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SYNOPSI S

Wav e p r o p aga t i on  i n s a t u r a t ed  po r ous  med i a  a t t r ac t s  t he i n t e r es t  of  r es ea r c h  wor k e r s  i n many  
d i s c i p l i nes ,  e. g. :  geophy s i c i s t s ,  c i v i l  eng i nee r s  and c i v i l  de f ens e  wor k er s .  Es p e c i a l l y  t he as pec t  
of  por e  p r es s u r e  bec ame mor e ev i den t  f or  ea r t hquak e  and b l as t  pr ob l ems .
I n o r der  t o get  mor e  i ns i gh t  i nt o t he p r o p a g a t i o n  of  por e  p r es s u r e  du r i ng  t r ans i en t  l oad i ng  a 
l i mi t ed  s hoc k  t ube s t udy  has  been per f o r med .  Por e  p r es s u r e  and t ot al  p r es s u r e  r ec o r d i n g s  due t o 
s hoc k  l oad i ng  of  a " s and p i l e"  hav e been ob t a i ned .  Th i s  t y pe of  l oad i ng i s es p e c i a l l y  s u i t ed  f or  
v e r i f y i n g  t heo r e t i c a l  model s .  Thr ee  c as es  ar e c ons i de r ed ;  t he dr y ,  t he uns a t u r a t e d  and t he " a l mos t "  
s a t u r a t ed  c as e.  Al t hough  t he meas u r e me n t  of  " por e"  p r es s u r es  wi t h i n  an uns a t u r a t ed  po r ous  s ampl e 
dur i ng  t r ans i en t  l oad i ng  i s s t i l l  at  i t s  i n f anc y ,  t he s t r uc t u r e  of  t he r ec o r d i ngs  i s i n t e r es t i ng .  
The emer g i ng  " t wo- wav e"  f or m and t he t r ends  t owar ds  t he s a t u r a t ed  c as e ar e i n ag r eement  wi t h  t he 
es t ab l i s hed  t heo r e t i c a l  r es ul t s .

I NTRODUCTI ON

The i n t e r es t  i n t he soi l  mec ha n i c s  c ommun i t y  
f or  wav e p r op a g a t i o n  i n s a t u r a t ed  s oi l s  was  
ma i n l y  g ene r a t ed  due t o t he l i que f ac t i on  
ev i denc e  a f t e r  t he 1964 Ni i aga t a  and 1964 Al as k a  
ea r t hquak es .  Be f or e  t hes e ev ent s  t he ex p l os i on  
c ommun i t y  e. g.  I v anov  ( 1967)  and t he oi l  

c ompan i es  s howed i n t e r es t  i n t he s ubj ec t ,  e. g.  
Geer t s ma  ( 1961) .
Fr om a t heo r e t i c a l  po i n t  of  v i ew one of  t he 
ea r l i es t  a t t empt s  t o c ome t o a d e s c r i p t i on  of  
t he abov e men t i o n e d  p henomena  hav e been made by  
Bi o t  ( 1956)  and De J os s e l i n  de J ong  ( 1956) .  They  
us ed l i near  t heor i es .  La t e r  wor k  by  Ni k o l aev s k i i  
( 1966)  and Gar g  ( 1975)  was  addr es s ed  t o t he n o n ­
l i near  t heor y .  The Bi o t  c onc ep t  has  been us ed 
s uc c es s f u l l y  by  t he o i l c o mp a n i e s  f or  i den t i f y i ng  
t he c on t en t s  of  ear t h  l ay er s .  Al t h o u g h  many  n o n ­
l i near  mode l s  and c odes  ar e now av a i l ab l e  or  
be i ng  dev e l oped ,  s i mi l a r  r i go r ous  r es u l t s  on t he 

ex pe r i men t a l  s i t e  s eem t o be l ac k i ng  so f ar .  
Ruy gr ok  ( 1900)  pe r f o r me d  ex t ens i v e  ex pe r i men t s  
and s howed por e p r es s u r e  r es pons e  due t o s ur f ac e 
i mpu l s e  of  " a l mos t "  s a t u r a t ed  and dr y  s ands  i n 
a l ar ge s c al e ex per i ment .  Dur i ng  t he dy nami c  
ev ent  r ec o r d i ngs  of  t ot a l  s t r es s  meas u r e me n t s  
and s t r a i n  meas u r e me n t s  wi t h i n  t he s oi l  wer e 
ob t a i ned .  Ve r i f i c a t i o n  r uns  f or  t h i s  geome t r y  
hav e been made wi t h  t he SATURN code wh i c h  empl oy s  
a mu l t i - p h a s e  mode l  dev e l o p e d  by  Gar g  et  a l . ( 1974)  
The c ode has  a l s o been  app l i ed  by  Sweet  
et  al  ( 1979)  t o o t her  geomet r i es  s uc h as t he 
dy nami c  l oad i ng  of  a r e t a i n i ng  wal l  s u r r ounded  
by  s a t u r a t ed  s oi l .  I n o r der  t o t es t  t he c ode 
and ob t a i n  gener a l  i ns i ght ,  ana l y t i c a l  s o l u t i ons  
f or  s pec i a l  c as es  wer e gene r a t ed  by  v an der  
Kogel  ( 1900)  f or  wav e  p r o paga t i on  i n an 
an i s o t r op i c  s a t u r a t ed  po r ous  medi um.

