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Opening ceremony 



Director-General of tfie Rijkswaterstaat J. W. Tops during tfie Opening 



ADDRESS OF WELCOME 
by H. Engel 
Director of tfie Deitadienst of Rili<swaterstaat 

Ladies and Gentlemen, 
On behalf of the Symposium Committee I b i d you welcome t o D e l f t , welcome t o our 
symposium. Foundation Aspects of Coastal S t r u c t u r e s . 
I would l i k e t o extend a s p e c i a l word of welcome t o the d i r e c t o r - g e n e r a l of our 
Department of Public Works, Water c o n t r o l and T r a f f i c , g e n e r a l l y c a l l e d R i j k s 
w a t e rstaat. He w i l l h o l d the opening address. 
Between a l l our d i s t i n g u i s h e d guests I would l i k e , t o mention the l a d i e s who had 
the courage t o come w i t h t h e i r husbands t o a country where the Organizing Com
mitt e e t e l l s you t h a t the temperature seldom r i s e s above 15 degrees, and t h a t 
r a i n c o a t s are advisable. We are very g l a d you are w i t h us, we hope t o see you 
and we hope you w i l l l i k e D e l f t , the place we chose not only because i t i s the 
cradle of Dutch engineers, but also because i t i s a l o v e l y o l d town. 
The Symposium has three major o b j e c t i v e s , the f i r s t i s a very e g o i s t i c one, t o 
give a l l the people working on the storm surge b a r r i e r a c l e a r view of what the 
geotechnical people found and what t h e i r conclusions are. The second i s t h a t we 
i n v i t e d you as experts t o hear these speeches and h o p e f u l l y you w i l l c r i t i c i z e 
them, because from c r i t i c i s m springs t r u t h . The t h i r d and the l a s t i s the noble 
reason i n the programme, t o inform our colleagues from a l l over the world of 
our f i n d i n g s . 

The o r g a n i s a t i o n of t h i s symposium was s t a r t e d about a year ago under the r e s 
p o n s i b i l i t y of the Netherlands Society f o r S o i l Mechanics and Foundation Engin
eering as a j o i n t venture between the D e l f t S o i l Mechanics Laboratory and the 
R i j k s w a t e r s t a a t . 

I t was backed up and supported by the D e l f t U n i v e r s i t y of Technology, the Royal 
I n s t i t u t i o n of Engineers i n the Netherlands, and the c o n t r a c t o r s i n v o l v e d i n 
the b a r r i e r design. There are about 2 0 0 p a r t i c i p a n t s , about a t h i r d of them come 
from abroad. I t i s my sincere wish t h a t a l l of you should enjoy t h i s symposium 
both t e c h n i c a l l y and s o c i a l l y . Thank you. 

May I i n v i t e the d i r e c t o r - g e n e r a l of the R i j k s w a t e r s t a a t t o hol d h i s opening 
address„ 

OPENING ADDRESS 
by J. W. Tops 

Director-Generai of ttie Riil(swaterstaat 

Mr„ Chairman, l a d i e s and gentlemen. 

Foundations p l a y an important, i f not a c r u c i a l r o l e i n the c o n s t r u c t i o n of our 
coa s t a l defences. As you already know, or w i l l see i n the f i l m t h a t w i l l be 
shown a f t e r my i n t r o d u c t i o n , a very important p a r t of the Netherlands l i e s below 
sea-level and has t o be p r o t e c t e d against the North Sea. 
F a i l u r e i n the c o n s t r u c t i o n of our c o a s t a l defences can cause f l o o d i n g of 50% of 
our country. The Del t a P r o j e c t reduces t h i s r i s k by heightening and/or s t r e n g t h 
ening the dykes, by c l o s i n g a number of e s t u a r i e s and by b u i l d i n g a storm surge 
b a r r i e r i n the Eastern Scheldt. 
Nearly 25 years ago, when the Del t a P r o j e c t was s t a r t e d , the c l o s i n g of a b i g 
estuary l i k e the Eastern Scheldt was considered very d i f f i c u l t , and we decided 
t h a t we would develop new methods and gain experience w h i l e r e a l i z i n g the c l o s 
i n g of smaller sea-arms. This i s the reason why the Eastern Scheldt, which has 
a t i d a l volume about twice as b i g as the other e s t u a r i e s i n the D e l t a P r o j e c t , 
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was t o be the l a s t sea-arm t o be p r o t e c t e d . I n the l a s t twenty years the con¬
s t r u c t i o n of our c i v i l - e n g i n e e r i n g works was, however, more and more i n f l u e n c e d 
by environmental considerations. These environmental considerations l e d t o the 
choice of a storm surge b a r r i e r f o r the Eastern Scheldt instead of a permanent
l y closed dam. 

Three c o n d i t i o n s are attached t o t h i s d e c i s i o n , taken by the government m 

1974: 
1. the e x t r a costs are l i m i t e d t o a f i x e d , but very considerably amount; 
2. the p r o j e c t has t o be ready i n 1985; 
3. the p r o j e c t has t o be t e c h n i c a l l y f e a s i b l e . 
The f i r s t c o n d i t i o n i n d i c a t e s c l e a r l y how much the government i s prepared t o 
pay f o r the p r e s e r v a t i o n of such an important environment as the Eastern Scheldt. 
Although environmental aspects are very d i f f i c u l t t o f i t i n a c o s t - b e n e f i t ana
l y s i s , very much importance was attached t o the environmental value of t h i s area. 
We can be sure t h a t environmental and s o c i a l considerations w i l l , i n the f u t u r e 
determine t o a large extent our i n f r a - s t r u c t u r a l c o n s t r u c t i o n s . This i s , of 
course, only p o s s i b l e when adequate t e c h n i c a l s o l u t i o n s can be founds 

The second c o n d i t i o n s - the time f a c t o r - has been introduced not t o w i t h h o l d 

d e l t a - s a f e t y from the p o p u l a t i o n around the Eastern Scheldt any longer than ne

cessary. 

The l a s t c o n d i t i o n - no doubt the most important one f o r you - regards the d i f 

f i c u l t y of the assigned task. 

I t can be said t h a t the p r o j e c t i s of a unique character i n many aspects. Prac
t i c a l l y a l l elements of the p a r t i a l l y opened c o n s t r u c t i o n are t e c h n i c a l l y w e l l -
known i n p r i n c i p l e and have been used before. However, the extreme scale of 
these elements and the combination of them i n a rough area such as the mouth of 
the Eastern Scheldt represents a completely new s i t u a t i o n . The problem of the 
foundation, i n which the D e l f t S o i l Mechanics Laboratory i s deeply i n v o l v e d , ^ i s 
an aspect of extreme importance. During one and a h a l f years of study, t o ex 
p l o r e whether the f i x e d c o n d i t i o n s could be met, i t was proved several times 
t h a t we are c l o s e l y approaching the l i m i t s of our t e c h n i c a l know-how. 
Mr. Chairman, I am of the opinion t h a t a symposium l i k e t h i s can c o n t r i b u t e t o 
make everyone understand c l e a r l y the way i n which we have d e a l t w i t h the pro
blem of the foundation of the storm surge b a r r i e r i n the Eastern Scheldt. 
We are proud of the f a c t t h a t we have been able t o make t h i s storm surge b a r r i e r 
i n the Eastern Scheldt. I leave i t up t o you t o decide whether t o agree w i t h the 
statement of our former m i n i s t e r Westerterp, t h a t the storm surge b a r r i e r m the 
Eastern Scheldt i s t o be the g r e a t e s t c i v i l - e n g i n e e r i n g work of the century. 
I hope t h a t the experience gained i n the research f o r the best p o s s i b l e found
a t i o n of the storm surge b a r r i e r , w i l l provide other engineers w i t h s o l u t i o n s 
f o r problems t h a t they w i l l meet i n the f u t u r e . 

Mr. Chairman, i t i s my p r i v i l e g e a f t e r t h i s i n t r o d u c t i o n , t o wish you a success

f u l symposium, and you, l a d i e s and gentlemen, a number of i n s t r u c t i v e days. 

Thank you. 
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Session I 

Review of the Project and History of the Design 



chairman: 

I have the pleasure t o open the f i r s t session of t h i s symposium. Section I con
cerns a review of the p r o j e c t and the h i s t o r y of the design. I t focuses on the 
theme of the conferences, S o i l Mechanics Research and Foundation Design f o r the 
Eastern Scheldt Storm Surge B a r r i e r . Focusing i m p l i e s distance and w i l l i n g n e s s 
t o s e l e c t . A l l three speakers of t h i s morning have played and are s t i l l p l a y i n g 
an important r o l e i n managing and performing the study of the closure of the 
Eastern Scheldt. They are a l l R i j k s w a t e r s t a a t c o l l a b o r a t o r s and you w i l l r e a l i s e 
t h i s morning t h a t t h e i r approach t o the t o p i c s t o be discussed shares common 
c h a r a c t e r i s t i c s , namely awareness of the many problems i n respect of designing 
coa s t a l works i n the Netherlands, more emphasis on boundary c o n d i t i o n s than on 
the design d e t a i l s , and f i n a l l y developed or adapted c o n s t r u c t i o n techniques 
based on new s c i e n t i f i c and t e c h n i c a l knowledge. These common c h a r a c t e r i s t i c s 
i n my o p i n i o n bear witness t o a f i n e R i j k s w a t e r s t a a t t r a d i t i o n i n designing and 
b u i l d i n g c o a s t a l engineering products of h i g h standard. 
Ladies and gentlemen, I hope t h a t t h i s i n t r o d u c t o r y session of the geotechnical 
symposium provides a c l e a r framework f o r the c o n t r i b u t i o n s of the other sessions. 

I would l i k e now t o introduce Mr. Engel t o give an o v e r a l l p i c t u r e of the pro
j e c t . Mr. Engel i s head of the D e l t a d i e n s t , t h a t i s a s p e c i a l department of 
Ri j k s w a t e r s t a a t which i s i n charge of the execution of the Delta P r o j e c t . I t i s 
evident t h a t Mr. Engel i s i n the best p o s i t i o n t o give t h a t o v e r a l l p i c t u r e . 
May I ask Mr. Engel t o take the f l o o r f o r h i s c o n t r i b u t i o n . 

OVERALL PICTURE OF THE PROJECT 
by H. Engel 
Vol. 1, Paper 1.1 

Chairman : 

Thank you Mr. Engel, you r e a l l y succeeded i n your paper and now again on the 
f l o o r , t o i l l u s t r a t e the i m p l i c a t i o n s o f the p r o j e c t , i n view of the environ- ^ 
mental aspects. As you po i n t e d out, t h i s c o n f r o n t a t i o n l e d t o a t o t a l l y d i f f e r 
ent design, much more complicated than the o r i g i n a l , and i n my o p i n i o n never 
before i n the Netherlands has so b i g a percentage been applied f o r research f o r 
b i g c i v i l engineering p r o j e c t s . 
Thank you very much. Mr. Engel. 

May I now i n v i t e Mr. Spaargaren f o r h i s c o n t r i b u t i o n concerning a review of the 

various designs. 

REVIEW OF THE VARIOUS DESIGNS 
by F. Spaargaren 
Vol. 1, Paper 1.2 

Chairman: 

Thank you. Mr. Spaargaren. You i l l u s t r a t e d very w e l l the many boundary condi-^ 
t i o n s t o be respected d u r i n g the design work. Of these c o n d i t i o n s the s o i l me 
chanica l c o n d i t i o n s had great i n f l u e n c e on the design. This conference deals 
only w i t h foundation aspects. I t i s important t h a t you succeeded so w e l l t o re
l a t e the s o i l mechanical c o n d i t i o n s t o a l l other c r i t e r i a t o be considered. 
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This avoids f o r a l l those who are not i n v o l v e d i n t h i s p r o j e c t the r i s k o f over
e s t i m a t i n g the r o l e of the geotechnical engineer, which o f course remains of 
utmost importance. Thank you very much, Mr. Spaargaren. 

May I i n v i t e the l a s t speaker of t h i s session, Mr. Boehmer. Mr. Boehmer i s 
senior engineer i n science and engineering a n a l y s i s of the Delt a Department of 
Ri j k s w a t e r s t a a t . Mr. Boehmer has been i n v o l v e d i n a l l s o i l mechanics and found
a t i o n problems from the very beginning of the design study of the closure of the 
Eastern Scheldt. With the c o n t r i b u t i o n of Mr. Boehmer we are i n e v i t a b l y approach
in g the theme of the conference. 

SPECIAL GEOTECHNICAL STUDIES AND THEIR UNEXPECTED EFFECTS 
by J. W. Boehmer 
Uo/. 1, Paper 1.3 

Chairman: 

Thank you very much, Mr. Boehmer. I s a i d before Mr. Boehmer s t a r t e d t h a t we 
were approaching t h e theme of the conference, but you have seen y o u r s e l f t h a t 
we are already i n the middle of the theme. Thank you very much, Mr. Boehmer, 
f o r your c o n t r i b u t i o n and f o r your e n t h u s i a s t i c performance. 
Ladies and gentlemen, we have 15 minutes f o r discussion. 
I t h i n k t h a t e s p e c i a l l y the c o n t r i b u t i o n of Mr. Boehmer, on page 16 of h i s 
paper you have seen a number of conclusions, can give the p o s s i b i l i t y f o r a 
number of questions. 
Who w i l l put the f i r s t question? 

G. de Josselin de Jong 

I t has been pointed out by Mr, Engel t h a t the Oosterschelde p r o j e c t i s an unusu
a l p r o j e c t , r e q u i r i n g the c o l l a b o r a t i o n of m u l t i - d i s c i p l i n a r y teams. Indeed the 
s i t u a t i o n i s unusual w i t h respect t o the s o i l mechanics aspects, because the 
sand has an exc e p t i o n a l low d e n s i t y and shows an unstable behaviour. 
Personally, I was not in v o l v e d i n the s t u d i e s , b ut I was aware of them, since 
much a c t i v i t y was going on a l l around me. I was much impressed by the courage 
of the young people t o develop computer programmes f o r the sand behaviour and 
t h e i r perseverance t o t a c k l e a l l k i n d of d i f f i c u l t aspects. I t was of b e n e f i t 
t o s o i l mechanics t h a t great e f f o r t was made t o implement more fimdamental me
chanical p r i n c i p l e s , than commonly used i n s o i l mechanics. 
However, the behaviour of loose sand i s s t i l l not completely understood, b a s i c 
a l l y . What we need i s more i n s i g h t i n t o the mechanics of deformation. Then, 
p o s s i b l y , c o n s t i t u t i v e r e l a t i o n s could be developed i n a s i m i l a r manner, as 
Rowe d i d f o r h i s s t r e s s - s t r a i n r e l a t i o n s . 
My question t o Mr. Engel i s how much confidence R i j k s w a t e r s t a a t has i n s o i l me- , 
chanics i n i t s present stage i n t a k i n g the important decisions w i t h respect t o 
the great works they are responsible f o r ? Has s o i l mechanics enough r e l i a b i l i t y 
at t h i s moment? 

E. Engel: 

Well, Mr. Chairman, t h i s i s a d i f f i c u l t q u e s t ion. I n the f i r s t place Prof. De 
J o s s e l i n de Jong st a t e s the problem of the s o i l mechanics, and t h a t i s indeed 
i n t h i s case the most serious problem. Well perhaps h y d r o l o g i s t s or en v i r o n 
m e n t a l i s t s would put the most serious problems somewhere els e . You s t a t e t h a t 
the s o i l c o n s i s t s of a not too good sand, w e l l , t o another audience I would say 
i t c o n s i s t s of sand a t t h a t i s much b e t t e r than most of the s o i l s t h a t we have 
i n the Netherlands. Well, then about the confidence, i t i s of course a method 
fol l o w e d i n the past t h a t you show a l o t of confidence a t the s t a r t and a f t e r 
wards have t o r e g r e t i t b i t t e r l y , because you f i n d t h i n g s t h a t you would have 
found e a r l i e r i f you d i d not put t h a t confidence so high. So our aim was not 
to prejudge the r e s u l t s . What engineers used t o do, i s t o t r y t o f i n d the l i m i t s 
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of our s a f e t y . I mean t h a t i f we ask a s o i l mechanics expert t o give us the 
worst idea he can give about the c o n s t r u c t i o n , then we w i l l accept t h a t as a 
boundary u n t i l the time when we know b e t t e r . And w i t h i n t h i s l i m i t i n g way we 
as engineers are sure t h a t we can make a safe storm surge b a r r i e r and only on 
t h i s assumption could we s t a r t the f u r t h e r design a f t e r the one and a h a l f 
years the government gave us t o come t o t h i s conclusion. Of course there w x l l 
always be new t h i n g s found when you do research, and of course we always need 
new models t o give a b e t t e r idea of what r e a l l y happens. But I t h i n k I speak 
f o r the whole team of designers t h a t our f i n d i n g s u n t i l now give us the engin
eering prognosis t h a t we can make a s o l i d and st a b l e storm surge b a r r i e r . 

C.J. Sammons: 

The author mentioned t h a t p r o t e c t i o n from erosion on the i n l a n d side of the 
b a r r i e r was t o be provided by 5-10 tons heavy blocks. Have the designers 
experience w i t h using t h i s size of blocks f o r p r o t e c t i o n against erosion by 
high flows? I f not, what c r i t e r i a or formula have they used i n the design, and 
how much confidence have they i n i t s use f o r flows of the size envisaged? 

F. Spaargaren: 

Well, I mentioned these heavy blocks as a t o p l a y e r of the s i l l . Your question 
i s - Do we have experience i n p r a c t i c e w i t h those types of l a y e r s and the d i 
mensions of stones, and I have t o say: No, u n t i l now we have experience w i t h 
much smaller stones, up t o say about one t o n i n the a c t u a l gaps we have already 
closed i n the Delt a p l a n , so what i t means i s t h a t we e x t r a p o l a t e d by means of 
model tests- the s t a b i l i t y of t h i s top l a y e r , and we have the back up of the f o r 
mer model t e s t s t o the a c t u a l gaps, and we have confidence t h a t based on these 
new model t e s t s these types of blocks can wi t h s t a n d the heavy c u r r e n t . 

J. Blaauwendraad: 

I t ' s a p i t y , Mr. Chairman, t h a t Mr. Boehmer could not do ever y t h i n g he wanted 
f o r I t h i n k the aspect of the r e l a t i o n between the geotechnical engineer and 
the designer would have been a nice t o p i c t o present t o t h i s audience. I t must 
be a r e a l problem t o do t h i s i n a proper way and i t may be connected w i t h h i s 
s l i d e i n which he showed a r e l a t i o n between the t o t a l cost of the t o t a l p r o j e c t 
and the costs which are necessary f o r the s t u d i e s , and I t h i n k i t was q u i t e 
c h a l l e n g i n g what he s a i d , t h a t when you reduce the costs f o r st u d i e s and r e 
search you may increase your t o t a l costs. I can understand you do t h i s , you 
use less money i n - the e a r l y phase of your t o t a l study, but could he please ex
p l a i n i f i t i s po s s i b l e t o have so much study i n a phase of the t o t a l p r o j e c t i n 
which your design i s more or less f i x e d already. 

J. W, Boehmer: 

I t h i n k there i s a basic d i f f e r e n c e between t h i s p r o j e c t and other p r o j e c t s . 
I c a l l t h i s a p r o j e c t of f l e x i b l e b i d d i n g i n which the b i d d i n g on some p a r t s of 
the design i s s t i l l open a f t e r f i x i n g the b i d s and s t a r t i n g c o n s t r u c t i o n on other 
p a r t s of the design. My f e e l i n g i s t h a t a f t e r the c o n t r a c t o r has learned from the 
design s t u d i e s what the p o t e n t i a l problems or "spooks" d u r i n g c o n s t r u c t i o n can be 
he then has the r i g h t t o come up w i t h these spooks when he makes h i s b i d . I f 
these spooks have not been solved y e t , he may say: "Well, here i s a b i d I have 
t o make, there are about s i x spooks i n t h e r e and I add 10% f o r each spook." 
Now, i f the researchers are present and i f they can improve t h e i r knowledge on 
the basis of c o n d i t i o n c o n t r o l measurements, they can help e l i m i n a t e these 
spooks, so the cost of the b i d d i n g goes down again. I f they are not present, con
s t r u c t i o n costs may r i s e above the i n i t i a l estimates as a r e s u l t of these spooks. 
I t h i n k t h i s i s the essence. I t h i n k t h i s w i l l be the most important f a c t o r which 
c o n t r o l s the u n c e r t a i n t y i n the b i d d i n g costs of t h i s p r o j e c t and which r e q u i r e s 
e x t r a costs f o r study. The second f a c t o r i s t h a t the designer has t o keep m 
close contact w i t h h i s researchers, as long as not a l l p a r t s of the design have 
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been f i x e d . 
For example, i f he makes the p i e r s heavier or i f he replaces more s o i l , or i f 
he makes h i s s i l l heavier, then not only c o n s t r u c t i o n problems could become 
bigger b u t also the whole design could become more expensive as w e l l . These are 
two components which b e s i c a l l y i n f l u e n c e costs before 1 9 8 5 . Then there i s a 
t h i r d component, which i s the maintenance costs. Although they only enter a f t e r 1 9 8 5 , 
they are i n e f f e c t p a r t o f the t o t a l p r o j e c t costs. Although we aim f o r a 
design w i t h a minimum of maintenance costs I can imagine t h a t the e x t r a know-
how which w i l l r e s u l t from c o n d i t i o n c o n t r o l o f the b a r r i e r and from f u r t h e r 
research might decrease maintenance costs i n case unforeseen problems a r i s e . 
The question ramsins how you can make a cost b e n e f i t analyses i n which you i n 
clude these three f a c t o r s and which r e s u l t s a reasonable g u i d e l i n e f o r f u r t h e r 
study e f f o r t . I t h i n k there are p o s s i b i l i t i e s t o do t h i s w i t h a p r o b a b i l i s t i c 
approach, but i t w i l l take some time before we work t h a t out. 
I' d l i k e t o i n v i t e you t o help us doing t h a t , because I know i n concrete 
research, you are discussing the same s o r t of questions. 

ff. Engel: 

I f e a r , Mr. Blaauwendraad, t h a t you t r i e d t o get Mr. Boehmer out of h i s f i e l d 
by t h i s question and I must admit t h a t I agree and disagree w i t h Mr. Boehmer. 
I agree on the p o i n t t h a t continued research i s necessary t o complement the 
execution of t h i s work. I do not agree w i t h f i g u r e 21 shown i n the paper of 
Mr. Boehmer, and I t h i n k we s h a l l a t a l l times have t o weigh out the research 
and the r e s u l t s we expect of them. And as t o Dutch c o n t r a c t o r s they may see 
spooks when i t comes t o b i d d i n g , b u t I am sure t h a t most o f them are not see
ing spooks a t a l l i n r e a l i t y . 
Thank you. 

R.S. WTignt: 

Mr. Chairman, I ' d l i k e t o ask a question o f the l a s t speaker regarding the 
depth of the scour hole on the down stream side o f the b a r r i e r . 
He showed the 25 metres estimated depth o f scour and my question i s , i s there 
some l i m i t t o the depth of the scour, which would be a s e l f l i m i t i n g f e a t u r e 
r a t h e r than an u n l i m i t e d depth o f scour h o l e . 

J.W. Boehmer: 

I f you consider the energy loss over the b a r r i e r i t t u r n s out t h a t the s i l l i s 
so h i g h t h a t we have about the maximum energy loss you can have from the water 
passing through t h i s b a r r i e r . As a r e s u l t t h e re i s a l o t of turbulence i n t h e r e , 
and the turbulence seems not t o damp out very f a s t . Even behind a r i v e r bed 
p r o t e c t i o n o f 6 0 0 metres the turbulence i s q u i t e heavy, and does not depend so 
much on the depth o f the water over which the f l o w i s going. Only deep scour 
holes w i t h steep slopes which have been s t a b i l i z e d t o prevent slope f a i l u r e s , 
w i l l e v e n t u a l l y reach e q u i l i b r i u m , provided some sand t r a n s p o r t a t i o n remains 
present over the b a r r i e r . 

Suppose now t h a t the steep slopes do f a i l which r e s u l t s t h a t the r i v e r b e d p r o 
t e c t i o n moves down and t h a t the depth of the water increases, there s t i l l might 
be 25 metres e x t r a scour hole under the f u t u r e depth of the edge o f the bottom 
p r o t e c t i o n (of course i t could not go on u n t i l 5 0 0 metres). This was a reason 
t o decide not t o a l l o w any loss o f s t a b i l i t y on the edge o f the bottom p r o t e c t 
ion. Already i n 1 9 7 4 i t was decided t h e r e f o r e t o d e n s i f y the edge of the bottom 
p r o t e c t i o n and, i f slopes get steep, also t o p r o t e c t these slopes by adding 
g r a v e l or other m a t e r i a l s . I n doing t h i s we are more f l e x i b l e t o do more r e 
search on the scour holes. 

Chairman: 

Ladies and gentlemen, 

I am now o b l i g e d t o close the session. I can imagine t h a t you s t i l l have other 
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auestions. You oan put them i n w r i t i n g on the discussion sheet and o f course 
Mr! Boehmer, Mr. Spaargaren and Mr. Bngel w i l l be a t t e n d i n g - ^ ^ ^ ^ ^ - J - ^ -
and you then have time and the p o s s i b i l i t y t o put your own question t o them I 
woulï l i k e t o thank once again the t h r e e authors and t h e speakers °fthxs mor
ni n g f o r t h e i r c o n t r i b u t i o n s . I t h i n k we have now the frame work of the theme 
of the conference, and I would l i k e t o thank you too f o r your presence here. 
Thank you very much, I w i l l now close the session. 
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Session II 

Stress-Strain Behaviour of Oosterschelde Sands 

J . T. Christian, Stone and Webster Engineering Corporation, 
Boston, Massachusset ts , U.S.A. 



chairman: 

Good afternoon, l a d i e s and gentlemen. 

My name i s John C h r i s t i a n . I am a c o n s u l t i n g engineer w i t h Stone and Webster 

Engineering Corporation. 

I have been f o r t u n a t e t o be a con s u l t a n t t o the R i j k s w a t e r s t a a t D e l t a d i e n s t 

since 1974 on t h i s p r o j e c t . We have today, t h i s afternoon three papers t h a t 

w i l l be presented. 
The f i r s t paper t h a t w i l l be presented has two authors. The f i r s t author 
i s W.A. Marr, who i s a Research Associate at the Massachusetts I n s t i t u t e of 
Technology i n Cambridge Massachusetts i n the United States, and he has been a 
consultant t o the R i j k s w a t e r s t a a t D e l t a d i e n s t since 1 9 7 4 . 
The second author of the paper, who i s not here today, i s Dr. Kare Hoeg, who i s 
the d i r e c t o r of the Norwegian Geotechnical I n s t i t u t e i n Oslo. 
The paper w i l l be presented by Dr. Marr. 

STRESS-STRAIN BEHAVIOUR FROM STRESS PATH TESTS 
by W. A. Marr 
Vol. 1. Paper 11.1 

Chairman: 

Thank you very much. 
Does anyone have any questions? 

M. Eamza: 

I have two p o i n t s . 
The f i r s t one i s : Did the use of K 7^1 a l t e r the value of (j)' o f the sand? I n 
s i m i l a r t e s t s I found t h a t K^-tests have a l t e r e d the r e s i d u a l shear s t r e n g t h , 
which i s an important factor°for l i q u e f a c t i o n p o t e n t i a l . 

Another p o i n t i s : Did you use c y c l i c t e s t s t o simulate a storm (e.g. a t r a m 

of waves)? 

W.A, Marr: 

Your f i r s t question r e l a t e s t o the importance of the i n i t i a l s t a t e of stress on 
str e n g t h . When we describe the s t r e n g t h of s o i l w i t h a f r i c t i o n angle, the value 
of K has l i t t l e importance. What I was attempting t o show i s t h a t one way t o 
t a l k about s t r e n g t h of s o i l i s t o run a t e s t and see how much s t r e s s i s r e q u i r e d 
t o cause i t t o f a i l . That i s what I was d e s c r i b i n g r a t h e r than t r a n s l a t i n g the 
st r e n g t h t o a f r i c t i o n angle. I was asking what the s t r e n g t h i s i f we s t a r t w i t h 
t h i s s t a t e of st r e s s and we take i t t o f a i l u r e ? What s t r e n g t h do we get? 
And your second question d e a l i n g w i t h i r r e g u l a r waves or b u i l d i n g up a set of 
wave t r a i n s i n a stress path t e s t , we have done some of them. I t i s q u i t e com
p l i c a t e d when one gets i n the l a b o r a t o r y and has t o ad j u s t pressures and loads 
according t o some random number generator. We have done a l i m i t e d amount of i t 
and we t h i n k i t s e f f e c t i s f a i r l y important. But t h a t i s not a very good answer 
f o r us as engineers, because we cannot say how important. I would guess d i f f e r 
ent p a t t e r n s of waves could e f f e c t p r e d i c t e d displacements by 50% t o 1 0 0 % . 

M, Eamza: 

I f you do a K_ = 1 t e s t as i s o t r o p i c a l l y c o n s o l i d a t i o n t e s t and compare i t w i t h 
the same mean str e s s w i t h ^ 1 , i . e . u n i s o t r o p i c a l c o n s o l i d a t i o n then shear 
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(J)-peak would be the same but c j)-residual would be d i f f e r e n t . I f you are t a l k i n g 
about the e f f e c t of c y c l i c loading and l i q u e f a c t i o n then the r e s i d u a l e f f e c t 
w i l l be important. The 4)-residual appears more when you do K q 7̂  1 t e s t than when 
you do = 1 t e s t . 

W.A. Maw: 

Thank you^ C e r t a i n l y someone from I m p e r i a l College should be an expert on r e 
s i d u a l s t r e n g t h . 

