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Theme lecture: Geotechnical education towards 2000 

Exposé sur le thème: La formation eu geotechnique pour l’année 2000*

H. G. Poulos -  Colley Partners International and The University of Sydney, N. S. W., Australia

A B S T R A C T : T h is  p ap e r su m m ariz e s  th e  w o rk  c arrie d  o u t b y  IS S M F E  T e c h n ic a l  C o m m itte e  T C 3 1 .  In  p a rtic u la r, it a d d re sse s  th e  is su e s  o f  

e d u c atio n a l o b je c tiv e s , g e o te c h n ic a l c u rric u la , c o m p u te r-ad d e d  in s tru c tio n , d e m o n stra tio n s  an d  e x p e rim e n ts , an d  c a s e  h is to r ie s  f o r  te a c h in g . 

It is  c o n c lu d e d  th at IS S M F E  sh o u ld  c o n tin u e  to  b e  a c tiv e ly  in v o lv e d  in  e d u c a tio n  m atte rs , an d  th at, th ro u g h  its  v ario u s  T e c h n ic a l  C o m m itte e s , 

it sh o u ld  f o c u s  o n  b r id g in g  th e  g ap  b e tw e e n  d e s ig n  p ra c tic e  an d  c u rre n t re s e a rc h .

R E S U M E : C e  p a p ie r f a it le  s o m m a ire  d e s  tra v a u x  d u  C o m ité  T e c h n iq u e  T C 3 1  IS S M F E .  Sp é c i f iq u e m e n t, il  s ’ a d re ss e  au x  d o n n e é s  d e s 

o b je c ti f s  p é d a g o g iq u e s , au x  p ro g ra m m e s  g é o te c h n iq u e s , à  l ' in s tru c tio n  su p p o rté e  d e  l ' in f o rm a tiq u e , au x  d é m o n stra tio n s  e t e x p é r ie n c e s , e t 

a u x  c a s  e x a m p le s  p o u r l ' in s tru c tio n . Il  e s t c o n c lu  q u e  IS S M F E  d e v ra it p o u rsu iv re  a c tiv e m e n t le s  m a tiè re s  p é d a g o g iq u e s , e t à  l 'a id e  d e  se s  

c o m ité s  te c h n iq u e s , d e v ra it s e  c o n c e n tre r  su r le s  m o y e n s  d e  c o m b le r  la  la c u n e  e n tre  la  re c h e rc h e  e t la  p ra tiq u e .

1 IN T R O D U C T IO N

G e o te c h n ic a l  e n g in e e r in g  e d u c a tio n  w as re - e s ta b lis h e d  o n  th e  

ag e n d a  o f  th e  In te rn a tio n a l S o c ie ty  o f  S o i l  M e c h a n ic s  an d  

Fo u n d a tio n  E n g in e e r in g  ( IS S M F E )  in  1 9 8 9  b y  th e  th e n  B o a rd  o f  th e  

S o c ie ty .  T h e  im p e tu s  h a s  c o n tin u e d  v ia  th e  e s ta b lis h m e n t o f  a 

T e c h n ic a l  C o m m itte e  o f  th e  S o c ie ty  ( T C 3 1 )  in  1 9 9 4 , w ith  

w id e sp re a d  in te rn a tio n a l re p re se n ta tio n , an d  th e  in c lu s io n  o f  

s e s s io n s  o n  e d u c a tio n  a t a  n u m b e r o f  re g io n a l c o n f e re n c e s , n o ta b ly  

th e  E u ro p e a n  re g io n a l  c o n f e re n c e  in  C o p e n h a g e n  in  1 9 9 5 .

T C 3 1  h ad  th e  f o l lo w in g  te rm s  o f  re f e re n c e  f o r  th e  1 9 9 4  -  1 9 9 7  

p e r io d :

1 . d e v e lo p m e n t o f  d e ta ile d  c u rr ic u la  f o r  u n d e rg rad u ate  c o u rs e s , 

re c o g n iz in g  th at th e se  c o u ld  v ary  f ro m  re g io n  to  re g io n  an d  c o u n try  

to  c o u n try

2 . c o l le c tio n  an d  d e v e lo p m e n t o f  d e m o n stra tio n s , e x p e rim e n ts  an d  

m o d e ls  w h ic h  i llu s tra te  th e  fu n d a m e n ta ls  o f  s o il  m e c h a n ic s

3 . th e  a s s e s s m e n t an d  d e v e lo p m e n t o f  te c h n iq u e s  f o r  c o m p u te r-  

a id e d  in s tru c tio n

4 . th e  c o l le c tio n  o f  s u ita b le  c a s e  h is to r ie s  f o r  u se  b y  in s tru c to rs  in  

th e ir  c o u rs e s . S u c h  c a s e  h is to r ie s  sh o u ld  b e  p ro p e rly  d o c u m e n te d  

an d  e m p h a s is e  v a r io u s  f a c e ts  o f  th e  s u b je c t e .g . s h a llo w  

fo u n d a tio n s , d e e p  fo u n d a tio n s , re ta in in g  s tru c tu re s , s lo p e  s ta b ility , 

g ro u n d w a te r  p ro b le m s . It w o u ld  b e  a im e d  at s tu d e n ts  in  m o re  

a d v a n c e d  c o u rs e s .

T h is  re p o rt is  p re se n te d  o n  b e h a l f  o f  T C 3 1, an d  su m m a riz e s  so m e  

o f  th e  re s u lts  o f  th e ir  e f f o r ts , to g e th e r  w ith  re le v a n t c o n tr ib u tio n  

f ro m  th e  p re v io u s  IS S M F E  T a s k  F o r c e  an d  o th e r so u rc e s . It a lso  

a d d re s s e s , in  a p re lim in a ry  m a n n e r, s o m e  o f  th e  is su e s  re la te d  to  

p o s tg ra d u a te  e d u c a tio n  an d  p ro f e s s io n a l  tra in in g .

2  E D U C A T IO N A L  O B JE C T IV E S

T h e  o b je c tiv e s  o f  u n d e rg rad u ate  e d u c a tio n  in  g e o te c h n ic s  d e p e n d  

to  a s ig n i f i c a n t e x te n t o n  th e  o v e ra ll  d e g re e  c o u rs e  w h ic h  th e  

stu d e n t is  p u rsu in g . D e g re e  c o u rs e s  in  w h ic h  o n e  o r  m o re  c o u rs e s  

in  g e o te c h n ic s  w o u ld  b e  g iv e n  in c lu d e :

1 . c iv i l  e n g in e e r in g , s p e c ia l iz in g  in  g e o te c h n ic a l  e n g in e e rin g

2 . g e n e ra l c iv i l  e n g in e e r in g , n o t s p e c ia l iz in g  in  g e o te c h n ic a l  

e n g in e e rin g

3 . m in in g  e n g in e e rin g

4 . e n v iro n m e n ta l e n g in e e r in g .