Al t hough  mos t  of  t he a t t en t i on  i n t he s oi l  
mec ha n i c s  c ommun i t y  so f ar  f oc us ed  on t he 
ea r t hquak e  r e l a t ed  s hear  e f f ec t s  i n s a t u r a t ed  
s oi l s ,  r ec en t l y  i n t he Wes t e r n  Wor l d  one got  
i n t e r es t ed  i n t he b l as t  r e l a t ed  c ompr es s i on  
e f f ec t s  ( 1978) .
Two " s hoc k  t ube"  ex pe r i men t s  es pec i a l l y  
add r es s ed  t he i r s e l v es  t o t he q u es t i on  of  por e 
p r es s u r e  p r o p aga t i on  due t o c o mp r es s i on  ef f ec t s .  
Hampt on  ( 1965)  s t ud i ed  t he p r o p a g a t i o n  of  an ai r  

i mpul s e ( " s hor t "  pu l s e  -  100 -  150 ms ec )  and 
Tr ue ( 1969)  i nv es t i ga t ed  t he p r o p a g a t i o n  of  an 
ai r  and wa t e r / a i r  i mpu l s e  ( l ong pu l s e  -  1 s ec . ) .  
Tr ue t r i ed  t o ex p l a i n  t he obs e r v e d  ai r  p r es s u r e  
phenomenon  i n t he f r amewor k  of  a d i f f us i on  
t heor y .  As  f ar  as  damp i ng  c onc e r ned  t hi s  was  not  
en t i r e l y  s a t i s f ac t o r y .  Some u n e x p l a i ned  
phenomena  t ook  p l ac e  i n t he " a l mos t "  s a t u r a t ed  
c as e,  wh i c h  wer e  a t t r i b u t e d  t o t he i n t e r ac t i on  
of  s oi l  and t he t ube.
Per r y  ( 1972)  pe r f o r me d  a b l as t  e x p e r i men t  i n a 
l ar ge d i ame t e r  t ank .  I t  was  c onc l uded  t hat  

l i que f ac t i on  i s i n f l uenc ed  by  t he b ounda r y  
c o n d i t i ons  ( s ur f ac e c ov er i ng  by  membr ane) .  Mor e 
r ec e n t l y  St uder  ( 1977)  i n Swi t z e r l and  pe r f o r med  
s hoc k  t ube ex pe r i men t s  i n s a t u r a t ed  s ands .  The 
r es u l t s  of  2 p i l o t  t es t  s e r i es  us i ng  a hor i z on t a l  
s hoc k  t ube wer e  r epor t ed.  L i q u e f a c t i o n  was  
o bs e r v ed  i n l oos e and med i u m dens e  s and due t o 

s hoc k  l oadi ng.
Fr om t he r es u l t s  of  Tr ue ' s  ex pe r i men t s  i t  s eemed 
t hat  a d d i t i ona l  ex pe r i men t s  mi gh t  add i n f o r ma ­
t i on  needed  t o get  a be t t e r  des c r i p t i on  of  por e  
p r es s u r e  p r op a g a t i o n  due t o i mpac t .