Chairman: 

The next paper has two authors. The f i r s t i s Ton Blegstraaten, who i s w i t h the 
Delt a d i e n s t of t e R i j k s w a t e r s t a a t . He has been most a c t i v e i n the development 
of numerical techniques f o r analysing the behaviour of the various design 
schemes t h a t have been proposed. The second author i s Cor Kenter, who i s w i t h 
the LGM. He has been a group leader and has been a c t i v e i n various aspects of 
the design and analyses of the Oosterschelde p r o j e c t from i t s i n c e p t i o n . I be
l i e v e the f i r s t speaker on the subject w i l l be Ton Blegstraaten, 

STRESS-STRAIN BEHAVIOUR FOR FINITE ELEMENT METHODS 
by A. W. W. M. Blegstraaten and C. J. Kenter 
Vol. 1, Paper 11.2 

M. Eamza: 

w i t h regard t o the s t r e s s - s t r a i n r e l a t i o n , you are v i o l a t i n g the energy r e q u i r e 
ment by using Hooke's law and a t the same time w h i l e c a l c u l a t i n g s t r e s s , you as
sume t h e t normal stress may give r i s e t o shear s t r a i n although the s o i l i s as
sumed t o be i s o t r o p i c ? Can you prove uniqueness of sol u t i o n s ? 

A.VI.}f.M. Biegstraaten: 

I f I understand your question c o r r e c t l y , you want t o know i f by the a d d i t i o n of 
d i l a t a n c y uniqueness of the s o l u t i o n i s v i o l a t e d . 
Well, l e t us assume you formulated the problem i n anothet way. You are f a m i l i a r 
w i t h the e l a s t o - p l a s t i c approach? 
I took some time t o f i n d what I was a c t u a l l y doing by adding a l l those kinds of 
i n i t i a l s t r a i n methods and a l l those kinds of i t e r a t i o n procedures and I have 
w r i t t e n a t e s t programme. I compared the e l a s t o - p l a s t i c approach which can also 
be formulated f o r equations l i k e I j u s t described, and I could not f i n d a d i f f e r 
ence. That i s the only answer I can give t o you. I do not know i f the uniqueness 
i s v i o l a t e d or not , I can only say I found the same answers by using the e l a s t o -
p l a s t i c approach and the Consol approach. 
I want t o say furthermore, I t h i n k i t i s f a r b e t t e r t o use the e l a s t o - p l a s t i c 
approach, but i t i s a matter of time and e f f o r t which was not a v a i l a b l e t o ap
p l y t h a t method i n Consol, so we had t o use the formu l a t i o n s which were develop
ed i n the l a s t 4 years. 

M. Eamza: 

I am i n t e r e s t e d because i t i s very good i f i t i s r e a l l y proved t o be the easiest 
way out, because your formulated m a t r i x uses a very simple law, Hooke's law, 
and then you go d u r i n g the i t e r a t i o n , you o b t a i n the stresses, you modify them 
and c a r r y on i t e r a t i o n . But the only t h i n g i s a leak i n the s o l u t i o n . That's 
a l l . Because i t i s a good method. The e l a s t o - p l a s t i c approach sometimes gives 
many problems d u r i n g i t e r a t i o n s . 

A.V.W.M. Biegstraaten: 

Well, I t h i n k the e l a s t o - p l a s t i c process i s mathematically more complicated, 
but I t h i n k i t i s very much less expensive t o use than the method I j u s t des-
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c r i b e d . The method I have j u s t described i s t h a t f i r s t you make a computation 
by Hooke's law and then you see, the stresses are t h a t and the s t r a i n s are so, 
and I had a c o r r e c t i o n here and a c o r r e c t i o n t h e r e , and you apply t h a t c o r r e c t 
i o n and put some 5 i t e r a t i o n s t o t h a t step and f i n d a s o l u t i o n . And the s o l u 
t i o n i s accurate enough. That i s also checked but I t h i n k you can do b e t t e r 
w i t h the e l a s t o - p l a s t i c approach, but as I said before, time and e f f o r t were 
unavailable t o me, t o the people who worked w i t h the programme t o apply t h a t 
procedure, but I t h i n k the method I described i s j u s t as good as the e l a s t o -
p l a s t i c approach and you can of course discuss i f the e l a s t o - p l a s t i c approach 
i s unique. That i s another p o i n t . 

M. Hamza: 

Thank you. 

G. Gudehus: 

I want t o add a p o i n t t o t h i s problem of uniqueness. I f you compare the e l a s t o -
p l a s t i c and t h i s incremental e l a s t i c approach, they can p r a c t i c a l l y c o i n c i d e , 
but they do not g e n e r a l l y , I want t o c a l l your a t t e n t i o n t o work on Dr. Darve 
i n Grenoble some years ago where he f i r s t s t a r t e d w i t h a Hooke type of ap
proach, as you d i d , and l a t e r on he extended i t a l i t t l e b i t . The d i f f e r e n c e 
between e l a s t o - p l a s t i c and Hooke-type approach i s only t h a t you e i t h e r use or 
do not use a symmeric m a t r i x . I f I understand you, you have used a symmetrical 
incremental s t i f f n e s s m a t r i x and the e l a s t o - p l a s t i c approach does not give a 
symmetric m a t r i x . For a r a t h e r wide class of boundary value problems you w i l l 
get p r a c t i c a l l y the same answer. 
For c e r t a i n boundary problems you cannot get the same answers and j u s t f o r the 
problems of i n t e r e s t here you cannot expect g e n e r a l l y the same answer. The main 
p o i n t i s e i t h e r you have a c o n s t r a i n t by constant volume, then the approaches 
may f a i l and you cannot expect the same r e s u l t w i t h the e l a s t i c p l a s t i c and the 
inc r e m e n t a l l y e l a s t i c approach. The other p o i n t i s i f you come t o any type of 
f a i l u r e of the system, t h a t i s sudden l a r g e displacements or co l l a p s e , t h a t 
means you come close t o the loss of uniqueness of deformations, then you can 
never expect the same r e s u l t s w i t h the two approaches and you cannot even expect 
uniqueness, 

Chairman: 

Thank you, I ' d l i k e t o make a comment on t h a t too. I guess the chairman i s not 
supposed t o do t h a t , but I w i l l . I t seems t o me t h a t there are some very pro
found d i f f e r e n c e s between e l a s t i c and e l a s t o - p l a s t i c approaches and I am not 
sure t h a t r e a l l y r e q u i r e s very much commenting on. 
For one t h i n g i t i s f a i r l y c l e a r t h a t you can only get f a i l u r e i n p u r e l y e l a s t i c 
approaches i f you do some i n t e r e s t i n g t h i n g s t o the anal y s i s when you s t a r t 
g e t t i n g near f a i l u r e and your stresses s t a r t l o o k i n g l i k e what ought t o be f a i l 
ure stresses. But I t h i n k I ' d l i k e t o disagree about the l i m i t a t i o n s on the 
Hooke's law. You can most c e r t a i n l y get shear stresses w i t h a p u r e l y Hookeian 
m a t e r i a l . 
A l l you have t o do i s r o t a t e the p r i n c i p a l axes enough so t h a t you have got o f f 
diagonal terms i n the s t i f f n e s s m a t r i x . And you most c e r t a i n l y w i l l get shear 
stresses. That i s not an argument n e c e s s a r i l y f o r using e l a s t i c m a t e r i a l s , but I 
do not t h i n k your comment on the r e s t r i c t i o n s i s completely accurate. Secondly, 
on the question of symmetry of the s t i f f n e s s m a t r i x , you can get symmetrical 
s t i f f n e s s matrixes w i t h e l a s t o - p l a s t i c m a t e r i a l s provided they happened t o abide 
by the various n o r m a l i t y p r i n c i p l e s . That i s a p e c u l i a r problem when you are 
dea l i n g w i t h s o i l s and i f you do not have n o r m a l i t y you can also get non-symme
t r i c a l s t i f f n e s s matrixes. I t always seemed t o me t h a t one o f the t h i n g s t h a t ' s 
happening when you are g e t t i n g non-symmetrical s t i f f n e s s matrixes i s t h a t you are 
l i k e l y t o s t a r t t o get non-unique s o l u t i o n s . Anyway, you had something f u r t h e r 
t o say though, I t h i n k . 
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M. Hamza: 

No, I mean w i t h the i s o t r o p i c a l Hooke's law you w i l l never get shear s t r a i n s , 
I mean he was speaking about i s o t r o p i c a l m a t e r i a l . You commented assuming an-
i s o t r o p y of course. I f you have a n i s o t r o p i c m a t e r i a l and you give i t a l l - r o u n d 
pressure you always get shear s t r a i n s . The other p o i n t Prof, Gudehus was t a l k 
i n g about i s t h a t some problems w i l l never c o i n c i d e . I t h i n k i n any p a r t i c u l a r 
case of r o c k i n g foundation you w i l l never c o i n c i d e , because the p r i n c i p l e s t r e s s 
increment and t o t a l p r i n c i p l e s tress r o t a t i o n o c c u r r i n g under the edge under the 
middle w i l l never c o i n c i d e . 

Chairman: 

Well, i t seems t o me t h a t one of the b i g d i f f e r e n c e s , and one t h a t we w i l l be 
coming back t o l a t e r (at l e a s t I hope Dr. Marr w i l l have something f u r t h e r t o 
say about t h i s ) i s t h i s . I f you look a t the way f i n i t e element problems get 
themselves formulated, you s t a r t o f f w i t h some law t h a t somebody generated or 
some model or whatever you want t o c a l l i t , which i s the product of experiment
a l work or somebody's imagination, but i n any case you have t h i s r e l a t i o n be
tween s t r e s s and s t r a i n or incremental s t r e s s and incremental s t r a i n and time 
and so f o r t h . And some f i n i t e element person who u s u a l l y s i t s i n a small room 
i n the back of the o f f i c e s i t s down and w i t h a large piece of paper reduces 
t h i s t h i n g t o an incremental r e l a t i o n which, as f a r as the f i n i t e element pro
gramme sees i t , i s almost i n e v i t a b l y a r e l a t i o n s h i p between some incremental 
stress and some incremental s t r a i n , and i t looks an awful l o t l i k e an e l a s t i c 
s t r e s s - s t r a i n r e l a t i o n . Then t h i s i s used f o r s o l u t i o n s and you do various 
kinds of i t e r a t i o n s t o make sure t h a t e v e r y t h i n g i s back on whatever y i e l d 
c r i t e r i a t h a t you have or t h a t you have s a t i s f i e d whatever viscous r e l a t i o n s 
you have. 

But almost a l l these s o l u t i o n s proceed by working i n c r e m e n t a l l y as though you 
were working e l a s t i c a l l y . I t seems t o me t h a t one o f the great problems t h a t we 
have i n t h i s area - and i t r e a l l y i s not an a n a l y t i c a l problem, i t i s a problem 
w i t h our knowledge of the s o i l s - i s t h a t as you t r y t o handle a c y c l i c l oading 
problem l i k e t h i s you begin t o get i n t o other serious problems such as what 
w i l l happen when you s t a r t unloading these models. You can, as Dr„ Gudehus and 
several other people p o i n t e d out, get very good agreement between h y p e r b o l i c 
r e l a t i o n s and e l a s t o - p l a s t i c r e l a t i o n s provided the t h i n g you are t e s t i n g , the 
model you are running, the f i n i t e element problem you are c a l c u l a t i n g , looks 
l i k e the t h i n g you ran i n the l a b o r a t o r y . And you can load i t and get i t t o 
agree and there i s a huge p i l e of l i t e r a t u r e around, some of i t unpublished, i n 
which people have developed various kinds of model which worked b e a u t i f u l l y so 
long as they have kept the same geometry f o r t h e i r analyses as they had f o r the 
t e s t from which they got the p r o p e r t i e s . 

Then they take these numbers and they plug them i n t o something l i k e , say a plane 
s t r a i n s i t u a t i o n , and a l l of a sudden something does not look q u i t e r i g h t . That 
and the problem of r e v e r s i n g a load seem t o me the r e a l d i f f i c u l t i e s , more so 
than the question of p r e c i s e l y which of the numerous kinds of n o n - l i n e a r s t r e s s -
s t r a i n r e l a t i o n s you choose t o use. 
Are there any other questions? 

P,A. Vermeer: 

I ' d l i k e t o ask a question, because i n the proceedings i t i s w r i t t e n t h a t pro
gramme Consol-Genesis i s based on another type of model. Has t h i s anything t o 
do w i t h the f a c t t h a t you wanted t o have a symmetrical m a t r i x , yes or no? 
Furthermore, I want t o remark t h a t I f i n d i t a l i t t l e b i t p e c u l i a r t h a t you 
demonstrate here t h a t you have a good model and now you go t o the f u t u r e and you 
change t o a q u i t e d i f f e r e n t model. 
Thank you. 
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Chairman: 

That i s a good question. 

A.W.W.M, Biegstraaten: 

I expected the question. The f i r s t p o i n t was the symmetrical m a t r i x of Consol 
Genesis The model Mr. Vermeer i s t a l k i n g about i s the Camclay model of some 
changed v e r s i o n of i t . I t i s not e x a c t l y the Camclay model, because we made 
an adjustment which makes the r e l a t i o n b e t t e r , Maybe I can e x p l a i n i t m a few 
minutes. You know i n the Camclay-model the i d e a l e l l i p s e i s going through the 
o r i g i n of the s t r e s s path diagram. When you remove t h a t c o n s t r a i n t you have an 
e x t r a degree of freedom how the e l l i p s e w i l l move. We are using i t by also spe
c i f y i n g the shear s t r a i n as a f u n c t i o n of the s t r e s s path. Next t o what i s ^ 
u s u a l l y the v o l u m e t r i c s t r a i n . So we made an improvement of the model. That i s 
i n t e r m e d i a t e . Well, I do not t h i n k the s o l u t i o n chosen f o r Consol-Genesis has 
anything t o do w i t h the symmetrical or non-symmetrical m a t r i x , because there 
are s o l u t i o n s known by which the programma can have a symmetrical m a t r i c and 
s t i l l simulates a non-symmetrical m a t r i x by means of an i n i t i a l s t r e s s or an 
i n i t i a l s t r a i n procedure. So I do not t h i n k t h a t we have chosen t h i s model 
because we can only handle a symmetrical m a t r i x . 

The second p o i n t i s comparison of the Consol model and t h i s e l l i p s e , t h i s 
camclay model. The Consol-Genesis programma must become a s o r t of o f f i c i a l 
v e r s i o n used by everyone of the R i j k s w a t e r s t a a t . I t h i n k t h a t i s very import
ant , because the programme I've j u s t t a l k e d about i s , you can n e a r l y say a 
p r i v a t e programme, because I am the only one who knows what i s i n i t . I do not 
t h i n k t h a t i t i s a good t h i n g t o p u b l i c i s e , t o give i t t o persons working m 
other departments and so on, so there had t o come an o f f i c i a l v e r s i o n . At the 
time t h a t was chosen f o r the Camclay model i t was not y e t c l e a r how the 
Consol model would behave when i t was made e l a s t o - p l a s t i c . Mr. Vermeer has 
made h i s own programme which i s e l a s t o - p l a s t i c and which resembles the Consol 
model, but he has some, l e t us say personal experience, he i s not ,involved i n 
the Consol-Genesys p r o j e c t and we could ask f o r advice of course, but I t h i n k 
i t i s b e t t e r when you want t o b u i l d a more or less o f f i c i a l programme t h a t you 
have your experience near. So one of the main reasons was we were not q u i t e 
sure how the Consol model would behave when i t was e l a s t o - p l a s t i c . 
That i s why we chose the Camclay model or the analogous type t h a t we 
developed. 

Chairman: 

Ton, I'm going t o i n t e r r u p t r i g h t now. 
We w i l l continue t h i s discussion a f t e r the l a s t t a l k . Thank you very much. 

are We have one more paper t o be presented, t h i s paper has three authors They 
Frans Smits from the D e l f t S o i l Mechanics Laboratory, the LGM, who w i l l be pre
senting the paper. 4-1. h = 
The other two authors are f o r t u n a t e l y also w i t h us today. The second author i s 
Knut Andersen, from the Norwegian Geotechnical I n s t i t u t e and the t h i r d i s Prof. 
Gerd Gudehus, from the U n i v e r s i t y of Karlsruhe; you have already heard him 
e a r l i e r i n some of the discussions a t the end of Frans Smits'- p r e s e n t a t i o n . 

PORE PRESSURE GENERATION 
by F. P. Smits 
Vol. 1, Paper 11.3 

Chairman: 

Thank you very much. 
Are t h e r e any questions f o r Mr. Smits? 
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J. Marti: 

I would l i k e t o ask a question concerning the shear s t r e s s t h a t you apply f o r 
the pore pressure computation i n the models. Are you r e f e r r i n g t o a maximum 
value of the shear stress or are you using a h o r i z o n t a l shear s t r e s s and i n any 
case how do you r e l a t e t h a t t o the l i q u e f a c t i o n t e s t i n g which normally has one-
dimensional shear? 

F.P. Smits: 

Apparently you are r e f e r r i n g t o the problem of r o t a t i o n of p r i n c i p a l axes 
of stresses. I t s e f f e c t on pore pressure generation i s not w e l l understood a t 
present. I have selected the c y c l i c shear s t r e s s amplitude i n the model as 
h a l f the t o t a l change of shear s t r e s s on the plane where the shear s t r e s s v a r i 
a t i o n reaches a maximum. Close t o the centre of a symmetrically loaded s t r u c t 
ure such a value o f approaches the h o r i z o n t a l shear stress amplitude, where
as towards the edges f o r an element under pure r o c k i n g a c t i o n i t tends t o ap
proach h a l f the maximum v a r i a t i o n o f p r i n c i p a l stresses. 
I would l i k e t o ask Knut Andersen t o describe the shear s t r e s s s e l e c t i o n pro
cedure i n t h e i r Hammen 17 caisson study. 

K,H. Andersen: 

The shear s t r e s s l e v e l which was used f o r the pore pressure computations was 
the s i n g l e amplitude of the maxim.iam shear s t r e s s r a t i o T^/a'. The pore press
ures i n the various s o i l elements beneath the caisson were evaluated from 
measured pore-pressures i n l a b o r a t o r y t e s t s w i t h the same T^/a' as computed 
f o r the i n d i v i d u a l s o i l elements beneath the caisson. Two d i f f e r e n t c a l c u l a t i o n s 
were performed. I n the f i r s t c a l c u l a t i o n i t was assumed t h a t a l l elements behav
ed l i k e simple shear samples. I n e v a l u a t i n g T^/a' f o r the simple shear t e s t s , a 
¥^ of 0,3 was assumed. I n the second c a l c u l a t i o n , simple shear t e s t r e s u l t s were 
used i n zones beneath the caisson where simple shear mode of deformations i s 
most r e l e v a n t , and t r i a x i a l t e s t r e s u l t s i n zones a t and beneath the edges. 

J. Marti: 

I am s o r r y , I s t i l l have a short question. I f you are considering a shear s t r e s s , 
the maximum value of the shear s t r e s s i s g e n e r a l l y used f o r the computer pro
gramme. You give here a case f o r example i n which you have a constant maxim.um 
shear s t r e s s which i s r o t a t i n g i n the p l a i n and so depending on how you look at 
i t . You have more cycles a c t u a l l y . 

Every 360 degrees of r o t a t i o n of the shear s t r e s s you have a double r e v e r s a l 
of d e r i v a t i o n o f the shear s t r e s s . But i f the computer programme i s only con
s i d e r i n g what the value of the maximum shear s t r e s s i s t h a t w i l l not be noted by 
the programme and w i l l not produce pore pressure generation. So i s t h a t the 
value of the maximum shear s t r e s s t h a t you are using? 

K.H, Andersen: 

A p r i n c i p a l s t r e s s r o t a t i o n may cause some pore pressure generation even i f the 
change i n maximum x/a' r e l a t i v e t o the i n i t i a l s t r e s s c o n d i t i o n i s zero ( i . e . 
T(./a' = 0) . For Tc/CJ' = 0, our c a l c u l a t i o n procedure w i l l p r e d i c t zero pore 
pressure generation. This i s one l i m i t a t i o n o f our c a l c u l a t i o n procedure. 

A.M. Sohofield: 

Can I j u s t ask what the r e l a t i o n s h i p i s between say f i g u r e 11 of paper 1.2, 
where we see p i e r s w i t h s i l l s , box beam, and s l u i c e gates which are e s s e n t i a l l y 
3-dimensional. They have a 50 metre-dimension which may correspond t o the 46 me
t r e dimension of the example problem i n I I - 3 . But i f we look i n the other d i 
r e c t i o n there i s a very much short e r dimension. Does the example problem which 
i s under discussion and a p l a i n problem, i s t h a t considered t o have a major r e 
l a t i o n s h i p w i t h the p i e r s w i t h s i l l , box beams and s l u i c e gates now t o be con
sidered? 
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F.P. Smits: 

I cannot answer t h i s question adequately, I guess. The example problem d i s 
cussed here which i s 17 metres wide and 46 metres i n the h o r i z o n t a l load d i 
r e c t i o n , has been t r e a t e d as a 2-dimensional case although i t i s c e r t a i n l y 
not. To estimate the e f f e c t i t should be kept i n mind t h a t only the st r e s s 
c o n d i t i o n s t h a t generate the pore pressures and the response t o the pore 
pressures i n terms of s t r a i n s are c a l c u l a t e d by a plane s t r a i n programme, 
whereas the d i s s i p a t i o n of pore pressures i s obtained from a 3-dimensional 
a n a l y s i s , 

Chairman: 

I could o f f e r a p a r t i a l answer t o t h a t . We d i d some s i m i l a r analyses i n which 
we looked a t the d i f f e r e n c e s between 3-dimensional s t a t e s of st r e s s and 2 - d i 
mensional plane s t r a i n s t a t e s of s t r e s s . These were j u s t comparisons of ana
l y t i c a l approaches not model t e s t s , and we concluded t h a t the displacements 
t h a t you were l i k e l y t o get i n the plane s t r a i n case were some s i g n i f i c a n t 
amount, I t h i n k i t was 50%, l a r g e r than you got i n the 3-dimensional case, 
which suggested t h a t using the plane s t r a i n analyses was a conservative t h i n g 
t o do. And I t h i n k i n most cases of the pore pressure d i s s i p a t i o n the same 
s o r t of t h i n g a p p l i e s . C l e a r l y what one i s i n t e r e s t e d i n , i s f i n d i n g out how 
large the pore pressures can be f o r a s i t u a t i o n , and l i m i t i n g the fl o w c l e a r l y 
makes those pressures l a r g e r than they would,be i n the f i e l d . 

M. Hamza: 

Could you please e x p l a i n t o me i f you have done any t e s t s i n which was 
changed, i . e . w i l l a l l these diagrams change i f you change the e f f e c t i v e con
s o l i d a t i o n v e r t i c a l stress? This means t h a t from the diagram you could say t h a t 
regardless of the value of you get t h a t r e s u l t f o r the r a t i o Tc/cf^o-
I s t h a t r i g h t and can you q u a l i f y i t ? 

Mr. F.P. Smits: 

As f a r as mean stress v a r i a t i o n s are concerned you may d i s t i n g u i s h between the 
v a r i a t i o n of the octahedral component of the c y c l i c s t r e s s path and the v a r i a 
t i o n of the i n i t i a l c o n s o l i d a t i o n s t r e s s . 
With respect t o mean stress v a r i a t i o n s w i t h i n cycles i n undrained c y c l i c t e s t s 
we have not experienced any d i f f e r e n c e i n pore pressure b u i l d - u p between a 
common t r i a x i a l t e s t path and a t e s t path w i t h the t o t a l mean st r e s s kept con
sta n t . 
With respect t o the c o n s o l i d a t i o n s t r e s s our experience i s l i m i t e d t o a maximum 
v a r i a t i o n of the c o n s o l i d a t i o n stress of 200 percent, and so f a r we have found 
a q u i t e l i n e a r r e l a t i o n between pore pressure generation per cycle and c o n s o l i 
d a t i o n s t r e s s . 

Chairman: 

I am going t o i n t e r r u p t here and ask i f the authors w i l l please come up t o the 
stage since we are g e t t i n g i n t o general discussion. 
Are there any questions t o be addressed t o the speakers as a group, or f o r t h a t 
matter any obvious disagreements w i t h what they have sai d which someone would 
l i k e t o p o i n t out or ask f o r comments on, 

A. Vermijt: 

I n the discussion we had before between Mr, Biegstraaten and Professor Gudehus 
i t was not completely c l e a r t o me what the r e s t r i c t i o n s are t h a t are imposed on 
the model i n the Consol-programme, I have the impression t h a t there i s a res
t r i c t i o n t o a symmetric m a t r i x and a symmetric s t r e s s - s t r a i n r e l a t i o n . I f t h i s 
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i s t r u e I do not t h i n k t h a t the model could simulate a general type of p l a s t i c 
behaviour very w e l l . 

A.W.W.M. Biegstraaten: 

Well, t h i s i s not t r u e . That i s a very s h o r t answer, but the symmetric r e l a t i o n 
w i t h which I s t a r t e d i s only, l e t me say, a numerical t o o l . The programme uses 
a symmetrical s t i f f n e s s r e l a t i o n but t h a t does not say t h a t the t o t a l s t r e s s -
s t r a i n r e l a t i o n , the t o t a l s t r e s s - s t r a i n behaviour i s what you can c a l l sym
met r i c . By a l l the a d d i t i o n s such as d i l a t a n c y , and the a d d i t i o n a l term due t o 
the i s o t r o p i c s t r e s s and the change of o r i e n t a t i o n of the s t r a i n increments you 
j u s t cannot say t h a t the r e s u l t i s symmetric. What I do i s only use a symmetric 
r e l a t i o n as a basic t o o l f o r s o l v i n g the e q u i l i b r i u m equations. F i n a l l y I t h i n k , 
we can be sure t h a t the s t r e s s - s t r a i n r e l a t i o n i s not symmetric. 

C.J. Kenter: 

I t i s also cheaper t o do i t t h a t way. 

Chairman: 

Do I understand you t o say then t h a t i n e f f e c t you are by a l l these a d d i t i o n s , 
r e a l l y i n t r o d u c i n g i n i t i a l stresses and i n i t i a l s t r a i n s which make the s t r e s s -
s t r a i n r e l a t i o n non-symmetric? 

A.W.W.M, Biegstraaten: 

That i s r i g h t . 

G. Gudehus: 

I should l i k e t o make a few comments on the problem of s t r e s s - s t r a i n laws, be
cause i t has become evident t h a t t h i s i s the clue t o any computer c a l c u l a t i o n , 
and I have seen from the l i s t of p a r t i c i p a n t s t h a t most of you w i l l not be i n 
t e r e s t e d i n the most recent d e t a i l s o f s o i l mechanics research. I only want t o 
p o i n t out some t h i n g s so t h a t you do not overestimate the present capacity of 
the d i f f e r e n t models d e s c r i b i n g the s t r e s s - s t r a i n behaviour and on t h i s basis 
produce s o l u t i o n s of boundary value problems. The f i r s t p o i n t i s t h a t i t i s 
c e r t a i n l y t r u e t h a t s o i l has a c e r t a i n type of memory of i t s past, so you have 
t o cover the past somehow or another, but t h i s cannot be done by the maximum 
past stress i f you consider granular s o i l s . 
This i s t o a c e r t a i n extent the case f o r clays but not f o r granular m a t e r i a l s . 
I t i s g e n e r a l l y an open problem how the i n f l u e n c e of the past can be covered 
by t a k i n g only a few remnants of previous s t r e s s or s t r a i n components. This i s 
number one. The second p o i n t i s t h a t i f you work w i t h a s t r e s s path concept 
you should know i n advance which st r e s s paths occur, but t h i s i s i n p r i n c i p a l 
impossible, because you do not know the behaviour of the m a t e r i a l and you do 
not know how i t w i l l i n f l u e n c e the behaviour or the process of the elements i n 
the boundary value problem, and t h i s i s even more so i f you deal w i t h c y c l i c 
problems. I n the f i e l d there are no cycles i n the s o i l elements, n e i t h e r s t r a i n 
nor stress cycles, so i f you t r y t o get a vague idea of the f u t u r e of the s o i l 
elements and you mean t h a t the f u t u r e c o n s i s t s of s t r e s s cycles t h i s i s not the 
case. You may be lucky t o h i t the behaviour f o r some s p e c i a l cases, but t h i s i s 
mere luck. I want t o f o l l o w the p o i n t of Mr. Kenter on t h i s case t h a t i n t h i s 
way you can not come very f a r . This i s p o i n t number two. 
The next p o i n t i s how you can formulate the behaviour of the m a t e r i a l as f a r as 
we know i t , and t h i s has already been discussed a b i t . 
There are e l a s t i c - p l a s t i c models, i n c r e m e n t a l l y l i n e a r models, Hooke-type mo
d e l s , and the present stage of development i s t h a t respect seems t o be t h a t 
f o r some very s p e c i a l monotonous paths and even paths w i t h one loading and one 
unloading there are a few incremental models which describe the behaviour of 
the m a t e r i a l f a i r l y w e l l . The i n t e r e s t i n g f a c t i s t h a t seemingly widely d i f f e r -
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ent models cover the m a t e r i a l w i t h the same degree of accuracy and t h i s i s en
couraging. This i s a f a c t t h a t I have j u s t learned about some d e t a i l s of 
Mr. Biegstraaten's model, and t h i s i s one of the serious models t o describe the 
behaviour f o r one loading and one unloading. I t can not as y e t describe the be
haviour of contractancy, t h a t means t h a t the granular s o i l has the capacity t o 
co n t r a c t a f t e r c e r t a i n r e v e r s a l s of the st r e s s or s t r a i n path. This i s the 
other side of d i l a t a n c y . D i l a t a n c y i s f a i r l y w e l l understood and contractancy 
not as w e l l . But i t i s there and i t can be d e c i s i v e f o r l i q u e f a c t i o n , because 
any p a r t i a l p r e v e n t i o n of c o n t r a c t i o n a u t o m a t i c a l l y means increase of pore 
pressure and so f a r the e x i s t i n g models do not as yet cover the behaviour r e a l 
l y as accu r a t e l y as we would l i k e them t o . And now we come t o c y c l i c processes. 
Then we have more than one loading and one unloading, we have repeated loading 
and unloading. I n t h i s case we are j u s t a t the beginning of understanding what 
the m a t e r i a l does. We have a f e e l i n g f o r such t h i n g s as pre-shearing, t h a t 
means the e f f e c t of the past i s r a t h e r complicated, cannot be covered by j u s t 
one s t r e s s v a r i a b l e or by one K^-value or something l i k e t h a t . We have ageing 
and such e f f e c t s . This means t h a t we are not yet i n a p o s i t i o n t o formulate 
s t r e s s - s t r a i n law i n increments which are s u f f i c i e n t l y accurate f o r general 
c y c l i c processes. We are simply not y e t i n the p o s i t i o n . The conclusion reads 
t h a t we cannot be too o p t i m i s t i c w i t h respect t o c a l c u l a t i o n s , computer c a l c u l 
a t i o n s based on these models. I mean i n the general sense. We cannot j u s t r e l y 
on the output of computer c a l c u l a t i o n s f o r general boundary value problemsc We 
have t o r e s t r i c t these t o very s p e c i a l boundary value problems, i n which the 
modes which the s o i l element assumes are f a i r l y w e l l understood, and a s u f f i 
c i e n t degree of e m p i r i c a l support i s at hand. 

