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GROVEHURST DOCK DAM , FOUNDED ON  RECENT ALLUVIUM
BARRAGE DU BASSIN DE GROVEHURST FONDE SUR DES ALLUVIONS RECENTES

A.C. MEIGH, M. Sc. (Eng.), E. Eng., F.I.C.E., M. ASCE.

E.T. H AW S, M.A. M.N.Z.I.E. 
Soil Mechanics Lid. London, England.

SYNOl o I S The  d a m wa s  c o n s t r u c t e d  u n d e r  t i d a l  c o n d i t i o n s  on  a  s o f t  c l a y  f o u n d a t i o n ,  wi t h o u t  
d e wa t e r i n g  or  r e mo v a l  of  t he  c l ay .  I n i t i a l  c l o s u r e  t o n o r ma l  h i g h  t i de  l e v e l  was  a c h i e v e d  
by  end t i pp i ng ,  t he c r o s s - s e c t i o n  b e i n g  det er mi ned by  d i s p l a c e me n t  o f  t he  a l l u v i u m.  Va n e  
t e s t s  i n t he f o u n d a t i o n  we r e  ma d e  be f o r e ,  d u r i n g  and  a f t e r  c o n s t r u c t i o n ,  and  t he p o s i t i o n  of  
t he f i l l / a l l u v i u m i n t e r f a c e  wa s  f o l l o we d  by  bo r i ng .  The  f i n a l  p r o f i l e  wa s  d e s i g n e d  s e c t i o n -  
b y - s e c t i o n  as  c o n s t r u c t i o n  p r o c e e d e d .  The  s t r e n g t h  r e d u c t i o n  by  r e mo u l d i n g  wa s  f o l l o we d  as  
t he a l l u v i u m wa s  d i s p l a c e d  a nd  t he s u b s e q u e n t  i n c r e a s e  by  t h i x o t r o p i c  r e g a i n  a nd  l a t e r  t he  
e f f e c t s  o f  c o n s o l i d a t i o n .  Th e  s ame  s e q u e n c e  wa s  s t u d i e d  i n  t he l a b o r a t o r y .  Su b s t a n t i a l  
s e t t l e me n t s  a nd  c r a c k i n g  t o o k  p l a c e  as  wa s  ex p e c t e d ,  bu t  as  t he d a m wa s  e x t e n d e d  t o t he  
d e s i g n e d  p r o f i l e s  t he  r a t e  o f  s e t t l e me n t  d e c r e a s e d  t o a  s ma l l  v a l ue .  I t  i s  e s t i ma t e d  t ha t  
t he l o n g - t e r m f a c t o r  o f  s a f e t y  wi l l  a p p r o a c h  1. 5.

I NTRODUCTI ON

I t  was  r e q u i r e d  t o c o n s t r u c t  a t  mi n i mu m c os t  
a s e t t l i n g  l a g o o n  f o r  p a p e r  mi l l  e f f l u e n t  
f r o m t he Ke ms l e y  Mi l l s  of  Bo wa t e r  Un i t e d  
Ki n g d o m Pu l p  a nd  Pa p e r  Mi l l s  L t d .  The  
d e r e l i c t  Gr o v e h u r s t  Do c k  wa s  a v a i l a b l e  on  
t he t i d a l  Swa l e  c h a n n e l  a d j a c e n t  t o t he  mi l l  
end i t  was  d e c i d e d  t o c o n s t r u c t  a  d a m a c r o s s  
t he d o c k  e n t r a n c e  and  t o s t r e n g t h e n  t he  
e x i s t i n g  bund  wa l l s  a r o u n d  t he  doc k ,  t hus  
t o t a l l y  e n c l o s i n g  a  s u i t a b l e  l agoon .  The  
l i q u o r  was  t o be p u mp e d  i n t o  t he  l a g o o n  
c o n t i n u o u s l y ,  and  t o be p u mp e d  ou t  t o t he  
Swa l e  c h a n n e l  f o r  o n l y  t wo h o u r s  a t  t he  peak  
of  ea c h  t i de,  t h u s  mi n i mi s i n g  p o l u t i o n .  
So l i d s  i n t he e f f l u e n t  we r e  t o be d r e d g e d  
f r o m t he bed of  t he  l a g o o n  wh e n e v e r  t h e i r  
a c c u mu l a t i o n  e n c r o a c h e d  o n  t he r e q u i r e d  
s t o r age .  The  e s s e n c e  of  a n  e c o n o mi c a l l y  
v i a b l e  s c h e me  was  t he c o n s t r u c t i o n  o f  t he  
c l o s u r e  d a m a c r o s s  t he mo u t h  o f  Gr o v e h u r s t  
Do c k  wi t h o u t  d e wa t e r i n g ,  u n d e r  t he 
c o n d i t i o n  o f  t i d a l  f l o w i n  and  ou t  of  t he  
doc k ,  and  wi t h o u t  r e mo v a l  o f  t he  r e c e n t  
a l l u v i u m e x i s t i n g  i n  t he f o u n d a t i o n  o n  t he  
l i n e  of  t he p r o p o s e d  dam.

The  wo r k s  we r e  c a r r i e d  o u t  on  a  d e s i g n  and  
c o n s t r u c t  bas i s ,  b e t we e n  Ma y  1 9 6 6  and  
De c e mb e r  1967.

GROUND CONDI TI ONS AND SHEAR STRENGTH

The  f o u n d a t i o n  c o n d i t i o n s  f o r  t he  c l o s u r e  
d a m c o n s i s t e d  of  s o f t  s i l t y  c l a y s  ( Rec en t  
Al l u v i u m)  t o a d e p t h  of  a p p r o x i ma t e l y  20 f t ,  
u n d e r l a i n  by  L o n d o n  Cl ay .  Th e  s u r f a c e  of  
t he Re c e n t  Al l u v i u m on t he c e n t r e  l i n e  of  
t he dam v a r i e d  f r o m +6 f t  O. D.  t o - 4  f t  O. D.  
and  t he t i da l  r ange,  n o r ma l  s p r i ngs ,  i s

f r o m +9 * 5  f t  O. D.  t o - 5  f t  O. D.

The  r e l a t i o n s h i p  b e t we e n  s h e a r  s t r e n g t h  and  
d e p t h  wa s  d e t e r mi n e d  by  i n - s i t u  v a n e  t e s t i n g  
b e f o r e  t he s t a r t  o f  c o n s t r u c t i o n ,  a nd  t h i s  
r e l a t i o n s h i p  i s  s h o wn  on  Fi g .  1.
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Fi g.  1 Re l a t i o n s h i p  b e t we e n  i n - s i t u  v ane  

s h e a r  s t r e n g t h s  and  d e p t h  bef o r e ,  

d u r i n g  a nd  a f t e r  c o n s t r u c t i o n .
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M EIGH and HAWS