EXPERI MENTAL  SET UP

The s hoc k  t ube ex pe r i men t s  r epo r t ed  her e  had a
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l i mi t ed  c ha r ac t e r .  The s hoc k  t ube was  s e l ec t ed  
bec aus e  i t  has  t he a b i l i t y  t o gener a t e  a s i mpl e  
and r e p r o d u c a b l e  s t e p - l o a d i n g  i n a f l u i d .  The 
ma i n  pu r pos e  was  t o i den t i f y  t he e f f ec t s  of  a 
c hange i n por e  f l u i d  on t he wav e p r opaga t i on  i n 
po r ous  medi a.  At  t h i s  s t age a s i mp l i f i ed  
c o ns t i t u t i v e  b e hav i o r  of  t he s k e l e t on  was  
c ons i d e r e d  and t he r e f o r e  t he s and g r a i ns  wer e 
g l ued  i n o r de r  t o p r e v en t  s l i pp i ng.
Bec aus e  i n Tr ue ' s  e x p e r i men t s  t her e  was  c onc e r n  
abou t  t he s hear  i n t e r ac t i on  of  t he wal l  and t he 
s k e l e t on,  t h i s  p r ob l em was  av o i ded  by  
i n t r o d u c i n g  a f l u i d  l ay er  of  a p p r o x i ma t e l y  1 mm 
b e t ween  t he wal l  and t he s ampl e.  Fu r t h e r mo r e  t he 
s i dewa l l s  of  t he s ampl e  wer e  c oa t ed  wi t h  an 
epox y  s pr ay  i n o r de r  t o p r e v en t  f l u i d  f l ow 
t h r ough  s i de wal l s .  Top and bo t t om of  t he s ampl e 
wer e open.  The bo t t om was  s uppor t ed  by  a s of t  
f oar a.

The s hoc k  t ube i s  l oc a t ed  at  t he Un i v e r s i t y  of  
Ei ndhov en,  De p a r t me n t  of  Phy s i c s  and has  been 
us ed  t o s t udy  wav e p r op a g a t i o n  t h r ough bubb l y  
f l u i ds .  I t  i s  e s p e c i a l l y  s u i t ed f or  g e n e r a t i ng  
s hoc k s  i n wat er  due t o i t s  v e r t i c a l  p os i t i on  and 
v e r y  t h i c k  wa l l s .
A s ampl e  was  p r e p a r e d  by  mi x i n g  a t wo - c omp o n e n t  
g l ue  wi t h  a s i ev e f r ac t i on  of  2 5 0 - 5 0 0 y m s and.  
Th i s  i s a r ou t i ne  p r o c e d u r e  f or  p r epa r i n g  po r ous  
s t ones  f or  t r i ax i a l  appa r a t us  at  t he Del f t  Soi l  
Mec han i c s  Labor a t o r y .  The s ampl e  had a d i ame t e r  
of  0 , 075m and a l eng t h  of  0, 90m.  The c oe f f i c i e n t  
of  p e r me a b i l i t y  f or  wat er  was  -  7, 1 10 b m/ s  and 
t he p o r o s i t y  was  -  0, 30.  The s ampl e  was  
i n s t r umen t ed  wi t h  t hr ee mi n i a t u r e  por e  p r es s u r e  
gauges  ( t y pe Dr uc k  PDCR 42)  wi t hou t  f i l t e r s  and 
a t o t al  p r es s u r e  met er  ( t y pe URS) . The l oc a t i ons  
of  t he por e  p r es s u r e  gauges ,  s i de on pos i t i on ,  
wer e  at  0 , 02 m,  0, 12 m,  0, 22 m f r om t he t op of  
t he s ampl e.  The t ot a l  p r es s u r e  gauge,  f ac e on 
pos i t i on ,  was  at  0, 37 m f r om t he t op of  t he 
s ampl e,  ( see f i g.  1) .  The r e f e r enc e  p r es s u r e

p la s t i c  sh e e t

—  h ig h  p r e s s u r e  s e c t i o n

—  l o w  p r e s s u r e  s e c t i o n

r e f e r e n c e  p o r e  

p r e s s u r e  g a u g e

p o r e  p r e s s u r e  g a u g e s

—  s a m p le

—  T o t a l  s t r e s s  g a u g e

0. 075 m

F i g .  1 S k e t c h  o l  s h o c k  t u b e .

beh i nd  t he po r e  p r es s u r e  s ens or s  was  -  100 k Pa .
A r e f e r e n c e  p r es s u r e  gauge ( t y pe Ki s t l e r  

603B)  was  l oc a t ed  0 , 16m abov e  t he s ampl e  i n 
o r de r  t o r eg i s t e r  t he i nput  s i gna l .  The h i gh  p r e s ­
s ur e  s ec t i on  of  t he s hoc k  t ube was  p r e s s u r i s e d  

at  200 kPa f or  al l  t he r epo r t ed  ex per i ment s .
Fi r s t  a s er i es  of  dr y  e x p e r i men t s  wer e pe r f o r med ,  
t he r ea f t e r  wat e r  was  i n j ec t ed  s l owl y  f r om t he 
bo t t om un t i l  t he wa t e r  l ev el  was  abov e t he 
s ampl e and t he s ame ex pe r i men t s  wer e pe r f o r med .  
Af t er  t hes e  s er i es  t he s hoc k  t ube was  k ep t  under  
v ac uum f or  a c oup l e  of  mon t hs  and by  t hat

r a i s i ng  t he s a t u r a t i on  degr ee  of  t he por ous  
s a mp l e .