Chairman: 

Thank you. I was t o l d t h a t Dr. Marr wants t o say something about t h a t . 

W.A, Marr: 

I wanted t o make a very short statement i n which I agreed w i t h Prof. Gudehus on 
hi s f i r s t and l a s t sentence, which I t h i n k were the same p o i n t s . That i s : Do 
not overestimate our present c a p a b i l i t y t o use s t r e s s - s t r a i n models i n computer 
programmes t o p r e d i c t f i e l d performance. I n f a c t the p o i n t I ' d l i k e t o make i s 
t h a t much of what we are discussing here t h i s afternoon are concepts and ideas 
t h a t were thought about or developed d u r i n g the course of the research on t h i s 
p r o j e c t . But as f a r as the design goes, I suspect i f we i n v i t e d Frank Spaargaren 
t o t e l l us how the p r o j e c t was a c t u a l l y designed there are a whole l o t of other 
approximate procedures which are f a m i l i a r t o many of us, based on some very 
fundamental concepts of geotechnical design. I j u s t wanted t o give c r e d i t t o 
some people who d i d a l o t of back-of-the-envelope work, who r e a l l y made the 
serious decisions. We are the researchers who are now t r y i n g t o argue about the 
ex t r a t e n percent, I suppose. 

Chairman: 

I s there any other comment? 

J,D, Nieuwenhuis: 

I have the f e e l i n g a t the moment t h a t Mr. Marr i s too p e s s i m i s t i c on the ap
p l i c a t i o n of more s o p h i s t i c a t e d computations, I thought t h a t approximately 
a l l the p a r t s which were presented t h i s afternoon were a c t u a l l y used t o adapt 
the design. The non-linear c a l c u l a t i o n s were used t o f o r e c a s t deformations of 
the p i e r s . 
You w i l l hear tomorrow t h a t we had simpler means which were more pro d u c t i v e f o r 
making l a r g e r s e r i e s of c a l c u l a t i o n s , but they were a c t u a l l y always compared t o 
the n on-linear c a l c u l a t i o n s and pore pressure generation e s t i m a t i o n f o r both 
cases, f o r the caissons i n the f i r s t place and l a t e r on f o r the b u r i e d caissons. 
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The r e s u l t s of the c a l c u l a t i o n s of pore pressure generation were used, p a r t l y 
a t l e a s t , t o abandon elements of the c o n s t r u c t i o n so I t h i n k you were too pes
s i m i s t i c on the e f f e c t s . 

Chaivman: 

Well, i t i s also I t h i n k i n t e r e s t i n g t h a t some of the analyses t h a t were done 
of the pore pressure d i s s i p a t i o n used a procedure which we have also r e c e n t l y 
applied f o r c a l c u l a t i o n of r e s i d u a l deformations. I t e s s e n t i a l l y i n v o l v e d saying 
as Dr, Gudehus j u s t s a i d , t h a t you cannot look a t each i n d i v i d u a l cycle and f o l 
low i t a l l the way out. For one t h i n g t h ere i s not time enough t o do i t . I t i s 
a long c a l c u l a t i o n . And f o r another t h i n g you r e a l l y do not know the m a t e r i a l 
t h a t w e l l . So what you can do, i f you have enough data on the s o i l , i s t o say 
the e f f e c t of many many cycles i s e s s e n t i a l l y t o generate so much pore press
ure and then t o observe how i t d i s s i p a t e s . I t h i n k i t was remarkable t h a t 
3 or 4 d i f f e r e n t groups made c a l c u l a t i o n s on those deep caissons and came up 
w i t h what were e s s e n t i a l l y the same r e s u l t s f o r engineering purposes. 

A.F. van Weele: 

I had an e n t i r e l y d i f f e r e n t question on the same subject of pore pressure gene
r a t i o n . We have heard a l o t t h i s afternoon about pore pressure generation and 
the dangers i n v o l v e d i n pore pressure increases e s p e c i a l l y as f a r as s t a b i l i t y 
i s concerned. A l o t of e f f o r t has been put i n t o p r e d i c t i n g of pore pressure 
generation. Has there also been e f f o r t p ut i n another d i r e c t i o n , t h a t i s how t o 
preven-t i t ? I can imagine t h a t d u r i n g f o r instance storm c o n d i t i o n s , t h a t 
you switch on a dewatering system and the sand has a q u i t e high p e r m e a b i l i t y so 
I would t h i n k t h a t when the storm i s j u s t coming t h a t decreases of the water 
pressures underneath the s t r u c t u r e would increase the f a c t o r of s a f e t y q u i t e a 
l o t . Has t h i s been considered? 

Chairman: 

I t h i n k Mr. Kenter wants t o comment on t h a t ? 

C.J. Kenter: 
The k i n d of method Mr. Van Weele i s t a l k i n g about r e q u i r e s c e r t a i n a c t i o n s of an 
operator during the storm. As f a r as I remember, j u s t one method of t h i s k i n d 
was proposed, although not s e r i o u s l y . The idea was t o measure the pore press
ures underneath the p i e r s during the storm and t o open the gate f o r a moment 
when the pore pressure underneath a c e r t a i n p i e r would reach a c r i t i c a l value. 
This would decrease the impact on the p i e r , d r a i n the pore pressures and conse
quently preshear the s o i l . 

Chairman: 

I have one b r i e f comment on t h a t suggestion. That i s t h a t i t depends very much 
on the existance of a very able, t h o u g h t f u l and i n t e l l i g e n t operator who i s go
in g t o t u r n the pumps on and t u r n them o f f a t the r i g h t moment. Our experience 
w i t h the f a i l u r e s of dams i n d i c a t e s t h a t these operators are always seem t o be 
on v a c a t i o n when the serious problem a r i s e s . 

G. Gudehus: 

Well, t o answer your question there i s i n p r i n c i p l e a t h i r d means. The f i r s t i s 
compaction of course, the second i s drainage, the t h i r d i s a s u i t a b l e pre-deform-
a t i o n , because pre-shearing has t h i s s t r o n g i n f l u e n c e which i s understood t o a 
small extent. And i n p r i n c i p l e i t must be p o s s i b l e t o p a r t l y suppress the de
velopment of pore pressures by a s u i t a b l e pre-deformation. I n my op i n i o n t h i s i s 
e s s e n t i a l l y manufactured i f you use a s u i t a b l e p r e - s t r e s s . I t i s a question 
which i s subject t o discussion how you can produce s u i t a b l e p r e - s t r e s s i n g and 
pre-deformation, but t h i s i s a p o s s i b i l i t y which we are studying i n Karlsruhe 
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and i t has a strong effect,, sometimes i t i s stronger than the e f f e c t of computat

ion . 

V.A, Vevmeer: 

Prof. Gudehus s t a t e d t h a t a model w i l l not model the s o i l completely, and I 
t h i n k t h i s i s r a t h e r obvious. I f a model could model the s o i l completely i t 
would be so complicated t h a t i t i s impossible t o run i n a computer programme. 
So I t h i n k we should make models and t e l l and describe what they a c t u a l l y can. 
do, and what they cannot do, and when making a computation i t should be checked 
because i t cannot always be s t a t e d before whether or not the model can be used, 
but very o f t e n i t can be checked afterwards. 

Chaivman: 

They agree w i t h you. Anyone else? 

J.S. Brindley: 

One of the parameters t h a t the authors o f the l a s t paper l i s t e d but d i d not t a l k 
on any f u r t h e r i n the paper, was the frequency of the c y c l i c l oading. I should 
be very i n t e r e s t e d t o know whether they p u t i t aside, because they had already 
decided t h a t i t would not be important, or whether there i s a p o s s i b i l i t y t h a t 
the system of the foundations, and waves, and bu i l d - u p of pore pressure could 
have some resonant frequency which could be severely a f f e c t e d by wave a t t a c k . 

K,H. Andersen: 

With respect t o the e f f e c t of frequency on s o i l p r o p e r t i e s , most t e s t s were run 
at the a c t u a l frequency of the waves so t h a t we a c t u a l l y used the r i g h t frequen
cy i n the l a b o r a t o r y t e s t s . I f I understood Mr. B r i n d l e y c o r r e c t l y h i s question 
also concerned the e f f e c t of frequency on resonance of the s t r u c t u r e . I am not 
sure whether load a m p l i f i c a t i o n due t o resonance of the s t r u c t u r e i s a problem 
or whether t h a t has been i n v e s t i g a t e d . 

Chairman: 

The dynamic behaviour of the s t r u c t u r e was examined and I b e l i e v e t h a t i t i s not 
a problem from the s o i l p o i n t of view. I t s t r i k e s me t h a t your question r e a l l y 
r a i s e s a p o i n t which i s p r o p e r l y of concern t o people who work w i t h earthquakes. 
Most of the t e s t i n g t h a t i s done on s o i l s and earthquakes i s done a t the same 
frequencies or i n the order of maybe one cycle per second, and we a l l know t h a t 
earthquakes have s u b s t a n t i a l l y d i f f e r e n t frequencies and probably whatever e f 
f e c t s there are occur i n the high frequency range. 
I f you asked t h a t question t o a group of earthquake engineers they w i l l assure 
you t h a t i t has no e f f e c t on the s o i l p r o p e r t i e s , and t h a t i s what everybody 
i s assuming. I do not know whether i t i s r i g h t . 

Chairman: 

Are there any other questions? 

E, Engel: 

One small question t o the whole forum. As I understood you, t h e r e are d i f f e r e n t 
models t h a t give about the same r e s u l t s and w i l l not give r e s u l t s i n other cases. 
A l l r i g h t . Now we found t h a t i n the h y d r a u l i c models we had a l o t of advantage by 
choosing a model and we used them i n a l o t of casës t o get experience w i t h the 
workings of the model so t h a t a large group of people are capable of understand
i n g what the r e s u l t s of the model mean. And I would l i k e t o ask the forum i f they 
i n t e n d now or i n the near f u t u r e t o choose one of these models as a k i n d of a 
background standard t h a t i s used i n a l o t of cases so t h a t they know what the 
standard model does, even when they themselves use more advanced models f o r e f 
f e c t s t h a t the standard model does not account f o r . 
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C.J. Kentev: 

I agree w i t h mr. Engel t h a t i t i s very sensible t o avoid disperson of experience 
and t o choose a standard model t o get a l o t of experience w i t h . However, one 
w i l l always need more advanced research models a l s o , f o r s p e c i a l e f f e c t s which 
are not included i n your standard model. I t h i n k t h a t the best t h i n g t o do i n 
the f u t u r e , i s t o choose a c e r t a i n f i n i t e element programme as a standard p r o 
gramme, e.g. Consol-Genesis. This programme i s very w e l l described, has a l o t 
of i n p u t and output f a c i l i t i e s and i s very " f r i e n d l y " f o r the user. Beside t h i s 
users-version a research v e r s i o n of the programme should be a v a i l a b l e , which 
should be based on the same modules, but which can be entered very e a s i l y t o 
change and develop t h i n g s . 

W.A. Marr: 

This i s j u s t a b r i e f comment t o p r o t e c t my geotechnical brothers a b i t . Mr. 
Engel's comments reminded me t h a t we i n geotechnical engineering use a s i m i l a r 
approach of a model which we continue t o update as we gain more experience. I n 
deed much of geotechnical engineering i s b u i l t on such models. I would remind 
us however t h a t the s i t u a t i o n o f the Oosterschelde i s one of those t h a t puts us 
at the f o r e f r o n t i n many ways. The c o n s t r a i n t s of low f a c t o r s of s a f e t y r e q u i r 
ed t o keep the p r o j e c t w i t h i n cost, and requirements f o r small displacements 
are such t h a t we r e a l l y have t o go beyond what we've done i n the past i n t o the 
area where we have very l i t t l e evaluated experience. As t o the question which 
model we s e l e c t t o go t h a t f a r , I t h i n k we are r e a l l y groping f o r a l l combinat
ions a t t h i s p o i n t and i t w i l l be some time down the road before i t ' s c l e a r t o 
us which model gives us a b e t t e r answer. 

A.W.W.M. Biegstraaten: 

The name Consol-Genesis was mentioned. I've also t a l k e d a b i t about i t , accord
i n g t o me the Consol-Genesis p r o j e c t i s e s p e c i a l l y aimed t o make some elaborate 
model a v a i l a b l e t o a b i g group of engineers e s p e c i a l l y w i t h i n R i j k s w a t e r s t a a t . 
As w e l l as t h a t I t h i n k i t i s s t i l l necessary t o have e x t r a development, o f 
research programmes, as Dr. Marr noted. I would p o i n t out t h a t the Genesis-Con-
s o l v e r s i o n i s also aimed t o include f u r t h e r development o f these research p r o 
grammes . 

G. Gudehus: 

One p o i n t i s I t h i n k t h a t there i s no p r i n c i p a l d i f f e r e n c e i n the p h i l o s o p h i e s 
of h y d r a u l i c engineering and foundation engineering as f a r as development of 
models i s concerned. And i n d e t a i l i t was o u t l i n e d by Mr. Biegstraaten how we 
can t e s t the models, t h a t means we work w i t h them and look i n t o the d e t a i l s , and 
i f we look i n t o the d e t a i l s we can r e a l l y see what they can do and what they 
cannot y e t do. And I t h i n k i t was made q u i t e c l e a r t h a t t o a c e r t a i n extent they 
can serve the purpose, but t h i s i s not what was needed i n t h i s extremely compli
cated p r o j e c t . 

We would l i k e t o have a much more developed model. We don't have i t as y e t and I 
don't agree w i t h Dr. Marr t h a t i t i s s t i l l a matter of 10% or so. I t i s much 
more than 10% and we wouldn't care f o r 10%. I t can e a s i l y be hundreds o f per¬
cents, and i f f o r instance the e x i s t i n g model of Mr. Biegstraaten would be 
a p p l i e d t o r e c a l c u l a t e c y c l i c t r i a x i a l t e s t s , then i t would c e r t a i n l y be more 
than tens of percents, but t h i s i s w e l l understood. So there i s some caution 
r e q u i r e d w i t h the present models and t o go ahead means t e s t i n g them step by step 
i n small d e t a i l s . A sudden jump t o such a b i g problem as t h i s boundary value 
problem i s hopeless. 

F.B.J, Barends (written comment): 

I n the f i n a l discussion conducted by Dr. C h r i s t i a n , the request of Mr. Engel t o 
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the panel t o make a standard s o i l miodel a v a i l a b l e t o any engineer i s not answer
ed from the f o l l o w i n g p o i n t s o f view: 

1. The discussions about the applied models showed anything but a standard. 
2. The engineer, being i n t e r e s t e d i n s o l v i n g h i s p a r t i c u l a r problem, i s not 

aware o f the a p p l i c a b i l i t y of the model. Hence, a standard model a t t h i s 
stage represents a dangerous t o o l , most l i k e l y leading t o misuse and wrong 
i n t e r p r e t a t i o n of the numerical r e s u l t s , when not guided by the model c r e a t o r , 
or a s u f f i c i e n t comprehension of the m a t e r i a l behaviour. 

3. A standard method f o r a not completely understood p h y s i c a l phenomenon i s con
sequently not complete and w i l l most probably soon be o l d fashioned. 
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chairman: 

Good morning l a d i e s and gentlemen. My name i s Arnold V e r r u i j t . I'm from the 
D e l f t U n i v e r s i t y and I w i l l c h a i r t h i s morning, when we w i l l have fo u r present
a t i o n s by f i v e speakers. The subject t h i s morning i s p r e d i c t i o n s by t h e o r e t i c a l 
methods, and the f i r s t l e c t u r e i s on one of the boundary co n d i t i o n s of the 
problem, namely how t o determine the loads, but also how t o determine the safety 
f a c t o r s . 
There are fou r authors, a l l from R i j k s w a t e r s t a a t , Mr. Mulder, Mr. V r i j i i n g and 
Mr, de Q u e l e r i j , The pr e s e n t a t i o n w i l l be made by Mr. Kooman, 

PROBABILISTIC APPROACH TO DETERMINE LOADS AND SAFETY FACTORS 
by D. Kooman 
Vol. 1, Paper 111-1 

Chairman: 

Thank you very much Mr, Kooman, I t h i n k we have time t o allow f o r one short 

question now. Yes, Mr, Barends I t h i n k ? 

F.B.J. Barends: 

I r e f e r t o the graph showing iso-curves f o r the combination of head loss and 
wave loads. I n t e g r a t i o n i s performed from a c e r t a i n l i n e a r combination of the 
p r o b a b i l i t y o f head loss and wave loads, d e f i n d by the parameters a and 3 i n 
order t o determine the chance of f a i l u r e . 
By what c r i t e r i a i s the p o s i t i o n of these l i n e s determined? 

I f i t i s given by the designer, then I am i n t e r e s t e d i n the i n c o r p o r a t i o n of the 
c o r r e l a t i o n between water depth ( r e l a t e d t o the head d i f f e r e n c e ) and the a c t u a l 
wave loads. 

D. Kooman: 

Of course i t ' s not f o r me t o say i n what way we can determine these c r i t e r i a , 
because i t ' s one of the f a c t o r s t h a t comes from the designer. He says my f a i l u r e 
model acts l i k e t h i s and t h e r e f o r e we take i n t o account the p o s s i b i l i t y o f the 
d e v i a t i o n o f head loss and wave load i n the t o t a l load. This i s a very simple 
assumption. But when the designer gives us a f u n c t i o n f o r these c r i t e r i a , maybe 
a f u n c t i o n o f head loss and wave load or other parameters, then we inco r p o r a t e 
t h a t f u n c t i o n i n t o our i n t e g r a t i o n procedure and we w i l l have the d i s t r i b u t i o n 
of the t o t a l loads i n a s i m i l a r way. We d i d not determine these f a c t o r s . They 
are only some examples and t h e r e f o r e i t i s not f o r me t o say t h i s i s the import
ance of the head loss and t h a t i s the importance,of the wave load i n your 
problem. 

Chairman: 

I t h i n k w e ' l l have t o continue now. As you know there w i l l be a general discuss
io n a f t e r a l l the presentations o f t h i s morning, so i f you want t o come back t o 
any of the p o i n t s r a i s e d by Mr. Kooman you can do so l a t e r . 
Thank you very much Mr, Kooman. You've shown us a way o f going over the s t a t i s t 
i c s o f wave loads. We have a l l r e a l i s e d t h a t the wave loads are a s t o c h a s t i c 
process and t h e r e f o r e we have the f e e l i n g t h a t f a i l u r e must also be some s o r t of 
a s t a t i s t i c a l process. As a consequence we need a model of how t o go from the 
loads t o the deformations. And as I understood you l i n e a r i s e d a model t h a t was 
provided t o you by someone els e . These other people now have the o p p o r t u n i t y t o 
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t e l l how t h e i r model works. 
We w i l l have 3 p r e s e n t a t i o n s . 
The f i r s t one w i l l be a j o i n t paper by Mr. Kenter from the D e l f t S o i l Mechanics 
Laboratory and Mr. Vermeer from the D e l f t U n i v e r s i t y of Technology. The paper i s 
t i t l e d Computation by F i n i t e Elements and the f i r s t speaker w i l l be Mr. Kenter. 

COMPUTATIONS BY FINITE ELEMENTS 
by C. J. Kenter/P. A. Vermeer 
Vol. 1, Paper II1-2 

Chairman: 

Thank you very much Mr. Vermeer and thank you very much Mr. Kenter. I t h i n k we 
can have one or two short questions from the f l o o r . 

M. Hamza: 

I ' d l i k e t o ask the authors about the p r e d i c t i o n . 
When we p r e d i c t we g e n e r a l l y would l i k e t o see how the a c t u a l s t r u c t u r e w i l l 
behave, and also we l i k e t o compare t e s t r e s u l t s w i t h our mathematical model. 
The t h i n g s we should be loo k i n g f o r are the f a i l u r e loads and the f a i l u r e mech
anism. And I don't t h i n k e i t h e r of the authors have shown us how the f o o t i n g 
w i l l f a i l , i f i t w i l l f a i l . What i s the f a i l u r e mechanism. Also they have not 
shown us any p r e d i c t i o n of the f a i l u r e , or the a c t u a l magnitude of the f a i l u r e 
load. Can I have a comment on t h a t please? 

C.J. Kenter: 

I t i s very d i f f i c u l t t o compute f a i l u r e behaviour w i t h f i n i t e element programmes, 
because at the moment you come near t o f a i l u r e you get a l l kinds o f numerical i n 
s t a b i l i t i e s . Therefore an exact computation o f the f a i l u r e l i n e , t h a t i s the 
h o r i z o n t a l l i n e 

ends, i s impossible. We can get an idea of the f a i l u r e l i n e , because we are able 
t o come close t o the p o i n t a t which these curves are bending i n t o h o r i z o n t a l 
d i r e c t i o n w i t h our F.E. methods. We also studied the f a i l u r e mechanism i n t h a t 
way and compared i t t o the mechanism observed i n model t e s t s . The resemblance 
was very good. 

I n both cases we found e,g. a r o t a t i o n around the Eastern-Scheldt p o i n t f o r an 
embedded p i e r d u r i n g f a i l u r e ; the r a t i o between r o t a t i o n and t r a n s l a t i o n was 
also very s i m i l a r . 

J.W. Boehmer: 

You might read the next paper by Smits t o see a p r e d i c t i o n o f f a i l u r e . I t h i n k 
t h a t ' s the answer t o your question. 

Chairman: 

That's an a d d i t i o n a l answer. 

A.N. Sohofield: 
Can I j u s t ask about the analogy which i s on page 12 and 13, I f we consider f o r 
example v e r t i c a l seepage through a permeameter and i f you sketch a pore pressure 
a t the bottom o f a permeameter r i s i n g through the permeameter w i t h v e r t i c a l see
page flow l i n e s . Looking on the middle of page 13, we have u = a, u = 0 , 
cr^^ = 8a/dx. Now i f there i s j u s t a v a r i a t i o n o f a - v e r t i c a l , ^ s a y ^ 8a/9y i s 
a constant and 8a/8x = 0, i s t h i s p r e d i c t i n g the u , t h a t there i s a shear d i s -
t o r s i o n , because there i s a displacement y and there i s a constant s t r e s s O 
through the h e i g h t o f the colimin. How does t h i s analogy work w i t h the s i m p l ^ ^ 
example o f v e r t i c a l seepage through a permeameter. 
I t ' s the f i r s t time I've seen t h i s so I may be q u i t e mistaken. Please e x p l a i n . 
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C.J. Kentev: 

You may be r i g h t , t h a t the analogy of v e r t i c a l seepage i s simple shear. However, 
i t i s very d i f f i c u l t t o consider t h i s analogy as a p h y s i c a l analogy, because by 
choosing K = - 1/3 G the m a t e r i a l i s n ' t a p h y s i c a l m a t e r i a l , or a m a t e r i a l one 
can conceive anymore. The analogy i s pure mathematical. 

Charivman: 

I t h i n k the analogy w i t h v e r t i c a l flow w i l l be simple shear, pure shear, but 
then t h a t ' s j u s t a mathematical analogy. Personally I t h i n k t h a t i t ' s an amazing 
s o r t of analogy i f you want t o solve a p o t e n t i a l problem and then solve i t by a 
b i - p o t e n t i a l method. I t h i n k t h a t ' s a s o r t o f p e c u l i a r type o f s o l u t i o n , I would 
p r e f e r a d i r e c t s o l u t i o n of the p o t e n t i a l equation.' Gentlemen I t h i n k we should 
continue w i t h two more l e c t u r e s on methods o f p r e d i c t i o n . The f i r s t l e c t u r e w i l l 
be by Mr. S e l l m e i j e r of the D e l f t S o i l Mechanics Laboratory. 

SIMPLE NUMERICAL METHODS TO DETERMINE DISPLACEMENTS AND STABILITY OF PIERS 
by J. B. Sellmeijer 
Vo/. 1, Paper III-3 

Chaivman: 

Thank you very much Mr. S e l l m e i j e r . This was a simple numerical method and y e t 
i t was not so simple I t h i n k . Are there any questions from the f l o o r t o Mr. 
Sel l m e i j e r ? 

J. W. Boehmev: 

I l i k e Mr. S e l l m e i j e r ' s conclusion i n which he says comparison w i t h the i n g e n i 
ous or complicated or time consuming models i s needed, but I would l i k e t o know 
from him how he obtains these c r i t e r i a f o r s o i l parameters from c y c l i c l o a d i n g 
p r a c t i c e , because t h i s has been a problem i n the past and i t w i l l be a problem 
i n the f u t u r e . 

J.B. Se'Llmeijev: 

I meant e s p e c i a l l y some o f the f a c t o r s which are introduced, f o r example the 
stre s s d i s t r i b u t i o n f a c t o r . I n order t o know i t ' s value one needs i n f o r m a t i o n 
from the surrounding s o i l . This can be obtained by more advanced c a l c u l a t i o n 
where the s o i l i s t r e a t e d as a more r e a l i s t i c v a r i a b l e . 

J.T. Chv-istian: 

I have a comment, which i s t h a t I happen t o l i k e these simple models. I t h i n k 
they're very handy ways t o do t h i n g s . The d i s t i n c t i o n between the two methods, 
simple models and more complicated models, happens t o e x i s t i n the f i e l d o f dy
namic analyses as w e l l . 
This leads me t o my question, and t h a t i s t h a t i n developing these s p r i n g con
sta n t s d i d you take advantage o f the r a t h e r large voliame o f l i t e r a t u r e t h a t has 
been developed over the l a s t 10 or 15 years on s p r i n g constants f o r a v a r i e t y 
o f shapes o f foundations, l a y e r i n g s , d i s t r i b u t i o n s o f s o i l p r o p e r t i e s and so 
f o r t h ? 
You r e f e r r e d t o Barkan whose book r e a l l y was w r i t t e n i n ' 1 9 4 8 . Since then 
Veletsos, Wei, Novak, Beredugo, Westmann, Luco, El Sabee, and Roesset have done 
some work on e s s e n t i a l l y the same problem. Most of t h e i r r e s u l t s of course are 
frequency dependent because they're w o r r i e d about dynamic problems, but almost 
a l l o f them have zero frequency i n t e r c e p t s f o r t h e i r s p r i n g constants. I'm 
wondering i f you compared the r e s u l t s which you've got from your case w i t h these 
more recent analyses. 
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J.B. Sellmeijer: 

I have not made these comparisons so f a r . 

F.W. Rowe: 

How does one get the s t i f f n e s s i n the l a t e r a l d i r e c t i o n compared w i t h the ver
t i c a l ? The s t i f f n e s s i n the l a t e r a l d i r e c t i o n i s going t o be decreasing a l l the 
way t o f a i l u r e . The a c t u a l zone t h a t i s subject t o h i g h shear gets p r o g r e s s i v e 
l y smaller as the s t r u c t u r e goes t o f a i l u r e . Nothing l i k e t h a t occurs i n depth. 
How do you feed i n the r e l a t i v e s t i f f n e s s e s and t h e i r v a r y i n g amounts i n l a t e r a l 
and v e r t i c a l d i r e c t i o n s ? 

J.B. SelImeijer: 

What I considered was only a l i n e a r s t r e s s d i s t r i b u t i o n t o compute settlements 
w i t h . I n order t o make c a l c u l a t i o n s I'm using cone p e n e t r a t i o n values. You do a 
p e n e t r a t i o n t e s t , you consider the q value of i t and from t h a t q value you c a l 
c u l a t e the C value, the c o e f f i c i e n t of volume c o m p r e s s i b i l i t y from Terzaghi. I 
only put t h a t one i n my formulas, 

F.W. Rowe: 

That of course i s the s i t u a t i o n before you b u i l d the s t r u c t u r e . But i f you s t a r t 
doing t h a t you're a l t e r i n g the s t i f f n e s s , j u s t l o c a l t o the base. That has 
nothing t o do w i t h the c a l c u l a t e d value. 

J.B. Sellmeijer: 

The s t i f f n e s s i s considered t o depend on the s t r e s s l e v e l . 

F.W. Rowe: 

Thank you. 