T h e  a m o u n t an d  n atu re  o f  th e  g e o te c h n ic a l  c o u rs e s  w ill  g e n e ra lly  

d if f e r  in  e a c h  c a s e , b u t th e re  w ill  n e v e rth e le ss  b e  a  se r ie s  o f  

d e s ira b le  o b je c tiv e s ,  w h ic h  w ill  in c lu d e  th e  f o l lo w in g  (P o u lo s , 

1 9 9 4 ) :

1 . a  p ro p e r u n d e rsta n d in g  o f  th e  p r in c ip le s  o f  s o il  m e c h a n ic s , an d  

o f  th e  e f f e c tiv e  s tre s s  p rin c ip le  in  p a rtic u la r

2 . a n  a p p re c ia tio n  o f  th e  p ro c e ss  o f  a p p lic a tio n  o f  th e o ry  to  p ra c tic e

3 . a n  u n d e rsta n d in g  o f  th e  s h o rtc o m in g s  o f  b o th  th e o re tic a l  an d  

p ra c tic a l  d e s ig n  m e th o d s

4 . a n  a p p re c ia tio n  o f  th e  m e a n s  b y  w h ic h  so il  p a ra m e te rs  m ay  b e  

a s s e sse d  i .e . la b o ra to ry  te s ts , in - s itu  te s ts , e m p ir ic a l c o rre la tio n s .

It h as  b e e n  su g g e ste d  th at an  u n d e rg rad u ate  c o u rs e  sh o u ld  id e a lly  

c o n ta in  th re e  c o u rs e s  in  g e o te c h n ic a l  e n g in e e rin g :

1. b a s ic  s o i l  m e c h a n ic s  ( S M )

2 . s o i l  an d  f o u n d a tio n  e n g in e e r in g  ( S F E )

3 . g e o te c h n ic a l  e n g in e e rin g  ( G E ) .

D e p e n d in g  o n  th e  d e g re e  c o u rs e  b e in g  u n d e rta k e n , an d  th e  c a re e r  

p a th  o f  th e  s tu d e n t, it m a y  n o t b e  f e a s ib le  to  in c lu d e  a ll th re e  

c o u rs e s  in  th e  u n d e rg rad u ate  d e g re e  stru c tu re . T a b le  1 o u tlin e s  th e  

p o s s ib le  c o m b in a tio n  o f  g e o te c h n ic a l c o u rs e s  f o r  th e  v ario u s  d e g re e  

p ro g ra m s . G iv e n  th e  l ik e ly  tim e  c o n s tra in ts  o f  c o n te m p o ra ry  

u n d e rg rad u ate  d e g re e  p ro g ra m s, o n ly  th o se  stu d e n ts  in  c iv il  

e n g in e e r in g  w h o  s p e c ia l iz e  in  g e o te c h n ic a l  e n g in e e r in g  are  lik e ly  

to  b e  a b le  to  ta k e  a ll  th re e  c o u rs e s . In  m in in g  an d  e n v iro n m e n ta l 

e n g in e e r in g  d e g re e  p ro g ra m s, it w ill  g e n e ra lly  b e  a p p ro p ria te  to  

d e v e lo p  s p e c ia l  c o u rs e s  (p e rh a p s  as  c o m p o n e n ts  o f  o th e r c o u rs e s )  

w h ic h  f o c u s  o n  th e  sp e c ia l c o u rse s  in  e a c h  d is c ip lin e . F o r  e x a m p le , 

A d le r  an d  N e u m a n n  ( 1 9 8 5 )  c o n tra s t g e o te c h n ic a l  c o u rs e s  f o r  c iv i l  

an d  m in in g  e n g in e e rin g  an d  e m p h a s iz e  th at th e  s u b je c t n e e d s  to  b e  

h an d le d  d if f e re n tly  in  e a c h  c a se . T a b le  2 su m m a riz e s  so m e  o f  th e  

c o n tra s tin g  f e a tu re s  in  c iv i l  an d  m in in g  e n g in e e r in g  p ro g ram s.

3 F U N D A M E N T A L  P R E - R E Q U IS IT E S

P r io r  to  u n d e rta k in g  c o u rs e s  in  g e o te c h n ic s , it is  e s s e n tia l f o r 

s tu d e n ts  to  h a v e  ta k e n  c o u rs e s  in  a  n u m b e r o f  m o re  fu n d am e n ta l 

s u b je c ts , in c lu d in g  th e  f o l lo w in g :

1 . m a th e m a tic s

2 . n u m e ric a l m e th o d s

3 . e n g in e e r in g  m e c h a n ic s , in c lu d in g  b o th  s ta tic s  an d  d y n a m ic s
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4 . e n g in e e r in g  g e o lo g y

5 . c h e m is try

6 . c o m p u te r  p ro g ra m m in g , in c lu d in g  th e  u se  o f  p ro g ra m s su c h  as 

E X C E L ,  M A T H C A D , M A T H E M A T IC A  an d  M A T L A B .

T h e  f ir s t f o u r o f  th e  a b o v e  s u b je c ts  re q u ire  l ittle  d is c u s s io n , an d  

a re  p art o f  an y  p ro p e r U n iv e rs ity  e n g in e e rin g  c o u rs e . H o w e v e r, 

c h e m is try  b e c a m e  a m in o r  p art o f  m an y  c o u rs e s  in  th e  1 9 6 0 ’ s an d  

1 9 7 0 ’ s , an d  it is  o n ly  in  th e  p ast 1 5 - 2 0  y e a rs  th at its  im p o rta n c e  

in  re la tio n  to  e n v iro n m e n ta l e n g in e e r in g  an d  s o i l  b e h a v io u r  h as 

b e e n  re - d is c o v e re d . M o d e m  c o m p u tin g  to o ls , s u c h  as  th o se  

m e n tio n e d  in  ( 6 )  a b o v e , h av e  b e c o m e  an  in d is p e n sa b le  p art o f  

e n g in e e rin g  p ra c tic e , n o t o n ly  w ith  re sp e c t to  c o m p u la tio n , b u t a lso  

w ith  re s p e c t to  p o rtray a l an d  g ra p h ic a l re p re se n ta tio n  o f  n u m e ric a l 

o r  a n a ly tic a l  c a lc u la tio n s . A  p e rso n  n o t in tim a te ly  f a m il ia r  w ith  

th e s e  to o ls  is  l ik e ly  to  b e  at a  s e v e re  d isa d v a n ta g e  in  to m o rro w ’ s 

e n g in e e r in g  w o rld .

T a b le  1.