RESULTS

For  t he d r y  c as e,  i n f i g.  2,  we no t e  t hat  t he 
s t ep l oad i ng  at  t he b ounda r y  i s d e g e n e r a t e d  i n a 
mor e  s l owl y  r i s i ng  s i gna l .  Fu r t h e r mo r e  we not e 
t hat  a s i gna l  a r r i v es  at  ear l y  t i mes  at  t he 

t ot a l  p r es s u r e  gauge.  Th i s  i s  now a t t r i bu t ed  t o 
t he f o l l owi ng :  When t he ai r  s hoc k  h i t s  t he 
s ampl e  at  l eas t  t wo wav es  emer ge.  The f i r s t  one 
i s ma i n l y  c a r r i ed  by  t he s t i f f  s k e l e t on  ( i n 
t e r ms  of  p r es s ur e)  and t he s ec ond one 
p r es s u r i z es  t he por e  ai r  due t o s us t a i ned  
p r es s u r e  at  t he boundar y .  We a l s o no t e  t he 
r e f l ec t ed  wav e f r om t he s ampl e  t r av e l l i ng  
upwar ds  i n t he f or m of  t he s ec ond j ump i n t he 

r e f e r enc e  gauge  R.

0a

$ r

I

=J=: r 1 -  R

£

= ~t -  

/
l l -  

P 1 - /
---- - - - - 1

! i : - U
4—

- -

o

si - - 4 .

F i g . 2  P o r e  p r e s s u  r e  ( g o u g e s  1. 2 a n d  3 ) ,  

t o t a l e  p r e s s u r e  ( g a u g e  7  ) a n d  

r e f e r e n c e  g a u g e  ( R )  r e s p o n s e  

l o r  t h e  d r y  c a s e .

For  t he u n s a t u r a t ed  c as e,  i n f i g.  3,  we not e  
t hat  t her e  i s a l s o  a wel l  i den t i f i ab l e  t wo wav e 
s t r uc t ur e .  Howev er ,  du r i ng  t he f i r s t  wav e 
pas s age t he " por e"  p r es s u r e  r es ponds  c l ear l y .  
Th i s  i s  no w a t t r i b u t e d  t o t he f ac t  t ha t  t he por e 
f l u i d  i s s t i f f e r  wi t h  r es pec t  t o t he f o r mer  c as e 
and r es ponds  mor e  c l ea r l y  on s k e l e t on  s t r a i ns .  
Fu r t he r mor e  we no t e  t ha t  t he s ec ond r i s e  i s  muc h  
qu i c k e r  t han i n t he dr y  c as e.
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F i g . 3 '  P o r e "  p r e s s u r e  ( g a u g e s  1, 2 a n d  3 ), 

t o t a l e  p r e s s u r e  ( g a u g e  T ) a n d  

r e f e r e n c e  g a u g e  ( R ) r e s p o n s e  

f o r  t h e  s i g n i f i c a n t l y  u n  s a t u r a t e d  

c a s e .

F i g .U  P o r e "  p r e s s u r e  ( g a u g e s  1, 2 a n d  3 )  

t o t a l e  p r e s s u r e  ( g a u g e  T ) a n d  

r e f e r e n c e  g a u g e  ( R ) r e s p o n s e  

f o r  t h e ' a l m o s t ”  s a t u r a t e d  c a s e .

Fi n a l l y  t he " a l mos t "  s a t u r a t ed  c as e i n f i g.  4 
s hows  a qu i c k  and l ar ge r es pons e  of  t he " por e"  
p r es s u r e  gauges  wi t h  a l at e t i me e f f ec t  i n 
" por e"  p r es s u r e  r i s e.  We a l s o  not e  t he d i ps  i n 
t he s i gna l s  wh i c h  ar e a t t r i bu t ed  t o 
r e f l e c t i o n s  f r om t he bot t om.
I t  s hou l d  be r emar k ed  at  t h i s  po i n t  t ha t  t he 
r es u l t s  p r e s e n t e d  her e s hou l d  be us ed wi t h  g r ea t  
c ar e f or  quan t i t a t i v e  pur pos es .