J.T. Christian: 

I have, w e l l , i t i s not a question but a comment. That i s t h a t I very much l i k e 
t h i s s o r t of simple model. However, these t h i n g s have a h a b i t of winding up i n 
design manuals and textbooks and t h i n g s l i k e t h a t and somehow people tend t o f o r 
get what the range of a p p l i c a b i l i t y o f them was, and what the range o f d e r i v a t i o n 
was. We have had several s i t u a t i o n s i n which as s t r u c t u r e s get bigger and bigger 
and the foundations get l a r g e r and l a r g e r the people s t i l l keep u s i n g the same 
formulas and e v e n t u a l l y they get so f a r out of the range f o r which they were 
derived t h a t the r e s u l t s become meaningless. 

J.B. Sellmeijer: 

Yes, but t h a t ' s why I've made a comment t h a t we always have t o compare i t w i t h 
b e t t e r models. 

J.T. Christian: 

When you put t h a t i n the design manual you should make t h a t comment a t the top o f 
the chart and not at the bottom. 

Chairman: 

I t h i n k we should continue w i t h our programme now. Thank you very much Mr, S e l l 
m e i j e r . Maybe we can come back t o the r e l a t i v e m e r i t s o f the d i f f e r e n t methods 
l a t e r . The l a s t speaker t h i s morning i s Mr. Frans Smits from the D e l f t S o i l Mech
anics Laboratory who w i l l give a l e c t u r e on the p l a s t i c i t y a n a l y s i s . 
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EXCESS PORE PRESSURES AND DISPLACEMENTS DUE TO WAVE INDUCED LOADING OF A CAISSON 
FOUNDATION AS PREDICTED BY PLASTICITY ANALYSIS 
by F. P. SmIts 
Vo/, 1, Paper III-4 

Chairman: 

Thank you very much, Mr. Smits. Any discussion? 
I give the f l o o r t o Mr. Vermeer. 

P.A. Vevmeer: 

Mr. Smits has indeed p r e d i c t e d the N e e l t j e Jans Test-1 reasonably w e l l and I 
t h i n k there i s a very simple explanation f o r i t . Therefore I should l i k e Mr. 
Chairman t o see one of the f i r s t p i c t u r e s on which you see the curve which 
r e l a t e s the m o b i l i s e d angle of f r i c t i o n w i t h the shear s t r a i n Y-
A l l f i n i t e element methods d i d not p r e d i c t large displacement so I wonder why 
Mr. Smits got la r g e displacements? 

Mobilized strength as a 
function of sfiear strain 

I n the model which you used Mr. Smits, you assumed t h i s type of r e l a t i o n and the 
volume s t r a i n i s i n f a c t also a f u n c t i o n of the shear s t r a i n . Shear s t r a i n i s a 
f u n c t i o n o f the mobilised angle of f r i c t i o n . Volume s t r a i n i s a f u n c t i o n of the 
shear s t r a i n . When I look a t t h i s p i c t u r e I t h i n k t h a t t h i s i s not r e p r e s e n t a t i v e 
f o r the N e e l t j e Jans t e s t , and I t h i n k i t i s q u i t e general f o r sand at a mean 
stress o f about 50 kN, you w i l l f i n d t h a t the shear s t r a i n i s not bigger than 1%, 
t h i s was a c t u a l l y i n corporated i n the p r e d i c t i o n t h a t I gave f o r N e e l t j e Jans. I 
obtained such a curve but then much s t i f f e r from b i - a x i a l t e s t s . I t h i n k the 
other data mentioned by Marr and mentioned by Biegstraaten and Kenter also show 
t h a t t h i s s o i l i s much too weak, i t i s more l i k e c l a y . 

F.P. Smits: 

The graph has been obtained from simple shear t e s t . I t has been chosen f o r a 
p a r t i c u l a r reason and t h a t i s the way t h a t I came t o a displacement c a l c u l a t i o n . 
Independent of t h a t , i f we would have used a s t r e s s - s t r a i n r e l a t i o n as Mr. Ver
meer i n d i c a t e s , then t h i s , only would have a f f e c t e d the displacement i n the e a r l y 
t e s t stages and i t would also have p r e d i c t e d f a i l u r e , s t a r t i n g i n p a r c e l 3. 

P.A. Vermeer: 

I t h i n k t h a t also i n f l u e n c e s the pore pressure generation, because a Y means a 
c e r t a i n value o f the volume s t r a i n and the volume s t r a i n has a large impact on 
the pore pressure. The pore pressure has again an impact on the s t r e s s so you go 
t o l i q u i f a c t i o n i n t r o d u c i n g t h i s . 

F.P. Smits: 

But the f a c t i s t h a t the pore pressure c a l c u l a t i o n s are completely independent 
of t h i s r e l a t i o n , nothing i s used o f t h i s r e l a t i o n t o come t o the h e i g h t of the 
a c t u a l pore pressures, because i t i s the 6 -function and the c o n s o l i d a t i o n process 
which govern the a c t u a l pore pressure b u i l d up. 

P.A. Vermeer: 

I do not understand i t , excuse me. You have given a volume s t r a i n t h a t was 
r e l a t e d t o Y and you say t h a t volume s t r a i n i s not i n f l u e n c e d by displacements. 
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F.F. Smits: 

Because i n the beginning o f my p r e s e n t a t i o n I have t r i e d t o e x p l a i n t h a t what I 
showed as the monotonic loading p a r t has been t r e a t e d as a f u l l y drained l o a d i n g , 
whereas the pore pressure generation and d i s s i p a t i o n i n t h i s case have been c a l 
c u l a t e d i n an uncoupled process by a completely d i f f e r e n t r e l a t i o n , and on l y 3 
parameters go i n t h e r e , which are 3, k and D. They are not i n f l u e n c e d by any 
volume s t r a i n given i n the r e l a t i o n t h a t you are r e f e r r i n g t o . 

F,A. Vermeer: 

One more quick question. I f you d i v i d e a l l these y-values by 5 w i l l you then ob
t a i n deformations which are about l / 5 t h o f the one you predicted? 

F.P. Smits: 

I w i l l not get e x a c t l y l / 5 t h of the p r e d i c t e d deformations but i n the e a r l y be
ginning o f the t e s t , i n the f i r s t 3 p a r c e l s , they w i l l be about 50% smaller. 

J. W. Boehmev: 

I knew t h i s discussion would s t a r t , and I am sure t h i s w i l l go on t h i s afternoon. 
This t e s t was done about 5 years ago and I remember many s i m i l a r discussions 
since t h a t time. I don't t h i n k t h a t we w i l l f i n d a s o l u t i o n f o r who i s r i g h t and 
who i s wrong i n the middle of t h i s audience. I t h i n k t h i s should s t i l l i n c l u d e 
some more c a r e f u l work. Yesterday i n my t a l k I gave my view on what happened 
w i t h t h i s b a r r i e r . What I s a i d i s t h a t i n N e e l t j e Jans we had a b a r r i e r swing 
and not a b a r r i e r s l i d e . Now I am a l i t t l e b i t s u r p r i s e d t o hear t h a t today t h i s 
was a b a r r i e r s l i d e so my question t o Mr. Smits i s how do you define f a i l u r e . I s 
i t both s l i d e and swing or i s i t j u s t swing? 

My second question i s a more serious one. I agree w i t h Mr. Vermeer. I f t h i s s t u f f 
which i s up there on the screen i s r e a l l y r e p r e s e n t a t i v e f o r sand i n the Ooster
schelde, then i f you make a simple c a l c u l a t i o n on the back of your notebook you 
can compute t h a t the design o f the b a r r i e r as i t i s now w i l l f a i l d u r i n g the 
very f i r s t superwave, so i f t h a t i s t r u e what should we do? 

Chaivman: 

I t h i n k Mr. Boehmer has asked two serious questions. 

F.P. Smits: 

To your second question, I have not been i n v o l v e d i n the present b a r r i e r design 
so much as i n the e a r l i e r concepts, but from the loading and s o i l c o n d i t i o n s I 
have seen I don't t h i n k t h a t there i s danger f o r f a i l u r e i n c y c l i c loading due 
t o excessive pore pressure generation. 
To your f i r s t q u e stion, I am amazed t o hear t h a t a f t e r our discussions you had 
any doiibt t h a t the b a r r i e r d i d n ot s l i d e . How do I define f a i l u r e . Although f o r 
s i m p l i c i t y o f c a l c u l a t i o n s we t r e a t a wave lo a d i n g problem as a f i c t i t i o u s mono-
t o n i c loading c o n d i t i o n , i t i s a c t u a l l y n o t . 
Therefore, what we do not fe a r f o r i s a sudden collapse or f a i l u r e i n the 
c l a s s i c a l sense, unless the s o i l i s very loose, w i t h a d e n s i t y below c r i t i c a l . 
What may happen, i f the mob i l i z e d s t r e n g t h becomes large due t o an increase of 
the boundary lo a d i n g or due t o a r i s e of excess pore pressure, i s a k i n d o f 
progressive f a i l u r e by successive cycles, accompanied by large c y c l i c swings i n 
symmetric lo a d i n g and by large cumulative displacements i n asymmetric l o a d i n g . 
I f t h i s process i n v o l v e s the generation o f serious excess pore pressure, the 
r a t e of displacement may be speeded up c r i t i c a l l y , however, i t s t i l l does not 
cause a sudden collapse i n one or two cy c l e s , due t o the dynamic nature of the 
loading and the pore pressure reducing e f f e c t o f d i l a t a n c y . This progressive 
f a i l u r e process i s what we r e a l l y consider and f e a r , as f a i l u r e by c y c l i c wave 
induced lo a d i n g . 
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I n s e l e c t i n g the moJoilised s t r e n g t h as a f u n c t i o n of shear s t r a i n , F i g . 2 and 
the generation of pore pressure i n r e l a t i o n t o c y c l i c shear stress r a t i o F i g . 4 , 
a choice has f i r s t t o be made of 
(a) the t e s t system and i t s associated s t r e s s p a r t h (see Paper I I . I F i g . 2) and 

(b) the t e s t i n g technique. 
For example, i n the Proc. Conf. Off-Shore Str u c t u r e s I.C.B. London 1 9 7 4 , p. 9 7 , 
F i g . C32, Rowe showed how the number of cycles t o l i q u e f a c t i o n could be changed 
by an order of magnitude, using l u b r i c a t e d end p l a t e n s , and by a f u r t h e r order 
of magnitude when changing the wave form and s t r e s s path. I t i s also known t h a t 
the size of pore pressure developed i n saturated sands when measured i n the t r i 
a x i a l t e s t i s very s e n s i t i v e t o the tendency t o small changes i n the membrane 
volume a t the boundary. Superimposed on these types of d i f f i c u l t y i s the f a c t 
t h a t the foundation consists o f thousands of "elements" which s u f f e r v a r i a b l e 
e f f e c t i v e s t r e s s paths, the nature o f which cannot be predetermined even i n the 
drained s t a t e l e t alone t h a t attempted by the author. Can he add t o F i g . 7 the 
r e s u l t s of a l t e r n a t i v e c a l c u l a t i o n s based on element t e s t s showing the extremes 
of t e s t data possible not only f o r the " s p e c i f i e d foundation" but also f o r the 
case of both loose sand of a l t e r n a t i v e thickness a t the surface and also f o r 
d e n s i f i e d sand? Such an enquiry, i l l u s t r a t e d t o a l i m i t e d extent i n F i g . 3 of 
Paper IV. 3 could g r e a t l y enhance understanding of the s i g n i f i c a n c e of the chosen 
t h e o r e t i c a l method and the meaning of the f i r s t sentence o f the discussion. 

F.P, Smits: (answer extended in writing): 

I agree w i t h you, there are a l o t of f a c t o r s a f f e c t i n g c y c l i c behaviour which 
are i n s u f f i c i e n t l y understood t o allow a confidence a p r i o r i i n p r e d i c t i o n s o f 
prototype behaviour by c a l c u l a t i o n . Seed ( r e f . I I . 3 , page 12) has r e c e n t l y t r i e d 
t o q u a n t i f y the e f f e c t o f some f a c t o r s of u n c e r t a i n t y i n a set of assumptions. 
On the other hand, i t i s j u s t one reason f o r c a r r y i n g out expensive large scale 
t e s t s t o f i n d out how w e l l we are able t o p r e d i c t prototype behaviour by simple 
a n a l y t i c a l methods based upon a best guess of parameter values. Also, although 
we know t h a t i t i s very d i f f i c u l t t o i n v e s t i g a t e and t o understand c y c l i c be
haviour, we t r y t o e s t a b l i s h t e s t c o n d i t i o n s and t o i n t e r p r e t e them i n a way 
t h a t the outcome i s as much as possible independent of any stress path con
d i t i o n s . As f a r as pore pressures are concerned t h i s seems an easier job than 
regarding the response t o the pore pressures i n terms of s t r a i n . 
On the l a s t question you asked me, I have not studied the s e n s i t i v i t y o f the 
outcome of such c a l c u l a t i o n s f o r the range of u n c e r t a i n t y of i n p u t parameters. 
However, the e f f e c t of sand d e n s i f i c a t i o n may be judged from a comparison of the 
p r e d i c t e d displacements f o r N e e l t j e Jans Test I and I I i n F i g . Al and A2, Cal
c u l a t i o n s f o r N e e l t j e Jans Test I I were based upon an estimated p o r o s i t y o f 3 9 % , 
they p r e d i c t e d no s i g n i f i c a n t pore pressure generation and they over-estimated 
the a c t u a l l y measured displacements t o some extend. Also, a more elaborate d i s 
cussion of Test I may support my conclusion about measured and p r e d i c t e d per
formance , 

According t o F i g . 7 and 8 both the measured and p r e d i c t e d performance show a 
marked increase of the r a t e of displacement e a r l y i n p a r c e l 3. Now the a c t u a l 
loading schedule d i f f e r e d somewhat from the planned schedule on which p r e d i c t i o n s 
have been based, i n general the c y c l i c load amplitude c l o s e l y f o l l o w e d the 
planned schedule, except i n p a r c e l 3, where i t was about 20% higher; however, 
the s t a t i c h o r i z o n t a l load component was about 20% higher i n a l l p a r c e l s ; i n 
a d d i t i o n t h ere was a power f a i l u r e a f t e r 50 cycles i n p a r c e l 3, which forced t o 
the d e c i s i o n t o slow down the c y c l i c frequency a f t e r p a r c e l 3. This and the 
measured performance i n v i t e t o look a l i t t l e b i t cl o s e r t o what happened e a r l y 
i n p a r c e l 3. 
The dashed curve (P) i n F i g . B shows c a l c u l a t e d average net excess pore pressure 
a t surface l e v e l below the caisson, based on the planned loading schedule. 
Note t h a t pore pressures i n p a r c e l s 3 and 4 decrease a f t e r having reached a 
maximum. This i s due t o the preshearing e f f e c t , discussed i n Paper I I . 3 , a 
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behaviour t h a t also has been observed i n model t e s t s and i n the present N e e l t j e 
Jans Test. Considering the v e r t i c a l s t r e s s l e v e l of 32 kN/m^ due t o the caisson 
weight, the a p p l i e d r a t i o of h o r i z o n t a l t o v e r t i c a l load and the maximum st r e n g h t 
t o be m o b i l i z e d , i t i s e a s i l y v e r i f i e d t h a t pore pressures o f 1 3 , 5 kN/m^ i n par
c e l 4 lead the caisson foundation very close t o a f a i l u r e c o n d i t i o n as p r e d i c t e d 
by a common s t a b i l i t y a n a l y s i s . I n view o f the n o n - r i g i d behaviour of the s o i l , 
t h e r e f o r e , i t seems p l a u s i b l e t h a t c a l c u l a t e d displacements s t a r t t o increase i n 
p a r c e l 3 due t o the r i s e of pore pressure. 
U n f o r t u n a t e l y pore pressures were not measured at surface l e v e l , but there are 
some records o f pressures at 0 , 7 5 m and 2 m depth. The measured average pore 
pressures are shown by the s o l i d curve (M) i n F i g . B. They are l a r g e r than the 
p r e d i c t e d ones, whereas you expected them smaller i n view of the i n c r e a s i n g 
e f f e c t i v e s t r e s s l e v e l w i t h depth. I have t r i e d t o e x p l a i n t h i s by the d i f f e r e n c e 
between the a c t u a l and scheduled l o a d i n g . The a c t u a l loading i n p a r c e l 3 s t a r t e d 
o f f w i t h a c y c l i c load amplitude 20% below the scheduled l e v e l , then i t increased 
and overshooted the scheduled l e v e l w i t h about 3 0 - 3 5 % at cycle niimber 5 0 , and 
a f t e r the power f a i l u r e i t remained about 1 0 - 2 0 % higher. R e c a l c u l a t i o n of t h i s 
a c t u a l loading c o n d i t i o n y i e l d s an excess pore pressure a t surface l e v e l i n the 
f i r s t 50 cycles of p a r c e l 3 as shown by the dashed curve (R) i n F i g . B, which now 
comes i n the r i g h t order w i t h the measured ones at 0 , 7 5 and 2 m. I n view of the 
previous discussion i t seems q u i t e obvious t h a t t h i s has increased the r a t e o f 
displacement i n p a r c e l 3 . 
Therefore, I conclude: 
1. t h a t the procedure described i n the present paper appears q u i t e capable t o 

p r e d i c t excess pore pressures, 
2 , t h a t the l e v e l of a c t u a l excess pore pressure very l i k e l y has c o n t r i b u t e d t o 

the increased r a t e of displacements a t the beginning of p a r c e l 3 . 

To back up the above philosophy we have another argument. Among the methods, t h a t 
were mobilized t o p r e d i c t performance o f the N e e l t j e Jans t e s t , were 1 g model 
t e s t s i n the l a b o r a t o r y i n which the time f a c t o r f o r pore pressure generation and 
d i s s i p a t i o n was c a r e f u l l y scaled by exchanging the pore water by a viscous f l u i d . 
Performance p r e d i c t e d by these model t e s t s , shown i n F i g . Cl and C 2 , also i n 
d i c a t e d an increased r a t e of displacements at the s t a r t of p a r c e l 3 , even more 
steep than i n the f i e l d t e s t . This corresponds t o the somewhat higher pore 
pressures observed i n parcels 2 and 3 than the measured ones shown i n F i g . B. 

Therefore, I conclude: 
1 . t h a t comparison o f f i e l d evidence w i t h c a l c u l a t e d p r e d i c t i o n s according t o the 

method described here shows, t h a t the N e e l t j e Jans caisson has f a i l e d by 
c y c l i c l oading due t o an increased r a t e of pore pressure generation, 

2 . t h a t t h i s probably would have been demonstrated more c l e a r l y i n the N e e l t j e 
Jans t e s t i f the scheduled loading program, i n p a r t i c u l a r the wave p e r i o d , 
could have been f o l l o w e d . 

Chairman: 

I would l i k e t o s t a r t a general d i s c u s s i o n . 
I t h i n k one of the subjects we could t a l k about i s the r e l a t i v e m e r i t o f the d i f 
f e r e n t methods t h a t have been presented. I don't know i f anyone i n the f l o o r has 
something t o say on t h a t ? 

G. Gudehus: 

I have one question and one comment concerning n o n - l i n e a r i t y . We a l l know t h a t the 
r e a c t i o n of the ground t o displacement i s n o n - l i n e a r , but t h i s i s also the case 
f o r the increments. The incremental f o r c e as a r e a c t i o n against an incremental 
displacement i s n o n - l i n e a r . This i s t y p i c a l o f s o i l s as they are p l a s t i c . They 
are necessary i n c r e m e n t a l l y n o n - l i n e a r and t h i s has c e r t a i n consequences. 
One consequence i s t h a t you cannot describe the r e s i s t a n c e by a Taylor expansion. 
The Taylor expansion would be v a l i d i f the s o i l would react l i k e a chain b u t i t 
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i s not a chain, i t i s in c r e m e n t a l l y non-linear and t h i s makes the system so com
p l i c a t e d . 

The second consequence i s t h a t i t i s very d i f f i c u l t t o say anything about the 
mathematical character o f the d i f f e r e n t computer models which have been presented 
here concerning convergence and uniqueness and even existence of the s o l u t i o n . 
Simply speaking i t i s very d i f f i c u l t i f not impossible t o say whether the p r o 
duced computer s o l u t i o n contains j u s t the i n p u t data or anything more, and t h i s 
i s o f course an e s s e n t i a l problem i f every r e s u l t r e a l l y i s a r e s u l t or i f i t con
t a i n s something else produced by the computer, and i n mathematical terms t h i s 
should be secured by existance proof and convergence proof. I accept t h a t t h i s i s 
not y e t feasable so my question i s how d i d you care f o r s e n s i t i v i t y f o r mathemat
i c a l s t a b i l i t y o f the d i f f e r e n t models. Did you c a r r y out comparative c a l c u l a t 
ions t o get at l e a s t an emperical idea o f the mathematical s t a b i l i t y o f the model? 

Chairman: 

I t h i n k there are about f o u r people here who could give an answer t o t h a t . S h a l l 
we s t a r t w i t h Mr. Kenter? 

C.J. Kenter: 

We made indeed a l o t of comparative c a l c u l a t i o n s i n order t o study the q u a l i t y 
of the f i n a l s o l u t i o n . We v a r i e d f o r instance the element-size and d i s t r i b u t i o n , 
the mesh-size, the member of increments and the s t r e s s - s t r a i n r e l a t i o n . Each 
time we checked the p h y s i c a l p r o b a b i l i t y of the r e s u l t s and the d i f f e r e n c e s 
w i t h other r e s u l t s . We found, t h a t i t was r a t h e r easy t o discover non-con
vergence and non-uniqueness i n the Consol r e s u l t s , because when Consol does not 
converge i t diverges very s t r o n g l y . 

P.A. Vermeer: 

Both the Consol model and the E l p l a s t model are based on an i n essence non-sym
metr i c m a t r i x and t h i s means t h a t the uniqueness of the s o l u t i o n i s not always 
guaranteed. When str e s s r a t i o s exceed a s p e c i f i c value i t can not be proved from 
the m a t e r i a l p r o p e r t i e s t h a t there i s uniqueness o f s o l u t i o n . Now when we come 
t o the analysis the e l a s t o p l a s t i c s t r e s s s t r a i n law i s i n t e g r a t e d n u m e r i c a l l y t o 
ob t a i n a r e l a t i o n f o r f i n i t e increments of st r e s s and s t r a i n . I t h i n k i n t h i s i n 
t e g r a t i o n you can do something. You can increase the n o n - n o r a a l i t y and you can 
reduce i t by your way of i n t e g r a t i o n . What I have done i s I used such a r u l e of 
i n t e g r a t i o n t h a t t h i s non-normality was not exaggerated, I t h i n k t h a t you w i l l 
a t t e n d the coming numerical congress i n Aachen and there I w i l l present a paper 
on i t . 

Chaivman: 

Well, maybe Mr. Smits has something t o add on the accuracy of h i s method, an 
a n a l y t i c a l method? 

P.P. Smits: 

Nothing i n r e l a t i o n t o Prof. Gudehus' question. I n general you may say t h a t any 
a n a l y t i c a l method s u f f e r s from not being able t o model anything other than u n i 
form s o i l c o n d i t i o n s . 

Chairman: 

Neither does i t t o Mr. S e l l m e i j e r ' s approach which b a s i c a l l y involves the i n 
fluence of the parameters, I t h i n k . 

J.B. SeLlmeiger: 

Whatever value you put i n the programme you always c a l c u l a t e something, so the 
only t h i n g you can do i s compare i t w i t h b e t t e r models, and then you have t o com
pare i t w i t h Consol and t h a t ' s what you already doubted. 
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Chairman : 

Mr. S e l l m e i j e r i s very modest. I t h i n k there might be some other questions or 
remarks or comments from the f l o o r ? 

W.A. Marr: 

I would l i k e t o ask a question t o Mr. Kooman, who d e l i v e r e d the paper on p r o b a b i l 
i s t i c methods. I n h i s paper he i n d i c a t e s f o r an anal y s i s of s l i d i n g o f f o f the 
b a r r i e r s t r u c t u r e s a p r o b a b i l i t y o f f a i l u r e o f about 10 , ( i f I r e c a l l these 
numbers c o r r e c t l y ) , f o r a c o n d i t i o n which, i f we do a c a l c u l a t i o n of a f a c t o r of 
saf e t y f o r simple s l i d i n g , we get w i t h your numbers about 1 . 3 . 
Doesn't i t seem a l i t t l e strange t h a t we have such a low p r o b a b i l i t y o f f a i l u r e 
f o r such a low f a c t o r of safety? This i s my f i r s t question. The second p a r t i s : 
I s i t appropriate t o assume a normal p r o b a b i l i t y d i s t r i b u t i o n f o r a case which 
has such low p r o b a b i l i t i e s o f f a i l u r e ? 

Chairman: 

Mr. Kooman or Mr. de Q u e l e r i j . 

L. de Quelerij: 

I w i l l t r y t o answer the f i r s t q uestion. You are t a l k i n g about a r e l a t i v e l y low 
p r o b a b i l i t y o f f a i l u r e ( p . f . ) of about 1 0 ' i n comparison w i t h a corresponding 
sa f e t y f a c t o r of about 1 . 3 5 . I t h i n k t h i s p . f . agrees very w e l l w i t h our est i m a t 
i o n of the s a f e t y f a c t o r , also when we compare t h i s w i t h other c o n s t r u c t i o n com
ponents. The e s t i m a t i o n o f the s a f e t y f a c t o r i s based on the s e m i - p r o b a b i l i s t i c 
approach, t a k i n g i n t o account 1 ) the chance o f exceedance o f load c o n d i t i o n s , 2 ) 
the u n c e r t a i n t y o f the geotechnical c a l c u l a t i o n model and 3 ) the u n c e r t a i n t i e s of 
the s o i l p r o p e r t i e s . When these u n c e r t a i n t i e s are taken i n t o account by the use 
of p a r t i a l s a f e t y f a c t o r , we come t o a t o t a l s a f e t y f a c t o r of 1 . 5 , as shown i n _ 
s e c t i o n I I I . l par. 4 . 1 . This s a f e t y f a c t o r corresponds w i t h a p . f . o f about 10 
Maybe, you t h i n k i t i s a very small chance but the p . f . of p.e. the s t e e l gates 
i s about the same. Secondly t a l k i n g about acceptable r i s k l e v e l s you should 
t h i n k of a p . f . f o r the b a r r i e r as a whole of about 1 0 ^ ( i n t e r p r e t e d from the 
Del t a - l a w ) . So the acceptable s a f e t y f a c t o r of 1 . 5 and the corresponding p . f . 
of about 1 0 ~ ^ agree w e l l w i t h t h i s l e v e l . 

I t i s indeed a small p . f . but not a r e l a t i v e l y too small p . f . I hope I've answer
ed your question. 

Chairman: 

Personally I must say I always have a l i t t l e d i f f i c u l t y i n i n t e r p r e t i n g p r o b a b i l 
i t i e s o f f a i l u r e . When we design a c e r t a i n s t r u c t u r e w i t h a f a c t o r o f sa f e t y of 
1 . 4 we expect i t t o stand and not t o f a i l . 

L. de Quelerij: 

I f I understand the second question of Dr. Marr c o r r e c t l y , he i s doubting whether 
the normal d i s t r i b u t i o n o f some o f the s o i l parameters i s a c o r r e c t d i s t r i b u t i o n 
f o r low p r o b a b i l i t y of f a i l u r e . I t h i n k you should r e a l i z e t h a t , when you say 
" f o r low p r o b a b i l i t y of f a i l u r e " , the p r o b a b i l i t y of f a i l u r e i s a conibination of 
1 ) p r o b a b i l i t y of exceedence of a c e r t a i n load l e v e l , 2 ) the p r o b a b i l i t y of a 
lower s o i l p r o p e r t y than assiomed. When you only look a t the s o i l p r o p e r t i e s i t 
can be seen t h a t i n the t o t a l f a i l u r e d i s t r i b u t i o n load p r o p e r t i e s w i t h a chance 
of about 1 0 ~ ^ - 10 ^ are the most important area o f the s o i l properties_^ So you 
are not l o o k i n g a t s o i l p r o p e r t i e s w i t h an exceedance p r o b a b i l i t y o f 10 ® or so 
but o f about 1 0 ~ ^ . And so I t h i n k f o r t h i s area we can make a reasonable estimat
ion. Does t h a t answer your question? 

L. de Quelerij (extension in writing): 

P r o b a b i l i s t i c c a l c u l a t i o n s w i t h a normal p r o b a b i l i t y d i s t r i b u t i o n , cut o f by a 

46 



p h y s i c a l minimum a t 1% (so a non-symmetrical d i s t r i b u t i o n ) turned out t o have 
p r o b a b i l i t y of f a i l u r e which d i f f e r s o n ly s l i g h t l y (less than a f a c t o r of 10 ) 
from the o r i g i n a l (non-cut o f f ) r e s u l t s . 

Chaivman: 

I would l i k e t o steer f u r t h e r discussion towards a c e r t a i n p o i n t , and t h a t i s 
t h a t from my impression o f the p r e s e ntations t h a t we had here, t h a t i f you want 
t o p r e d i c t f a i l u r e of a s t r u c t u r e , the o nly good p r e d i c t i o n was by Mr, Smits 
using p l a s t i c i t y , so t o p r e d i c t f a i l u r e I have an impression t h a t you can b e t t e r 
use the p l a s t i c i t y method, and t o p r e d i c t deformations under normal c o n d i t i o n s , 
under the c o n d i t i o n s t h a t are expected under a r e a l s t r u c t u r e I am impressed by 
Mr. S e l l m e i j e r ' s approach. U n f o r t u n a t e l y t h a t leaves no place f o r the f i n i t e 
element method. That i s the conclusion t h a t I am tempted t o draw but which ac
t u a l l y I do not l i k e . And I am a f r a i d Dr. C h r i s t i a n would not l i k e i t e i t h e r , so 
can I tempt him t o give some comments? 