D e g re e  C o u rs e G e o te c h n ic a l  

C o u rs e s  T a k e n

R e m a rk s

C iv i l  E n g in e e r in g S M

s p e c ia l iz in g  in S F E

G e o te c h n ic a l G E

C iv i l  E n g in e e r in g S M

G e n e ra l S F E

M in in g S M M G E = m in in g

E n g in e e r in g M G E g e o te c h n ic a l

e n g in e e rin g

E n v iro n m e n ta l S M E G E = e n v iro n m e n ta l

E n g in e e r in g E G E g e o te c h n ic a l

e n g in e e rin g

N o te : S M  =  B a s i c  S o i l  M e c h a n ic s

S F E  =  S o i l  an d  Fo u n d a tio n  E n g in e e r in g  

G E  =  G e o te c h n ic a l  E n g in e e r in g

T a b le  2 . C o n tra s tin g  G e o te c h n ic a l  Stru c tu re s  f o r  C iv i l  an d  M in in g

E le m e n t C iv i l  E n g in e e r in g M in in g  E n g in e e r in g

M a te r ia ls S o i l ,  in ta c t ro c k A lte re d , f ra c tu re d  ro c k

L o a d s V e r ti c a l  b o u n d ary , 

h y d ro s ta tic

B o d y  an d  te c to n ic

Stru c tu re s L in e a r , l im ite d  e x te n t, 

f o u n d a tio n s , c u ts , 

tu n n e ls , s h a f ts , c a v itie s

V a s t, m a jo r  

d is tu rb a n c e s , m in e s , 

s h a f ts , tu n n e ls

T im e S ta tic D y n a m ic  (e x p a n d in g ,

c o n tra c tin g ,

d e te r io ra tin g )

P u rp o se A c c e s s - o p e n in g E x tr a c tio n - B u lk  so lid  

m a te ria l

4  C U R R IC U L A  F O R  U N D E R G R A D U A T E  C O U R S E S

A  v a lu a b le  f ra m e w o rk  f o r  g e o te c h n ic a l e d u c a tio n  w as p ro p o se d  b y  

B u rla n d  ( 1 9 8 7 ) ,  in  w h ic h  h e  in tro d u c e d  th e  c o n c e p t o f  th e  “ So il  

M e c h a n ic s  T r ia n g le ” . T h e  a p e x e s  o f  th is  tr ia n g le  re p re se n te d :

1 . th e  g ro u n d  p ro f ile

2 . s o i l  b e h a v io u r

3 . a p p lie d  m e c h a n ic s .

L in k e d  to  th e s e  is  e m p ir ic is m  an d  "w e ll- w in n o w e d  e x p e r ie n c e " , 

a s  sh o w n  in  F ig u re  1. C o m p o n e n ts  o f  a ll th re e  a s p e c ts  sh o u ld  

p e rv ad e  a ll  g e o te c h n ic a l  c o u rs e s , to g e th e r w ith  th e  re c o g n itio n  th at 

e m p ir ic is m  is  a n  in e v ita b le  an d  e ss e n tia l a s p e c t o f  so il  m e c h a n ic s .

F ig .  l :T h e  s o i l  m e c h a n ic s  tr ia n g le  ( B u r la n d , 1 9 8 7 )

It h a s  b e e n  su g g e s te d  a b o v e  th at th e re  sh o u ld  b e  th re e  m ain  

c o u rs e s  in  g e o te c h n ic a l  e n g in e e rin g  at an  u n d e rg rad u ate  le v e l, b a s ic  

s o il  m e c h a n ic s , s o i l  an d  f o u n d a tio n  e n g in e e r in g , an d  g e o te c h n ic a l  

e n g in e e r in g . D e ta i le d  c u rr ic u la  h av e  b e e n  o u tlin e d  f o r  th e se  

c o u rs e s  b y  P o u lo s  ( 1 9 9 4 ) .

N o  a tte m p t is  m a d e  h a v e  to  su g g e s t ap p ro p ria te  c u rr ic u la  f o r  

g e o te c h n ic a l  c o u rs e s  f o r  m in in g  an d  e n v iro n m e n ta l e n g in e e rs  ( a s  

m e n tio n e d  in  S e c tio n  2 ) ,  n o t b e c a u se  th e se  c o u rs e s  are  u n im p o rtan t, 

b u t b e c a u s e  T C 3 1 h a s  n o t g iv e n  th e  m a tte r d e ta ile d  c o n s id e ra tio n . 

It is  n e ith e r p ra c tic a l n o r d e s ira b le  to  atte m p t to  p re sc rib e  u n iv e rsa l 

c u rr ic u la  f o r  th e  th re e  b a s ic  c o u rs e s . D i f f e r e n t c o u n tr ie s , an d  

d if f e re n t in s titu tio n s  w ith in  a c o u n try , m ay  a d o p t a d if f e re n t 

a p p ro a c h  w h ic h  r e f le c ts  th e ir  o w n  h is to r ic a l  an d  c u ltu ra l attitu d e  

to w a rd s  e n g in e e r in g  e d u c a tio n . N e v e rth e le s s , a  lim ite d  re v ie w  o f  

g e o te c h n ic a l  c o u rs e s  f ro m  a n u m b e r o f  c o u n tr ie s  re v e a ls  

c o n s id e ra b le  s im ila r ity  in  th e  b a s ic  c o u rs e . T a b le  3 , ad ap te d  f ro m  

P o u lo s  ( 1 9 9 4 ) ,  g iv e s  le c tu re  an d  d e m o n stratio n / e x p e rim e n ta l to p ic s  

w h ic h  are  re a s o n a b ly  c o m m o n  in  m a n y  c o u n trie s .

T a b le s  4  an d  5 su m m a riz e  th e  m a in  c o m p o n e n ts  o f  th e  c o u rs e s  o n  

S o i l  an d  Fo u n d a tio n  E n g in e e r in g , an d  A p p lie d  G e o te c h n ic a l  

E n g in e e r in g , as  p ro p o se d  b y  P o u lo s  ( 1 9 9 4 ) .  D i f f e r e n c e s  in  

c u rr ic u lu m  te n d  to  b e c o m e  m o re  p ro n o u n c e d  in  re la tio n  to  th e  

c o u rs e s  d e a lin g  w ith  a p p lic a tio n s  o f  p r in c ip le s  an d  a p p lic a tio n s  to  

p ra c tic e . F o r  e x a m p le , in  c o n tra s t to  th e  tw o  c o u rs e s  in d ic a te d  in  

T a b le s  4  an d  5 , S c h lo s s e r  e t a l . ( 1 9 9 5 )  re v e a l th at at th e  É c o le  

N a tio n a le  d e s  P o n ts  e t C h a u s s é e s  ( E N P C ) , th e re  a re  f o u r c o u rs e s , 

in  a d d itio n  to  a  b a s i c  c o u rs e  in  so il  an d  ro c k  m e c h a n ic s :

a )  f o u n d a tio n s  an d  re ta in in g  s tru c tu re s

b )  m e c h a n ic a l  b e h a v io u r  o f  so i ls

c )  in - s itu  g e o te c h n ic s

d )  s o i l  an d  w a te r : in te ra c tio n s .