Al t h o u g h  we made a c o n s i de r ab l e  e f f o r t  t o 
ev a l ua t e  t he r es pons e  of  t he por e p r es s u r e  
gauges  moun t ed  i n t he s i t e wal l s  of  s hoc k  
t ubes  i n ai r  and wat er ,  e. g.  Wi l l ems  ( 1980) # 
t h i s  ans wer s  not  c o n c l u s i v e l y  t he ques t i on  of  

t he r es pons e  of  gauges  wi t h i n  t he s ampl e.  
Es p e c i a l l y  i n t he uns a t u r a t ed  c as e . Ru y g r o k  ( 1980)  
has  p e r f o r med  s ome p r e l i mi n a r y  ana l y s i s  on t hi s  
s ub j ec t  and on t he e f f ec t s  of  i nc l us i on  of  a 
t ot al  s t r es s  gauge.

Ca l c u l a t i o n s  by  Van Loon - Enge l s  ( 1979)  wi t h  t he 
SATURN c ode ( whi c h us es  t he mode l  of  i n t e r ac t i ng  
c ont i nua)  s howed t he obs e r v ed  e f f ec t  of  
i nc r eas i ng  t he s t i f f nes s  of  t he f l u i d  r e l a t i v e  
t o t he s k e l e t on  and s t r i k i ng  s i mi l a r i t i e s  on t he 
bas i s  of  pa r t l y  es t i ma t ed  par amet e r s .  I n f ac t  
gu i ded  by  t he c a l c u l a t i ons ,  t he d i ps  wer e 
i den t i f i ed  as  r e f l ec t i ons .
Howev er ,  f or  t he r epo r t ed  s er i es  of  ex pe r i men t s  
t he t ot al  s et  of  t he pa r a me t e r s  f or  t he mode l  
ar e not  y et  av a i l ab l e  ( due t o t he l i mi t ed  
c har ac t e r  of  t he p r o j ec t  so f ar )  i n o r der  t o

c ome t o a de t a i l ed  c ompar i s on  b e t ween  t i me 
h i s t o r i es  at  c e r t a i n  l oc a t i ons  i n t he model  and 
i n t he ex pe r i me n t  at  t h i s  moment .

CONCLUSI ONS AND RECOMMENDATI ONS

Fr om t he r es u l t s  of  our  s hoc k  t ube ex pe r i men t s  
at  t h i s  s t age we c an c onc l ude  t hat :

1.  The s hoc k  t ube i s a us ef u l  i ns t r umen t  t o 
s t udy  por e  p r es s u r e  p r o p aga t i on  i n por ous  
medi a  due t o i t s  c apab i l i t y  of  gene r a t i n g  a 
s i mpl e  and r e p r oduc ab l e  l oad i ng  f or m,  whi c h 
i s he l p f u l  f or  t es t i ng  t heor i es .

2.  The emp l oy ed  gauges  hav e s a t i s f a c t o r y  
p r ope r t i es  wi t h  r es pec t  t o l i near i t y ,  
h y s t e r es i s  and f r equ e n c y  r es pons e  i n t he 

r ange of  i n t e r es t  ( r i se t i me >10y s ec ,  p r es s ur e  
s t ep 4  2 00 k Pa . )

3.  A de f i n i t e  " t wo- wav e"  s t r uc t u r e  has  been 
i den t i f i ed  f r om t he r ec o r d i ngs  of  t he p r e s ­
s ur e gauges  and t he t ot al  p r es s u r e  gauge.  
Fu r t h e r mo r e  we i den t i f i ed  s ome of  t he e f f ec t s  
of  i nc r eas i ng  t he s a t u r a t i on  degr ee.

Now t he p r es s u r e  gauges  and t he t o t a l  p r es s u r e  
gauge gene r a t ed  i n t e r es t i ng  r es u l t s ,  i t  s eems  
j us t i f i ed  t o r e f i ne t he s et  up  and meas ur e  
o t her  v a r i ab l es  and pa r amet e r s  i n o r de r  t o 
ex p l o r e  c o r r e l a t i on  wi t h  ex i s t i ng  and ex t ended
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t heor i es .  One c and i da t e  wou l d  be t he s t r a i n  i n 
t he s k e l e t on .  Fu r t he r  wor k  s hou l d  a l s o  be 
p e r f o r me d  on t he e f f ec t  of  ai r  bubb l es  wi t h i n  
t he po r ous  med i a  wi t h  r es pec t  t o wav e phenomena .  
The wor k  of  Kon i ng ( 1963)  and Bar ends  ( 1979)  

mi gh t  s er v e as  a s t a r t i ng  po i n t  i n o r der  t o 
qu a n t i f y  t he e f f ec t s  of  n o n l i n e a r i t y  and 
da mp i ng  as i l l u s t r a t e d  by  Van der  Kogel  ( 1900) .  
Wor k  on t hes e  l i nes  i s pu r s ued  at  t he moment .
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