J.T. Chvist-ian: 

I agree w i t h you. I don't l i k e i t p a r t i c u l a r y e i t h e r . I t h i n k i t depends very 
much on what you are t r y i n g t o do, and maybe p a r t of the d i f f i c u l t y a r i s e s from 
t r y i n g t o do t h i n g s w i t h f i n i t e element methods w i t h a l i t t l e confusion over what 
the aims are. I t h i n k you can r e a l l y do two t h i n g s w i t h f i n i t e element methods. 
You can look at problems f o r which we understand the physics o f the problem 
f a i r l y w e l l and you can extend these t o other loading c o n d i t i o n s and other geo
metries. This i s r e a l l y what the s t r u c t u r a l engineers do. We have a f t e r a l l known 
how concrete beams behave, or a t l e a s t we t h i n k we know how concrete beams behave, 
f o r some time, and so, when we make d i f f e r e n t shapes o f concrete or when we make 
aeroplane wings t h a t are i n complex c o n f i g u r a t i o n s , we use these methods o f 
analysis t o t e l l us what i s l i k e l y t o happen. The other k i n d of t h i n g t h a t you 
can do i s t o look a t cases f o r which the physics are not very w e l l known, such as 
the behaviour of s o i l s under c y c l i c l o a d i n g w i t h very very s o f t m a t e r i a l s such as 
you have i n the Oosterschelde. You can look a t cases l i k e t h a t and you can do 
parametric s t u d i e s . You can ask y o u r s e l f : " What s o r t s o f t h i n g s cause an e f f e c t ? 
I f I change t h i s number or t h a t number or i f I introduce one k i n d o f p h y s i c a l 
model or one k i n d o f s i m p l i f i c a t i o n o f the behaviour, what does t h i s do t o the 
k i n d of response t h a t I get?". You can l e a r n a great deal about the physics o f 
the problem. I t h i n k where you get i n t o t r o u b l e i s when you s t a r t t r y i n g t o use 
such models t o give you absolute numbers which you are then going t o use f o r 
design. I f you are so dependent on the accuracy of the model f o r the s a f e t y o f 
your design, I t h i n k t h a t you are i n t r o u b l e . I t h i n k t h a t i s one of the great 
uses o f f i n i t e element methods, or f o r t h a t matter any other k i n d of method, i n 
c l u d i n g Mr. S e l l m e i j e r ' s method f o r which you can do parametric s t u d i e s . 
As long as I am up on my f e e t I would also l i k e t o ask a question or make a com
ment on_the p r o b a b i l i s t i c a n a l y s i s . Do I understand i t c o r r e c t l y t h a t i n f a c t 
t h i s 1 0 r e a l l y i s composed of something on the order o f 10 ^ which i s the 
loading and 10 ^ which i s the s o i l . 

L. de Quelevij: 

That i s c o r r e c t . 

J.T. Christian: 

I thought t h a t was perhaps where we were. You know 10 i s g e t t i n g t o be about 
the p r o b a b i l i t y of being h i t by a m e t e o r i t e . I t i s a very small n\amber and I 
have t o say t h a t f o r the l a s t several years I have been i n v o l v e d i n the design of 
riuclear power p l a n t s and we l i k e t o t e l l the p u b l i c t h a t we have these very small 
p r o b a b i l i t i e s . We also generate some of these very small p r o b a b i l i t i e s and I've 
become somewhat s c e p t i c a l , I must admit, about much of t h i s s o r t of work. I'm 
p a r t i c u l a r l y s c e p t i c a l of the s o r t of e x t r a p o l a t i o n s t h a t we a l l l i k e t o make a t 
the t a i l ends of p r o b a b i l i t y d i s t r i b u t i o n s . 
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Cnairman: 

Thank you very much. I'm c a l c u l a t i n g , you say t h a t 10 ' i s such a small 
p r o b a b i l i t y and t h a t i t i s the chance of being h i t by a meteorite. I don't thxnk 
i t i s t h a t small a p r o b a b i l i t y . I t h i n k there are about 3 b i l l i o n people on t h i s 
w orld so t h a t i s about 3 x 10+9 people. So t h a t would mean t h a t about 300 people 
a year would be h i t by a meteorite. So I t h i n k the p r o b a b i l i t y of being h i t by a 
meteorite i s much smaller, because you seldom hear about such accidents. I 
wonder i f anybody of the t h e o r e t i c i a n s here on the t a b l e would comment on the 
meri t s of the f i n i t e element method and t r y t o defend i t a l i t t l e b i t . 

C.J. Kenter: 

I agree w i t h what Mr. C h r i s t i a n s a i d , and also w i t h what Mr. S e l l m e i j e r s a i d 
b efore, t h a t the spr i n g constant methods should be checked by f i n i t e element 
methods. Besides I t h i n k we overlook one t h i n g . You t a l k e d about displacements 
which could be computed best by the s p r i n g constant method, - a f t e r being checked 
by F E methods - and f a i l u r e t h a t could be computed best by p l a s t i c i t y . There 
i s something els e , and I t h i n k t h a t i s the stresses of the c o n s t r u c t i o n . How do 
you want t o compute those accurately i f you do not use the f i n i t e element method? 
Further we have t o c a l c u l a t e groundwater f l o w , c o n s o l i d a t i o n , d i f f i c u l t geometries 
l i k e a p i e r - f l o o r w i t h s k i r t s . For a l l those c a l c u l a t i o n s the f i n i t e element 
method i s most appropriate. 

Chairman: 

Well, can Mr. Smits not compute them? 

F.P. Smtts: 

C e r t a i n l y not by a simple method where you don't do the numerical i n t e g r a t i o n of 
the stress f i e l d , b ut even then a p l a s t i c i t y a n a l y s i s by the method of 
c h a r a c t e r i s t i c s has serious l i m i t a t i o n s , as s t a t e d i n the conclusions o f my paper. 

J.W. öoenmer: 

I would l i k e t o make a comment from the designers p o i n t of view. I have seen t h i s 
s p r i n g constant c a l c u l a t i o n be a p p l i e d t o a l l our b a r r i e r a l t e r n a t i v e s m the 
past 4 years. The f i r s t c a l c u l a t i o n s showed large r o t a t i o n s as compared t o the 
h o r i z o n t a l displacements. Rotations which would not be accepted today. This was 
4 years ago. A f t e r comparing these s p r i n g constant c a l c u l a t i o n s w i t h f i n i t e 
element c a l c u l a t i o n s and w i t h model t e s t s these r o t a t i o n s went down t o reasonable 
sizes today. This i s our experience f o r d e n s i f i e d s o i l . But suppose t h a t m the 
f u t u r e we are going t o make a foundation on non-densified s o i l l i k e we d i d m the 
Brouwers dam about 8 years ago, then we might be faced w i t h a caisson leaning 
against the wave and headless what we saw i n the N e e l t j e Jans t e s t , on non 
d e n s i f i e d s o i l , and what we saw i n the c o n d i t i o n c o n t r o l measurement of the 
Brouwers dam i t s e l f . 

Can the s p r i n g constant method r e s u l t t h i s mode of deformation. 

J.Ü. Sellmeijer: 

I only can say not y e t . We can i n v e s t i g a t e the p o s s i b i l i t y . 

Chairman: 

I s i t necessary t o p u t i n a negative s p r i n g constant? 

J.B. Sellmeijer: 

There are some cases i n which we use negative s p r i n g constants. For example when 
you compute the bending of p i l e s . I f you c a l c u l a t e p i l e s as i f they are s t r a i g h t 
you get a negative h o r i z o n t a l displacement a t the base. As a r e s u l t of bending 
i t can even be p o s i t i v e . I n order t o simulate such p o s i t i v e displacement you have 
t o use negative s p r i n g constants. 



P.W. Rowe: 
On the seaward side o f the Brouwers dam, there must have been a higher head of 
water and t h e r e f o r e there i s going t o be seepage for c e s . The ground i s going t o 
go down under those forces more a t the back, and f o r loose sand, the settlements 
would be q u i t e b i g and include a t i l t backwards, q u i t e apart from c y c l i c a c t i o n 
and the washing out of sand, which presumably i s not going on i n the h e e l , 
otherwise i t would have gone on t i l t i n g back. 

I have measurements on a g r a v i t y dam, which, on f i l l i n g the r e s e r v o i r t i l t e d 
back towards the r e s e r v o i r because a l l the rocks go down under the weight o f the 
water. Has t h i s been taken i n t o account? 

Chatmian: 

Has anyone taken i n t o account t h a t i t may t i l t back because o f the seepage forces 
of the pore water? 

P.A. Vermeer: 

We have preformed a c a l c u l a t i o n w i t h on the back side of the caisson a h o r i z o n t a l 
l a y e r of asphalt, separating the s o i l from the sea. The water t a b l e above the 
asphalt was r a i s e d and hardly any r o t a t i o n f o r the caisson was computed while we 
expected s u b s t a n t i a l t i l t towards the lower lake l e v e l . The explanation i s t h a t 
the s o i l was taken t o be not completely s a t u r a t e d and the lay e r of asphalt on 
top o f i t exercised a c e r t a i n pressure. This pressure was only p a r t l y taken by 
pore pressures and f o r the other (small) p a r t by the s o i l . 
The s o i l a t the back side o f the caisson simply s e t t l e d , which r e s u l t s i n a 
tendency of a backward t i l t . Thus the sand being covered by asphalt behaved l i k e 
the rocks i n Rowe's r e s e r v o i r , a t l e a s t i n the computation. I t seems t h a t such 
responses can be explained w i t h o u t considering seepage for c e s . 

Chairman: 
Any other remarks from the f l o o r ? 

D. Kooman: 

I would l i k e t o make some comments on the p r o b a b i l i t y of f a i l u r e and the value o f 
i t . I n the Netherlands and i n England t o o , t h e _ m o r t a l i t y p r o b a b i l i t y of an 
i n d i v i d u a l person due t o accidents i s about 10 per year per i n d i v i d u a l . M o r t a l 
i t y due t o meteorites i s about 10 ^, I n design p r a c t i c e we use saf e t y f a c t o r s . 
P a r t l y s a f e t y f a c t o r s are described i n n a t i o n a l codes f o r the designer, t o 
i n d i c a t e the separation between the c h a r a c t e r i s t i c loading and the c h a r a c t e r i s t i c 
s t rength. 

When we_compute the p r o b a b i l i t y of f a i l u r e i n the s e m i - p r o b a b i l i s t i c method, you 
f i n d 10 . That does not include some r e l a t i o n between s o c i a l acceptancy of r i s k 
of human l i f e . The numbers may be small i f compared t o the 10~'̂  which i s p r a c t i c a l 
and the 10 which has been accepted f o r many years. I suppose t h a t i t remains a 
feasable value, 

J.T. Christian: 

I want t o c l e a r up the p o i n t t h a t the numbers lO"' or 10 ^ do not r e f e r t o the 
s o i l p r o p e r t i e s . They are r e l a t e d t o two d i f f e r e n t types of f a i l u r e loads as 
you've discussed already. I do agree t h a t those are indeed the numbers t h a t one 
comes out w i t h i n these analyses. I suppose one of these days we w i l l be able t o 
f i g u r e out why i t i s t h a t what we a r r i v e d a t by a process of t r i a l and e r r o r as 
a s o c i a l l y acceptable way t o do design tends t o coincide w i t h what we come out 
w i t h numerically as a s o c i a l l y acceptable t h i n g . I'm not sure t h a t we completely 
understand why t h a t i s . But I have seen some c a l c u l a t i o n s , not these c a l c u l a t i o n s 
but other ones on very d i f f e r e n t p r o j e c t s , i n which people t r y t o feed i n 
r e a l i s t i c values f o r v a r i a b i l i t y o f s o i l p r o p e r t i e s t h a t they got from t e s t s or 
from f i e l d measurements or whatever, and u s u a l l y the shoulders on the d i s t r i b u t 
ions became much l a r g e r than what they were r e a l l y comfortable w i t h . I've seen 
several cases i n which such c a l c u l a t i o n s got abandoned e a r l y i n the game because 
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t h a t 10~^ p a r t of the c a l c u l a t i o n , the s o i l p a r t of i t , was becoming r a t h e r large 
and embarassing, p a r t i c u l a r l y when you s t a r t i n t e g r a t i n g over a l l the p r o b a b i l i 
t i e s of f a i l u r e . I n other words you have 10 ^ p r o b a b i l i t y of t h i s p a r t i c u l a r load 
and then a 10~^ p r o b a b i l i t y o f f a i l u r e . When you s t a r t g e t t i n g r e a l l y l a r g e 
shoulders on the d i s t r i b u t i o n of the s o i l p r o p e r t i e s and when you consider the 
f u r t h e r t a i l s those can come along and cause a l o t of problems. You wind up w i t h 
some embarassingly high p r o b a b i l i t i e s of f a i l u r e . Those somehow tend not t o get 
published; they tend t o get f o r g o t t e n somewhere i n someone's design c a l c u l a t i o n s . 

Cnairman: 

Well, as a chairman I t h i n k I might add some concluding remarks. I t h i n k we 
should be p r e t t y happy w i t h the s t a t i s t i c a l work t h a t has been presented here. 
I t seems not t o have the disadvantages Dr. C h r i s t i a n mentioned of some other 
s t a t i s t i c a l methods, the r e s u l t s seem t o be q u i t e reasonable and acceptable 
s o c i a l l y . So I t h i n k t h i s i s r e a l l y a worth w h i l e r e s u l t which was s t i m u l a t e d by 
the large p r o j e c t of the Oosterschelde. 
About the t h e o r e t i c a l methods of c a l c u l a t i o n I t h i n k I should modify the con
c l u s i o n I drew a l i t t l e b i t e a r l i e r , but s t i l l I would l i k e t o say t h a t when I 
look back I t h i n k the conclusion should be t h a t f o r a large p r o j e c t such as the 
Oosterschelde the lesson we have t o le a r n i s t h a t you should not r e l y on one 
method only, and c e r t a i n l y not the f i n i t e elements only a t t h i s stage o f know
ledge. I t h i n k t h a t f o r f a i l u r e the p l a s t i c i t y a nalysis or l i m i t a nalysis i s 
s t i l l much t o be favoured. For small deformations i n the n a t u r a l range of forces 
and displacement, the spr i n g constant method looks very good and the f i n i t e 
element method should be used then t o l i n k the small deformations t o the f i n a l 
range of f a i l u r e . When we t h i n k t h a t t h i s symposium was set up t o round o f f much 
of the research t h a t has been done f o r the Oosterschelde p r o j e c t and p a r t i c u l a r 
l y the N e e l t j e Jans t e s t s then i t i s t o be r e g r e t t e d t h a t now we s t i l l have some 
disagreements about why the f i n i t e element methods do not tend t o the p l a s t i c i t y 
l i m i t t h a t Mr. Smits f i n d s i n h i s p l a s t i c i t y a n a l y s i s . So I s t i l l t h i n k t h a t we 
should go back and do some more c a l c u l a t i o n s , i f we can f i n d someone w i t h a 
budget of computer time, so t h i s i s not the end, i t i s perhaps a new beginning. 
Thank you very much. 
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SIMPLE NUMERICAL METHODS TO DITERMINE DISPLACEMENTS AND STABILITY OF PIERS 
QUESTIONS (admit ted in wr i t ing) 

J.W. Boehmev: 

What c r i t e r i a do you suggest t o the designer f o r doing research on complicated 
a n a l y t i c a l models t o support the a p p l i c a t i o n o f : 
a) simple l i n e a r e l a s t i c ( s p r i n g constant) a n a l y s i s f o r p i e r deformations; 
b) simple s t a b i l i t y a n a l y s i s (Brinck Hansen) f o r p i e r s t a b i l i t y ; 
c) the combination o f the two i n the L.G.M, non-linear e l a s t i c s p r i n g constant 

analysis f o r p i e r behaviour. 

J.B. Bellmeijev: 

Designers are mainly i n t e r e s t e d i n the f e a s i b i l i t y and costs of t h e i r design, 
r a t h e r than i n the s c i e n t i f i c aspects. They need r e l i a b l e , cheap and f a s t techniques 
of c a l c u l a t i o n , of which the r e s u l t s are easy t o understand and i n t e r p r e t e . Mostly 
cheap, f a s t and simple do not harmonize w i t h r e l i a b i l i t y i n s o i l mechanics. There
f o r e the consultant should have at h i s d i s p o s a l several techniques, ranging from 
simple and cheap models t o h i g h l y advanced computer programmes. The co n s u l t a n t 
knows which technique meets the designers wishes best. 
For parametric studies l i k e the research f o r the Oosterschelde storm surge b a r r i e r , 
a combination of simple and advanced techniques i s most a t t r a c t i v e . One operates a 
simple and cheap device f o r many computations. The r e s u l t s w i l l be backed-up a few 
times by more advanced computations. I n case o f one s i n g l e problem one must weigh 
costs against r e l i a b i l i t y . 
I t i s c l e a r t h a t research i n s o i l mechanics should not be r e s t r i c t e d t o one type of 
c a l c u l a t i o n model only. One must be a l e r t t o keep the range of techniques as wide 
as p o s s i b l e , 

P.W. Rowe: 

I f , as i s concluded, comparison i s necessary w i t h more advanced a n a l y t i c a l models 
t o determine the s o i l i n p u t parameters, does t h i s not mean t h a t the p r i n c i p a l value 
of the method must l i e i n the o p p o r t u n i t y i t a f f o r d s , as indeed w i t h a l l a n a l y t i c a l 
methods, t o derive parametric p l o t s showing the i n f l u e n c e of c r i t i c a l dimensions 
such as depth, l e n g t h , width and spacing on c r i t i c a l performance f a c t o r s such as 
d e f l e x i o n , t i l t and swing under chosen design loads together w i t h s a f e t y against 
p a r t i c u l a r f a i l u r e mechanisms? I f ' t h e n the method f a i l e d t o show a t l e a s t the form 
of the curves r e l a t i n g V and A i n F i g . 10 of Paper IV,3 f o r example, i t would mean 
t h a t i t d i d not model the three dimensional i n t e r a c t i o n o f p i e r s , s i l l and foundat
io n c o r r e c t l y . The same question s t r i c t l y a p p l i e s t o a l l a n a l y t i c a l procedures. 
Could the author r e p o r t the r e l a t i o n between V and A f o r the design peak, constant 
spacing S = 40 m, and common s i l l d eflexions? 

J.B, Setlmei-Qev: 

Indeed, the p r i n c i p l e value of the sp r i n g constant method l i e s i n d e r i v i n g para
m e t r i c p l o t s , showing the i n f l u e n c e o f dimension parameters and s o i l c h a r a c t e r i s t i c s 
on the displacements and s t a b i l i t y o f the p i e r s . The i n p u t i s simple. Except f o r 
data f o r the geometry and the design loads, the s o i l c h a r a c t e r i s t i c s are l i m i t e d t o 
sp r i n g constant values, parameters c o n t r o l i n g the m o b i l i z a t i o n o f shear stresses 
and values of f r i c t i o n between s t r u c t u r e and s o i l . A l l i n f l u e n c e s on the stresses 
at the s t r u c t u r e have t o be represented by those c h a r a c t e r i s t i c s . 
The i n t e r a c t i o n between p i e r s i s considered i n the programme. I t s i n f l u e n c e on the 
parameters along the foundation p l a t e i s discussed i n paper I I I 3 page 8. I t s i n 
fluence on the parameters along the faces i s more complicated, since the method 
used t o de r i v e h o r i z o n t a l s p r i n g constant values was Menard's e m p i r i c a l t h r ee 
dimensional expression, where i n t e r a c t i o n i s n o t considered. 
The present programme y i e l d s the f o l l o w i n g r e l a t i o n f o r the weight V of the s t r u c 
t u r e and the area A o f the foundation p l a t e . 
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The values of the parameters are: 

. h e i g h t of the s t r u c t u r e : 12,5 m 

. h o r i z o n t a l load a t 10 m above the s t r u c t u r e : 160 MN 

. spacing: 40 m 

. h o r i z o n t a l displacements a t the top of the 
s t r u c t u r e 11 cm 

Increase of V f o r i n c r e a s i n g A i s due t o the i n t e r a c t i o n of p i e r s and s i l l , when 
the distance between the p i e r s becomes small. This r e s u l t i s encouraging when com
pared w i t h the experimental values described i n paper IV 3 , f i g , 1 0 . However, more 
study i n t o the d e r i v a t i o n of the h o r i z o n t a l parameters w i l l be c a r r i e d out. 
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Chai-rman: 

Good afternoon l a d i e s and gentlemen. I w i l l c h a i r t h i s session which w i l l deal 
w i t h the subject of the a p p l i c a t i o n of model t e s t r e s u l t s t o the p r e d i c t i o n of 
prototype behaviour. We w i l l have three presentations t h i s afternoon given by 
three speakers. At the end of t h i s session a discussion time of approximately 
45 minutes has been planned, and I w i l l ask the authors and the co-authors t o 
j o i n me on t h i s podium. Prof. Lambe w i l l b r i n g up some items f o r t h i s discussion 
and I hope many of you w i l l p a r t i c i p a t e . 
Model t e s t s were i n the past, and s t i l l are a common t o o l f o r the i d e n t i f i c a t i o n 
of mechanisms governing behaviour. Many pioneers of the p r o f e s s i o n developed 
t h e i r c a l c u l a t i o n models from observations o f moving sand p a r t i c l e s behind the 
glass-panel, movements caused by loads on very small f o o t i n g s , p i l e s , shut p i l e s 
and so on. Nowadays model t e s t s are also widely used f o r the d i r e c t p r e d i c t i o n of 
prototype behaviour from the r e s u l t s of t e s t s w i t h a model, which i s as near as 
poss i b l e a r e p l i c a of the prototype c o n s t r u c t i o n . This technique was g r e a t l y im
proved by the c e n t r i f u g e t e s t s . Large models o f f e r e d the same p o s s i b i l i t i e s . 
Another category of model t e s t s considers the model as a small s t r u c t u r e t o com
pare i t s behaviour w i t h t h a t of some methods of cmalysis. We w i l l hear more 
about these types of model t e s t s t h i s afternoon. Not a l l the model t e s t s w i l l be 
presented i n t h i s session. Mr. Smits has already b r i e f l y described the I g model 
t e s t c a r r i e d out i n the l a b o r a t o r y w i t h a pore f l u i d w i t h high v i s c o s i t y . There
f o r e we l e f t t h i s t e s t out of t h i s session. I t i s my opi n i o n t h a t a l l model t e s t s 
although s u f f e r i n g from shortcomings, w i t h respect t o the r e p r e s e n t a t i o n of loads, 
s o i l c o n d i t i o n s and the i n t e r a c t i o n faces, have c o n t r i b u t e d very l a r g e l y t o the 
confidence i n the l a t e s t design of the b a r r i e r . 

I ask your a t t e n t i o n now f o r Prof, T.W, Lambe, professor i n s o i l mechanics a t the 

Massachusetts I n s t i t u t e o f Technology i n Boston, 
He i s also consultant of R i j k s w a t e r s t a a t on t h i s p r o j e c t and he w i l l present t h i s 
afternoon the large scale model t e s t on a caisson i n the working harbour a t 
N e e l t j e Jans. The co-authors of t h i s paper are Mr, J.W. Boehmer of the De l t a 
di e n s t of R i j k s w a t e r s t a a t and Mr. W.F. Rosenbrand of the D e l f t S o i l Mechanics La
boratory. The name of Prof, Lambe w i l l be w e l l known t o many of you. His book on 
s o i l mechanics i s used f r e q u e n t l y by students and engineers i n t h i s country. B i l l , 
w i l l you please take the f l o o r ? 

CAISSON TESTS AT NEELTJE JANS 
by T. W. Lambe 
Vol. 2, Paper IV-1 

Chairman: 

I thank you very much Prof. Lambe f o r your c l e a r p r e s e n t a t i o n . I t h i n k and hope 
t h a t some of your statements w i l l be the subject of discussion a t the end o f 
t h i s session. We now have a few minutes a v a i l a b l e f o r questions from the audience. 
Are there any questions? 

T.W. Lambe: 

One of the agreements we have among the co-authors i s t h a t I would give the pre
s e n t a t i o n and my co-authors would answer a l l the questions. The people who made 
the p r e d i c t i o n s are here t o defend t h e i r p r e d i c t i o n s , so I won't bother t o enter
t a i n those questions, but f i r e away. 
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J. Blaauwendraad: 

I t has been an o b j e c t i v e t o measure the f a i l u r e mechanism. However, only pore 
pressures have been recorded. So could you not have known at the s t a r t o f the 
t e s t t h a t t h i s goal could not be reached? 

T.W. Lambe: 

I severely wronged my many associates i n t h i s venture. There was an enormous 
amount of in s t r u m e n t a t i o n out t h e r e , devices t o measure s t r e s s , and s t r a i n . There 
were i n c l i n o m e t e r s , a l l s o r t s o f devices, and I d i d not have time t o show a l l of 
the devices, i f you t h i n k i t a p p r o p r i a t e , d u r i n g the discussion maybe somebody 
from LGM, l i k e Bert de Leeuw, could describe some of the many instruments t h a t 
were th e r e . But there were many, many instruments. I j u s t happened t o show the 
piezometers and the reason I showed the piezometers, I must confess, i s t h a t 
they are the only instruments i n the foundation t h a t gave readings we had con
fidence i n . We were unsuccessful i n g e t t i n g measurements o f t o t a l s t r e s s , s t r a i n , 
deformation, but we d i d t r y . 

Chairman: 

That answers your question Mr. Blaauwendraad? 

J. Blaauwendraad: 

That answers i t , but not s a t i s f a c t o r i l y . I am not convinced. When you have not 
enough t o o l s t o measure i t , then you could s k i p i t a t the s t a r t of the t e s t and 
not at the end I t h i n k . 

T.W. Lambe: 

We had enough t o o l s there. The t o o l s j u s t d i d not work. We had p l e n t y of devices 
there. 

J. Blaauwendraad: 

You s a i d the t e s t was successful, but you have t o agree i t wasn't. 

T.W. Lambe: 

There were 3 o b j e c t i v e s , and we f u l l y met two of the o b j e c t i v e s . The t h i r d 
o b j e c t i v e was t o o b t a i n i n f o r m a t i o n on parameters and mechanisms, and we d i d not. 
C l e a r l y you would not expect any f i e l d t e s t t o be 100% successful. You might 
expect i t , but seldom does i t occur. 

G. Gudehus: 

I have one minor p o i n t . E s s e n t i a l l y I would u n d e r l i n e a l l the presentations and 
the conclusions, except the one p o i n t , f a i l u r e . I want t o support Mr. Smits' view 
t h a t there i s also a type of f a i l u r e which i s n o t a collapse. 
Under each maximtmi load you have roughly the same displacement and t h i s i s also a 
type o f f a i l u r e which i s c a l l e d incremental collapse. And i n t h i s second sense 
there was f a i l u r e i n the f i r s t N e e l t j e Jans t e s t . 

T.W. Lambe: 

I don't t h i n k t h a t l a r g e deformations occured r a p i d l y and I don't t h i n k t h a t you 
can take out one p o i n t and t a l k about whether there was f a i l u r e t h e r e when we 
don't even know the stresses or the s t r a i n s . So I guess t h i s i s a matter o f d i s 
agreement i n i n t e r p r e t a t i o n of the r e s u l t s . I made the statement t h a t , on a mass 
sense, the caisson was not close t o f a i l u r e . 

Chairman: 

Thank you very much Mr. Lambe. We w i l l go on w i t h the session. We now get Mr. De 
Q u e l e r i j of R i j k s w a t e r s t a a t , who i s one of the young engineers i n the De l t a d i e n s t 
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of R i j k s w a t e r s t a a t , and together w i t h Mr. Broeze of the D e l f t S o i l Mechanics 
Laboratory, he prepared the paper on the model t e s t s , on p i e r s a t scale 1 : 10, 
i n d i c a t e d by us as the Kats t e s t . I ask your a t t e n t i o n f o r Mr. De Q u e l e r i j , he 
w i l l e x p l a i n the Kats t e s t t o you. 

MODEL TESTS ON PIERS, SCALE 1 : 10 
by L. de Quelerij 
Vol. 2, Paper IV-2 

Chatvman: 

My compliments f o r your p r e s e n t a t i o n Mr. De Q u e l e r i j . You f u l l y succeeded i n con
f i n i n g an enormous amount of i n t e r e s t i n g r e s u l t s i n the short time a v a i l a b l e . I 
thank you very much. 
I s there anyone who would l i k e t o put a question? 

B.H, van Raalte; 

I would l i k e t o ask how great was the i n f l u e n c e of the Kats t e s t r e s u l t s on the 
f i n a l design f o r the foundation? 

L, de Quelerij: 

I t h i n k the i n f l u e n c e of the Kats t e s t r e s u l t s , on the f i n a l design, e s p e c i a l l y 
as f a r as the deformations are concerned was very large. That means t h a t the 
maximum deformations we have t o use as a boundery c o n d i t i o n f o r the present design 
were mainly based on the t r a n s l a t i o n of the Kats t e s t r e s u l t s t o p r o t o t y p e , t a k i n g 
i n t o account several u n c e r t a i n t i e s i n the t e s t r e s u l t s included, such as un
c e r t a i n t y of the scale f a c t o r , u n c e r t a i n t y of the in f l u e n c e of the bottom of the 
model and some other i n f l u e n c e s . Together we made a m u l t i p l i c a t i o n f a c t o r on which 
we have an upper boundary of the t e s t r e s u l t s . The f a c t o r of 75 and 7,5 f o r 
r e s p e c t i v e l y the t r a n s l a t i o n and r o t a t i o n are based upon t h i s . 
The r e s u l t of Kats t e s t M, (base area 25 * 60 m^), which appears t o show less 
r o t a t i o n s then expected, was one of the main reasons f o r the f i n a l design choice 
f o r the smaller base area of the present design namely 25 * 50 m̂ , I n the second 
place the greater i n s i g h t i n the behaviour of c y c l i c pore pressures, e s p e c i a l l y 
w i t h respect t o the dynamic gradients can be emphasized. The t e s t i n t e r p r e t a t i o n 
on the phenomena i s s t i l l going on and d i r e c t l y i n f l u e n c e s the foundation bed 
f i l t e r design. 