C o u rs e  ( a )  is  an  o b lig a to ry  c o u rs e  f o r  c iv i l  e n g in e e r in g  an d  

b u ild in g  s c ie n c e  an d  c o v e rs  th e  f o l lo w in g  a sp e c ts :

• in - s itu  te s tin g

• d e s ig n  o f  s h a llo w  an d  d e e p  f o u n d a tio n s

• d e s ig n  o f  re ta in in g  w a lls

• d e s ig n  o f  s h e e t p i le s  an d  c a s t in  s itu  w a lls

• tu n n e ls  in  s o f t g ro u n d

• so il re in fo rc e m e n t.

T h e  o th e r  th re e  c o u rs e s  are  “ e x p e rim e n ta l c o u rs e s ” , in  th at th e y  

in v o lv e  p r im a rily  la b o ra to ry  an d  f ie ld  w o rk . W h ile  th e  E N P C  

c o u rs e s  are  p a c k a g e d  an d  p re se n te d  in  a  p a rtic u la r w ay , th e  o v e ra ll  

c o n te n t is  n o t m a rk e d ly  d if f e re n t f ro m  th at o u tlin e d  in  T a b le  4 . 

C le a r ly , th e re  is  c o n s id e ra b le  ro o m  f o r  f le x ib i l i ty  in  th e  w ay  in  

w h ic h  th e  c o u rs e s  a re  o rg a n iz e d  an d  ru n , b u t it w o u ld  ap p e a r th at 

th e  b a s ic  e d u c a tio n a l o b je c tiv e s  are  s im ila r  to  th o se  o u tlin e d  in 

S e c tio n  2 .
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T a b le  3 . B a s i c  S o i l  M e c h a n ic s  -  M a in  C o u rs e  T o p ic s  

L e c tu re  an d  T u to r ia l

• S o i l  f o rm a tio n  an d  g e o m o rp h o lo g y

• P h a s e  re la tio n s h ip  an d  b a s ic  d e f in itio n s

• S o i l  c la s s i f i c a tio n

• E f f e c tiv e  s tre s s  p rin c ip le

• S o i l  p e rm e a b il ity

• Se e p a g e  a n a ly s is

• S tre s s  p a th s , M o h r  c i r c le s

• In - s itu  s tre s s , p re c o n s o l id a tio n  p re ssu re

• S o i l  c o m p r e s s ib i l i ty  an d  s tre s s - s tra in

• S o i l  s tre n g th

• C r itic a l  s ta te  c o n c e p ts

• U n d ra in e d  an d  d ra in e d  stre n g th

D e m o n s tra tio n s  an d  L a b o ra to ry  w o rk

• E f f e c tiv e  s tre s s  p r in c ip le  ( D e m o )

• Se e p a g e / q u ic k sa n d  ( D e m o )

• S o i l  c la s s i f i c a tio n  ( L a b )

• Se e p a g e  m o d e l ( L a b )

• D ire c t s h e a r  te s t o n  c la y  ( L a b )

• D ire c t s h e a r  te s t o n  san d  ( L a b )

T a b le  4 .  S o i l  an d  Fo u n d a tio n  E n g in e e r in g  -  M a in  C o u rs e  T o p ic s  

L e c tu re s  an d  T u to r ia ls

• P r in c ip le s  o f  s ta b i l i ty  a n a ly s is ; sh o rt- te rm  an d  lo n g - te rm  

c o n d itio n s

• P r in c ip le s  o f  s e ttle m e n t a n a ly s is

• L a b o ra to ry  te s tin g  p ro c e d u re s

• D e s ig n  o f  s h a llo w  f o u n d a tio n s

• D e s ig n  o f  d e e p  f o u n d a tio n s

• E a rth  p re ssu re s  an d  re ta in in g  w a ll  d e s ig n

• S ta b il i ty  o f  s lo p e s  an d  e x c a v a tio n s

D e m o n s tra tio n s  an d  L a b o ra to ry  w o rk

• C o n s o l id a te d  u n d ra in e d  tr ia x ia l  te s t o n  c la y *

• O e d o m e te r  te s t*

• M o d e l f o o tin g  te s t

• M o d e l  la te ra l ly  lo a d e d  p i le  te s t

• R e ta in in g  w a ll  m o d e l

• C o m p u te r  a n a ly s is  o f  s lo p e  s ta b ility

* V id e o  o r  d e m o n stra tio n  p re f e ra b le

5 . C O M P U T E R - A ID E D  IN S T R U C T IO N

V e ry  s ig n if ic a n t a d v a n c e s  h a v e  b e e n  m a d e  in  th e  p a st f e w  y e a rs  in  

c o m p u te r-a id e d  in s tru c tio n . C o m p u te r p ro g ram s n o w  g o  far b e y o n d  

to o ls  to  an a ly z e  e n g in e e r in g  p ro b le m s , an d  c o v e r  a lm o s t th e  e n tire  

ra n g e  o f  g e o te c h n ic a l  e d u c a tio n , in c lu d in g  th e o ry , la b o ra to ry  te s t 

s im u la tio n  an d  f o u n d a tio n  d e s ig n . A s  e x a m p le s  o f  th e se  

d e v e lo p m e n ts , f o u r c o m p u te r -a id e d  te a c h in g  su ite s  w ill b e  

d e sc r ib e d  b e lo w .

5.1 CA TIGE - Computer-A ided Teaching and Instruction fo r  

G eotechnical Education

Ja k s a ,  K a g g w a , an d  G a m b le  ( 1 9 9 6 )  h av e  d e sc rib e d  a  su ite  o f  11 

c o m p u te r  p ro g ra m s  w h ic h  h a v e  b e e n  w ritte n  to  a s s is t w ith  th e  

te a c h in g  o f  e le m e n ta ry  g e o te c h n ic a l  e n g in e e rin g  p r in c ip le s  to  

u n iv e rs ity  u n d e rg ra d u a te s . T h e y  d e s c r ib e  th e  p h ilo so p h y  

u n d e rly in g  th e  d e v e lo p m e n t o f  th e  p ro g ra m s, an d  o u tlin e  th e  m a in  

p rin c ip le s  th e y  h a v e  a tte m p te d  to  f o llo w . T h e s e  p rin c ip le s  in c lu d e :

T a b le  5 . A p p lie d  G e o te c h n ic a l  E n g in e e r in g  -  M a in  C o u rs e  

T o p ic s

L e c tu re s  an d  T u to r ia l

• S i te  in v e s tig a tio n s

• In - s itu  te s tin g

• S o i l  c o m p a c tio n

• S o i l  im p ro v e m e n t te c h n iq u e s

• S o i l  re in f o rc e m e n t

• Su p p o rt o f  e x c a v a tio n s

• D e w a te r in g  an d  g ro u n d w a te r c o n tro l

■ P ro b le m  s o i ls : e x p a n s iv e  an d  c o lla p s in g  s o i ls , f ro s t 

s u s c e p tib i l i ty

■ A p p ro a c h e s  to  so lu tio n  o f  p ra c tic a l  g e o te c h n ic a l  p ro b le m s  