I t  was  r e a l i s e d  t hat ,  f o r  c h e a p  c ons t r uc t i on ,  
t he Re c e n t  Al l u v i u m c ou l d  n o t  be r e mo v e d  
me c h a n i c a l l y  f r o m t he f o u n d a t i o n s  and t h e r e ­
f o r e  i t  wo u l d  be p a r t i a l l y  d i s p l a c e d  by  t he  
s u p e r i mp o s e d  f i l l ,  s u f f e r i n g  r e mo u l d i n g  i n 
t he p r oc es s .  I t  was  i mp o r t a n t  t o k n o w t he  
or d e r  of  t i me i n wh i c h  a p p r e c i a b l e  r e g a i n  of  
s t r e n g t h  f r o m r e mo u l d e d  t o wa r d s  t he o r i g i n a l  
u n d i s t u r b e d  v a l u e s  wo u l d  o c c u r  a nd  f o r  t h i s  
p u r p o s e  a s e r i es  of  l a b o r a t o r y  v an e  t es t s  
wer e  c a r r i ed  out  on t wo s e p a r a t e  ma i n  
s amp l es .  An  i n i t i a l  u n d i s t u r b e d  s h e a r  
s t r e n g t h  r e a d i n g  was  f o l l o we d  by  r e mo u l d i n g  
of  t he s a mp l es  and t h e n  s u b s e q u e n t  v a n e  
s h e a r  r e a d i n g s  a t  l o g a r i t h mi c a l l y  i n c r e a s i n g  
i n t e r v a l s  of  t i me.  Se p a r a t e  s ma l l  d i v i d e d  
s a mp l es  f r o m t he t wo ma i n  s a mp l e s  we r e  us ed  
f o r  eac h  t i me i n t e r v a l ,  and  t he s h e a r  
s t r e n g t h  r e s u l t s  ar e  p l o t t e d  a g a i n s t  l og  
t i me on Fi g.  2.  Th i s  i n d i c a t e s  t ha t  t he 
r e c o v e r y  of  s h e a r  s t r e n g t h  i n  20 day s  
f o l l o wi n g  c o n s t r u c t i o n  wo u l d  be s uc h  as  t o 
g i v e  a  t o t a l  s t r e n g t h  a t  t ha t  t i me  of  8 0 $  
of  t he u n d i s t u r b e d  v a l ue ,  n e g l e c t i n g  c o n ­

s o l i d a t i o n  e f f ec t s .
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Fi g.  2 L a b o r a t o r y  v a n e  t e s t s  on Re c e n t  
Al l u v i u m.  Re c o v e r y  of  s hea r  
s t r e n g t h  a f t e r  r e mo u l d i n g .

Be c a u s e  of  a v a i l a b i l i t y  o f  ma t e r i a l s  t he  d a m 
d e s i g n  i s bas ed  e s s e n t i a l l y  on a h o mo g e n e o u s  
c r o s s - s e c t i o n  o f  L o n d o n  Cl a y  f i l l .  I n i t i a l l y ,  
J us t  s u f f i c i e n t  c l ay  f i l l  wa s  t o be p l a c e d  
a l o n g  t he l i ne  of  t he  d e m t o e f f e c t  c l o s u r e  
a g a i n s t  t he t i de  wh i l s t  ma i n t a i n i n g  a f a c t o r  
of  s a f e t y  of  un i t y ,  t he wi d t h  of  c r os s  
s e c t i o n  be i n g  d e t e r mi n e d  by  t he d i s p l a c e me n t  
of  t he a l l uv i um.  The l e v e l  of  t h i s  i n i t i a l  
f i l l  was  t o be j us t  s u f f i c i e n t  t o p r e v e n t  
o v e r t o p p i n g  by  n o r ma l  h i g h  t i des .  Su b s e q u e n t  
t o t he c l os u r e ,  t he f i l l  c o u l d  be p l ac ed  
u n d e r  c o mp a r a t i v e l y  c o n t r o l l e d  c ond i t i ons ,  
n o t  s u b j e c t  t o i n u n d a t i o n  on t he  r e s e r v o i r  
s i de,  s o t ha t  b e t t e r  c o mp a c t i o n  and  s hear  
s t r e n g t h  c o u l d  be a c h i ev ed .

Fo r  p u r p o s e s  o f  s ea  de f e n c e ,  t he f i n a l  c r es t  
l e v e l  was  d e f i n e d  as  +1 P. 5  f t  O. D.  An  
i n i t i a l  c o n s t r u c t i o n  l e v e l  o f  +2 0 . 5  f t  O. D.  
wa s  a d o p t e d  t o a l l o w f o r  c o n s o l i d a t i o n  
s e t t l e me n t .

The  t h r ee  c r i t i c a l  c as es  f o r  d a m s t a b i l i t y  
we r e  end  of  c o n s t r u c t i o n ;  f u l l y  i mp o u n d e d  
wi t h  c o mp l e t e  s a t u r a t i o n  t o t he s e e p a g e  l i ne;  
ma x i mu m d r a wd o wn .  I n  eac h  c as e  l o w wa t e r  was  
t a k e n  on t he s e a wa r d  s i de.  I t  was  d e c i d e d  
t h a t  an i n i t i a l  f a c t o r  of  s a f e t y  of  1 . 2  
wo u l d  be s a t i s f a c t o r y  f o r  t hes e  c as es ,  
b e c a u s e  of  t he  i n c r e a s e  t o be e x p e c t e d  wi t h  
t i me  as  r e g a i n  o f  s t r e n g t h  a f t e r  r e mo u l d i n g  
and  l o n g - t e r m c o n s o l i d a t i o n  bo t h  t a k e  p l ac e .

I t  was  n o t  p o s s i b l e  t o p r e d i c t  a c c u r a t e l y  
t he  a mo u n t  o f  d i s p l a c e me n t  of  a l l u v i u m wh i c h  
wo u l d  oc c ur ,  a nd  t h e r e f o r e  t he  p o s i t i o n  of  
t he  f i l l / a l l u v i u m i n t e r f a c e  wa s  d e t e r mi n e d  
by  b o r i n g  a nd  v a n e  t e s t i n g  as  c o n s t r u c t i o n  
p r o c e e d e d .  On  t he bas i s  of  t hes e  r e s u l t s  
t he f i n a l  p r o f i l e  was  t o be d e s i g n e d  s ec t i on-  
b y - s e c t i o n  t o g i v e  t he  r e q u i r e d  f a c t o r s  of  
s a f e t y .

BEHAVI OUR DURI NG CONSTRUCTI ON

Fi l l i n g  s t a r t e d  wi t h  t he  c o mp a c t i o n  of  
L o n d o n  Cl a y  f i l l  i n  k e y s  e x c a v a t e d  i n  t he 
ol d s ea  wa l l  at  ea c h  a b u t me n t  and t h e n  
p r o c e e d e d  by  end  t i p p i n g  f r o m bo t h  abut ment s ,  
t he i n i t i a l  t op  wo r k i n g  f i l l  l e v e l  be i ng  
+1 2  f t  O. D.  wi t h  a  ba n k  wi d t h  o f  a p p r o x i ma t e ­
l y  50 f t .  The  d o c k  wa s  c l o s e d  n e a r  t he 
c e n t r e  at  a  t i me  of  l o w t i de,  and  a l t h o u g h  
a n  end  p o s i t i o n  wo u l d  hav e  b e e n  p r e f e r r e d  
f o r  t he  c l o s u r e  t o mi n i mi s e  t he r i s k  of  
t r a p p i n g  s o f t  ma t e r i a l  i n  poc k e t s ,  no un d u e  
d i f f i c u l t y  wa s  e x p e r i e n c e d .  Su b s e q u e n t  t o 
t he  c l os u r e ,  wo r k  c o n t i n u e d  on  p l a c i n g  a nd  
c o mp a c t i n g  f i l l  t o p e r mi t  a g e n e r a l  r a i s i n g  
of  t he dam.

