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Discussions: Embankments 

• QUESTION TO GOURC 

Q : G. Heymann 
(!Iniversity of Pretoria, South Africa) 

. 
M Y Question relates to Prof. Gourc's keynote 
lecture. I would like to congratulate it is indeed a 
very good lecture. One thing that interested me was 
those geogrid reinforced cells that he used in one of 
the projects to reinforce the base of the embankment. 
And I would like just to have the information from it 
and was it effective to reduce the lateral deflection Or 
displacement of the embankment and what was the 
magnitude of those displacement and then secondly 
was it found to be cost effective. 

A: J.P. Gourc 
(Uniersity of Grenoble, France) 

Unfortunately I have not got some of the details 
about the application but I think that it will  be  
necessary for next time. I think i t  will be just 
possible to say now we will obtain with this 
technique a good mattress with a good rigidity. It is 
the reinforcement of the best quality of the 
embankment of course, but with big amount of geo­
cell. I have also some question as to this kind of 
research. My questions are first how to design this 
kind of reinforcement, how to take into account the 
value of showing resistance with this kind of . 
reinforcement in a global or overall equilibrium 
method. That is the first question for me and the 
second i s  We have to compare this kind o f  
reinforcement with another conventional One with 
sheets and in the case it is possible to compare the . 

efficiency of the two techniques with the same value 
of the area of geogrids. But in the present time I 
don't have the anSWer to this question, if some 
person in this floor can get answer to this question, it 
is very interesting because the paper I read on this 
question furnish only some deta i ls on the 
construction but not on the results. 
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Q :  M. Bolton 
(Cambridge University, U.K) 

Thank you, would anybody like to take Prof. 
Gourc's invitation and give us more informations on 
the success of this technique . 

A : J.T.H Wu 
(University or Colorado, penver, U.S.A.) 

I believe that Prof. Duncan, BPI stands on analytical 
studies as well as field tests on these geogrid 
mattresses. My general impression is that it is not 
cost effective. 

Q :  M. Bolton 

Perhaps Mr. J. Paul might to say something. 

A :  J. Paul 
(Netlon Limited, U.K.) 

The answer to the first question i s  that 
research work carried out in the USA showed 
that the cellular structure wa�l approximatel), 
70 % more effective than the equivalent area of 
reinforcement in horizontal layers. 

The system has also proven, on many 
occasions, to be extremely cost effective. 
While the construction of the Geocel! may 
appear to be labour intensive a small team of 3 
men can erect up to 500m2/day which is 
usually faster than the filling operatIOn. 

The design method has been published (The 
use of slip line fields to assess Improvement in 
bearing capacity of soft ground given by a 
cellular foundatIOn mattress ,  installed at the 
base of an embankment, C .G.  Jenner, D.l. 
Bush and R . H .  Bassett. Internat . Geotech. 
Symp. on Theory and Practice of Earth 
Reinforcement, Fukuoka, Japan, 5-7 October 
1988) but a research project is currently taking 
place which may lead to refinements of the 
method. 



• QUESTION TO GENSUKE 

Q : M. Fukuoka 
(Science University of Tokyo, Japan) 

Ql : Fig. 3 (page 236 in the proceedings, Volume I) 
shows the 2-block failure mechanism-earthquake 
loading conditions. The wall body with its own 
weight W is subjected to the inertia force (a/g)W. 
Then, the wall body moves forward direction. The 
backfill is stretched horizontally, and the horizontal 
component.ofear,th.pr,es8u,e.deGFeaseSc·aecerdingly. 
The right figure illustrates Ea is positive. I would 
like to know why Ea is positive. 
Q2 : We measured accelerations of retaining walls 
during earthquake. Horizontal components of 
accelerations are not the same at the bottom and at the 
top. One example, bottom 100 gals and top 200 gals, 
retaining wall 5 m high. What the design value of 
acceleration do you suggest to use? 

A :  D.D. Gensuke 
(Deutsche Montan Teclll!ologie-IWB, Germany) 

Thank you very much Professor Fukuoka for this 
most interesting comment. You hit two important 
points: the possibility of an increase or a decrease of 
earth pressure of the unreioforced block of the failure 
model during an earthquake and the question about 
the distribution of the horizontal earthquake 
acceleration (a) over the height of the wall. As to the 
second aspect we have to admit that we only used a 
simplified approach and thus did not include the 
change of the horizontal earthquake acceleration with 
the height. This certainly should be considered for 
future research on this topic. In our paper we 
intended to demonstrate the probabilistic safety 
concept for the case of a reinforced wall subjected to 
earthquake loading. It was just a first step that 
certainly calls for improvement. As to the first aspect, 
the possibility of a decreasing earth pressure, we 
admit that a decreasing earth pressure was not 
considered. We do think, however, that for design 
purpose the most unfavorable case is the relevant one. 
Thus, by only considering an increasing earth 
pressure we are on the safe side . .  We hope that this 
will answer you questions and thank you once again 
for the valuable discussion you kicked off . 