L a b o ra to ry  an d  F ie ld  D e m o n stra tio n s , an d  P ro je c ts

• S i te  in v e s tig a tio n  ( F ie ld )

• In - s itu  te s tin g  te c h n iq u e s  ( F ie ld )

• S o i l  re in f o rc e m e n t ( L a b )

• C a s e  stu d y  ( P r o je c t)

• Fo u n d a tio n  d e s ig n  ( P r o je c t)

• R e ta in in g  stru c tu re  d e s ig n  ( P ro je c t)

• th e  s o f tw a re  sh o u ld  b e  e a s y  to  u se  an d  u s e r- f r ie n d ly

• th e  p ro g ra m s  sh o u ld  h a v e  ad e q u a te  H e lp  f a c i l i tie s

• th e  m a in  a im  is  to  e n h a n c e  u n d e rstan d in g  o f  th e  fu n d am e n ta l 

g e o te c h n ic a l  e n g in e e r in g  p r in c ip le s , ra th e r th an  to  p ro v id e  

e x p e r ie n c e  in  c o m p u te r -a id e d  d e s ig n

• th e  so f tw a re  sh o u ld  b e  u s e r- in te ra c tiv e .

T h e  p ro g ra m s  in  th e  C A T IG E  Su ite  are  as  f o l lo w s :

1. C L A S S 4 W  -  S o i l  C la s s i f i c a tio n

2 . E F F E C T 4 W  - V e r tic a l  E f f e c tiv e  Stre ss

3 . M O H R 4 W  - M o h r  C ir c le  o f  Stre s s

4 . D S A N D 4 W  - D ire c t S h e a r  T e s t in  San d

5 . T R IA X 4 W  -  T r ia x ia l  T e s t

6 . F A L L IN G W -  - F a l l in g  H e ad  T e s t

7 . C O N S O L 4 W  - C o n s o lid a tio n  P ro c e s s e s

8 . P R O C T O R W  - P ro c to r  C o m p a c tio n  T e s t

9 . R E T A IN 4 W  -  Sh e e t P i le  R e ta in in g  W a ll  A n a ly s is

1 0 . D A M S 4 W  - 2 D  Se e p a g e  A n a ly s is

1 1 . E X P A N S IV  - E x p a n s iv e  S o i l  H e a v e .

F ig u re s  2  an d  3 sh o w  ty p ic a l s c re e n s  f ro m  tw o  o f  th e s e  p ro g ra m s, 

D S A N D 4 W  an d  R E T A IN 4 W .

T h e  a u th o rs  d is c u s s  th e  b e n e f its  o f  c o m p u te r-a id e d  te a c h in g , b u t 

a t th e  s a m e  tim e , re c o g n iz e  an d  p o in t o u t th e  lim ita tio n s . In  

p artic u lar, stu d e n ts d o  n o t s e e  o r  h an d le  re a l s o i ls  o n  th e  c o m p u te r , 

n o r  d o  th e y  b e c o m e  f a m il ia r  w ith  th e  e q u ip m e n t o r  ap p aratu s 

in v o lv e d . T h e re f o re , c o m p u te r-a id e d  in stru c tio n  is  o n ly  an  a d ju n c t 

to  a  b ro a d e r ra n g e  o f  te a c h in g  m e th o d s .

5.2 G eotechniCal - Computer A ssisted Learning in G eotechnical 

Engineering

D a v is o n  ( 1 9 9 6 )  h as  d e sc r ib e d  th e  so f tw a re  su ite  d e v e lo p e d  b y  a 

c o n s o rtiu m  o f  2 3  u n iv e rs itie s  in  th e  U K  v ia  a la rg e  g ran t f ro m  th e  

G o v e rn m e n t T e a c h in g  an d  L e a rn in g  T e c h n o lo g y  P ro g ra m m e . 

T h e re  are  5 c o m p o n e n ts  o r  stran d s to  th e  p ro je c t, e a c h  ad d re ss in g  

a  d if f e re n t a s p e c t o f  g e o te c h n ic a l  te a c h in g  an d  le a rn in g . In  

s u m m a ry , th e  5 s tran d s are  a s  f o l lo w s :

1. G e o tu to r  -  an  e x p lo ra tio n  o f  s o m e  o f  th e  im p o rta n t c o n c e p ts  in  

g e o te c h n ic a l  e n g in e e r in g  b y  m a n ip u la tin g  s im p le  m o d e ls  an d  

o b s e rv in g  th e  e f f e c t. A  to ta l o f  2 5  m o d e ls  h av e  b e e n  p ro d u c e d  to  

d a te , in c lu d in g  s tre n g th , c o m p re s s io n , p e rm e a b il ity , w a lls , 

f o u n d a tio n s  an d  s lo p e s .

2 . So i l- S tru c tu re  In te ra c tio n  -  illu stra tio n s  o f  th e  d e p e n d e n c e  o f  so l-
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Fig. 2 :T y p ica l sc reen  from  C A T IG E  p rogram  D S A N D 4W

foundation  types together w ith  an ind ica tion  o f  the c ircum stances 

for ap p licab ility .

4. Site Investigation  - th is com prises a  gam e supported  by a series 

o f  tu to ria l m odels. It p rov ides a s im u la tion  o f  a  num ber o f  

situa tions and  enab les the studen ts to exp lore som e o f  the 

consequences o f  decisions taken about costs, inform ation assem bly, 

and ex p lo ra to ry  techniques.

5. L A B S IM  - com p u ter sim u la tion  o f  the triax ial test, a llow ing  

students to carry ou t a "test" on the com puter screen and observe the 

behav io u r o f  so il types w hich  can  be user-defined.

O nce again , it is em p hasized  that com pu ter-a ided  in struction  is a 

m o st va lu ab le  co m p o n en t o f  an overall teach ing  strategy. T rial 

dem o n s tra tio n  v ersions are availab le  on C D , and studen ts and 

in structo rs are now  ab le  to access the  system  v ia  the Internet.

5.3 TR1AX - Triaxial Test Simulation

RETAIN4W

S h e e t  P i l e  R e ta in in g  W a l l  A n a ly s is

Help

Fig. 3 :T yp ica l sc reen  from  C A T IG E  prog ram  R E T A IN 4W

F ig . 4 :T y p ica l sc reen  from  T R IA X , show ing  com pleted  T est 

A ssem bly

F ung  and K ay (1994) have d escribed  an in teractive com pu ter 

g rap h ics s im u la tio n  package for triax ia l tes ting  o f  soils. In the 

T R IA X  package , the user m ay chose  any o r all o f  the fo llow ing  

options:

a) partic ip a te  in the assem bly  p rocess in p repara tion  fo r the test

b) d e fin e  the deta iled  nature  o f  the test and proceed w ith  its 

execu tion

c) o b se rve  and study , on the  screen , the physical response  o f  the 

sam p le  and  the app ropria te ly  tim ed  test pa ths o f  the various 

p aram eters  in g raph ica l form .