Du r i n g  and  s u b s e q u e n t  t o t he  c l os ur e ,  
s i g n i f i c a n t  a mo u n t s  of  s e t t l e me n t  and  
l a t e r a l  mo v e me n t  o c c u r r e d  as  t he u l t i ma t e  
b e a r i n g  c a p a c i t y  of  t he r e mo u l d e d  f o u n d a t i o n  
a l l u v i u m was  ex c e e d e d .  The  a l l u v i u m was  
d i s p l a c e d  t o t he s i d e s  o f  t he c l a y  f i l l ,  and  
a t  a l l  t i me s  d u r i n g  t he f i l l i n g  o p e r a t i o n s
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G R Ò VEHURST D O C K  D A M

" b o w wa v e s "  o f  d i s p l a c e d  a l l u v i u m wer e  
p r e s e n t  on  a l l  s i d e s  o f  t he f i l l ,  o f t e n  wi t h  
s e c o n d a r y  f o l d i ng .  Du r i n g  s p e l l s  o f  d r y  
we a t h e r  d e s i c c a t i o n  c r a c k i n g  q u i c k l y  
d e v e l o p e d  on  t he d i s p l a c e d  a l l u v i u m and a 
s t i f f e r  c r u s t  r es u l t e d .  Fi g .  3 s hows  i n 
l o n g i t u d i n a l  s e c t i o n  t he a mo u n t  of  d i s p l a c e ­
me n t  o f  r e c e n t  a l l u v i u m wh i c h  oc c u r r ed .

F r o m t he  s t a r t  t he e x t e n s i v e  s e t t l e me n t  of  
t he  f i l l  wa s  a c c o mp a n i e d  by  t he d e v e l o p me n t  
of  c r ac k s ,  and  t h i s  wa s  s p e c i a l l y  n o t i c e ­
a b l e  a f t e r  t he c l o s u r e  wh e n  s u p e r i mp o s e d  
l o a d s  we r e  a g a i n  i n c r e a s e d  due t o t he s ec ond  
s t a g e  h e i g h t e n i n g .  A p r o l o n g e d  p e r i o d  of  
i n t e n s e  r a i n  a c c e l e r a t e d  and  s p r e a d  t he  
f o r ma t i o n  of  c r a c k s  a t  one s t age  ( Fi g.  4)  
and  r e me d i a l  wo r k  wa s  c a r r i e d  ou t  r a p i d l y  
on  s e a l i n g  t he  c r a c k s  t o p r e v e n t  t he en t r y  
of  wa t e r  and  f u r t h e r  s o f t e n i n g .

So me  of  t he c r a c k i n g  a p p e a r e d  a s s o c i a t e d  
wi t h  a  " g r a b e n "  t y pe  d o wn wa r d  mo v e me n t  of  a 
c e n t r a l  b l o c k  o f  dam,  p r o b a b l y  d ue  t o l ac k  
of  c o mp a t i b i l i t y  o f  t he  s t r e s s / s t r a i n  
r e l a t i o n s h i p  o f  t he  c l a y  f i l l  wi t h  t ha t  of  
t he  u n d e r l y i n g  a l l u v i u m.  To wa r d s  t he  end  
of  c o n s t r u c t i o n  t h e r e  wa s  e v i d e n c e  of  a  
we d g e  t y pe  mo v e me n t  o n  a l a r g e  s c a l e .

Th r o u g h o u t  t he  c o n s t r u c t i o n  pe r i od ,  
i n v e s t i g a t i o n s  and  t es t e  we r e  c a r r i e d  out  
wh i c h  i n c l u d e d  bo r e h o l e p ,  i n - s i t u  v a n e  
t e s t B and  l a b o r a t o r y  t r i a x i a l  and  c o n s o l i ­
d a t i o n  t es t s .  Th e s e  we r e  t o d e t e r mi n e  t he  
l o c a t i o n  o f  t he c l a y  f i l l / a l l u v i u m i n t e r ­
f a c e  a n d  t o o b t a i n  a p p r o p r i a t e  p a r a me t e r s  
f o r  p r o g r e s s i v e  s t a b i l i t y  a n a l y s i s .  The  
r e l a t i o n s h i p  of  s h e a r  s t r e n g t h  t o dept h ,  
d u r i n g  c o n s t r u c t i o n ,  i s  s h o wn  a l o n g s i d e  
t he  i n i t i a l  r e l a t i o n s h i p  on  Fi g .  1.  Th e r e  
a p p e a r s  t o h a v e  be e n  a s l i g h t  i n c r e a s e  i n 
s t r e n g t h  a t  u p p e r  l ev e l s ,  c o mp a r e d  wi t h  t he 
b e f o r e  c o n s t r u c t i o n  v a l ues ,  and  t h i s  i s  
p r o b a b l y  due  t o r a p i d  c o n s o l i d a t i o n  of  
l a y e r s  n e a r  t he u n d e r s i d e  of  t he  c l a y  f i l l .  
As  d i s c u s s e d  l a t e r ,  c l a y  l u mp s  at  t he  
i n t e r f a c e  ar e  t h o u g h t  t o p r o v i d e  a  d r a i n a g e  
p a t h  f o r  c o n s o l i d a t i o n  a nd  t he " d u r i ng  
c o n s t r u c t i o n "  r e s u l t s  of  Fi g .  1 we r e

Fi g.  4 Cr a c k i n g  a f t e r  p r o l o n g e d  h e a v y  r a i n  
f o l l o wi n g  c o mp l e t i o n  o f  f i r s t  s t age  
f i l l

o b t a i n e d  f o u r  mo n t h s  a f t e r  f i r s t  l o a d i n g  
wh i c h  i s  amp l e  t i me f o r  s o me  c o n s o l i d a t i o n  
s t r e n g t h  ga i n .  Ve r y  c l os e  t o t he  i n t e r f ac e ,  
h owev e r ,  r e mo u l d i n g  due  t o p l a s t i c  f l o w was  
s t i l l  o c c u r r i n g  i n Se p t e mb e r  1966,  and  so 
i t  was  n e c e s s a r y  t o c o n s i d e r  l ow s hea r  
s t r e n g t h s  f o r  t he s t a b i l i t y  ana l y s es .

Wh e n  t he d a m n e a r e d  c o mp l e t i o n  t he l a t e s t  
i n t er f ac e^  a nd  p a r a me t e r  i n f o r ma t i o n  was  us ed  
t o d e t e r mi n e  t he a mo u n t  of  s t r e n g t h e n i n g

Fi g .  3 l o n g i t u d i n a l  s e c t i o n  t h r o u g h  d a m and f o u n d a t i o n
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r e q u i r e d  f o r  t he s e c t i o n  as  t hen  s u r v ey ed ,  
t o b r i ng  t he f a c t o r  o f  s a f e t y  up  t o 1. 2.
The s t r e n g t h e n i n g  wa s  d e s i g n e d  as  a  40 f t  
wi d e  s t r i p  o f  we l l - c o mp a c t e d  c l ay  p e n e t r a t ­
i ng  t o s p e c i f i e d  mi n i mu m d e p t h s  a l o n g  t he 
t oe of  t he e e a wa r d  s i de  ber m.  The n ec es s a r y  
p e n e t r a t i o n  wes  g e n e r a l l y  a c h i e v e d  by  
p r o g r e s s i v e  k n e a d i n g  wi t h  t r a c t o r  s hov e l s .  
Howev er ,  at  one  l o c a t i o n  t he e x i s t i n g  f i l l  
was  t oo t h i c k  t o p e r mi t  t he s u c c e s s  o f  t h i s  
met hod,  and  n a r r o w t r en c h e s  n o r ma l  t o t he  
dam ax i s  we r e  d u g  and  f i l l e d  s u c c e s s i v e l y  
t o a c h i e v e  t he c o r r e c t  p e n e t r a t i o n  of  
c o mp a c t e d  c l ay .