• COMMENT 

J.T.H. Wu 
(UniverSity of Golorado, Denver, U.S.A.) 

The interface element formulated based on the 
method of stiffness has been widely used in finite 
element analysis of soil-structure interaction 
problems to allow for relative movement between 
dis-similar materials (such as between backfill 

and reinforcement and between backfill and 
facing). I heard a number of presentations this 
morning in which this type of interface element 
was used, and I expect to hear a few more 
applications before the end of the Symposium. I 
am compelled to point out two serious problems 
associated with this method of simulation. 

In the method of stiffness, the behavior of the 
interface between dis-similar materials is typically 
represented by the stiffness associated with two 
sets of springs--one in the direction normal to the 
interface (kJ and the other in the tangent 
direction (kJ. The first serious problem is 
regarding determination of the values of 1<" and 
1<". Since the formulation typically simulate the 
interface as an assembly of "segments" (with zero 
initial thickness), the value of k, shall be a 
function of the relative displacement between two 
contact segments, and is commonly determined 
by direct shear tests or pullout tests. However, as 
shown in Figure I ,  the slopes of the curve (i.e., 
k,) is clearly a function of the specimen size, 
among other variables. This implies that correct 
values of k, must be deduced from an interface 
shear test of which the specimen size be equal to 
the length of the interface segment in the finite 
element discretization. This problem renders the 
determination of the interface properties 
impractical, especially when the finite element 
discretization of the interface is not uniform. 

The other serious problem with the method of 
stiffness is related to numerical difficulties. Since 
the coqect interface state is not known (whether 
it will remain in contact, slip, or separate) before 
a load increment is applied. An iterative 
procedure is required. This is· generally 
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Relative Movement 
Figure 1.  Interface Shear Test Results with 

Different Speicimen Sizes 
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accomplished by assuming that the contacting 
segments will remain in contact after a prescribed 
load application in the first iteration. The 
assumption of remaining in contact is performed 
by assuming "large" value of k,. in the analysis 
(when the normal stress is compressive). If the 
value of k,. is not large enough, penetration 'of the 
contacting nodes will occur--which would be 
kinematically inadmissible. On the other hand, if 
the value of k,. is very

' 
large (say, 1OIo lb!in), the 

significant digits of the "penetration" may be 
truncated, hence the resulting normal stress at 
the interface may be seriously in error. Keep in 
mind that a correct value of the normal stress is 
needed to determine whether interface slippage 
will indeed occur. 

My suggestion for simulation of interface 
behavior in finite element analysis is as follows: 

1 .  In the cases where relative movement at 
the interface is judged unlikely or 
unimportant, the analysis should be 
performed with fixed interface condition, 
i.e. , interfacc clcmcnt should not be used. 

2. If relative movement at the interface is 
deemed critical, yet the only available 
interface element in the finite element 
code is based on the method of stiffness, 
analyses with two extreme interface 
conditions should be performed--one with 
fixed interface and the other with 
frictionless interface (i.e.,. with zero 
friction angle or with the value of 1<, being 
zero). The two solutions will provide an 
upper and a lower bound between which ' 
the actual interface condition will lie. 

3. If relative movement at the interface is 
considered critical and if one is really 
serious about simulating the correct 
interface behavior, one should consider 
using the interface element proposed by 
Katona, et al, 1976 and Helwany and Wu, 
1987. 
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• QUESTION TO OIKA W A 

Q : M.R. Madhav 
(Jndian Institute of Technology, Kanpur, India) 

Reinforcement provided at the base 
of an e m b a n k m e n t  h a s  s e v e r a l  
functions . In case of embankments 
on s o f t  s o i l , the r e i nfor cement 
p r events lateral d i splacements of 
th e e m b a n km n e t  a n d  f o un d a t i o n 
s o i l s . C on s e qu e nt l y , the b ea r i n g  
capaci ty of the s o f t  s o i l  and the 
s t ab i l i  ty of t h e  embankment a r e  
inc r e a s e d  S i gn i f i cantly . I f  t h e  
founda t i o n  s o i l  i s  s o f t  or very 
sof t , it n e e d s  to be improved h y  
sand , granular , l i m e  or DJM p i le s .  
In case of a r e inforced embankment 
on imp ro v e d  ground , the fun c t i on 
of the r e in f o r c ement a t  the b a s e  
o f  the embankment i s  to redistrib­
ute the embankment load to achieve 
uniform s e t tlement s .  