F igure 4 show s a  typical screen from  the  p rogram , illustra ting  the 

com p le ted  tex t se tup  p rio r to testing.

In s im u la tin g  the  execu tion  o f  a test, the user observes the 

com plete c ircuit arrangem ent and then specifies the deta iled  nature 

o f  the test, inc lu d in g  the app lied  stresses, the conso lida tion  phase, 

and  the sh earin g  phase. T he prog ress o f  the test is tracked  by 

various test paths (e.g. dev iato r stress versus m ean  effec tive  stress; 

specific  vo lum e versu s m ean  effec tive  stress). F inally , in o rder to 

increase the  co n cep t o f  rea lism , p ic tu res show ing  a triax ia l testing  

apparatus and various failed soil sam ples have been incorporated  in 

the program . T here are activated  intelligently, according to the soil 

and the  test nature.

Such a p rog ram  prov ides an instructive and en tertain ing  m eans o f  

s im u la tin g  a tes t w h ich , in prac tice , can  be bo th  tim e-consum ing  

and frustrating .

5.4 GEO -SIM  - Laboratory  Test Simulation

A n app ro ach  w h ich  is sim ilar in princip le , but d ifferen t in 

ex ecu tio n , to the above system  is described  by P enum adu  e t al 

(1997). T hey  d iscuss the im p lem en ta tion  o f  com puted-a ided  

teach in g  m ethods v ia  the d evelopm en t o f  a G eotechnica l T est 

S im u la to r (G eo-S im ) for v irtua l laborato ry  experim ents. Its 

application  to triaxial tests is d iscussed in detail. D uring  sim ulation  

o f  the  test, app ro p ria te  com m an d s are sent to  locate  and p lay  the 

pertinent track o f  a  laser d isc , thus d isp lay ing  the v ideo  im age o f  a 

previously  taped physical test on the m onitor. A t the sam e tim e, the 

so il m odel p red ic ts and d isp lays appropria te  graph ic ou tpu t for a 

g iven  se t o f  inp u t test param eters.

5.5. The Role o f  the Internet

structure system s on the s tiffnesses o f  the soil and the structu re, as 

w ell as the app lied  loads. E xam ples include p ile and slab 

foundations, tunnels, re ta in ing  w alls , and rein forced  structures.

3. C O N F O U N D  - a k n o w ledge-based  system  for the prelim inary  

conceptual design o f  foundations. It operates in tw o m odes, brow se 

m o d e  and  dec is io n  m ode, and can  offer the user a h ierarchy  o f

T he m eteoric rise o f  the In ternet over the last tw o years has resulted 

in a vast am ount o f  geotechnical inform ation being available on the 

W orld W ide W eb. A cu rso ry  search  revealed  10560 m atches for 

the  key w ords "geo techn ica l and teaching" and 60500  for "p iles 

and foundations". C learly , not all o f  the item s w ill be o f  enduring  

value. U sefu l gu ides to som e o f  the availab le  sites are g iven  by
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T a b le  6 . S o m e  W e b  S ite s  w ith  G e o te c h n ic a l  C o n te n t

O rg a n is a tio n W e b  S ite R e m a rk s

V ir tu a l  L ib ra ry  

o f  G e o te c h ic a l  

En g .

w w w .g e o te c h .c iv e n .

o k sta tc .e d / w w w v l

E le c .  jo u rn a l  o f  g e o t. 

e n g ., l is ts  o f  

c o m p u te r p ro g ra m s; 

c o n s u lta n ts ; re s e a rc h  

la b s ; c o n f e re n c e s ; 

m a g a z in e s

G e o te c h n ic a l  

an d  G e o -  

E n v iro n m e n ta l  

So f tw a re  

D ire c to ry

w w w .lb m p c u g .c o .

u k / n b ed ro c k / g sd

C a ta lo g u e  o f  

h u n d re d s o f  c o m p u te r 

p ro g ra m s f o r 

g e o te c h n ic a l  

e n g in e e rin g

E d in b u rg h  E n g . 

V irtu a l  L ib ra ry

w w w .e e v l .a c .u k D a ta b a s e  o f  e n g . 

re s o u rc e s , o f f s h o re  

e n g . in f o rm a tio n , 4 0  

d ay  a rc h iv e  o f  a rtic le s

P ile  B u c k w w w .p ile b u c k .c o m P ile  d riv in g , 

f o u n d a tio n  an d  

m a rin e  c o n tra c to r s ’ 

n e w sp a p e r; 

sp e c i f i c a tio n s  f o r  

sh e e t p ilin g

G e o te c h n ic a l

P ro je c t

c l2 4 .u w e .a c .u k / g e o

c a l/ g e o c a l.h tm

N e w s  an d  

in f o rm a tio n  o n  

p ro je c t

U K  B u i ld in g

R e s e a rc h

E s ta b lis h m e n t

w w w .b re .c o .u k L is t o f  re s e a rc h  

p ro g ra m m e s ; 

p ro m o tio n a l m a te r ia l

C IR IA w w w .g o ld .n e t/ c iria /

g ro u p u b .h tm l

Su m m a rie s  o f  

re s e a rc h  p u b lic a tio n s

S G I w w w .s g i .g e o te k .s e L ite ra tu re  d a ta b a se

( re q u ire s

s u b s c r ip tio n )

B o n d  ( 1 9 9 6 ,  1 9 9 7 ) .

T a b le  6  s u m m a riz e s  s o m e  c u rre n t w e b  s ite s  o f  g e o te c h n ic a l  

in te re s t.

6  D E M O N S T R A T IO N S  A N D  E X P E R IM E N T S

T h e re  is  l ittle  d o u b t th a t so m e  o f  th e  p rin c ip le s  o f  so il  m e c h a n ic s  

an d  f o u n d a tio n  e n g in e e r in g  c a n  b e  c o m m u n ic a te d  e f f e c tiv e ly  v ia  

su ita b le  d e m o n stra tio n s  an d  e x p e rim e n ts . Sp a rk s  ( 1 9 9 7 )  d e s c r ib e s  

a  s e r ie s  o f  c o n c e p tu a l  an d  p h y s ic a l m o d e ls  in v o lv in g  p artly  

sa tu ra te d  s o i ls , s lo p e  s ta b il ity , d e f le c tio n s , s e e p a g e  p ro b le m s  an d  

s o i l  s tre n g th . S im p le  an d  in n o v a tiv e  m o d e ls  an d  so il  

c o m p r e s s ib i l i ty  a re  a ls o  d e sc r ib e d  in  d e ta il. A  su m m ary  o f  so m e  

o th e r  e x a m p le s  is  g iv e n  in  T a b le  7 .

