  
( Woods,  1974)  t he par amet er  e  had been ex pec t ed 
t o i nf l uenc e t he ef f ec t i v enes s  of  t he r ows.  I t  
has  been f ound,  however ,  t hat  cr£ does  not  show

a s t r ong and s y s t emat i c  dependenc y  on e  and has 
r at her  t o be c ons i der ed as i ndependent  of  t hi s  
par amet er .  Fur t her mor e,  a s i gni f i c ant  cor r el at i on 
bet ween c t / ( 6 + e )  and c r £  c oul d not  be s t at ed.  Onl y

i f  addi t i onal l y  t he nor mal i z ed dept h i s c on ­
s i der ed by r el at i ng cr£ t o a s i gni f i c ant  f unc ­

t i onal  c onnec t i on i s f ound,  see Fi g.  13.

The r eas on f or  t he des c r i bed r el at i ons hi p i s 
r egar ded t o be t he s t i f f nes s  of  t he pl as t i c  
t ubes.  Par t  of  t he ener gy  of  t he wav es  i t  t r ans ­
mi t t ed by t hi s  r el at i v el y  s t i f f  mat er i al  ac r oss  
t he r ow of  bor e hol es ,  t hus  r educ i ng t he i s o ­
l at i on ef f ec t .  I f  t he s pac i ng bet ween t he hol es  
i s dec r eas ed,  whi ch can be ex pec t ed t o be accom-  
pagni ed by a gr eat er  ef f ec t i v enes s  of  t he r ow,  
mor e . st i f f  t ube mat er i al  ex i s t s  i n t he r ow,  by 
whi c h t he ef f ec t  agai n i s r educed.  The i nf l uenc e 
of  t he t ube s t i f f nes s  may al so be r ec ogni z ed by 
t he r el at i ons hi p bet ween and t  whi c h es s en ­

t i al l y  i s r epr es ent ed i n Fi g.  13 and whi c h i s 
t y pi cal  f or  t hi n and deep,  s t i f f  obs t ac l es .

I t  has  been t r i ed t o r emov e t he t ubes  of f  t he 
hol es  af t er  t he t es t s  t o per f or m meas ur ement s  at  
uns uppor t ed hol es.  A r esul t  of  such a t es t  i s
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Tabl e I I :  Tes t  v al ues  and s ummar i z ed r es ul t s  at  r ows  of  bor e hol es

Tes t  No D

[ cm )

E

[ cm]

T 

[ cm ]

6

6 + e
X z

f r om

[ cm]

t o f  r om

P

t o f r om t o

B2 1, 35 0, 8 20, 0 0, 63 17, 7 31, 7 0, 40 0, 71 0, 79 0, 89
B4 2, 75 2, 75 28, 0 0, 5 21, 5 39, 6 0, 36 0, 65 0, 76 0, 87

B5 2, 75 2, 20 28, 0 0, 56 21, 7 38, 0 0, 41 0, 72 0, 71 0, 95
B6 2, 75 1 , 65 28, 0 0, 625 21, 2 50, 0 0, 35 0, 83 0, 67 0, 94

B7 2, 75 1 , 10 28, 0 0, 714 22, 0 50, 5 0, 40 0, 91 0, 64 0, 84

B8 1 , 35 0, 8 15, 0/ 21, 0 0, 628 20, 9 49, 7 0, 19 0, 87 0, 83 1, 14

Fi g.  11:  Nor mal i z ed ampl i t ude ,  t es t  No B7

pr es ent ed i n Fi g.  12 wher e a dec r eas e of  ar  can

be s t at ed.  However ,  i t  was ver y  di f f i c ul t  t o 
pr oduc e r ows  of  uns uppor t ed hol es  i n t hi s  way  
wi t hout  c r eat i ng i nt er c onnec t i ons  bet ween t hem.  
Ther ef or ei onl y  f ew t es t s  of  t hi s  t ype coul d be 
per f or med,  f r om whi c h a s y s t emat i c  r el at i ons hi p 
c oul d not  be deduced.  Fur t her  i nv es t i gat i ons  on 
t he i nf l uenc e of  t he bor e hol e s uppor t  ar e 
des i r abl e bec aus e of  i t s  s i gni f i c anc e f or  pr ac ­
t i cal  i s ol at i on pr obl ems.