In t h e  c a s e  s t u dy r e p o r t e d  b y  
Oikawa et al ( 1 9 9 2 )  to thi s sympo­
sium ,  embankment No . 2  i s  bui l t  on 
fully sand p i l e  treated s o i l . The 
r e i n f o r c e m e n t  f o r c e s  a r e  s ma l l  
in d i c a t i n g  t h e  s e c o n d  t y p e o f  
function ment ione d .  The embankment 
ap p e a r s t o  b e  f u n c t i on i n g a s  a 
sh e a r  b e am a n d  b e n d s  c o n c a v e  
upwar d s . A s  a r e su l t  the t e n s i l e  
fo r c e s  a r e  l a r g e r  i n  t h e  l o w e r  
layer than i n  t h e  up p e r  layer of 
r e i nf o r c ement . In contra s t , em­
bankment No . 2  i s  b u i l t  w i t h  only 
the c en t r a l  p o r t i on b eneath t h e  
embankment · r e in fo r c e d  and s t i f ­
fenned b y  s an d  p i l e s . I t  app e a r s  
t o  have b e n t  c o n c av e  downw a r d s  
thus ge n e r a t i n g  h i gh e r  t e n s i l e  
fo r c e s  i n  t h e  u p p e r  l a y e r  o f  
r e i nfor cement than in the lower 
layer . The r e s u l t s  p r e s ent e d  seem 
to b e  cons i s t ent . 
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Fig. 1 Excess pore press'ure variations under the right beam 

A : H. Oikawa 
0kita University, Japan) 

The e x c e s s  hydraul ic p r e s sure me asured at  
three p o i n t s  under the r ight berm of  the 
embankment N o . !  are  shown in Fig 1 .  The 
f o l lowings can b e  s e en in the f igu r e :  ( 1 )  
the  e x c e s s  hydrau l i c  p r e s s u r e  at 3 m b e l o w  
t h e  o r i g i n a l  gr ound , where i s  t h e  m i d d l e  of  
the p eat l ay e r ,  d i s s ipated almost  instanta­
n e o u s l y  and indicated a l m o s t  z e r o  during 
the w b o l e  p e r i o d  of the ex ecut ion ; ( 2 )  the 
e x c e s s  hydrau l i c  p r e s s ure at 6 m b e l o w  the 
o r i g inal  g round , where is the m i d d l e  of  the 
o rgan i c  c l ay laye r ,  never d i s sipated;  and ( 3 )  the e x c e s s  hYdrau l i c  p r e s s u r e  at  1 1  m 
b e l ow the o r ig in a l  ground , where i s  the 
m i d d l e  of  the o rdinary c l ay layer; d e v e l ­
o p e d  q u i c k l y  d u r i ng c o n s t r u c t i o n  a n d  d i s s i ­
p at e d  q u i c k l y  dur ing a r e s t  of  f i l l in g .  
A l m o s t  s a m e  t r ends w e r e  o b s e rv e d  i n  the 
l ay e r s  under the central f i l l  and under the 
l e f t  b e rm . R e f e r r ing to the behaV i o u r  of  
excess  hydrau l i c  p r e s s u r e  w i thin the organ­
ic c l ay lay e r ,  two  p o s s i b l e  reasons  may be 
c on s i d e r e d : the f i r s t is the  s e a l ing effect 
of  the upp er p e a t  layer and l o w e r  c l a y  
l a y e r ;  that i s ,  the rap i d  d i s s ipat ion of  
e x c e s s  hydrau l i c  pressures  and c o n s o l ida­
t i on that o c c u r r e d  w i thin the peat layer 
and w i t h i n  the o rd inary c l ay layer was 
accompan i e d  b y  a decrease in permeab i l i t y  
and , thu s , t h e  d i s s i p a t i o n  of  e x c e s s  hy­
d r au l i c  p r e s s u r e  from the o rganic c l ay 
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layer was inhibit e d ;  the se cond is that the 
c omp r e s s i v e - t yp e  fai l u r e  occurred w i thin 
the o rganic clay layer had reduced the rate 
of d i s s ip a t i on of e x c e s s  hydrau l i c  p r e s s ure 
f r o m  i t s  lay e r .  Howev e r ,  no  d e f i n i t e  answer 
w i th r e s p e c t  t o  this matter  could not be 
o b tained y e t .  

By  the way , r e f e r r ing t o  the higher mobi­
l i z a t i o n  of  the upper net  re inforcement 
comparing w i t h  the lower one ( F ig . l l  in 
the P r o c e e d i ng s ) ,  I can ' t  e x p l a i n  the 
r e a s o n .  The i n t e r p r e t a t i o n  of this phenome­
non r e q u i r e s  further i n v e s t igations . 