T h e  g e o te c h n ic a l  c e n tr if u g e  is  a p o w e rfu l d e m o n stra tio n  to o l 

w h ic h  p ro v id e s  a  m o s t in s tru c tiv e  m e an s  o f  e x a m in in g  m e c h a n ism s  

o f  f a ilu re , b o th  q u a lita tiv e ly  an d  q u an tita tiv e ly . B a rk e r  at al ( 1 9 9 7 )  

d e s c r ib e  th e  u s e  o f  a  d ru m  c e n tr if u g e  to  m o d e l e m b a n k m e n t 

c o n s tru c tio n  o n  s o f t c la y . Stu d e n ts  h a v e  an  o p p o rtu n ity  n o t o n ly  to  

s e e  th e  m e c h a n is m  o f  f a ilu re , b u t a ls o  to  c o m p a re  th e  m e asu re d  

b e h a v io u r  w ith  th e o re tic a l  p re d ic tio n s . H e n d e rik u s  ( 1 9 9 7 )  

d e s c r ib e s  th e  u s e  o f  a  s m a ll c e n tr if u g e  to  c arry  o u t a v a rie ty  o f  

in s tru c tiv e  e x p e rim e n ts .

O f  c o u rs e , o n ly  a f e w  te a c h in g  in s titu tio n s  aro u n d  th e  w o rld  h av e  

a  c e n tr if u g e  a v a ila b le . It w o u ld  th e re fo re  ap p e ar th at an  o p p o rtu n ity

T a b le  7 . Su m m a ry  o f  A v a ila b le  D e m o n stra tio n s  an d  E x p e rim e n ts

P rin c ip le

Illu stra te d

M e th o d T y p ic a l

R e f e r e n c e s

S to k e ’ s  L a w S e ttl in g  ra te  in  

h y d ro m e te r

B a rb e r  an d  

K r iz e k  ( 1 9 6 7 )  

C a sa g ra n d e  

( 1 9 9 6 )

D e p o s itio n  o f  

g ra n u la r so il

B a s e  f r ic tio n  m o d e l B u rla n d  ( 1 9 8 7 )

E f f e c tiv e

s tre s s

C o tto n  b a ll e x p e rim e n t 

R u b b e r  g lo v e  w ith  d ry  

san d  an d  v a c u u m  

L iq u e f a c tio n  v ia  u p w ard  

f lo w

C a sa g ra n d e

( 1 9 9 6 )

P o u lo s  ( 1 9 9 4 )  

P o u lo s  ( 1 9 9 4 )

C a p il la ry  r ise D if f e r e n t s iz e  tu b e s  f il le d  

w ith  w a te r

T u b e  o f  f in e  s i l ty  san d  

E x c a v a tio n  in  m o is t san d

C a sa g ra n d e

( 1 9 9 6 )

C a sa g ra n d e

( 1 9 9 6 )

C a sa g ra n d e

( 1 9 9 6 )

P h y s io -

c h e m ic a l

e f f e c ts

M ix  d ry  c la y  w ith  

v a rio u s  p o re  f lu id s -  

o b s e rv e  p la s tic ity  

d if f e re n c e s

E lto n  ( 1 9 9 7 )

F r ic tio n A n g le  o f  re p o se H o ltz  an d  K o v a c s  

( 1 9 8 1 )

Q u ic k s a n d ,

liq u e f a c tio n

U p w ard  f lo w  in  

c o n ta in e r  w ith  san d

H o ltz  an d  K o v a c s  

( 1 9 8 1 ) ,  P o u lo s  

( 1 9 9 4 ) ,  E lto n  

( 1 9 9 7 )

A rc h in g

e f f e c ts

C o a rs e  san d  in  

tra n s p a re n t tu b e  w ith  

trap d o o r

C a sa g ra n d e  

( 1 9 9 6 ) ,  B ia r e z  

an d  T a ib i  ( 1 9 9 5 )

L a te ra l  e arth  

p re ssu re  an d  

re ta in in g  

w a lls

B a s e  f r ic tio n  m o d e l 

M o d e l  w a ll  w ith  ro d s  as 

" s o i l "

B u rla n d  ( 1 9 8 7 )  

B ia r e z  an d  T a ib i  

( 1 9 9 5 )

R e in f o rc e d

so il

s tru c tu re s

F in e  san d  b a c k f i l l  w ith  

p ap e r s h e e ts  as 

re in fo rc e m e n t

B ia r e z  an d  T a ib i  

( 1 9 9 5 )  E lto n  

( 1 9 9 7 )

Se ttle m e n t o f  

c o h e s iv e  so il

T e rz a g h i  sp rin g  m o d e ls . 

B a n d e d  c la y  la y e rs  in  

tran sp are n t c o n ta in e r

C a sa g ra n d e

( 1 9 9 6 )

B a rb e r  an d  

K r iz e k  ( 1 9 6 7 )

B e a r in g

c a p a c ity

B a s e  f r ic tio n  m o d e l. 

B a n d e d  c la y  la y e rs  in  

tra n sp a re n t c o n ta in e r . 

G e la tin e  p o u re d  in to  

sa n d  a f te r  f o o tin g  fa ilu re  

o n  s lo p e .

B u rla n d  ( 1 9 8 7 )  

B a rb e r  an d  

K r iz e k  ( 1 9 6 7 )  

Sp a rk s  ( 1 9 9 7 )

S lo p e

s ta b ility

G ra n u la r so il  at a n g le  o f  

re p o se : ad d  s o i l  to  sh o w  

th at c a ta s tro p h ic  f a ilu re  

d o e s  n o t o c c u r .

T i ltin g  s lo p e  m o d e l w ith  

san d  lay e r.

C a sa g ra n d e

( 1 9 9 6 )

Sp a rk s  ( 1 9 9 7 )

Se e p a g e F lo w  tan k  w ith  san d ; d y e  

in je c tio n  an d  p ie z o m e te r  

ta p p in g s

B a rb e r  an d  

K r iz e k  ( 1 9 6 7 ) ,  

P o u lo s  ( 1 9 9 4 ) ,  

E lto n  ( 1 9 9 7 )

2569



e x i s ts  f o r  s o m e  c a re f u lly  p la n n e d  s ta b ility  e x p e rim e n ts  to  b e  

c o n d u c te d  an d  v id e o ta p e d , an d  th e n  d is trib u te d  f o r te a c h in g  

p u rp o se s .

7  C A S E  H IS T O R IE S

T h e  u se  o f  c a s e  h is to r ie s  in  g e o te c h n ic a l  e d u c a tio n  m ay  se rv e  

se v e ra l u se fu l p u rp o se s  in c lu d in g :

1 . i l lu s tra tio n  o f  th e  b e h a v io u r  o f  re a l s o il  an d  f o u n d a tio n  sy s te m s

2 . th e  o p p o rtu n ity  to  c o m p a re  m e asu re d  b e h a v io u r w ith  th at 

p re d ic te d  th e o re tic a lly

3 . a d e m o n stra tio n  o f  h o w  e v e n  e x p e r ie n c e d  e n g in e e rs  c a n  o f te n  

o v e r lo o k  d e ta i ls  w h ic h  m ay  re su lt in  f a ilu re s .