Chairman: 

I hope t h i s answers your question. I t i s very d i f f i c u l t t o give an accurate answer. 

Chairman: 

The next speaker i s Prof. Peter Rowe and he w i l l t e l l us about the c e n t r i f u g e 
t e s t s w i t h models of the p i e r s f o r the b a r r i e r . I hope he w i l l also deal w i t h the 
matter of scale f a c t o r s i n the model t e s t i n g technique. As you w i l l experience 
Prof. Rowe i s a good and clear speaker, and t h e r e f o r e I now ask your a t t e n t i o n . 

CENTRIFUGE TESTS 
by P. W. Rowe 
Vol. 2, Paper IV-3 

Chairman: 

Thank you Peter Rowe f o r your very e n t h u s i a s t i c t a l k . You ran out of time a 
l i t t l e b i t , but I'm sure t h a t you have convinced most of us and maybe a l l the 
attendants, of the importance of c e n t r i f u g e model t e s t s . Nevertheless some of 
your statements w i l l c e r t a i n l y be subject t o questions. To my r e g r e t we have no 
time f o r d i r e c t questions t o you from the room and I w i l l go on w i t h the general 
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discussion. I would l i k e t o i n v i t e a l l the authors and co-authors t o t h i s podium 
to j o i n me i n the discussions. Mr. Broeze, Mr. Rosenbrand, Prof. Lambe, Prof. 
Rowe, Mr. De Q u e l e r i j . 
Ladies and gentlemen, as you have seen i n the programme t h i s general discussion 
on the subject of model t e s t s w i l l be preceeded by an i n t r o d u c t i o n by Prof. Lambe 
and I would l i k e t o ask him t o s t a r t h i s i n t r o d u c t i o n now. 

T.W. Lambe: 

I agreed t o make a few remarks t o introduce t h i s discussion on models and I 
r e a l l y hope t o put the use of models i n t o some s o r t o f perspective. My main 
p o i n t s are t h a t p r e d i c t i n g performance i s what the game i s about, t o use Prof. 
Rowe's word "game", and p r e d i c t i n g u s u a l l y i n v o l v e s both parameters and a method, 
I then want t o suggest t o you a c l a s s i f i c a t i o n o f analyses, and go from there t o 
suggest r o l e s f o r model t e s t s and f i e l d t e s t . I i n d i c a t e some l i m i t a t i o n s and 
then come t o the question which Prof. Rowe has already r a i s e d "How does one get 
the scale f a c t o r i n models?", 
I f i n d i t convenient t o d i v i d e the l e v e l of analyses i n t o three groups "approxi
mate", "engineering" and the "very best" t h a t we can do. I n the N e e l t j e Jans and 
the design we are working p r i m a r l y then on the "very best" s t a t e of knowledge, the 
f i n i t e element model t e s t s and f i e l d t e s t s . I have the bravery t o suggest t h a t as 
one increases the e f f o r t , the s o p h i s t i c a t i o n and the cost of analysi.s, one gets 
some improvement i n the accuracy of p r e d i c t i o n , and then an increase i n the 
s o p h i s t i c a t i o n and the cost may not give you much improvement. 
When should we use each of these levels? I t h i n k l e v e l 3 i s p r i m a r i l y t o l a y out 
an e x p l o r a t i o n programme and t o p l a n a l e v e l 2, the engineering type a n a l y s i s . 
Level 2 i s t o make i n i t i a l design, t o p l a n model t e s t s , p l a n f i e l d t e s t s , t o make 
a plan f o r a l e v e l 1 a n a l y s i s . A l e v e l 1 a n a l y s i s i s the very best t h a t we can do. 
I t gives us greater i n s i g h t i n t o what i s happening i n the f i e l d case and helps us 
pla n f i e l d measurements. On the N e e l t j e Jans p r e d i c t i o n we were supposed t o put i n 
l e v e l 3, l e v e l 2 and l e v e l 1, at various stages. And i f you remember I p o i n t e d out 
t h a t we were as close on our l e v e l 3 as we were on our l e v e l 1. 
I have l i s t e d a l l of the types of p r e d i c t i o n techniques s t a r t i n g a t the top w i t h 
e m p i r i c a l methods and going a l l the way across t o f u l l scale prototypes. I have 
picked out sources of e r r o r , sources of d i f f i c u l t y i n each of the p r e d i c t i o n 
techniques and have i n d i c a t e d where the t r o u b l e s a r i s e i n each one. I t h i n k you 
need t h i s t o p u t a n a l y t i c a l and p h y s i c a l model techniques i n p e r s p e c t i v e . So I 
used t h a t t o suggest the primary purposes f o r model t e s t s and f i e l d t e s t s . I 
t h i n k t h a t a very powerful use of model t e s t s , p a r t i c u l a r l y the c e n t r i f u g e t e s t , 
i s t o determine the mechanism i . e . what mechanisms r e a l l y e x i s t . As Prof. Rowe 
p o i n t s out he can get numbers, numbers t h a t he can e x t r a p o l a t e t o pro t o t y p e . 
T h i r d l y you can use models t o get a k i n d o f base data, base i n f o r m a t i o n , t o examine 
the various types o f a n a l y t i c a l p r e d i c t i o n techniques. F i e l d t e s t s , I t h i n k , have 
s l i g h t l y d i f f e r e n t purposes. C l e a r l y you can get measurements of gross performance 
and you can w i t h d i f f i c u l t y o b t a i n data on mechanisms and parameters and you can 
do something on f i e l d t e s t s t h a t you cannot do on model t e s t s and t h a t i s you can 
ob t a i n i n f o r m a t i o n on c o n s t r u c t i o n costs, c o n s t r u c t i o n time and c o n s t r u c t i o n 
procedures. We f r e q u e n t l y run f i e l d t e s t s p r i m a r i l y f o r t h i s reason. This b r i n g s 
me t o some p o i n t s which I'm sure w i l l s t i m u l a t e some discussion. I f I choose t o 
compare p h y s i c a l models w i t h any of the other techniques we can p o i n t out some 
pro's and con's. I f I look a t p h y s i c a l models i n c l u d i n g the c e n t r i f u g e , as Prof, 
Rowe p o i n t s o u t , he has t o face the d i f f i c u l t y o f g e t t i n g the s o i l p r o f i l e , and I 
c e r t a i n l y worry about the d i f f i c u l t i e s i n reproducing the s o i l p r o f i l e i n model 
t e s t s as much as I do i n a n a l y t i c a l p r e d i c t i o n techniques. And we have the scale 
f a c t o r , which i s much more of a problem i n small model t e s t s , excluding the cen
t r i f u g e , t h a t i t would be i n the c e n t r i f u g e . I f we look at some of the l i m i t a t i o n s 
of f i e l d t e s t s obviously the b i g l i m i t a t i o n i s cos t , and i t i s very d i f f i c u l t t o 
study many v a r i a b l e s . So t h i s leads me t o my main p o i n t , t h a t on very important 
p r o j e c t s , l i k e the b a r r i e r one should not t r y t o p i c k one p r e d i c t i o n method or two. 
I f e e l t h a t most of the p r e d i c t i o n methods are complimentary and t h a t one goes 
through, as I suggested e a r l i e r , a se r i e s of methods, using the r e s u l t s of one t o 
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help design f o r the next. This b r i n g s me back to the question I brought up a t the 
s t a r t . "How does one get the c o r r e c t scale f a c t o r ? " . Peter has brought t h i s up, 
and I know from discussions we've had on t h i s p r o j e c t t h a t t h i s i s a burning quest
i o n , and I would suggest t o the chairman t h a t we hear some more discussion on how 
does one get the c o r r e c t scale f a c t o r . 

Chaivman: 

Thank you f o r your i n t r o d u c t i o n , I hope the audience w i l l take p a r t i n the d i s 
cussion . 

J, Blaauwendraad: 

I s i t p o s s i b l e t o include i n the t h i r d volume more i n f o r m a t i o n and more i n s i g h t 
i n t o the d i f f e r e n t procedures we had. There must be somebody who i s i n the 
p o s i t i o n t o give a b i r d s eye view on a l l studies. Could he please add a paper t o 
the t h i r d volume i n which such a survey i s shown, s t a t i n g also why a study has 
been made, why some p a r a l l e l studies had t o be made etc. e t c . 

Chairman: 

Mr. Blaauwendraad, I f u l l y agree w i t h your suggestion, I promise, t o do my best 
t o get included i n the t h i r d volume a short paper on the matter mentioned by you. 
I hope I can answer the question i n t h i s way. 

R.E.J. Kremer: 

Why i s Prof. Lambe so sure of the improving e f f e c t of the d e n s i f i c a t i o n , as you 
s t a t e d y o u r s e l f , t h a t the d e n s i f i c a t i o n increased the v a r i a b i l i t y o f p r o p e r t i e s . 
I s i t p o s s i b l e t h a t the decrease of displacements was among other r e s u l t s caused 
by b e t t e r c o n t r o l of the s u b s o i l l e v e l and a more successful way of p l a c i n g of 
the caisson w i t h less turbulence and so on? 

T.W. Lambe: 

As I i n d i c a t e d there are no measured data of v o i d r a t i o or stresses and s t r a i n s 
i n the foundation, and so one i s not sure. I t could w e l l be t h a t there are s o f t 
spots i n the u n d e n s i f i e d and no s o f t sports i n the d e n s i f i e d , I do have the 
f e e l i n g t h a t t h i s i s not the case, and I do have a f e e l i n g against t h a t loose 
spot theory, I cannot express i t as more than a f e e l i n g and t h a t f e e l i n g comes 
from studying the pore pressure contours. I see these pore pressure contours 
extend i n t o some depth and I see a r e g u l a r p a t t e r n , and so t h i s would give me 
some f e e l i n g t h a t there may have been reasonable d i s t r i b u t i o n of s t r a i n i n the 
foundation, but I cannot prove t h a t , since there are no measurements. 

Charirman: 

There was misunderstanding t h i s afternoon about a l l the measurements. Prof. Lambe 
only gave a review of the pore pressure measurements but a l o t of instruments were 
i n s t a l l e d i n the N e e l t j e Jans t e s t . Maybe I can ask Mr. De Leeuw t o give some ex
p l a n a t i o n about the d i f f e r e n t measurements we d i d i n the t e s t , 

E.E. de Leeuw: 

I'm extremely s o r r y I missed the f i r s t 25 minutes or so of Prof, Lambe's present
a t i o n , but I have two persons here i n the room t o t e s t i f y t h i s was not on purpose. 
I f you p e r m i t me I would s t i l l l i k e t o make a comment on a subject Prof, Lambe 
must have discussed i n h i s own very c l e a r way. The reason f o r t h i s comment i s 
t h a t during the tea break I heard several people wondering whether i n s t r u m e n t a t 
ion of the N e e l t j e Jans t e s t worked yes or no? 
And as one of the persons responsible f o r the t e s t I would l i k e t o t e l l you t h a t 
we have had a very rough time s e t t i n g up the t e s t . There was an extremely severe 
and short time l i m i t on one hand and on the other hand there were not only 5 
f i n g e r s but also some 7 p r e d i c t o r s each having h i s own very outspoken ideas about 
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what t o measure where. We have t r i e d t o be as l i b e r a l as p o s s i b l e i n t h a t respect 
and ended up w i t h a huge amount of i n s t r i i m e n t a t i o n . To s a t i s f y Dr. Blaauwendraad's 
c u r i o s i t y , we had 128 sensors a l l around the caisson most of them i n the s u b s o i l . 
128 being one o f those magical computer numbers: 2^. The m a j o r i t y of the sensors 
were pore water pressure meters, simply because pore water pressure measurements 
are a known and r e l i a b l e technique. 
Besides t h a t , we measured t o t a l pressures i n s e v e r a l d i r e c t i o n s a t around 20 
p o i n t s . And s p e c i a l devices, q u i t e complicated ones, were designed and b u i l t i n a 
very short time t o measure h o r i z o n t a l s o i l deformation and v e r t i c a l s o i l s t r a i n s . 
I n the v e r t i c a l d i r e c t i o n we measured s o i l s t r a i n s down t o depths of some 17 
meters. Caisson displacements were c o n t r o l l e d both by o p t i c a l methods and a l a s e r 
system by means of diode-beacons. Those of you who are i n t e r e s t e d i n a f u l l e r des
c r i p t i o n o f t h i s i n s t r u m e n t a t i o n I would l i k e t o r e f e r t o a paper presented t o the 
Boss Conference i n Trondheim some years ago 1). 
Now from the s t a r t of the t e s t we and many people around us had our doubts about 
a l l t h i s i n s t r u m e n t a t i o n . From previous experiences we reckoned t h a t about 50% of 
a l l instriamentation would f a i l t o work, and we are proud t o say t h a t i t turned out 
t h a t more than 95% o f the i n s t r u m e n t a t i o n t h a t we put i n d i d work and d i d give 
r e s u l t s . Now, whether the r e s u l t s are p h y s i c a l l y acceptable t o us i s o f course 
another matter. 
When Prof. Lambe sai d t h a t we couldn't make sense of some of the r e s u l t s , t h i s 
i m p l i e s t h a t we got r e s u l t s . The i n s t r i i m e n t a t i o n d i d perform, I t h i n k beyond 
anyone's expectation (except our own o f course), from a mechanical and e l e c t r i c a l 
p o i n t of view, very s a t i s f a c t o r i l y . The only gap i n our know-how t o measure s o i l 
pressures, s o i l s t r a i n s and s o i l displacements seems t o be, how do we i n s t a l l our 
accurate measuring devices (which are of course elements strange t o the environment 
we are measuring i n ) i n t o the v i r g i n s o i l w i t h o u t d i s t u r b i n g the n a t u r a l response 
of t h i s s o i l t o any type o f Prof, Rowe's t o r t u r e ? 

More t e s t r e s u l t s are presented i n t h i s volume by W.F. Heins. 

Cnairman: 

Thank you very much Mr. De Leeuw. There were several questions p u t t o me about the 
d e n s i f i c a t i o n i n N e e l t j e Jans, Why d i d the cone res i s t a n c e not go up a f t e r compact
io n and so on. I t h i n k I w i l l s k i p these questions as tomorrow d e n s i f i c a t i o n i s 
d e a l t w i t h e x t e n s i v e l y and you can put forward a question there.. 
I w i l l ask the speakers of t h a t session t o i n c l u d e a remark on t h i s matter i n 
t h e i r performance. May I ask the audience t o j o i n us i n a discussion about the 
p o i n t s s t a t e d by Prof, Lambe and e s p e c i a l l y i f there are some remarks concerning 
the scale f a c t o r . This i s the main i t e m brought forward. May I give the word t o 
some of you i n the audience? 

F, Molenkamp: 

Prof, Lambe r a i s e d the p o i n t of scale f a c t o r s , and as I know the scale f a c t o r s 
are dependent on the mode you are l o o k i n g a t . Are you l o o k i n g at c y c l i c deformat
i o n , are you l o o k i n g a t pore pressures? They a l l give d i f f e r e n t scale f a c t o r s and 
I t h i n k when you want t o understand why these are d i f f e r e n t you have t o understand 
the behaviour of the s o i l under c y c l i c loading c o n d i t i o n s . I t h i n k we can only 
have a r e a l l y good idea about the scale f a c t o r s when we understand e x a c t l y what i s 
going on. Would the panel l i k e t o comment on whether they agree w i t h t h i s ? 

L. de Quelerij: 

I agree w i t h you t h a t you can only make a good e s t i m a t i o n of the scale f a c t o r s 
when you understand what i s going on. I t h i n k t h ere are two main areas which you 
should use i n order t o o b t a i n scale f a c t o r s . I n the f i r s t place a good 

1) Leeuw, E.H. de (1976): "Large Scale L i q u e f a c t i o n Tests", 
Proceedings I n t . Conf. on Behaviour o f Offshore S t r u c t u r e s , Trondheim. 
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understanding of the theory of the phenomena you are studying, e.g. the question 
of e q u i l i b r i u m , the s t r e s s - s t r a i n behaviour f o r d i f f e r e n t s t r e s s paths, and the 
storage according t o the B i o t equation. A f t e r studying the theory which i s 
necessary t o o b t a i n the scale f a c t o r s , one has t o make an e s t i m a t i o n of the s o i l 
parameters i t s e l f and of the dependancy on the stress l e v e l . I t h i n k the only way 
t o do t h a t i s t o c a r r y on d i f f e r e n t types o f l a b o r a t o r y t e s t s , e s p e c i a l l y t r i a x i a l 
t e s t s f o r d i f f e r e n t s t r e s s l e v e l s . 
The second area i s t o determine the scale f a c t o r s by o v e r a l l t e s t s . One way i s t o 
c a r r y out scale t e s t s (1-g) at smaller scales, as we d i d f o r the Kats t e s t s a t 
scale 1 : 1 0 0 , and t o e x t r a p o l a t e these r e s u l t s t o scale 1 : 1 . The theory i s also 
needed i n t h i s case. 
A b e t t e r way however t o have a p r e t t y good idea over the whole scale f a c t o r , i s 
by running c e n t r i f u g e t e s t s at d i f f e r e n t l e v e l s . I t h i n k i t i s a p i t y t h a t Prof. 
Rowe d i d not make a very r e f i n e d study o f the scale f a c t o r because the c e n t r i f u g e 
t e s t i s an i d e a l s i t u a t i o n t o get an o v e r a l l scale f a c t o r of t o t a l movement. I 
wonder what Prof. Rowe's opin i o n i s about t h a t . 

P.W, Rowe: 

May I have f i g . 16 from my paper, please? 
We d i d scale t e s t s i n the c e n t r i f u g e , three years ago on N e e l t j e Jans a t p r o t o 
type scale, and we s a i d t h a t the f i e l d would be nine times N e e l t j e Jans. 
When i t came t o the request t o t e s t the 1 : 10 scale a t Kats we had a t t h a t time 
equipment which had t o go t o three times the peak prototype load t o get f a i l u r e . 
At peak we were at 30% of the range o f the transducers. I f then, one i s asked t o 
simulate 1 / 1 0 of the scale t o peak load we have t o run a storm up t o 3% o f the 
range of the transducers. You can understand t h a t i t took time t o change the 
monitoring equipment t o work i n t h i s very small s t r e s s range equivalent t o Kats. 
We've done t h a t now and the t e s t i s scheduled f o r the end o f t h i s month. I'm 
sorry i t was not i n the l a s t month. To get back t o Dr. Molenkamp's question. 
I n f i g . 16 you see Young's modulus p l o t t e d against c e l l pressure 0 3 . 
These are drained t e s t s . The r e l a t i o n E p r o p o r t i o n a l VÖ i s the most commonly 
quoted r e l a t i o n . That i s normally found w i t h t r i a x i a l t e s t s w i t h o u t any end 
p l a t e n displacement c o r r e c t i o n and coincides w i t h the middle of f i g , 1 6 , But i f 
one makes these end c o r r e c t i o n s , one gets the s o r t of curves shown i n f i g , 1 6 , 
The curves can't go above y = 1 , because t h a t ' s the p l a s t i c l i m i t , and they can't 
go below y = 0 , because t h a t ' s e l a s t i c l i m i t . I t i s seen t h a t the power y i n the 
expression E = al" increases from the ambient s t r e s s s t a t e towards f a i l u r e a t high 
e f f e c t i v e s t r e s s r a t i o . 

When c a l c u l a t i n g settlement or t i l t s one i n t e g r a t e s s t r a i n s at r e l a t i v e l y low 
stress r a t i o so the power f a c t o r i s going t o be low, but i f one c a l c u l a t e s 
l a t e r a l d e f l e c t i o n s a t the foundation base which may be a r e s u l t of high s t r a i n s 
j u s t under the f o o t i n g , the power f a c t o r s y could be towards the higher l i m i t . 
I f one i s concerned w i t h a s i l l displacement which i s a f u n c t i o n of t r a n s l a t i o n s 
and r o t a t i o n s , there i s a combination o f the two ranges of y values due t o a 
s p e c i a l combination of s t r e s s paths. When using the expression E = a s i n g l e 
value of y occurs, and t h a t i s why one can have d i f f e r e n t scale f a c t o r s . We don't 
have t h a t s i t u a t i o n i n the c e n t r i f u g e because the whole ob j e c t of the c e n t r i f u g e 
was t o get the c o r r e c t s t r e s s path. 

Chairman: 

Thank you. Are there any other questions? 

J.D. Nieuwenhuis: 
I n my o p i n i o n the balance of a p p l i c a b i l i t y i s s h i f t e d too s t r o n g l y t o c e n t r i f u g e 
t e s t s d u r i n g the discussion. 
Of course 1-g model t e s t s lack the 1 : 1 s t r e s s scale, but the models are b i g 
( 1 : 10 ) and a l l d e t a i l s of p i e r and s i l l can be modelled. The c e n t r i f u g e t e s t i s 
outstanding i n s i m u l a t i o n of stresses but the geometrical scale i s small, ( 1 : 1 2 0 ) , 
and many d e t a i l s such as the t h i n layers a t the top of the s i l l cannot be 
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i m i t a t e d . Moreover the semi-turbulent and t u r b u l e n t f l u i d f l o w through these 
layers i s not c o r r e c t l y reproduced i n the c e n t r i f u g e t e s t s . 
Since both types of model t e s t s have t h e i r advantages and disadvantages the 
foundation engineers i n the Oosterschelde p r o j e c t were glad t o o b t a i n r e s u l t s 
from both the types of t e s t s . 

Chairman: 

Thank you. I f u l l y agree w i t h the remark. I s there anybody who wants t o say some
t h i n g about t h i s , or add anything? 

T.W. Lambe: 

I never pass the o p p o r t u n i t y t o go on record as supporting Prof. Rowe t h a t the 
c e n t r i f u g e t e s t i s a magnificent stress path t e s t , and I support him now. 
However, I t h i n k one o f the most powerful uses o f the c e n t r i f u g e i s t o i n d i c a t e 
mechanism and I would be most i n t e r e s t e d t o hear your comment on where you t h i n k 
the s t r a i n s occur i n the foundation i n some o f your c e n t r i f u g e t e s t s of N e e l t j e 
Jans when you modelled t h a t . 

F. W. Rowe: 

We d i d not measure the d i s t r i b u t i o n of s t r a i n s i n the foundation. That's a d i f 
f i c u l t enough j o b . One could have spent two or three years t r y i n g t o do a very 
d e t a i l e d t e s t which might give answers t o questions no longer r e l e v a n t . Instead 
we studied the c r i t i c a l design depths of the caissons and c r i t i c a l design areas 
of the p i e r s t o a s s i s t o v e r a l l design decisions. We looked also, f o r example, 
at the e f f e c t o f d e n s i f i c a t i o n and what could happen i f there were loose zones. 
There are indeed a m u l t i t u d e of other o b j e c t i v e s , given time. 
May I j u s t say t o Mr. Nieuwenhuis t h a t we do not attempt t o scale the f i n e grains 
down. He i s t a l k i n g , I t h i n k , about the stones at the surface, which we do scale 
down, but one should not scale the a c t u a l p a r t i c l e size of the sand bed down 
because t h a t a l t e r s the i n t e r p a r t i c l e f r i c t i o n angles, p a r t i c l e shapes and 
associated p r o p e r t i e s . When one t h i n k s about i t one does not a c t u a l l y use the 
size of the p a r t i c l e per se i n any theory o f s t a b i l i t y . 

G, Gudehus: 

I want t o make a short comment concerning the f a i l u r e mechanism. I f you are only 
i n t e r e s t e d i n o r d i n a r y f a i l u r e and you want t o get an idea o f the f a i l u r e 
mechanism, you can get t h i s idea from a small scale t e s t which i s not done i n the 
c e n t r i f u g e . I n the f u l l y p l a s t i c behaviour t h i s sand i s s u f f i c i e n t l y s e l f s i m i l a r 
t o give a r e a l i s t i c f a i l u r e mechanism f o r the o r d i n a r y c o l l a p s e , but only f o r 
t h i s case. Anything l i k e s t r e s s - s t r a i n i n t e r a c t i o n which there i s i n l i q u i f a c t i o n 
cannot be covered by such p r i m i t i v e model t e s t s , b ut don't f o r g e t the s t r e n g t h of 
the c l a s s i c a l model t e s t s . They can give the f i r s t idea of the o r d i n a r y f a i l u r e 
mechanisms. 

F.B.J. Barends: 

I have heard much about f a i l u r e and about the f a i l u r e mechanism. I s i t c l e a r f o r 
everybody when f a i l u r e occurs. How i s f a i l u r e d e f i n e d , and a t what r a t e of 
d e f l e c t i o n s ? 

Chairman: 

Prof. Rowe would l i k e t o answer t h i s question. He t a l k e d about f a i l u r e t h i s 
morning. 

F.W. Rowe: 

You may remember the load d e f l e c t i o n curve, f i g s . 9 and 15 of my paper. We used 
the f i e l d scale values of about h a l f a meter as a r b i t r a r y f a i l u r e , which was 
nowhere near u l t i m a t e f a i l u r e i n the c l a s s i c a l sense. A l i m i t i n g displacement 
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may w e l l be regarded as f a i l u r e of a s t r u c t u r e f o r an engineer who wants i t t o 
f u l f i l some f u n c t i o n . Models show t h a t i t i s d i f f i c u l t t o cause u l t i m a t e f a i l u r e 
w i t h l i m i t e d c y c l i c l oading i f the s u b s o i l i s drained. Ultimate f a i l u r e i s the 
load which leads t o c o n t i n u a l movement, but under c y c l i c load, the unloading 
cycle stops the motion. Over the next cycle the s t r u c t u r e moves a b i t f u r t h e r and 
stops. So when we apply a c y c l i c l oading programme w i t h a peak load having only 
one c y c l e , i t i s not p o s s i b l e t o induce more than a l i m i t e d displacement. A 
c r i t i c a l c o n d i t i o n may be l i f t i n g of the heel which might lead t o other types of 
f a i l u r e . 

T.VI, Lambe: 

I have given a great deal of thought t o what i s f a i l u r e , and I t h i n k t h a t i s a 
good p h i l o s o p h i c a l question. The way t o resolve i t i s t o s t a r t at the o u t s e t by 
l i s t i n g c r i t e r i a performance i n c l u d i n g deformation, s t a b i l i t y , f l o w , f o r c e . You 
s t a t e acceptable c r i t e r i a and define f a i l u r e as exceeding those acceptable 
c r i t e r i a . And I f i n d t h a t i t goes over b e t t e r i f you don't use the word f a i l u r e , 
b ut use the word "malfunction" so t h a t i f you s t a r t o f f by saying t h a t t h i s 
caisson must not move more than 5-10 cms, and i t moves 20 t h a t i s a f a i l u r e or mal
f u n c t i o n . Before I hand over the microphone, I d i d n ' t want the audience t o t h i n k 
t h a t I was b a i t i n g Peter Rowe, I d i d want him t o say t h a t he had run some cen
t r i f u g e t e s t s i n which he had obtained some i n f o r m a t i o n on mechanism and I know 
t h a t he d i d n ' t have many measurements of s t r a i n i n the foundation and I deeply 
r e g r e t t h a t . I do know t h a t there were some t e s t s i n which you detected some mech
anisms of r o c k i n g and moving on the surface and t h a t ' s what I was hoping you'd 
b r i n g out. I r e a l l y wasn't b a i t i n g you, I can do i t b e t t e r than t h a t ! 

A.C. Stapelkamp: 

I have an o v e r a l l question. I t h i n k i t comes near the question o f Mr. Blaauwendraad.. 
What i s the value o f a l l the d i f f e r e n t studies? What i s the weakness o f one, what 
i s the s t r e n g t h of the other. I s the mentioned "more study" a metter of 10% or 
means i t a 50% smaller storm surge b a r r i e r . This I miss i n the whole and I t h i n k 
t h a t i s the l a s t chance because Thursday i t i s a l i t t l e b i t d i f f e r e n t discussion. 

Chairman: 

I want t o answer the question a l i t t l e b i t . When choosing some p a r t s f o r t h i s 
symposium we have chosen f o r t o p i c s more or less and what you miss i s a red 
thread through the t o p i c s and I already promised t o Dr. Blaauwendraad t o t r y t o 
give t h a t i n the t h i r d volume o f the proceeedings, I have t o close t h i s session 
now and I hope t o see a l l of you at R i j s w i j k t o n i g h t . 
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CAISSON TESTS AT NEELTJE JANS, THE NETHERLANDS 
W. F. Heins (written connment) 

y.F. Herns [written comment) 

T h i s con imen t o n t h e p a p e r o f T . W . L a m b e , J . W . B o e h m e r a n d W . F . R o s e n b r a n d , 

" C a i s s o n T e s t s a t N e e l t j e J a n s , T h e N e t h e r l a n d s " i s p r e s e n t e d o n r e q u e s t o f t h e 

S c i e n t i f i c C o m m i t t e e o f t h e I n t e r n a t i o n a l S y m p o s i u m o n S o i l M e c h a n i c s R e s e a r c h 

a n d F o u n d a t i o n D e s i g n f o r t h e O o s t e r s c h e l d e S t o r m S u r g e B a r r i e r , 

T h e i n t e n t i o n o f t h i s c o m m e n t i s t o c o n t r i b u t e t o t h e d i s c u s s i o n w h e t h e r t h e 

f o u n d a t i o n o f t h e c a i s s o n t e n d e d t o " f a i l " o r n o t d u r i n g L o a d P a r c e l 3 o f t e s t 

l A - c a i s s o n o n u n d e n s i f i e d s o i l - . F a i l u r e a t t h i s s t a g e w a s p r e d i c t e d f r o m t h e 

r e s u l t s o f 1 - g m o d e l t e s t s a n d t h e a n a l y t i c a l c a l c u l a t i o n m e t h o d b a s e d o n p l a s 

t i c i t y t h e o r y . 