STABI L I TY ANAL YSES

Fr o m t he p r o p e r t i e s  of  t he f i l l  and  
f o u n d a t i o n  ma t e r i a l s  i t  was  a p p a r e n t  t ha t  a 
t o t a l  s t r e s s  a n a l y s i s  wo u l d  be mo r e  a p p r o ­
p r i a t e  t h a n  a n  e f f e c t i v e  s t r e s s  a n a l y s i s  i n 
o r d e r  t o e n s u r e  c o mp l i a n c e  wi t h  t he d e s i g n  
c r i t e r i a .

Be c a u s e  of  i t s  s e n s i t i v i t y  t he r e c e n t  
a l l u v i u m i s  mo s t  a c c u r a t e l y  t e s t e d  f o r  
s h e a r  s t r e n g t h  by  i n - s i t u  me t h o d s .  The  
d e p t h  s t r e n g t h  r e l a t i o n s h i p  o b t a i n e d  by  i n-  
s i t u  v a n e  t e s t i n g  h as  a l r e a d y  b e e n  r e f e r r e d  
t o and  i s  s h o wn  i n  Fi g .  1.  Fo r  p u r p o s e s  o f  
a d o p t i n g  d e s i g n  pa r a me t e r s ,  t he r e c e n t  
a l l u v i u m i n  a r e a s  o f  i n c i p i e n t  f a i l u r e  
p l a n e s  c o u l d  be d i v i d e d  i n t o  f o u r  b r oad  
z ones  c h a r a c t e r i z e d  p h y s i c a l l y  by  t he degr ee 
of  r e mo u l d i n g  wh i c h  h ad  o c c u r r e d  i n  v a r y i n g  
l o c a t i ons .  Th e s e  a r e a s  wi t h  t he  u n d r a i n e d  
s h e a r  s t r e n g t h  v a l u e s  f o r  t he r e c e n t  
a l l u v i u m a d o p t e d  a f t e r  d e t a i l e d  a n a l y s i s  of  
t he  v a n e  t es t  r e s u l t s  ar e  s h o wn  i n  Ta b l e  1.

The  v a n e  t e s t s  on  wh i c h  t h e s e  p a r a me t e r s  
we r e  bas ed  we r e  c a r r i e d  ou t  a f t e r  f i r s t  
c o mp l e t i o n  o f  t he d a m f i l l i n g  t o f u l l  h e i g h t  
but  wh e n  c o n t i n u i n g  mo v e me n t s  o f  t he ma i n  
b o d y  o f  t he d a m and  u p p e r  f o u n d a t i o n s  we r e  
s t i l l  b e i n g  obs e r v e d .  Th u s  t he p a r a me t e r s  
d e d u c e d  f o r  u p p e r  l e v e l s  o f  r e c e n t  a l l u v i u m 
we r e  c l os e  t o r e mo u l d e d  v a l u e s  wi t h  l i t t l e  
r e g a i n  i n s h e a r  s t r eng t h ,  and  t h e s e  wer e  
t h e r e f o r e  s u i t a b l e  p a r a me t e r s  f o r  us e  i n 
a n a l y s i s  l e a d i n g  t o d e s i g n  of  t he r e i n f o r c e ­
me n t  me a s u r e s  n e c e s s a r y  f o r  s t a b i l i s i n g  
c r o s s - s e c t i o n s  t o t he  c h o s e n  f a c t o r  of  
s af e t y .

I n  s i mi l a r  ma n n e r  t he  L o n d o n  Cl a y  f i l l  c ou l d  
be d i v i d e d  i n t o  t h r e e  ma i n  z ones  as  s h o wn  i n 
Ta b l e  1.

The d i v i s i o n  i n  q u a l i t y  o f  c l a y  f i l l  at  
+8 f t  O. D.  i s  r e l a t e d  t o t he f i r s t  c l o s u r e  
e mb a n k me n t  p l a c e d  i n  t he we t  wi t h  l es s  
c on t r o l ,  a l l o wi n g  f o r  s u b s e q u e n t  s e t t l e me n t  
of  i t s  o r i g i n a l  c r e s t  l e v e l  d u r i n g  t o p p i n g  
out  o f  t he  dam.  The  v a l u e s  f o r  t he  c l ay  
f i l l  a b o v e  o r i g i n a l  g r o u n d  l e v e l  we r e  ba s e d  
on l a b o r a t o r y  u n d r a i n e d  t r i a x i a l  t es t s ,  f o r  
one s et  of  wh i c h  s a mp l e s  we r e  c u t  i n c l i n e d  
t o t he v e r t i c a l  t o i nduc e  f a i l u r e  on  
p o s s i b l e  p r e - d i s p o s e d  p l a n e s  o f  we a k n e s s  
wh i c h  mi g h t  h a v e  bee n  f o r me d  by  j o i n t s  
b e t we e n  f i l l  l a y e r s .  Th i s  p a r t i c u l a r  s amp l e  
y i e l d e d  a cu  v a l u e  o f  10 3 1  l b / s q . f t .

Ta b l e  1 s u mma r i z e s  s h e a r  s t r e n g t h  p a r a me t e r s  
a nd  d e n s i t i e s  a s s u me d  f o r  t he  s t a b i l i t y  
a n a l y s e s .

Co n s o l i d a t e d  d r a i n e d  t r i a x i a l  c o mp r e s s i o n

Ta b l e  1 Pa r a me t e r s  o f  s o i l s

Zone

Fi e l d Va n e Te s t cu  ( l b / s q . f t )
i f  bu l k i f  s a t

No . of  
t es t s

Max . Mi n. Me a n
Va l u e  f o r  

De s i g n

l b / c u . f t l b / c u . f t

Cl a y  f i l l  a b o v e  8  f t  O. D.

Cl a y  f i l l  b e l o w +8 f t  O. D.  t o O. G. L .

l ab.  q u i c k  ( 
u n d r a i n e d  (

1500

1000

120

115

122

118

Cl ay  f i l l  b e l o w o r i g i n a l  G. L.  and  i n 
t oe t r e n c h 9 440 125 250 230 100 100

Di s t u r b e d  r e c e n t  a l l u v i u m at  s h a l l o w 
d e p t h s  be l o w c e n t r e  of  d am 16 415 50 190 140 100 100

Di s t u r b e d  c l a y  f i l l  o r  r e c e n t  a l l u v i u m 
at  t oe of  dam,  s u r f ac e 3 100 50 75 75 100 100

Re c e n t  a l l u v i u m at  g r e a t e r  dep t hs ,  
c e n t r a l  s e c t i o n  of  dam 22 470 100 270 270

Di s t u r b e d  r e c e n t  a l l u v i u m at  g r e a t e r  
de p t h  a t  t oe o f  d a m 6 170 110 130 130
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t es t s  we r e  c a r r i e d  out  on u n d i s t u r b e d  
s a mp l e s  of  t he  r e c e n t  a l l u v i u m y i e l d i n g  
v a l u e s  c'  = 290 l b / s q . f t ,  0 ' = 22°  and  
c 1 = 0 l b / s q . f t .  fl' = 20°  30' .  Howev er ,  
e f f e c t i v e  s t r es s  a n a l y s i s  was  f o u n d  n o t  t o 
be a g o v e r n i n g  c r i t e r i o n  f o r  des i gn .

Fo r  t he t o t a l  s t r es s  s l o p e  s t a b i l i t y  
a n a l y s i s  t wo bas i c  me t h o d s  we r e  app l i ed .  
Thes e  we r e  a  s l i p  c i r c l e  me t h o d  a c c o r d i n g  
t o Bi s h o p  and t he we d g e  a n a l y s i s .  As  was  t o 
be e x p e c t e d  wi t h  a  f l a t  d a m of  n a r r o w c r es t  
wi d t h  on f o u n d a t i o n s  o f  l o w s h e a r  s t r eng t h ,  
t he we d g e  a n a l y s i s  p r o v e d  t he mo r e  c r i t i c a l  
and  was  l a t e r  us e d  e x c l u s i v e l y .