Sc r eeni ng ef f ec t  of  open t r enc hes

I n c onnec t i on wi t h t he pr es ent l y  des c r i bed t est s 
■ al so . measur ement s at  open t r enc hes  had been per ­
f or med.  A t y pi cal  cur ve of  y v  ( x ) i s pr es ent ed

i n Fi g.  14.  I n f r ont  of  t he t r ench a di s t i nc t  
and r el at i v el y  r egul ar  i nt er f er enc e pat t er n can 
be obs er v ed whi c h i ndi c at es  t he r ef l ec t i on of  
mos t  of  t he wave ener gy .  Behi nd t he t r ench 
us ual l y  t wo r egi ons  may  be di s t i ngui s hed:  c l ose 
t o t he t r ench t he ampl i t udes  ar e v er y  l ow.  At  
some di s t ance,  however ,  t he ampl i t udes  i nc r eas e 
agai n y i el di ng a hi gher  ampl i t ude r educ t i on 
f ac t or  f or  t he t ot al  r egi on behi nd t he t r ench.  
Thi s  phenomenon i s c ons i der ed t o be c aused by 
wav es  r ef r ac t ed at  t he ends  of  t he t r ench.  The 
r ef r ac t i on angl e was  f ound t o be about  45°  wi t h 
a t endenc y  t o gr eat er  angl es at  smal l er  wave l engt hs.

The ampl i t ude r educ t i on f ac t or ,  o® dependi ng on

t  i s pl ot t ed i n Fi g.  15.  The open c i r c l es  ar e 
val i d f or  t he r egi on c l os e t o t he t r ench,  wher e­
as t he sol i d c i r c l es  r epr es ent  t he av er age val ue 
behi nd t he t r ench.  Al so gi ven ar e t he r esul t s  
by Woods  ( 1968)  .

The dashed c ur v e r epr es ent s  cr  ̂ f r om Dol l i ng ' s

( 1970)  t heor y .  He as sumed t he ener gy ,  whi c h i s 
i nc l uded i n t hat  par t  of  t he Ray l ei gh wave 
r angi ng f r om t he s ur f ace t o t he bot t om of  t he

r

' '- • •

•  •

.  • ' S s  •
\

\
\

•
•

D T 

D + E ) A z 

1

N
N

- W -

T
O

0  0 ,2  0 ,4  0 ,6  0 ,8  1 ,0  B

Fi g.  13:  Ampl .  r educ t i on f ac t or  vs 
nor mal i z ed s hi el ded ar ea
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Fi g.  14:  Nor mal i z ed ampl i t ude ,  open t r ench

Fi g.  15:  Ampl .  r educ t i on f ac t or  vs 
t r enc h dept h

t r ench bei ng t ot al l y  r ef l ec t ed.  The par t  bel ow 
t he t r ench,  however ,  i s t r ans mi t t ed beneat h t he 
t r ench and t r ans f or med t o a new Ray l ei gh wave,  
hav i ng a s mal l er  ampl i t ude c or r es pondi ng t o t he 
s mal l er  c ont ent  of  ener gy .

Thi s  t heor y  i s i n good agr eement  wi t h t he ex ­
per i ment al  r es ul t s  i f  onl y  t he r egi on c l ose t o 
t he t r ench i s c ons i der ed.  I f ,  however ,  t he t ot al  
r egi on behi nd t he t r enc h i s i nv ol v ed t he i s o ­
l at i on ef f ec t i v enes s  i s ov er es t i mat ed.

CONCLUSI ON

Ex per i ment al  i nv es t i gat i ons  i n model  scal e have 
been per f or med on t he s c r eeni ng ef f ec t  of  d i f ­
f er ent  v i br at i on i s ol at i on meas ur es  i n t he 
gr ound.  The av er age ampl i t ude r educ t i on of  a 
s t eady - s t at e,  har moni c  wave f i el d c aused by t he 
i s ol at i on meas ur es  i s used t o des c r i be t hei r  
s c r eeni ng ef f ec t i v enes s .

At  sol i d obs t ac l es  des i gned t o r epr es ent  c on ­
c r et e cor e wal l s  at  f ul l  s cal e t he r es ul t s  have 
been f ound t o agr ee v er y  wel l  wi t h t hose of  FE-

c al c ul at i ons  per f or med on t hi s  pr obl em.  They  
s how t he s c r eeni ng ef f ec t  of  t hese bar r i er s  not  
t o be a f unc t i on of  t he c r oss  s ec t i onal  shape 
but  onl y  of  t he nor mal i z ed c r oss  s ec t i onal  ar ea.

At  r ows  of  bor e hol es  s t abi l i z ed by pl as t i c  
t ubes  an i nc r eas e of  t he i s ol at i on ef f ec t  wi t h 
i nc r eas i ng nor mal i z ed s hi el ded ar ea was  f ound.

The s c r eeni ng ef f ec t  of  open t r enc hes  i s i ncr eased 
wi t h t he nor mal i z ed dept h.  The r es ul t s  obt ai ned 
i n t hi s  s t udy  ar e i n good agr eement  wi t h t hose 
of  ot her  i nv es t i gat i ons .
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