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

d u r i n g p a r c e l 3 , Lambe e t a l , d i d n o t i n t e r p r e t e t h i s a s f a i l u r e . A p p r o x i m a t e l y 

e q u a l i n c r e m e n t s o f m o v e m e n t s w e r e o b s e r v e d d u r i n g l o a d i n g s t a g e s 4 a n d 5 , 

A t a c e r t a i n m o m e n t d u r i n g p a r c e l 3 t h e s t r e s s - c o n t r o l l e d l o a d i n g s y s t e m c o u l d 

n o t f o l l o w t h e i n c r e a s i n g h o r i z o n t a l m o v e m e n t s . F o r a b o u t 10 c y c l e s t h e l o a d a m 

p l i t u d e v a r i e d a r o u n d a m u c h l o w e r v a l u e t h e n p l a n n e d . A l t h o u g h t h e c a u s e o f 

t h i s p r e s s u r e d r o p c o u l d n o t b e e s t a b l i s h e d i t seems n o t a n u n r e a l i s t i c s u p p o s i t 

i o n t h a t some f a i l u r e m e c h a n i s m , g e n e r a t e d i n t h e f o u n d a t i o n s o i l j u s t b e l o w t h e 
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l o a d i n g s y s t e m . Due t o t h e d r o p i n t h e a p p l i e d l o a d s , p o r e p r e s s u r e s g o t t h e o p 
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F i g u r e 1 t o 7 i n c l u d e d p r e s e n t t h e s i t u a t i o n a n d t h e r e a d i n g s o f t h e s e p r e s s u r e -

m e t e r s d u r i n g l o a d i n g p a r c e l s 2 a n d 3 . T h e e f f e c t o f t h e h i t c h o f t h e l o a d i n g 

s y s t e m d u r i n g p a r c e l 3 c a n b e o b s e r v e d c l e a r l y f r o m t h e r e a d i n g s . 

A m o r e d e t a i l e d v i e w o f t h e r e a d i n g s d u r i n g t h e l a s t c y c l e s j u s t b e f o r e t h e 

p r e s s u r e d r o p i n t h e l o a d i n g s y s t e m , i s p r e s e n t e d i n f i g u r e s 8 , 9 a n d 1 0 . Some 

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

s i g n a l ( s e e e . g , p o r e p r e s s u r e m e t e r FV t 4 , 0 0 ) . 

T h e same k i n d o f i r r e g u l a r i t i e s w e r e a l s o o b s e r v e d i n m a n y o f t h e s i g n a l s t a k e n 

f r o m t h e p r e s s u r e g a u g e s i n t h e K a t s m o d e l t e s t s j u s t b e f o r e f a i l u r e o c c u r e d . 
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Fig. 5. Test results. 
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Fig. 6. Test resuits. 
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Site Investigation and Densification Studies 
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Chairman: 

Ladies and gentlemen. Thank you f o r your attendance. Today the session niomber 5 
w i l l deal w i t h s i t e i n v e s t i g a t i o n and d e n s i f i c a t i o n s t u d i e s . S i t e i n v e s t i g a t i o n 
as you a l l w i l l know i s a very c r u c i a l p a r t of every geotechnical study. I must 
say t h a t we are very f o r t u n a t e t h a t Mr. Vermeiden i s able t o give us a l e c t u r e . 
He has been working f o r 40 years a t the D e l f t S o i l Mechanics Laboratory and he has 
i n the past worked a l o t on cone p e n e t r a t i o n t e s t s on water. He has done much work, 
together w i t h Mr. Begemann on the continued s o i l sampling, and I may mention t h a t 
the d i v i n g b e l l pontoon which you saw yesterday, which was c a l l e d Johan V, has 
a c t u a l l y been named a f t e r Johan Vermeiden. 
In a moment we w i l l hear from Johan Vermeiden, but f i r s t I would l i k e t o e x p l a i n 
something about the background of the d e n s i f i c a t i o n studies which we have had i n 
t h i s p r o j e c t . I myself have been i n v o l v e d i n the p r o j e c t f o r almost f i v e years. 
I n the very f i r s t design t h a t we made s i x weeks a f t e r the request f o r a storm 
surge b a r r i e r , no compaction was foreseen e i t h e r the si±)Soil or the s i l l . Later 
on i t appeared t h a t we needed compaction f o r the s u b s o i l because we were a f r a i d of 
l i q u i f a c t i o n . From f u r t h e r t e s t s d u r i n g the caisson p e r i o d i t appeared even more 
s t r o n g l y t h a t probably the s i l l m a t e r i a l would have t o be compacted r e a l l y very 
w e l l . As you may have heard from Mr, Spaargaren one o f the main reasons t o abandon 
the caisson method and t o take a p i e r foundation was t h a t we were not sure about 
compacting the s i l l m a t e r i a l due t o s i l t a t i o n o f the s i l l . I t i s a p i t y t h a t we 
have not discussed the studies done on compaction of the gra v e l and stone m a t e r i a l s , 
but maybe i n a l a t e r paper f o r another conference we w i l l be able t o say something 
about the compaction o f the s i l l m a t e r i a l . So we w i l l be t a l k i n g about compaction 
of the sand s u b s o i l , Mr, Davis w i l l present the r e s u l t s of some l a b o r a t o r y t e s t s . 
Mr. Jaworski of the North-Eastern U n i v e r s i t y , USA, w i l l t e l l us about d e n s i f i c a t 
i o n t e s t s . Mr. Vermeiden w i l l s t a r t now on s i t e i n v e s t i g a t i o n . 

SITE INVESTIGATION OF SOILS 
by J. Vermeiden 
Vol. 2, Paper V.I a 

P. Lubking: 

Ladies and gentlemen. I n the next f i l m a s h o r t impression i s given of the geo
t e c h n i c a l pontoon Johan V - f o r i n s i d e r s beauty Johan - and the d i v i n g b e l l which 
i s lowered from t h a t pontoon. A f t e r the p o s i t i o n i n g of the barge a cone p e n e t r a t 
i o n t e s t and a b o r i n g according t o the Begemann system w i l l be c a r r i e d out; the 
cone p e n e t r a t i o n t e s t under atmospheric c o n d i t i o n s , the b o r i n g under an over 
pressure o f 2.3 bar. 

Chairman: 

We now go on t o a s h o r t p r e s e n t a t i o n of Dr. De Mulder, who i s p r o j e c t engineer a t 
the Geological Survey o f the Netherlands. I ' d l i k e t o i n v i t e Dr. De Mulder up here. 

ENGINEERING GEOLOGY - CONSTRUCTION OF A STRATIGRAFIC MODEL 
by E. F. J. de Mulder 
Vol. 2, Paper V.1b 

Chairman: 

Thank you very much Mr. De Mulder. Ladies and gentlemen I ' d l i k e t o c a r r y on im
mediately w i t h a p r e s e n t a t i o n by Mr. Davis and then we can see before the coffee 
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break whether there i s time t o ask a few questions t o Mr. Vermeiden or Mr. De Mulder. 
I may introduce Mr. Davis as working f o r the R i j k s w a t e r s t a a t a t the Hague since a 
few months. Before t h a t he was f o r almost 8 years w i t h the D e l f t S o i l Mechanics 
Laboratory. He has coordinated a l l studies on d e n s i f i c a t i o n a t LGM and I ' d l i k e 
t o say t h a t i t i s h i s hard and i n t e n s i v e work t h a t d e n s i f i c a t i o n studies have been 
very u s e f u l . 

LABORATORY INVESTIGATIONS REGARDING THE ARTIFICIAL 
DENSIFICATION OF SAND AND GRAVEL MATERIALS IN THE OOSTERSCHELDE 
by P. G. J . Davles 
Vol. 2, Paper V.2 

Chaivman: 

Peter, I would l i k e t o thank you very much f o r your c l e a r p r e s e n t a t i o n and you can 
a l l imagine t h a t t h i s has been an i n t e r e s t i n g study f o r the compacting aspects o f 
the Oosterschelde. I ' d l i k e t o suggest t h a t we have a general discussion a t the end 
of the morning after-we have heard Walter Jaworski and Ton Pladet. We now c a r r y on 
w i t h our morning session on d e n s i f i c a t i o n . 
Our next speaker w i l l be Mr. Jaworski, o f the North-Eastern U n i v e r s i t y a t Boston 
i n the USA. I'm very glad t h a t he i s here t o t e l l us something about the work he 
d i d f o r the Lambe group on d e n s i f i c a t i o n s t u d i e s . 

METHODS AND CONTROL FOR DEEP DENSIFICATION 
by W. E. Jaworski 
Vol. 2, Paper V.3 

Cha-ivman: 

Thank you very much Walt, f o r your very c l e a r p r e s e n t a t i o n . I am sure many of us 
have seen q u i t e a few new aspects. I ' d l i k e t o mention t h a t we have q u i t e a n\m±)er 
of questions, and we hope t h a t i n the discussion most of them w i l l be answered, 
I ' d l i k e now t o c a l l immediately upon Mr. Pladet t o c a r r y on w i t h h i s p r e s e n t a t i o n . 
Ton Pladet has been borrowed by Dosbouw from the Stevin Group where ha has been 
working f o r q u i t e a long time. He s t a r t e d h i s work there on the Zeeland brug, w i t h 
the excavation and s i n k i n g of the enormous p i l e s underneath the b r i d g e . 
His s p e c i a l i t y was t o i n v e s t i g a t e the s o i l underneath the p i l e s a f t e r they had 
been brought t o the r e q u i r e d depth and i f necessary t o compact the s o i l d i r e c t l y 
under them w i t h small concrete v i b r a t o r y needles. That was h i s s t a r t on the com
p a c t i o n road. You w i l l hear now how f a r t h a t has gone. 

DENSIFICATION OF THE SUBSOIL IN FIELD PRACTICE-
RESULTS OBTAINED WITH A DEEP COMPACTION METHOD 
by A. A. Pladet 
Paper V.4 

Chaivman: 

Thank you Mr. Pladet f o r your p r e s e n t a t i o n . I am glad t o say we are ahead o f 
schedule a t the moment, and now I ' d l i k e t o i n v i t e the authors of t h i s morning up 
here t o answer questions. The f i r s t q uestion we already know. I ' d l i k e t o i n v i t e 
Mr. De Rouck up here t o ask Mr. Vermeiden a question about pore pressure measure
ments i n t i d a l areas and how the pore pressure f o l l o w s the h i g h and low t i d e s . 

J. de Rouck: 

I have a question concerning s o i l i n v e s t i g a t i o n , e s p e c i a l l y concerning the measure
ment of pore water pressures. At the l o c a t i o n where the storm surge b a r r i e r has t o 
be b u i l t we have a t i d a l movement o f approximately 3 metres. My question i s how 

79 



does the pore water pressure change w i t h depth as a f u n c t i o n of the t i d a l movement. 

J. Verrneiden: 

Mr. De Rouck, my answer can be very s h o r t , because i n the area where the dam has 
t o be b u i l t we have not measured t h a t . We have made t h i s k i n d of measurement i n 
the Western Scheldt, but I can't t e l l you cibout the r e s u l t s of the measurements, 
because i t was a long time ago. 

Perhaps there i s someone else who can say something about t h a t . 

Cha-ivman: 

Well I understand t h a t some of the measurements have been done, and I t h i n k i t 
would be wise i f people who know more a i o u t t h i s get i n t o contact w i t h Mr. De 
Rouck and t e l l him about i t . I ' d l i k e t o c a r r y on w i t h the discussion because we 
have q u i t e a number of questions. 
A.F. -van Weete: 
The r e s u l t s of the compaction t e s t s show t h a t a maximum of 30-35 Hz frequency 
was used. I s t h i s correct? Has a frequency of up t o 50 Hz also been t r i e d out? 
Did the r e s u l t s coincide w i t h maximum energy imput which seems more important than 
amplitude, frequency etc. 

Did the t e s t s represent the f i e l d conditions? Has the l a b o r a t o r y r e s u l t been 

checked by f i e l d r e s u l t s ? 

F.G.J. Davis: 

We have experience w i t h 50 Hz. A few years ago we s t a r t e d v i b r a t i n g i n v e s t i g a t i o n s 
and we played w i t h a frequency o f 25 Hertz and a frequency of 50 Hertz. Only i n 
t h a t i n v e s t i g a t i o n the amplitude v a r i a t i o n was from 0 t o about 1 mm. I t turned 
out t h a t w i t h a frequency of 50 Hertz you got less compaction than w i t h a frequency 
of 25 Hertz. I t h i n k t h a t Mr. Pladet has perhaps some i n s i t u experience w i t h a 
frequency of 25 and 50 Hertz. I don't know. 

A.A. Fladet: 

Our experience was t h a t you can get the same q u a l i t y w i t h 50 Hertz, but i t takes 
more time, so as c o n t r a c t o r you choose the method w i t h the s h o r t e s t time and we 
are compacting now on 25 Hertz, 

Chairman: 
Thank you, I hope t h a t answers your f i r s t question. Prof. Van Weele. Your second 
question was whether the l a b o r a t o r y t e s t s were re p r e s e n t a t i v e f o r the f i e l d 
s i t u a t i o n and whether these have been checked w i t h each other. I s t h a t correct? 
I ' d l i k e then t o ask Mr. Davis t o answer t h i s question. 

P.G.J. Davis: 
Of course the c o n d i t i o n s i n the l a b o r a t o r y are not the same as the f i e l d c o n d i t i o n s . 
I n the f i e l d you have l a r g e r s o i l masses t o compact, and also the h o r i z o n t a l 
stresses i n the ground d i f f e r from the l a b o r a t o r y , which i n f l u e n c e s the amount of 
compaction. Also the v e r t i c a l s t a t e of stress i n the ground d i f f e r s i n the 
v i b r a t i n g c y l i n d e r . So I t h i n k i n any case the minimum n-values you get w i t h the 
v i b r a t i n g gest you won't get i n the i n s i t u s o i l c o n d i t i o n s . But I t h i n k the^ 
i n f l u e n c e of the parameters on the amount of compaction w i l l be the same as i n 
s i t u . We have not checked a l l r e s u l t s , but there are a few checks. For example 
what I have s a i d about the i n f l u e n c e of the s i l t content has been i n v e s t i g a t e d i n 
Durban, South A f r i c a w i t h v i b r o f l o t a t i o n s , and those r e s u l t s are e x a c t l y the 
same. The i n f l u e n c e of the s i l t content i s e x a c t l y the same as we found i n the 
l a b o r a t o r y . Further on there have been a few other i n v e s t i g a t i o n s where we i n 
fluenced some parameters i n s i t u , and at t h i s moment we are t e s t i n g p l a t e v i b r a t o r s 
where we are v a r y i n g the amplitude, the frequency, and also the blow-power o f the 
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p l a t e v i b r a t o r . I n my o p i n i o n you w i l l f i n d the same i n f l u e n c e . 

A.C.J, Baker: 

The angular and the rounded gravels had very d i f f e r e n t gradings. I n general, 
gravels w i t h wide gradings are easier t o compact. Was any account taken o f t h i s 
i n the comparisons? 

P.G.J. Davi-s: 

We don't have experience w i t h d i f f e r e n t gradings because f o r the t e s t s we use the 
sea g r a v e l which w i l l be used i n the Oosterschelde p r o j e c t . So i t wasn't a para
meter study on g r a i n s i z e . 

A.C.J. Baker: 

For angular gravels an amplitude of about 5 mm i s recommended. Figure 15 stops a t 
4 mm, i s there any evidence t o show t h a t 6 mm amplitude i s not b e t t e r s t i l l ? 

P.G.J. Davis: 

I've s a i d already a l i m i t a t i o n o f the v i b r a t i n g t a b l e was the amplitude of 
approximately 4 mm. The amplitude of 5 mm i s a k i n d of guess, but as you can see 
from the f i g u r e i t doesn't matter so much i f you have an amplitude o f 3 or 6 mm, 
because i n t h a t range you have about 90% of the maximum amount of compaction. 

Chairman: 

Does t h a t answer your question? I understand t h a t the t e s t was not done, and I 
don't t h i n k i t ' s p o s s i b l e w i t h the apparatus t h a t we have a t the moment. 

A.C.J. Baker: 

I s there any evidence t o show t h a t l a r g e r amplitudes might not be b e t t e r ? 

P.G.J. Davrs: 

Yes, t h e r e f o r e I have t o go back t o e a r l i e r t e s t s t h a t we d i d . We got a minimum 
n-value f o r a c e r t a i n amplitude, and a f t e r t h a t minimum n-value the compaction at 
f u r t h e r growing amplitudes w i l l be less and the curve w i l l go t o a h o r i z o n t a l l i n e . 

A.C.J. Baker: 

Was any c o n s i d e r a t i o n given t o o p t i m i s i n g compaction against energy output, the 
energy being a f u n c t i o n of amplitude, frequency and t o some extent surcharge 
pressure. 

P.G.J. Davis: 

This o p t i m i s i n g hasn't been done, because f o r the l a b o r a t o r y t e s t s and the i n s i t u 
t e s t s , we had a given compaction method, w i t h a given energy output. That was the 
method o f Van Hattem and Blankevoort. 
For the compaction o f the g r a v e l we are t e s t i n g out i n s i t u how much energy and 
what other parameters we have t o choose f o r example what k i n d of blow power we 
have t o use. Results aren't a v a i l a b l e a t t h i s moment, however. 

G. Gudehus: 

The l a b o r a t o r y studies are summarised by recommendations f o r amplitude, frequency 
and surcharge. Now m a t e r i a l p r o p e r t i e s o f sand cannot be explained i n terms of 
these q u e n t i t i e s . Amplitude and frequency are system q u a l i t i e s and not m a t e r i a l 
q u a l i t i e s . I s i t j u s t i f i e d then t o t r a n s f e r the l a b o r a t o r y r e s u l t s t o the f i e l d 
compaction i m p l y i n g a completely d i f f e r e n t mechanical system? 
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A c t u a l l y ' t h i s i s very s i m i l a r t o the second question o f Prof. Van Weele and my 
own o p i n i o n , i f I may say something about i t i s , of course they are so d i f f e r e n t 
t h a t you cannot say they are completely a p p l i c a b l e , but what you get i s an im
pression of t r e n d s , which d i r e c t i o n i t goes, and I must say t h a t i t seems t h a t 
you do l e a r n something from the l a b o r a t o r y t e s t s but you cannot leave i t t h e r e , 
you have t o do t e s t i n g i n s i t u and t h a t i s a c t u a l l y the same as what Walt Jaworski 
says about i t . I ' d l i k e t o ask what he t h i n k s about t h i s . 

W.a. Jaworski: 

Well, the behaviour you're f i n d i n g i n the lab i s i n a confined s t a t e . One of the 
problems of t e s t i n g i n a lab i s t h a t you've got the m a t e r i a l i n a mould. To give 
an example o f the problems you run i n t o , we were l o o k i n g a t s o i l s v i b r a t i n g 
h o r i z o n t a l l y and v e r t i c a l l y . And we found t h a t i f we do not i n s e r t c e r t a i n types 
of a c c e l e r a t i o n - e.g. c e r t a i n shear stresses - t o the s o i l they wouldn't de n s i f y . 
I f we t r y t o e x t r a p o l a t e t h a t t o the f i e l d , we have t o look at the complex nature 
of what i s hapening i n the f i e l d . The whole t h i n g becomes three dimensional. 
We're t r y i n g t o e x t r a p o l a t e from a very c o n t r o l l e d s i t u a t i o n i n the lab t o the 
f i e l d c o n d i t i o n which i s u n c o n t r o l l e d . I t h i n k the parameter we should be l o o k i n g 
at i s i n the f i r s t place a c c e l e r a t i o n . What are the t h r e s h o l d a c c e l e r a t i o n s 
r e q u i r e d i n the f i e l d t o move the p a r t i c l e s , and then secondly how does t h i s 
a c c e l e r a t i o n vary w i t h depth. This i s the type of t e s t i n g Mr. Davis was t r y i n g t o 
do. Furthermore the s p a t i a l v a r i a t i o n i n the d e n s i f i c a t i o n i s t o be i n v e s t i g a t e d . 
T r y i n g t o e x t r a p o l a t e data from the lab i s u s e f u l t o give us an i n d i c a t i o n of what 
we can expect, but we s t i l l have t o have the t e s t s e c t i o n t o a c t u a l l y measure 
f i e l d a c c e l e r a t i o n s and work from t h a t p o i n t . 

Chairman: 

I hope Prof. Gudehus t h a t answers your question. We a l l understand our l i m i t a t i o n s 
i n the s o i l mechanics, and we w i l l never be able t o f i n d an exact answer t o a l l 
the questions. I ' d l i k e t o carry on t o the questions of Dr. Hamza. 

M. Hamza: 

You have shown us t h a t regardless of the i n i t i a l v o i d r a t i o the sand a r r i v e s a t a 
constant v o i d r a t i o a f t e r compaction. Have you compared t h i s v o i d r a t i o w i t h the 
c r i t i c a l v o i d r a t i o s o f corresponding e f f e c t i v e mean stress? 
This w i l l have importance i n e v a l u a t i n g the s t r u c t u r e behaviour. We do compaction 
t o improve the s o i l , and i f we want t o see how the s o i l improves we always have 
t o measure i t against a framework which we can understand. So i f you t e l l me the 
v o i d r a t i o i s 30% I don't expect t h i s s o i l w i l l be d i l a t i v e , w i l l be c o n t r a c t i v e 
under shear, under the s t r u c t u r e . I would l i k e t o r e l a t e i t t o a framework say, 
c r i t i c a l s t a t e l i n e , c r i t i c a l v o i d r a t i o l i n e . Now t h i s value which you s a i d i s 
constant even i f you s t a r t from a value less than i t and you v i b r a t e , you always 
increase t o i t . I s t h i s value below the c r i t i c a l l i n e , above i t or on i t ? 
And I would l i k e t o extend, t o ask i f there i s any method you have checked and 
used w i t h which you could improve the s o i l beyond the c r i t i c a l l i n e , or i n other 
words can we put an upper l i m i t t o the improvement we can o b t a i n , and could t h i s 
l i m i t be explained i n a proper framework of s o i l mechanics understanding? 

J.W. Boehmer: 
Last Monday I showed you a chart which I c a l l e d the l i q u i f a c t i o n c h a r t , but you 
could c a l l i t the d e n s i f i c a t i o n c h a r t or whatever you want as w e l l . Now I showed 
you t h a t i f you want t o avoid l i q u i f a c t i o n s l i d e s , the way I have been d e f i n i n g 
them on Monday, you have t o b r i n g the r e l a t i v e d ensity back down below the l i n e , 
which I c a l l c r i t i c a l l i q u i f a c t i o n s l i d e l i n e . I f on the other hand you are 
t r y i n g t o avoid a flow s l i d e , I showed you t h a t you have t o come somewhere below 
the l i n e , which I c a l l the c r i t i c a l f l o w s l i d e l i n e . We don't have the exact 
numbers, but t h i s i s j u s t t o give you an impression. Now, i f you don't want any 
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settlement a t a l l , I thought I showed you, but I might not have been c l e a r enough, 
t h a t you could go t o the c r i t i c a l d i l a t i o n l i n e . Now i t ' s j u s t a matter o f doing 
some t e s t s t o expand these d i f f e r e n t c r i t e r i a and apply them t o cost b e n e f i t 
a nalysis t o see what we are f i n a l l y g e t t i n g a t . 

Cha-ivman: 

Thank you, Mr. Boehmer, a c t u a l l y I ' d l i k e t o keep i t a t t h i s and i f you have any 
more questions please contact Mr. Davis or Mr. Boehmer o u t s i d e , because I t h i n k 
we have t o continue w i t h your second question, 

M. Hamza: 

You have shown us t h a t i f the s i l t percentage i s more than 20% no improvement 
occurs but on the c o n t r a r y , i t decreases. I s i t t r u e even i f you allow the pore 
water pressure t o d i s s i p a t e under surcharge loading? I f you w a i t enough you get 
improvement. Then you should w a i t f o r the pore water pressure t o d i s s i p a t e . 
When you had high s i l t content i t i s shown t h a t the v i b r a t i o n method on the con
t r a r y , made i t even worse. Now I t h i n k t h i s i s because a t the time you measured 
your p o r o s i t y you d i d not take enough time t o a l l o w the pore water pressure t o 
d i s s i p a t e under the surcharge a p p l i e d i n your t e s t . Did you or d i d you not? 

P.G.J. Davis: 

No, I d i d n ' t , 

M. Hamza: 

You d i d n ' t . Maybe i f you had, you would have had an improvement. And so you have 
done i n j u s t i c e t o the method because g e n e r a l l y the pore water pressure d i s s i p a t e s 
q u i t e q u i c k l y i n the f i e l d w i t h the s i l t , maybe i n one day or two days. I t depends 
o f course on the drainage path but I don't expect very large drainage paths i n 
t h i s case, e s p e c i a l l y near the high stress l e v e l around the foundation, I t h i n k 
you would have had an improvement. 

P.G.J. Davis: 

That's p o s s i b l e . 

Chairman: 

I t h i n k we can leave i t at t h i s , although we're not a t the end of the questions, 
but I should s t i l l l i k e one question from the f l o o r . This w i l l be the l a s t one. 

J.T. Christian: 

I've n o t i c e d many of the authors describe f i e l d r e l a t i v e d e n s i t y i n t h e i r c h a r t s . 
Would they please t e l l us how they d e f i n e the r e l a t i v e d e n s i t y i n the f i e l d and 
how they measured i t ? 

J.D, Nteuwenhuis: 

I have the impression t h a t we d i d great i n j u s t i c e t o the audience t h i s morning. 
I ' d l i k e t o apologize. You have remarked by now t h a t there were two d i f f e r e n t 
groups working, and from time t o time they co-operated. There i s the group who 
t r i e d t o f i n d the best method t o compact or t o d e n s i f y , and a group who s t a t e d 
what de n s i t y was needed, I must say t h a t f o r the m a t e r i a l s used now, gravels and 
sand (as Jan Willem Boehmer showed), we d i d come above c r i t i c a l d e n s i t y i n our 
case. So f o r a l l cases w i t h the e x i s t i n g equipment, being unable t o do more than 
4 mm of amplitude we a r r i v e d a t sand-gravel mixtures w i t h a d e n s i t y above the 
c r i t i c a l d e n s i t y l e v e l . This i s apart from a l l other questions whether we d i d not 
destroy the s t r u c t u r e or the f a b r i c . One of the f i r s t questions was: "Wouldn't i t 
be b e t t e r t o have equipment which could apply an amplitude of 5 mm or more?". We 
don't know.' We only know t h a t i f we do t e s t s a t 4 mm o f amplitude the l i n e 
r e l a t i n g settlement and amplitude s t i l l decreases, so we s t i l l got i n c r e a s i n g 
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d e n s i t y , t h e r e f o r e i t may w e l l be t r u e t h a t i t ' s b e t t e r t o have l a r g e r amplitudes. 
We d i d n ' t need them because the den s i t y we a r r i v e d at was s u f f i c i e n t f o r the pres
c r i b e d c r i t i c a l d e n s i t i e s . There was another t h i n g s a i d by Mr. Davis. He s a i d : 
"Well we know f o r sure t h a t we a r r i v e a t 90% of r e l a t i v e density". Well, then 
everybody i n the audience could say "What i s r e l a t i v e density?" as was s a i d by 
John C h r i s t i a n , because the r e l a t i v e d e n s i t y could be higher a t an amplitude o f 
6 mm and we don't know i t . So what i s meant by Davis i s the r e l a t i v e d e n s i t y we 
could a t t a i n by the apparatus which was used by him, and which had a maximum 
amplitude of 4 mm and a frequency o f approximately 30 Hz, and i t i s the maximum 
density a t t a i n e d w i t h t h i s apparatus a f t e r v a r y i n g almost a l l parameters. So there 
i s no absolute measure. We only know t h a t i f you " t o r t u r e " too much of course, you 
w i l l crush the p a r t i c l e s and then i t ' s d i f f i c u l t t o say whether you are then s t i l l 
t r e a t i n g the same m a t e r i a l . I hope at l e a s t t o have answered some o f your quest
ions now. 
Thank you. 