The  f i na l  s e r i es  of  a n a l y s e s  we r e  bas ed  on a 
d e t a i l e d  s i t e  i n v e s t i g a t i o n  c a r r i e d  out  
i mme d i a t e l y  a f t e r  c o mp l e t i o n  of  t he ma i n  
c l ay  f i l l i ng .  Se c t i o n s  at  50 f t . c e n t r e s  
a l o n g  t he c e n t r e  l i n e  of  t he d a m we r e  eac h  
i n v e s t i g a t e d  by  s e v e n  b o r e h o l e s  l o c a t e d  i n 
t he  f o l l o wi n g  c r i t i c a l  pos i t i o n s ;  c en t r e  
l i n e  of  dam;  at  t o e s  o f  eac h  u p p e r  s l ope;  
at  mi d d l e  and  o u t e r  edge  of  eac h  ber m.

Th i s  s i t e  i n v e s t i g a t i o n  p r o v i d e d  d e t a i l e d  
i n f o r ma t i o n  c o n c e r n i n g  t he p o s i t i o n  of  t he 
i n t e r f a c e  b e t we e n  t he Re c e n t  Al l u v i u m and  
c l a y  f i l l  and  i n c l u d e d  d e t e r mi n a t i o n  of  
u n d r a i n e d  s h e a r  s t r e n g t h s  by  v a n e  t es t i ng .  
The  r e s u l t s  of  t he v a n e  t es t s  we r e  us e d  t o 
d e t e r mi n e  t he c h o s e n  p a r a me t e r s  f o r  t he we a k  
ma t e r i a l  as  d e s c r i b e d  abov e .  Un d i s t u r b e d  
s a mp l e s  of  c l a y  f i l l  t a k e n  f r o m t he b o r e ­
h o l e s  we r e  us ed  f o r  l a b o r a t o r y  d e t e r mi n a t i o n  
of  i t s  p a r a me t e r s .

The  c l o s u r e  a r e a  a t  c h a i n a g e  250 f t  was  
s u b j e c t e d  t o an  e x t e n d e d  t e s t i n g  p r o g r a mme  
i n c l u d i n g  v ane  t es t s  f o r  f o u n d a t i o n  a l l u v i u m 
i n eac h  b o r e h o l e  and  i n  t wo a d d i t i o n a l  b o r e ­
ho l e s  o u t s i d e  t he t oes  of  t he  dam,  i n t he  
" bow wa v e "  a r e a  of  d i s p l a c e d  a l l uv i um.

Ea c h  of  t he s e c t i o n s  as  s u r v e y e d  and  
i n v e s t i g a t e d  was  a n a l y s e d  f o r  b o t h  s e a wa r d  
and  r e s e r v o i r  s l opes .  The  s e a war d  
a n a l y s i s  was  c a r r i e d  ou t  f o r  u n s a t u r a t e d  
( end of  c o n s t r u c t i o n )  and  s a t u r a t e d  c as es ,  
t he l a t t e r  a s s u mi n g  f u l l  s a t u r a t i o n  t o t op  
r e s e r v o i r  wa t e r  l e v e l  o f  +1 4 . 8  f t  O. D.  wi t h  
no wa t e r  a g a i n s t  t he s ea  f ac e .  Fi r s t  
r e s u l t s  f o r  t he s e c t i o n s  as  s u r v e y e d  s howed  
u n a c c e p t a b l y  l ow f a c t o r s  of  s a f e t y  and  at  
t h i s  s t age  a t r e n c h  b a c k f i l l e d  wi t h  s ound  
c l a y  was  i n c o r p o r a t e d  as  n e c e s s a r y  a t  t he 
t oe i n  t he a n a l y s i s  t o y i e l d  t he r e q u i r e d  
f a c t o r  of  s af e t y ,  wi t h  s a t u r a t e d  c ond i t i ons .

The r e s e r v o i r  s i de  s l o p e  wa s  s i mi l a r l y  
a n a l y s e d  f o r  u n s a t u r a t e d  and  s a t u r a t e d  
c as es ,  t he l a t t e r  i n c l u d i n g  t he  e f f e c t s  of  
d r a wd o wn  f r o m ma x i mu m wa t e r  l e v e l  +1 4 . 8  f t  
t o mi n i mu m r e t e n t i o n  l e v e l  +1 1 . 8  f t .  The  
r e s u l t s  f o r  t h i s  c o n d i t i o n  f o r  t he s e c t i o n s  
as  s u r v e y e d  we r e  s a t i s f a c t o r y  and  t hus  no 
t oes  s t r e n g t h e n i n g  wa s  n e c e s s a r y  on  t he 
r e s e r v o i r  s i de.

Fi g .  5 s hows  a  t y p i c a l  c r o s s - s e c t i o n  as  
s u r v e y e d  a nd  a n a l y s e d  at  t h i s  s t age  i n d i c a t ­
i ng  t he l o c a t i o n  o f  t he i n v e s t i g a t i o n a l  
ho l es ,  t he p a r a me t e r s  a d o p t e d  f o r  t he  
v a r i o u s  z ones ,  t he i n c o r p o r a t i o n  of  t he  
t r e n c h  f i l l e d  wi t h  s o u n d  c l ay  a t  t he  r i v e r ­
s i de  t oe  t o i mp r ov e  s t a b i l i t y  on  t ha t  s i de,  
t he  p o s i t i o n  o f  t he mo s t  c r i t i c a l  we d g e s  
and  t he me t h o d  o f  a n a l y s i s .  A s i mi l a r  
s e c t i o n  and me t h o d  we r e  us e d  f o r  e a c h  of  
t he  c r o s s  s e c t i o n s  a t  50 f t  i n t e r v a l s .

Be c a u s e  of  t he d i f f i c u l t y  o f  c o n s t r u c t i n g  
t he s t r e n g t h e n i n g  t r e n c h  b a c k f i l l e d  wi t h  
s o u n d  c l a y  i n  t he s o f t  c o n d i t i o n s  e x i s t i n g  
at  t he t oe,  t he  f i n a l  t r e n c h  wa s  n o t  a l wa y s  
i d e n t i c a l  wi t h  t ha t  d e s i g n e d  i n  t h i s  s e r i es  
of  a n a l y s es .  Howe v e r ,  i n eac h  c as e  t he t oe 
t r enc h,  as  c o n s t r u c t e d ,  was  s u r v e y e d  by
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Fi g .  5 Cr o s s  s e c t i o n  a t  c h a i n a g e  200 f t  as  s u r v ey ed ,  i n v e s t i g a t e d  a n d  a n a l y s e d  
at  end of  c o n s t r u c t i o n

321



M EIGH and HA WS

a u g e r i n g  u p o n  c o mp l e t i o n ,  a nd  i n  eac h  c ane  
t he s e c t i o n  f i n a l l y  c o n s t r u c t e d  wa e  s h o wn  
t o be a t  l e a s t  e q u i v a l e n t  t o t he p r opos a l ,  
f r o m t he p o i n t  of  v i e w of  s t a b i l i t y .

The l o wes t  end o f  c o n s t r u c t i o n  f a c t o r  of  
s a f e t y  o b t a i n e d  f o r  a l l  s e c t i o n s  as  f i n a l l y  
mo d i f i e d  by  t he c o n s t r u c t e d  t oe t r e n c h  was
1. 20,  J us t  equa l  t o t he mi n i mu m c o n s i d e r e d  
a c c e p t a b l e .  The p a r a me t e r s  a s s u me d  f o r  t h i s  
a n a l y s i s  we r e  s o me wh a t  c o n s e r v a t i v e ,  as  ma y  
be s e e n  f r o m t he r a n g e  of  r e s u l t s  q u o t e d  
abov e,  and  as  t he  s h e a r  s t r e n g t h  o f  t he  
a l l u v i u m wi l l  i nc r e a s e  f u r t h e r  wi t h  t i me  
t he f a c t o r  o f  s a f e t y  wi l l  i n c r e a s e  a l s o.
Fi g.  6 s h o ws  t he d e t a i l e d  d e s i g n  c r os s  
s e c t i o n  o f  t he d a m wi t h  s l ope  p r o t e c t i o n  
and f i l t e r s .

SETTL EMENT AND CONSOL I DATI ON STRENGTH GAI N

Du r i n g  t he i n i t i a l  s t a g e s  of  p l a c i n g  t he 
e mb a n k me n t  f i l l  t he r e c e n t  a l l u v i u m i n  t he  
f o u n d a t i o n  bec ame  o v e r s t r e s s e d  a nd  p l a s t i c  
f l o w of  t he  f o u n d a t i o n  ma t e r i a l  t oo k  p l ac e .  
Th i s  r e s u l t e d  i n  d i s p l a c e me n t  o f  t he 
f o u n d a t i o n  ma t e r i a l  by  t he f i l l .  Du r i n g  
I n v e s t i g a t i o n s  c a r r i e d  ou t  t h r o u g h o u t  t he 
c o n s t r u c t i o n  p e r i o d  t o d e t e r mi n e  t he  
l o c a t i o n  of  t he i n t e r f ac e ,  a  ma x i mu m 
v e r t i c a l  d i s p l a c e me n t  of  t he i n t e r f a c e  be l o w 
o r i g i n a l  g r o u n d  l e v e l  of  12 f t  was  r e c o r d e d  
( Pi g.  3) .  No t h e o r e t i c a l  a n a l y s i s  of  t he  
b e h a v i o u r  a t  t h i s  s t a g e  a p p e a r s  r e a l i s t i c  
as  t he c o n d i t i o n s  we r e  h i g h l y  v a r i a b l e  and  
I n d e t e r mi n a t e .

Fo l l o wi n g  t he s t a b i l i s i n g  o f  t he  dam,  
p l a s t i c  f l o w v i r t u a l l y  c eas ed  and t he  
f o u n d a t i o n s  t h e n  bec ame s u b j e c t  bo t h  t o 
t h l x o t r o p i c  r e g a i n  of  s t r e n g t h  a f t e r  r e ­

mo u l d i n g ,  a nd  t o n o r ma l  c o n s o l i d a t i o n  
p r o c e s s e s  r e s u l t i n g  i n  l o n g - t e r m s e t t l e me n t  
and  s t r e n g t h  gai n.  I t  was  p o s s i b l e  t o 
p r e d i c t  t he l o n g - t e r m s e t t l e me n t s  on  t he 
bas i s  o f  p a r a me t e r s  me a s u r e d  i n  s ome d e t a i l  
( 16 s a mp l es  and  o e d o me t e r  t es t s )  f o r  a  s i t e  
at  Ti l bu r y ,  wh e r e  t he Th a me s  r e c e n t  
a l l u v i u m i s v e r y  B i m i l a r .  The  d e s i g n  p a r a ­
me t e r s  d e d u c e d  f r o m t hes e  r e s u l t s  we r e  
c o n f i r me d  by  a s i n g l e  s e t  o f  t es t s  f o r

Gr o v e h u r s t  Do c k  and  t he  v a l u e s  a d o p t e d  wer e :  

c v  = 4 . 2  s q . f t / y r  

and  mv  = 0 . 1 3 5  s q . f t / t o n

A s i mp l e  o n e - d i me h s i o n a l  c o n s o l i d a t i o n  
a n a l y s i s  on  t h i s  bas i s  p r e d i c t s  a t o t a l  
s e t t l e me n t  v a r y i n g  b e t we e n  2 . 6  f t  at  
c h a l n a g e  1 00  f t  c o mp l e t e d  a f t e r  280 y e a r s  
and  1 . 9  f t  c o mp l e t e d  a f t e r  1 40  y e a r s  at  
c h a i n a g e  1 50  f t .  A p l o t  o f  t he  s e t t l e me n t  
c u r v e s  f o r  c h a i n a g e  1 0 0  f t  bas ed  on  t h i s  
a n a l y s i s  i s  s h o wn  on  Fi g.  7.

Fi g .  7 Th e o r e t i c a l  and o b s e r v e d  
s e t t l e me n t / t i me  c ur v es ,  
c h a i n a g e  1 0 0  f t .

S IL T Y  C L A Y  (Rcccnt Alluvium)

Sca le  of ftet  
O 10 20

InUrfac« between clay fill and rcccnt alluvium

10" r ip -ra p ,  4 "- l0 ''» ix c  

10" gravel, 3"m ax. tiie

Fi g.  6 Ty pi c al  c r oss  sec t i on
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Se t t l e me n t  p l a t e s  we r e  u s e d  d u r i n g  
c o n s t r u c t i o n  o f  t he dam,  bu t  d ue  t o t he v e r y  
l a r g e  v e r t i c a l  and  h o r i z o n t a l  d i s p l a c e me n t s  
wh i c h  t o o k  p l a c e  as  p l a s t i c  f l o w o c c u r r e d  
t he  p l a t e s  and  t h e i r  ma r k e r s  b ec ame  i nc l i ned  
a nd  d i s p l a c e d  a nd  t h e r e f o r e  had  t o be d i s ­
c o u n t e d .  Ho we v e r ,  d i r e c t l y  s t a b i l i t y  was  
a c h i e v e d  p e r ma n e n t  ma r k e r s  we r e  e s t a b l i s h e d  
on  t he c r e s t  and  be r ms  of  t he dam,  and  
r e a d i n g s  on  t hes e  h a v e  bee n  p r o c e e d i n g  at  
r e g u l a r  i n t e r v a l s .  A p l o t  of  t hes e  r e s u l t s  
i s  a l s o  s h o wn  on  Fi g .  7.  I t  wi l l  be s ee n  
t h a t  a l mo s t  t wo y e a r s  a f t e r  c o mp l e t i o n  of  
t he  dam,  s e t t l e me n t  a g a i n s t  t i me  c o n t i n u e s  
s t e a d i l y  a t  a  r a t e  a p p r o x i ma t e l y  5 0> i n 
e x c e s s  o f  t he  c a l c u l a t e d  r a t e  f o r  t h i s  
per i od .  Ho we v e r ,  t he  u n c e r t a i n t i e s  i nv ol v ed 
i n t he o n e - d i me n s i o n a l  a n a l y s i s  a r e  so 
c o n s i d e r a b l e ,  p a r t i c u l a r l y  r e g a r d i n g  d r a i n ­

a ge  c o n d i t i o n s ,  t h a t  t h i s  a mo u n t  o f  a g r e e ­
me n t  a p p e a r s  s a t i s f a c t o r y .  Fo r  t he anal ysi s,  
s i n g l e  d r a i n a g e  wa s  a s s u me d  u p wa r d s  t o a 
d r a i n a g e  l a y e r  a t  t he  bas e of  t he c l a y  f i l l ,  
i t  b e i n g  c o n s i d e r e d  t ha t  t he s o f t e n e d  l umps  
of  p l a c e d  c l a y  i n t h i s  a r e a  wo u l d  hav e  
s u f f i c i e n t  v o i d s  t o f o r m a d r a i n a g e  l ay er .
I t  wa s  a l s o  a s s u me d  t ha t  d o wn wa r d  d r a i n a g e  
wo u l d  no t  be s i g n i f i c a n t ,  but  t h i s  l a t t e r  
a s s u mp t i o n  h as  n o t  b e e n  i n v e s t i g a t e d  
e x h a u s t i v e l y .  Ho we v e r ,  i t  i s  l i k e l y  t ha t  
t he o b s e r v e d  r a t e  o f  s e t t l e me n t  r e s u l t s  
f r o m a h o r i z o n t a l  p e r me a b i l i t y  g r e a t e r  t ha n  
t he  v e r t i c a l .