Chairman: 

Thank you l a d i e s and gentlemen. 
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Session VI 

Soil-Structure Interaction 

W. stevelink, RijksvfateJsTaa"; 
The Netherlands 



chairman: 

Ladies and gentlemen, 

I t ' s a pleasure f o r me t o open t h i s l a s t session of the symposium. I n my o p i n i o n 
the t o p i c s o f t h i s session are very i n t e r e s t i n g , e s p e c i a l l y f o r the designers of 
the s t r u c t u r a l elements and f o r the foundation s p e c i a l i s t s . As a r e s u l t of several 
requests from the attendants the s c i e n t i f i c committee has decided t o i n s e r t a 
short explanation about the storm surge b a r r i e r i t s e l f . I hope Mr. Van Geest, 
p r o j e c t engineer o f the design o f f i c e from the Department Locks and Weirs of R i j k s 
waterstaat w i l l give you a b e t t e r idea about the c o n s t r u c t i o n . Mr, Van Geest, 

THE DESIGN OF THE BARRIER IN RELATION TO THE DEFORMATIONS 
by J. M. van Geest 
(inserted lecture) 

Mr. Chairman, l a d i e s and gentlemen, my t o p i c i s the design of the b a r r i e r i n r e l a t 
i o n t o the deformations. Last Monday the development of the design of the b a r r i e r 
was shown, moving from surface caissons on a s i l l t o three types of embedded 
caissons. I n t h i s short p r e s e n t a t i o n I w i l l give you some more d e t a i l e d i n f o r m a t 
ion about the f i n a l design. The b a r r i e r i s formed by the s i l l , the underbeam, the 
gate and the upperbeam. I n the Oosterschelde we need a frame t o support the 
movable and the unmovable p a r t s of the p i e r , i . e . the gates and the concrete beams. 
I n the shallow caisson design t h i s was a m o n o l i t i c frame. The distance between the 
frame elements on each side of the opening was f i x e d i n t h a t case. 
There are no r e l a t i v e deformations around the gate. I n the f i n a l design the frame 
elements do have r e l a t i v e deformations between each other since we have seperated 
p i e r s . The p l a c i n g of the p i e r s and storms d u r i n g the execution phase give deformat
ions. Later on when the b a r r i e r i s f i n i s h e d and closed and the long expected storm 
comes, each p i e r undergoes other a d d i t i o n a l deformations. We need movable connect
ions between the gate, the beams and the p i e r s . I w i l l t r y t o make t h i s c l e a r by 
discussing the phases i n which the b a r r i e r w i l l be b u i l t . 
I n the r i v e r the foundation l a y e r i s constructed i n a dredged trench. I n the mean
time the p i e r s are b u i l t i n a drained c o n s t r u c t i o n dock. A catamaran w i t h a l i f t i n g 
c apacity of 14.000 tons l i f t s the p i e r and takes the p i e r t o i t s l o c a t i o n i n the 
Oosterschelde and puts i t down on the foundation l a y e r ( f i g . a ) , The foundation 
la y e r i s not q u i t e f l a t . This causes a maximum r o t a t i o n of the p i e r of roughly 0.8 c: 
per meter i n one d i r e c t i o n and 0.4 cm per meter i n the other d i r e c t i o n . 
Both the catamaran and the p i e r , hanging i n the ship , are moving. This can cause a 
maximum t r a n s l a t i o n of 30 cm i n two d i r e c t i o n s . The s t a b i l i t y o f the p i e r s r e q u i r e s 
water b a l l a s t i n the caissons. I n i t i a l l y the p i e r bears on r i b s . Then the s i l l w i l l 
be constructed ( f i g , b ) . 
A p a r t o f the weight of the s i l l i s e f f e c t i v e l y added t o the weight of the p i e r . 
So a f t e r completion of the s i l l the s t a b i l i t y o f the p i e r i s very high and the 
caisson can be emptied. A f t e r t h i s the movement of the p i e r w i l l be so l i t t l e , even 
by a storm t h a t the f i n a l measurement of the p i e r can be done. Then the d e f i n i t e 
lengths of the beams and the gates are determined. They w i l l be d i f f e r e n t i n each 
opening. Now a l l f u r t h e r movements are important f o r the bearing c o n s t r u c t i o n s of 
the beams and the guidance of the gates. The room between the foundation l a y e r and 
the bottom o f the p i e r i s f i l l e d up w i t h grout i n order t o o b t a i n a good s o i l 
s t r u c t u r e i n t e r a c t i o n and t o increase the moment of i n e r t i a . To increase the weight 
of the p i e r l a t e r on the room i n the caisson w i l l be f i l l e d up w i t h sand and water 
( f i g . c ) , I n the meantime the gate and the b r i d g e are assembled. I n the bridge i s a 
space f o r the e l e c t r o mechanical equipment s e r v i n g the h y d r a u l i c l i f t i n g jacks of 
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the gates. By assembling the beams the b a r r i e r w i l l be f i n i s h e d , ( f i g . d ) . 
Let me now discuss the deformations f o r the s t r u c t u r a l elements. Only the r e l a t i v e 
deformations between two p i e r s are of i n t e r e s t f o r the connection d e t a i l s . 

The beam bears on rubber blocks. The d e v i a t i o n s caused during the execution phase 
w i l l be corrected by f l a t jacks. So the rubber blocks and the f l a t jacks form one 
element. By pumping up the f l a t jacks there w i l l be a c o r r e c t i o n of the deviatxons. 
Then the jacks w i l l be pumped up w i t h grout. This also gives a p r e - s t r e s s m g m 
the v e r t i c a l blocks. The beam connection i s t o r s i o n - s t i f f on one side. The 25 cm 
t h i c k rubber blocks w i t h a diameter of approximately 2 m allow f o r deformations i n 
the f i n a l phase of the b a r r i e r . 

The r o t a t i o n d e v i a t i o n s i n the execution phase and i n the f i n a l phase are together 
important f o r the gates. The l o n g i t u d i n a l r o t a t i o n along the axes of the gate does 
not cause problems since the gate i s not t o r s i o n - s t i f f i n t h a t d i r e c t i o n . The 
t r a n s v e r s a l r o t a t i o n i s c r i t i c a l f o r the w i d t h of the s t e e l p l a t e i n the guidance 
of the gate. This decides the depth o f the rabbet and the width of the upper p a r t 
of the p i e r . So the t r a n s v e r s a l r o t a t i o n s are the most important r o t a t i o n s f o r the 
s t r u c t u r e . F i n a l l y from the most important r e l a t i v e deformations i n the t a b l e 
below you"see t h a t the p r e d i c t e d deformations are only a small p a r t of the t o t a l 
deformations and I may c a u t i o u s l y conclude t h a t f i n a l l y the designers succeeded m 
making a design, r a t h e r independent of the accuracy of the geotechnical p r e d i c t i o n s 
of the l o n g i t u d i n a l deformations. Thank you. 

Most important r e l a t i v e deformations. 

y 

X r e l 

Y r e l 

(J) r e l 

y 
r e l 

= 75 cm (15% caused by superstorm); 

= 8 0 cm ( 3% caused by superstorm); 

= 1,4 cm/m' (4% caused by superstorm); 

= 0,8 mm/m' (20% caused by superstorm) 

* 95% co r r e c t e d d u r i n g the execution. 

90 



Chaivman: 

Thank you Mr. Van Geest f o r your explanation. This next p r e s e n t a t i o n w i l l deal 
w i t h ground water f l o w i n the s i l l . This c o n t r i b u t i o n i s a co-production of Mr. 
Barends and Mr, Thabet. Mr, Barends, working i n the research d i v i s i o n of the D e l f t 
S o i l Mechanics Laboratory, i s a s p e c i a l i s t i n ground water f l o w . Mr, Thabet from 
the D e l f t Hydraulics Laboratory has been attached t o the s i l l design team o f R i j k s 
waterstaat f o r the l a s t few years. Mr, Barends. 

GROUND WATER FLOW AND DYNAMIC GRADIENTS 
by F. B. J. Barends 
Vol. 2, Paper VI-1 

Chairman: 

Thank you very much f o r your c l e a r l e c t u r e , Mr. Barends. You made c l e a r the com
p l e x i t y of a l l the problems w i t h or f o r the designers. Thank you very much. 
The t h i r d c o n t r i b u t i o n by Mr. Nieuwenhuis w i l l deal w i t h the loads a c t i n g on the 
concrete s t r u c t u r e s . For several years Mr. Nieuwenhuis was the chairman of the 
study group f o r s o i l mechanics f o r the storm surge b a r r i e r , so he w i l l be an 
eminent man f o r t h i s p a r t I t h i n k . Mr. Nieuwenhuis, 

INTERACTION FORCES BETWEEN PIERS AND SILL STRUCTURE 
by J. D. Nieuwenhuis 
Vol. 2, Paper VI-2 

Chairman: 

Mr. Nieuwenhuis, i n my o p i n i o n we got an eminent l e c t u r e . Thank you very much and 
through you also the co-authors. Dr. Molenkamp from the D e l f t S o i l Mechanics 
Laboratory and Mr. Van Geest from R i j k s w a t e r s t a a t . 
The f o u r t h c o n t r i b u t i o n i n t h i s session i s i n my o p i n i o n an e x c e l l e n t example of 
cooperation between the c o n t r a c t o r s , the design department and the research 
l a b o r a t o r i e s . The authors o f t h i s c o n t r i b u t i o n are namely Mr. Hudig and Mr. De 
Haan, both engineers from the Contracting Consortium Dosbouw, Mr. Van Rossen, the 
engineer i n the f i e l d from the Department Locks and Weirs of R i j k s w a t e r s t a a t and 
Mr. Stam, p r o j e c t adviser from the D e l f t S o i l Mechanics Laboratory, Mr. Hudig, may 
I i n v i t e you t o take the f l o o r . 

FULL SCALE DIRECT SHEAR AND PENETRATION TESTS FOR THE DESIGN OF THE INTERMEDIARY 
LAYER AT THE INTERFACE BETWEEN CONCRETE STRUCTURE AND FOUNDATION LAYER 
by E. P. Hudig 
Vol. 2, Paper VI-3 

Chairman: 

Mr. Hudig, we are very glad t h a t you re t u r n e d t o Holland t h i s week from N i g e r i a 
because now we have got an e x c e l l e n t c o n t r i b u t i o n from you. You made the connect
i o n between the design of the s t r u c t u r e , the execution and these f u l l scale t e s t s 
c l e a r t o us. I t h i n k w i t h t h i s l e c t u r e you have answered many questions on these 
subjects. Thank you very much, and also a l l the other authors. 
The l a s t subject i n t h i s session w i l l be the s i l l design. Mr. d'Angremond and Mr. 
Van der Does de Bye w i l l give a l e c t u r e on t h i s i t e m , Mr, d'Angremond from Dosbouw 
was a very important and i n v e n t i v e member o f the s i l l design team. Mr. Van der 
Does de Bye i s an engineer of the h y d r a u l i c research d i v i s i o n o f R i j k s w a t e r s t a a t , 
Mr, d'Angremond, 
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SILL DESIGN FOR THE OOSTERSCHELDE STORM SURGE BARRIER 
by K. d'Angremond/M. R. van der Does de Bye 
Vo/. 2, Paper VI-4 

Chaivman: 

Mr. d'Angremond and Mr. Van der Does de Bye, I would l i k e t o thank both o f you f o r 
your very i n t e r e s t i n g c o n t r i b u t i o n about t h i s e s s e n t i a l p a r t of the s t r u c t u r e . 
Ladies and gentlemen, we have only 15 minutes f o r the discussion. May I ask you t o 
keep your questions very short. May I ask the speakers and co-authors t o come here 
onto the f l o o r ? 
Who has the f i r s t question? 

R.S. Wright: 

I ' d l i k e t o ask Mr. Hudig i f i t i s planned t o grout the base of the p i e r s from the 

i n t e r i o r chamber of the p i e r , or from the top of the p i e r , or from some other 

l o c a t i o n . 

E. P. Hudig: 

1 hear from the man on my l e f t t h a t i t i s intended t o do i t from i n s i d e the chamber 
This of course gives a d i f f i c u l t y . I t means t h a t you have t o be able t o empty the 
i n t e r n a l chamber a f t e r the s i l l has been brought on and t h i s gives e x t r a r e q u i r e 
ments t o the concrete s t r u c t u r e . Thank you. 

J.B. Sellme-ijer: 

I want t o p u t a question t o Mr. Barends. He showed a storage equation c o n t a i n i n g 
terms f o r change o f the p e r m e a b i l i t y . Those terms c o n s i s t of a quadr a t i c term and 
a l i n e a r term. Most o f the time you d i s r e g a r d the quadratic term t o make i t s u i t 
able f o r an a n a l i t i c a l approach. The l i n e a r term only has a d i f f e r e n t i a t i o n w i t h 
respect t o z. My question i s : Do I have t o conclude t h a t m o d i f i c a t i o n of the per
m e a b i l i t y i n X and y d i r e c t i o n w i l l not i n f l u e n c e the s o l u t i o n or i s negligence 
not allowed? 

F. B.J. Barends: 

I succeeded i n s o l v i n g t h i s storage equation which i s not l i n e a r , because there 
i s a dot product o f gradients f o r i r r o t a t i o n a l cases, by making i t l i n e a r w i t h 
c e r t a i n t r a n sformations and I don't know e x a c t l y what the e f f e c t i s o f ommitting 
terms you mentioned, l i k e the l i n e a r g r a d i e n t i n z. I t has some e f f e c t i n the 
depth but mainly i t shows how f a r the i n f l u e n c e extends i n the h o r i z o n t a l plane. 

Chairman: 

Ladies and gentlemen, thank you f o r your discussion. I ask your a t t e n t i o n f o r the 

c l o s i n g ceremony. 

92 



Closing Ceremony 

W. Bokhoven, Director of the Delft Soil IVIechanics LaboJatorJi 
The Netherlands 



CHairman: 

Ladies and gentlemen, the symposium i s approaching i t s end. Before c l o s i n g we have 
two speakers. I n the f i r s t place Mr. Heijnen of LGM who w i l l t r y t o give a general 
review of the c o n t r i b u t i o n s and the discussions we have had. And afterwards Prof. 
Van Weele w i l l take the f l o o r f o r h i s c l o s i n g address. May I i n v i t e Mr. Heijnen t o 
take the f l o o r ? 

TECHNICAL CLOSING 
by W. J. Heijnen, 
Chairman of the Scientific Committee 

Mr. Chairman, l a d i e s and gentlemen. We a r r i v e d a t the end of t h i s symposium. I 
hope you a l l survived. I t i s my task now t o give you i n a very short time an im
pression of the t e c h n i c a l side of t h i s event. I w i l l n ot t r y t o review a l l con
t r i b u t i o n s . I t h i n k you share my opinion t h a t the w r i t e r s have reached a good 
s c i e n t i f i c l e v e l . During t h i s symposium some general questions regarding the im
plementation of t h i s s c i e n t i f i c work i n the design procedure of the storm surge 
b a r r i e r have been heard. I w i l l use t h i s o p p o r t u n i t y t o elaborate a l i t t l e b i t on 
t h i s side of the problems. 
One year ago the f i r s t rough v e r s i o n of the programme of t h i s symposium was made. 
We had t o face the d i f f i c u l t y how t o show the f u n c t i o n of the ap p l i e d advanced 
s o i l mechanical techniques i n the t o t a l design procedure of the foundation of the 
b a r r i e r , g i v i n g at the same time a c l e a r and s u f f i c i e n t l y extensive p r e s e n t a t i o n 
of the various methods i t s e l f . I t may be possible t h a t the accent i n t h i s sym
posium was l a i d too much on t h i s l a s t aim; the p r e s e n t a t i o n of the methods. 
I t h i n k t h a t we succeeded i n pr e s e n t i n g you the a p p l i e d , advanced and s i m p l i f i e d 
methods. We also supplied you w i t h extensive i n f o r m a t i o n - you have heard about 
t h i s i n t h i s afternoon session - which was obtained from many unique t e s t s . How 
r e s u l t s of these methods, t e s t s e t c were i m p l i e d i n the design procedure d i d 
probably not become very c l e a r t o you. But I can assure you t h a t a l l r e s u l t s , 
even the c o n t r a d i c t i o n a r y ones, were used f o r the p r e p a r a t i o n of the decisions 
t o be taken by the designers. Of course i t i s not p o s s i b l e f o r me t o give you now 
a c l e a r and complete review of how the various i n v e s t i g a t i o n s f i t t e d i n the lead
i n g thread of the design proces d u r i n g the design p e r i o d of 4 years. When R i j k s 
w aterstaat was asked by the government t o i n v e s t i g a t e whether a storm surge 
b a r r i e r w i t h gates could be b u i l t i n the mouth of the Oosterschelde w i t h i n a 
given frame work of money and time, i t was c l e a r from the beginning t h a t , apart 
from the orthodox methods, advanced techniques had t o be ap p l i e d f o r a thorough 
and r e l i a b l e a n a l y s i s of expected foundation behaviour. The e s t i m a t i o n of the 
behaviour of loose sand l a y e r s , v a r y i n g c o n s i d e r a l l y i n q u a l i t y , when exposed t o 
the e f f e c t of c y c l i c loadings on the s t r u c t u r e , cannot be t a c k l e d by conventional 
i n v e s t i g a t i o n and c a l c u l a t i o n methods only. This lesson we already learned from 
o f f s h o r e experience. 

The theme of t h i s symposium, the foundation aspects of coast a l s t r u c t u r e s , was 
chosen because of the strong r e l a t i o n w i t h t h i s k i n d o f problems. Which were the 
c r i t i c a l aspects i n the analysis of the foundation f o r the storm surge b a r r i e r 
and how do the various i n v e s t i g a t i o n methods f i t i n t h i s p i c t u r e . 
At t h i s moment I can only touch the surface of t h i s s u b j e c t . I hope however t h a t 
my remarks complete your views on t h i s symposium. 
The main questions were: 
1. I s the c o n s t r u c t i o n s u f f i c i e n t safe on the short and long term, s u f f i c i e n t 

safe w i t h respect t o collapse? Important i n t h i s respect i s pore pressure 
generation and the coupling of t h i s fenomenon t o the s t a b i l i t y computations. 

2, W i l l the deformations during the l i f e t i m e of the c o n s t r u c t i o n stay w i t h i n the 
tolerances set by the designers? A governing aspect i s the e f f e c t of repeated 
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loading on the deformations. Expressed i n a more crude way; Do we have t o 
expect the s t r u c t u r e t o move slowly i n the d i r e c t i o n o f Z i e r i k z e e under the i n 
fluence of the repeated h o r i z o n t a l wave loads? D i f f e r e n t i a l deformations due t o 
v a r i a t i o n s i n q u a l i t y o f the s o i l and load d i f f e r e n c e s had also t o be taken i n t o 
account. 

3, What are the requirements f o r the p r e v e n t i o n o f m i g r a t i o n o f s o i l p a r t i c l e s from 
the foundation s o i l under ambient dynamic pore pressure g r a d i e n t s . This quest
io n i s r e l a t e d t o the design of f i l t e r s i n the foundation of the p i e r . 

4, The i n t e r a c t i o n between foundation bed and s i l l a t one side and components of 
the concrete p i e r s and gate beams on the other s i d e . Knowledge about i n t e r a c t 
ion forces was needed f o r the s t r e n g t h conputation of the concrete s t r u c t u r e s . 
Dominant aspects are the t o r s i o n and uneven deformations o f the foundation and 
forces from the compacted or uncompacted s i l l on the edges of the base slab 
and the sides of the caisson and the lower gate beam, 

5, A p r o b a b i l i s t i c approach was r e q u i r e d i n order t o tune p r o b a b i l i t i e s of collapse 
and f a i l u r e o f a l l components of the c o n s t r u c t i o n . 

6, The s t a b i l i t y of the p i e r s d u r i n g a l l phases of the execution. 
I t i s obvious t h a t a s o l u t i o n f o r t h i s type of questions r e q u i r e s much more 
research than u s u a l l y i s the case f o r land s t r u c t u r e s . Moreover computation r e s u l t s 
can h a r d l y be checked w i t h f i e l d experience. 
I n order t o have the necessary f l e x i b i l i t y i n the design procedure the designers 
r e q u i r e d data i n a parametric form. The i n f l u e n c e o f various parameters had t o be 
studied thoroughly. The v a r i a b i l i t y and the u n c e r t a i n t y of the s o i l c o n d i t i o n s was 
of dominant importance. I n consequence of t h i s I t h i n k the choise o f an approach 
on various l e v e l s of knowledge i s f u l l y j u s t i f i e d . The r e s u l t s o f s i m p l i f i e d 
methods - i n d i s p e n s i b l e f o r a parametric approach - were always compared w i t h the 
r e s u l t s of advanced computations. Large and small scale model t e s t s were performed 
f o r checking the r e s u l t s of the t h e o r e t i c a l methods. 
Despite u n c e r t a i n t i e s w i t h respect t o scale f a c t o r s and model imperfections I 
estimate the value of these model t e s t s very h i g h . They were and s t i l l are the 
only l i n k s we had w i t h r e a l i t y d u r i n g the design procedure. 
I am convinced t h a t a l l methods used f o r the study o f expected foundation behaviour 
f o r the Oosterschelde b a r r i e r have had t h e i r value. The model t e s t however gave us 
confidence. Experts as w e l l as designers have always been aware of the shortcomings 
of c a l c u l a t i o n s and analogue models. Even the n o t i o n we have of the s o i l c o n d i t i o n s 
may deviate somewhat from r e a l i t y . I t has a l l been taken i n t o account i n the 
design of the foundation of the storm surge b a r r i e r . Even t h i s most p e s s i m i s t i c 
guess of foundation behaviour i s amply w i t h i n the tolerances set by the designers. 
The discussions i n the various sessions o f t h i s symposium have been of great value. 
I n s p i t e o f d i f f e r e n c e s o f o p i n i o n regarding the a p p l i c c i b i l i t y and confidence of 
the various methods we a l l had the same goal; t o improve our knowledge of s o i l 
behaviour and the methods f o r the p r e d i c t i o n o f foundation behaviour. 
There i s s t i l l a l o t of work l e f t . 
I thank a l l p a r t i c i p a n t s and s p e c i a l l y those who have taken p a r t i n the discuss
ions f o r b r i n g i n g t h i s symposium up t o such a high l e v e l . 
On behalf of the S c i e n t i f i c Committee I want t o express my g r a t i t u d e t o a l l authors 
and co-authors. I know how d i f f i c u l t the task was they had. Their c o n t r i b u t i o n was 
the base f o r t h i s successful symposium, 
Mr. Chairman, l a d i e s and gentlemen. We could not solve a l l problems here. However 
I hope t h a t t h i s symposium has c o n t r i b u t e d t o the mutual understanding between the 
research workers o f our p r o f e s s i o n i n the p a r t i c i p a t i n g c o u n t r i e s . 
I thank you very much f o r your presence. 

Chairman: 

Thank you Mr. Heijnen. I give the l a s t word t o Prof, Van Weele, President of the 
Netherland Society f o r S o i l Mechanics and Foundation Engineering, which i s p a r t of 
the Royal I n s t i t u t i o n of Engineers i n the Netherlands. 
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FORMAL CLOSING 

%^sidentof the Netherlands Society for Soil Mechanics and Foundation Engineering 

Well, Mr. Chairman, l a d i e s and gentlemen. Our symposium i s coming to a c l o s e now, 

and i t i s my honour and i t ' s a l s o a p l e a s u r e f o r me to a c t as your l a s t speaker 

and I w i l l do t h a t v e r y b r i e f l y . , „̂̂ -i ̂ „ 

F i r s t of a l l I want t o make some remarks about my p e r s o n a l experience during the 

d a ï f I i e r e i n t h i s room. I t h i n k t h a t the conference ^ / ^ ^ ^ / ^ ^ ^ ^ 

problems of s o i l mechanics and foundation e n g i n e e r i n g , because i t ^ ^ / ^ ^ h e r easy 

to have c o n t r i b u t i o n s on the t h e o r e t i c a l a s p e c t s of foundations i n i d e a l i z e d s o i l s . 

The main p o i n t of our symposium here, was t h a t we were a c t u a l l y d i s c u s s i n g a r e a l 

foundation i n a r e a l s i t u a t i o n w i t h a s o i l which does not r e f l e c t any t h e o r e t i c a l 

back ground, i t ' s much more complicated than i t seems. I t h i n k t h i s ^ ^ ^ ^1^° 

r e f l e c t e d very w e l l during our symposium. I t i s sometimes easy to have ^^^^^ ^ ^ u a t 

ions and to s o l v e problems, but i t i s very d i f f i c u l t to f i n d the f 

accordance w i t h t h a t . I am sure t h a t i t would a l s o be of great i n t e r e s t to us a l l 

i f the R i j k s w a t e r s t a a t and the D e l f t S o i l Mechanics Laboratory would ^ ^ ^ i t e us 

once again, a f t e r 1985, when the s t r u c t u r e has been i n use and when we 1 1 ^ ^ ° -

something about i t s behaviour during and a f t e r a very b i g ^ ^ " ^ f ; - ^ ^ ^ ^ ^ ^ ' ^ ^ ^ ^ ^ ^ J ^ ^ 

e s t i n g to know now more or l e s s what the p r e d i c t i o n s a r e , or «^at the e x p e c t a t i o n s 

a r e , but i t i s even more i n t e r e s t i n g to know how the s t r u c t u r e w i l l behave, and I 

would l i k e very much t o have with the same people the same d i s c u s s i o n s and then to 

see what has been the r e s u l t . ^ ^ 4->,„„ „^„1^ Hf= 
our s o c i e t y asked approximately one y e a r ago the R i j k s w a t e r s t a a t i f they ^ouiaje 
w i l l i n g to h o l d a s p e c i a l meeting f o r members of our s o c i e t y , because we thought 
t i a t w ith so much experience and e f f o r t put i n t o t h i s s u b j e c t i t would be v e r y im-
p o r t a n i f o r members of our s o c i e t y to l e a r n about the r e s u l t s . And I must say t h a t 
t h i s ï d e f was ^ m e d i a t e l y taken over by R i j k s w a t e r s t a a t and the D e l t a d i e n s t . They 
eve^ olL w i t h a c o u n L r p r o p o s a l , not only to p r e s e n t i t to Dutch audience 
but a l s o to take the t r o u b l e of not speaking i n our own language i n E n g l i s h 
and very much t r a n s l a t e d Dutch has been p r e s e n t e d these days and t h a t e x t r a e f f o r t 
was made i n order t o have the p o s s i b i l i t y to convey the f i n d i n g s to you, coming as 

you do from many p a r t s of the world. ^v=4-o-Fni 

I am very g r a t e f u l t o you t h a t we got t h i s opportunity, and we are very g r a t e f u l 
tlTt you have given us such a very c l e a r i n s i g h t . I have the f e e l i n g t h a t nothing 
w a f h i d d e n and'even when the questions were v e r y n a s t y you t r i e d to give an honest 
and a good answer, which may not be s a t i s f a c t o r y to a l l of us, ^ u t i t i s .he r e a l 
answer and we have to accept t h a t . A v e r y important t a s k , e s p e c i a l l y f o r the l a s t 
Z e Z r T s to express our s i n c e r e thanks to a l l those who have been very a c t i v e m 
the o r g a n i z a t i o n of t h i s symposium. They have done t h a t e n t i r e l y i n ^ ^ ^ ^ ^ i o n to 
t h e i r normal work, because t h a t was one of the main conditons of Mr. E n g e l , who i s 
I n charge of the D e l t a d i e n s t , He s a i d w i t h the work and the work load we have. I 
c a n t a r d l y ask my people to make t h i s e x t r a e f f o r t , so we w i l l have to see when we 

l:"seTnol\Z':fi:oTil^ how much work has been c a r r i e d out by the people 

!n a d d i t i o n to t h e i r normal work and we are v e r y g r a t e f u l to them f o r the t r o u b l e 

they took not only during these 4 days but e s p e c i a l l y during the s i x months 

previousÏy! We k n L how much work i t was and I t h i n k we a l l a p p r e c i a t e v e r y much 

the efforï and t r o u b l e they took to e x p l a i n to us t h e i r s t u d i e s and t h e i r f i n d i n g s . 

F i r s t of a l l t h e Organizing Committee, They d i d a wonderful job they organized i t 

even i n such a way t h a t t h e i r progranmie was not e n t i r e l y c o r r e c t . Maybe t h a t i s 

b i c a u i e they organized as c o n s u l t a n t s , and as a c o n s u l t a n t you must always be on 

the s a f e s i d e , and so they a d v i s e d us always to take a r a i n coat w i t h us. Y e s t e r -

d"; don't t Mnk we needed t h a t r a i n coat, but as a c o n s u l t a n t i t was ^ - d advice 

and t h a t you always need. So the weather y e s t e r d a y was f i n e , and maybe the atmos

phere i n L i s room was not always t h a t f i n e , but i t was v e r y p l e a s a n t to be here. 

1 a l s o would l i k e t o thank the S c i e n t i f i c Committee f o r the work they d i d i n the 

t i m e l y p r e p a r a t i o n and the p u b l i s h i n g of the many papers, and we a r e _ l o o k i n g f o r 

ward to volume 3. Of course we must a l s o thank the t e c h n i c i a n s here m the h a l l 
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and the various o f f i c e r s who took care o f the o r g a n i z a t i o n here i n t h i s b u i l d i n g , 
and also yesterday d u r i n g the excursions. I must make an exception f o r two people 
and c a l l them by name, and t h a t i s i n the f i r s t place f o r Mr. Reginald de V l u g t 
o f the D e l f t Hydraulic Laboratory. He d i d a wonderful j o b by h i s expert experience, 
and he guided, as the man who knows and the man who has experience. Well we know 
from s o i l mechanics people how important experience i s , so we appreciate t h a t very 
much. 

The second exception I make i s f o r Mr Harm Houweling who was a c t u a l l y the managing 
d i r e c t o r o f t h i s conference. He devoted f o r a t l e a s t s i x Tnonths a l l the time he 
had f o r the p r e p a r a t i o n o f t h i s symposium, and he was running a f t e r everybody t o 
get t h i n g s done. He d i d a wonderful j o b , although he had l i t t l e experience, he 
managed t h i n g s extremely w e l l . 

Then of course the authors, the chairman, yon, the p a r t i c i p a n t s and also the l a d i e s , 
many many thanks f o r your c o n t r i b u t i o n and f o r your i n t e r e s t shown i n our country 
and e s p e c i a l l y i n the p r o j e c t of the D e l t a d i e n s t . 
I p e r s o n a l l y would l i k e t o thank also the D e l t a d i e n s t i t s e l f and the D e l f t S o i l 
Mechanics Laboratory. They have made a tremendous c o n t r i b u t i o n , thank you very 
much. 

Thank you. 

Chai-vman: 
Thank you Prof. Van Weele. Ladies and gentlemen the l a s t words have been s a i d now. 
I am c l o s i n g the symposium. I thank you very much f o r coming. I hope we w i l l see 
you back once again and I wish you a l l a good r e t u r n home. Thank you. 
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