Ea r l y  i n  t he  l o a d i n g  pe r i od ,  t he r e  was  a 
p e r c h e d  wa t e r  t a b l e  i n rt he c l a y  f i l l  
s e p a r a t e d  f r o m t he g r o u n d  wa t e r  t ab l e ,  and  
f o r  t h e s e  c o n d i t i o n s  t he f u l l y  c o n s o l i d a t e d  
e f f e c t i v e  s t r e s s  i n  t he f o u n d a t i o n s  wo u l d  
be g r e a t e r  t h a n  t ha t  c o r r e s p o n d i n g  t o t he 
c o n d i t i o n  wh i c h  d e v e l o p s  l a t e r  wh e n  t he 
wa t e r  t a b l e s  b e c o me  c o n n e c t e d .  Th u s  ea r l y  
a nd  l a t e  t i me  s e t t l e me n t  c u r v e s  a r e  s h o wn  
on Fi g .  7 , wi t h o u t  a n y  a t t e mp t  a t  a  f i r m 
p r e d i c t i o n  of  t he t i me  of  t r a n s f e r  f r o m one 
c u r v e  t o t he o t her .

Fu r t h e r  v a n e  t e s t i n g  wa s  c a r r i e d  out  i n 
No v e mb e r  1968,  t wo y e a r s  a f t e r  c o mp l e t i o n  
of  t he dam,  a nd  t he r e s u l t s  a r e  p l o t t e d  on  
Fi g.  1.  Th e r e  h as  b e e n  a p p r e c i a b l e  g a i n  of  
s t r e n g t h  due  t o c o n s o l i d a t i o n  i mme d i a t e l y  
b e l o w t he i n t e r f ac e ,  s u p p o r t i n g  t he 
h y p o t h e s i s  of  a n  e f f e c t i v e  d r a i n a g e  l a y e r  
t her e .  Re mo u l d e d  s t r e n g t h s  a l s o  s ho w a 
g a i n  i n t he  s a me  d e p t h  r ange .  Fu r t h e r  
r e s u l t s  o f  i n t e r e s t  we r e  o b t a i n e d  i n t he 
" bow wa v e "  a r e a  i mme d i a t e l y  d o wn s t r e a m of  
t he  s e a wa r d  s i de  t oe o f  t he dam.  Th i s  i s 
a n  a r e a  o f  ma x i mu m d i s t u r b a n c e  wh e r e  
75 l b / s q . f t  wa s  t he  ma x i mu m s h e a r  s t r e n g t h  
p e r mi s s i b l e  f o r  d e s i g n  a n a l y s i s .  The  
s t r e n g t h s  r e ma i n  b e l o w t he n o r ma l  d e p t h /  
s t r e n g t h  r e l a t i o n s h i p  Bef or e  c o n s t r u c t i o n ,  
bu t  s h o w at  l e a s t  d o u b l e  t he mi n i mu m 
d e s i g n  s t r e n g t h s  f o r  t he ar ea .  Al l  e v i d ­

e nc e  p o i n t s  t o a n  a p p r e c i a b l e  i mp r o v e me n t  
i n f a c t o r  o f  s a f e t y  d u r i n g  t he ea r l y  
s e r v i c e  l i f e  of  t he dam.

GROVEHURSF DOCK DAM

WI NDMI L L  CRi i i SK DAK

So me  t h i r t e e n  y e a r s  p r i o r  t o t he c o n ­
s t r u c t i o n  o f  Gr o v e n u r s t  Doc k  Df . m.  ; ci nra wr  c 
bu i l t  by  a s i mi l a r  me t h o d  a c r o s s  Wi n d mi l l  
Cr eek  on t he I s l and  of  Sheppey .  The  
f o u n d a t i o n  c ond i t i o n s ,  t he c r os s  s e c t i o n  of  
t he dam,  and t he me t h o d  of  c o n s t r u c t i o n  
we r e  a l l  s i mi l a r  t o t hos e  per t t - i ni ng f t  

Gr o v e h u r s t .  Thus  Wi n d mi l l  Cr e e k  Du n  f o r mea  
& s u i t a b l e  bas i s  f o r  con f i n n Et i on  of  
p r e d i c t i o n s  of  f u t u r e  p e r f o r ma n c e  of  
Gr o v e h u r s t  Doc k  Dam,  e s p e c i a l l y  wi t h  r e f - r d  
t o t he t h i x o t r o p i c  r eg. - r i n of  s h e a r  s t r e n g t h  
and t he c o n s o l i d a t i o n  p e r f o r ma n c e  of  t he 
r e c e n t  a l l u v i u m f ounda t i o n s .

Th r e e  b o r e h o l e s  we r e  t h e r e f o r e  put  do wn  at  
Wi n d mi l l  Cr e e k  i n o r d e r  t o p e r mi t  £> E e r i e r  

of  v a n e  t es t s  i n t he f o u n d a t i o n  a l l uv i um,  
u s i n g  t he s ame f i e l d  t e c h n i q u e  as  f or  t he 
Gr o v e h u r s t  Do c k  Dam s i t e  i n v e s t i g a t i o n .

Si t e  i n v e s t i g a t i o n  r e s u l t s  f r om t he t i me of  
c o n s t r u c t i o n  of  Wi n d mi l l  Cr eek  Ds m wer e  
a v a i l a b l e ,  i n c l u d i n g  v a n e  t e s t i n g  c a r r i ed  
ou t  p r i o r  t o t hat  c o n s t r u c t i o n  i n Kay  1953,  
and d u r i n g  c o n s t r u c t i o n  i n Ha y  1954.  The  
b e s t - f i t  l i ne  d e p t h / s t r e n g t h  p r o f i l e s  l or
1953  ( be f o r e  c ons t r u c t i o n ) ,  f or  1954 ( du r i ng  
c o n s t r u c t i o n )  and f or  196 6  ar e  p l o t t ed  
t o g e t h e r  on Fi g.  8.  For  eac h  da t e  t wo 
l i n e s  ar e  ar awr . ,  a f u l l  one  f o r  u n d i s t u r b e d  
s h e a r  s t r e n g t h  and  a b r o k e n  one f or  
r e mo u l d e d  s h e a r  s t r eng t h .  I n eac h  es s e  t he
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Fi g.  8 Wi n d mi l l  Cr e e k  Dam.  De p t h  s t r eng t h  

r e l a t i o n s h i p s  by  i n - s i t u  v ane  t es t s
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M E IG H  and H A W S

r e mo u l d e d  s hea r  s t r e n g t h  was  me a s u r e d  t . :  t he 

s ame  l ev e l  es  t he u n d i s t u r b e d  s h e a r  s t r e n g t h  
but  I n t he r e mo u l d e d  c as e t he v a n e  was  

t u r ned  s i x  t i mes  and  t hen  a l l o we d  t o s t and  
f o r  f i v e  mi n u t e s  b e f o r e  t he s h e a r  d e t e r mi n a ­
t i on.  The  b e s t - f i t  l i nes  we r e  o b t a i n e d  by  
t ak i ng  a v e r a g e  v a l u e s  of  i n d i v i d u a l  s t r e n g t h  
d e t e r mi n a t i o n s  f o r  p a r t i c u l a r  l ev e l s .  The  

bef o r e  c o n s t r u c t i o n  u n d i s t u r b e d  s h e a r  

s t r e n g t h s  ar e g e n e r a l l y  b e l o w t he e q u i v a l e n t  
v a l u e s  f or  Gr o v e h u r s t  Do c k  Da m as  s h o wn  on  

Fi g.  1.  Co mp a r i n g  t he  195 3  and  195 4  u n d i s ­
t u r bed  s h e s r  s t r e n g t h  p r o f i l e s  f o r  Wi n d mi l l  

Cr e e k  Dam,  i t  c an be s e e n  t ha t  a t  l e v e l s  

wi t h i n  1C f t  of  t he o r i g i n a l  g r o u n d  l ev e l  
t her e  i s a d e c r e a s e  of  a p p r o x i ma t e l y  2 0 $  of  

i n i t i a l  s h e a r  s t r e n g t h  a f t e r  r e mo u l d i n g  of  
t he u p p e r  l ev e l s  of  r e c e n t  a l l u v i u m by  t he  
c o n s t r u c t i o n  wor k s .  Th i s  i e i n  r e a s o n a b l e  

a g r e e me n t  wi t h  t he l a b o r a t o r y  r e s u l t s  t o 

a s s e s s  t he r a t e  of  r e c o v e r y  as  s h o wn  i n 
Fi g.  2.  At  g r e a t e r  d e p t h  no s i g n i f i c a n t  

e f f e c t  of  r e mo u l d i n g  by  c o n s t r u c t i o n  i s 

a p p a r e n t  and i t  ma y  be i n f e r r e d  t ha t  t he 

d i s t u r b i n g  e f f ec t  d i d  n o t  r e a c h  g r ea t  
d ep t hs .  As  wo u l d  be e x pec t ed ,  t he r e  i s  no 

s i g n i f i c a n t  d i f f e r e n c e  b e t we e n  t he 195 3  and
1954 r e mo u l d e d  s h e a r  s t r e n g t h  p r o f i l es .

The s h e a r  s t r e n g t h  p r o f i l e  f o r  1966  s hows  a 

s i g n i f i c a n t  i nc r eas e  i n  bo t h  u n d i s t u r b e d  

and r e mo u l d e d  s h e a r  s t r e ng t hs .  Th i s  

i n c r e a s e  i s  due bo t h  t o t h i x o t r o p i c  r e c o v e r y  

of  s h e a r  s t r e n g t h  wi t h  t i me  a f t e r  
d i s t u r b a n c e  and t o t he  c o n s o l i d a t i o n  e f f e c t  

of  h i g h e r  o v e r b u r d e n  p r e s s u r e s  a p p l i e d  
s i n c e  c o mp l e t i o n  of  t he dam.  I t  i s  i nt er es t ­

i ng t o c o mp a r e  t he  s h a p e  of  t h i s  d e p t h /  

s t r e n g t h  r e l a t i o n s h i p  at  a  l a t e  s t age  of  
c o n s o l i d a t i o n  wi t h  t ha t  of  t he 1 9 6 8  r e s u l t s  

f o r  Gr o v e h u r s t  Do c k  Da m s h o wn  on  Fi g .  1 
wh e r e  c o n d i t i o n s  of  o n l y  p a r t i a l  c o n s o l i d a ­

t i o n  s t r e n g t h  g a i n  ex i s t .

The  f a v o u r a b l e  e f f e c t  of  c o n t i n u i n g  
s t a b i l i t y  and  l o a d i n g  wi t h  t i me  wa s  c o n ­
f i r me d  by  f i e l d  o b s e r v a t i o n  a t  Wi n d mi l l  

Cr e e k  Dam,  and  t o a  l e s s e r  e x t e n t  at

Gr o v e h u r s t ,  as  b e i n g  i n goo d  a c c o r d  wi t h  
p r e d i c t i o n s  ba s e d  on  l a b o r a t o r y  r es u l t s .

CONCL USI ONS

The  e c o n o mi c a l  me t h o d  of  c o n s t r u c t i o n  of  

Gr o v e h u r s t  Do c k  Dam,  a c c e p t i n g  i n i t i a l  
p l a s t i c  f l o w of  t he f o u n d a t i o n  ma t e r i a l  and  

c r a c k i n g  o f  t he p l a c e d  f i l l ,  has  p r o v e d  

f ea s i b l e .  Op e r a t i o n  of  t he d a m t h r o u g h o u t  
i t s  f i r s t  y e a r  h as  b e e n  s a t i s f a c t o r y  and 

o b s e r v e d  s e t t l e me n t s  ar e  r e a s o n a b l y  c l os e  
t o p r e d i c t i o n s .  Fi g .  9 s h o ws  a p h o t o g r a p h  
of  t he d a m a f t e r  a  y e a r ' s  s e r v i c e .  A c l os e  

wa t c h  wi l l  be k e p t  on  f u t u r e  s e t t l emen t ,  and  

s h o u l d  t he  c r es t  l e v e l  a p p r o a c h  +1 8 . 5  f t
O. D. ,  t he d e s i g n  mi n i mu m,  b e f o r e  t he  r a t e  of  
s e t t l e me n t  b e c o me s  n e g l i g i b l e ,  t h e n  a d d i ­
t i o n a l  f i l l  wi l l  be p l a c e d  as  n e c e s s a r y .

As  t he ma i n  ma t e r i a l s  and  f a c t o r s  i n f l u e n c ­
i ng  t he s t a b i l i t y  a t  Gr o v e h u r s t  Do c k  Da m 

ar e  v e r y  s i mi l a r  t o t h o s e  of  Wi n d mi l l  Cr e e k  
Da m i t  a p p e a r s  r e a s o n a b l e  t o e x t r a p o l a t e  

t he  s t a b i l i t y  r e s u l t s  f o r  Gr o v e h u r s t  Do c k  
Da m t o t he e x t e n t  c o n f i r me d  by  t he f i e l d  

me a s u r e me n t s  at  Wi n d mi l l  Cr eek .  On  t he 

b a s i s  o f  s uc h  a n  e x t r a p o l a t i o n  t he f a c t o r s  
of  s a f e t y  f o r  Gr o v e h u r s t  Do c k  Da m ma y  be 

e x p e c t e d  t o r i s e  t o a p p r o x i ma t e l y  1 . 5  ov e r  
t he  n e x t  t h i r t e e n  y ear s .

ACKNOWL EDGEMENTS

Gr o v e h u r s t  Do c k  Da m wa s  c o n s t r u c t e d  by  

J o h n  Mo wl e m & Co.  L t d . ,  t o t he  d e s i g n  of  
So i l  Me c h a n i c s  Lt d.

The  p a p e r  i s  p r e s e n t e d  by  p e r mi s s i o n  of  

J o h n  Mo wl e m & Co.  L t d .  and  Bo wa t e r s  Un i t e d  

Ki n g d o m Pu l p  and  Pa p e r  Mi l l s  Lt d.

Fi g.  9 Co mp l e t e d  d a m and  d i s c h a r g e  p i pe l i ne ,  f r o m r e s e r v o i r  s i de.

324