4 . d e m o n stra tio n  o f  th e  f a c t th at th e re  is  a lm o s t in v a ria b ly  a la c k  o f  

d ata  a v a i la b le  in  re a l p ro je c ts .

V a r io u s  a p p ro a c h e s  c a n  b e  ad o p te d  in  u s in g  c a s e  h is to r ie s  f o r  

te a c h in g  p u rp o se s . A n  in te ra c tiv e  a p p ro ac h  h as b e e n  d e sc r ib e d  b y  

P e c k  an d  Ire la n d  ( 1 9 7 4 )  an d  in v o lv e s  in te ra c tio n  b e tw e e n  th e  

in s tru c to r  an d  g ro u p s  o f  s tu d e n ts  w h o  a c t as a  b o ard  o f  s p e c ia l is t 

c o n s u lta n ts . T o  b e  s u c c e s s f u l , su c h  an  a p p ro a c h  re q u ire s  an  

in s tru c to r  w ith  c o n s id e ra b le  p ra c tic a l  e x p e r ie n c e  an d  an  in tim a te  

k n o w le d g e  o f  th e  c a s e  h is to ry  b e in g  c o n s id e re d . In  th e  a b s e n c e  o f  

su c h  a p e rso n , it m ay  b e  n e c e ssa ry  f o r  an  in stru c to r to  ad o p t a m o re  

p a ss iv e  a p p ro ac h  in  w h ic h  th e  d e ta ils  o f  a p u b lish e d  c a s e  h is to ry  are  

p re s e n te d , an d  th e  s tu d e n ts  a re  a sk e d  to  p ro v id e  a su b s ta n tia te d  

o p in io n  o n  th e  re a s o n s  f o r  th e  b e h a v io u r  o b se rv e d  in  th at c a s e  

h is to ry .

T o  b e  u se fu l f o r  te a c h in g  p u rp o s e s , a c a s e  h is to ry  sh o u ld  in c lu d e  

a t le a s t s o m e  o f  th e  f o l lo w in g  f e a tu re s :

a )  a d e s c r ip tio n  o f  th e  g e o lo g ic a l  s e ttin g

b )  d e ta ils  o f  th e  s u b s u r f a c e  an d  g ro u n d w ate r

c )  q u a n tita tiv e  in f o rm a tio n  o n  th e  a p p ro p ria te  s o i l  p a ra m e te rs  an d  

a  d e s c r ip tio n  o f  h o w  th e s e  w e re  d e riv e d

d )  d e ta i ls  o f  th e  d e sig n / an a ly sis  m e th o d  u se d  an d  th e  d e s ig n  

lo a d in g s

e )  c o n s tru c tio n  d e ta ils

f )  d e ta i ls  o f  p e r f o rm a n c e , in c lu d in g  a p p ro p ria te  m e a su re m e n ts

g )  d e sc r ip tio n  o f  an y  in c id e n ts  o r  f a ilu re s  w h ic h  o c c u rre d

h )  d e ta i ls  o f  th e  su b s e q u e n t a s s e s s m e n t o f  re a s o n s  f o r  th e  in c id e n t 

o r  f a ilu re

i)  d e ta ils  o f  an y  re m e d ia l w o rk s  u n d e rtak e n  to  a l le v ia te  o r  re m e d ia l 

th e  p ro b le m

j)  th e  c a s e  sh o u ld  n o t b e  e x c e s s iv e ly  c o m p le x  so  th at a q u a n tita tiv e  

a ss e ssm e n t c a n  b e  m ad e  w ith o u t a so p h is tic a te d  c o m p u te r a n a ly s is . 

T h e  te x t b o o k  b y  A n d e rs o n  an d  T r ig g  ( 1 9 7 6 )  p ro v id e s  a  u se fu l 

su m m ary  o f  c a s e  h is to r ie s  in v o lv in g  d a m s an d  re s e rv o irs , tu n n e ls , 

s h a f ts  an d  u n d e rg ro u n d  c h a m b e rs , b r id g e s , c u ttin g s , ro ad  ra il an d  

ru n w a y  f o u n d a tio n s , b u ild in g  f o u n d a tio n s , h a rb o u rs  an d  c o a s ta l 

w o rk s , an d  tip  f a ilu re s  in  So u th  W a le s . W h ile  in s tru c tiv e , m o s t o f  

th e  c a s e s  a re  d e sc r ib e d  ra th e r c o n c is e ly , an d  la c k  th e  q u a n tita tiv e  

d e ta il to  e n a b le  th e  s tu d e n t to  m a k e  an  a s s e ssm e n t o f  th e  p ro b le m .

T a b le  8  g iv e s  a  f e w  e x a m p le s  o f  s o m e  p u b lish e d  c a s e  h is to r ie s  

w h ic h  p o sse s s  a  re a s o n a b le  n u m b e r o f  th e  d e s ira b le  attrib u te s  lis te d  

p re v io u s ly . T h e r e  are  d o u b tle s s  m a n y  m o re  a v a ila b le  in  th e  v ast 

g e o te c h n ic a l  lite ra tu re .

8  P O S T G R A D U A T E  A N D  C O N T IN U IN G  E D U C A T IO N

In  m a n y  c o u n tr ie s , th e  tra d itio n a l u n d e rg rad u ate  c o u rs e s  c a n n o t 

p ro v id e  th e  n e c e s s a ry  d e p th  an d  b re ad th  f o r  a  stu d e n t to  b e c o m e  a 

c o m p e te n t g e o te c h n ic a l  e n g in e e r . T h e  p rim ary  a im  o f  th e  

u n d e rg rad u ate  c o u rs e s  sh o u ld  b e  to  a ss is t th e  stu d e n t to  u n d e rstan d  

th e  f u n d a m e n ta ls  o f  g e o te c h n ic a l  e n g in e e rin g . D e p th  an d  b re ad th  

o f  k n o w le d g e  re q u ire  fu rth e r e d u c a tio n , e ith e r  v ia  a f o rm a l 

p o s tg ra d u a te  d e g re e  c o u rs e , o r  v ia  sh o rt c o u rs e s  f o r  p ra c tis in g  

p ro f e s s io n a ls .

T a b le  8 . E x a m p le s  o f  P u b lish e d  C a s e  H is to rie s  U se f u l f o r  T e a c h in g  

P u rp o se s

S u b je c t

M a tte rs

D e ta i ls R e f e r e n c e

Sh a llo w

f o u n d a tio n

se ttle m e n t

A u d ito riu m , C h ic a g o : 

m e a su re d  an d  c a lc u la te d  

s e ttle m e n ts  o n  c la y

Sk e m p to n  e t al 

( 1 9 9 5 )

L e a n in g  to w e r o f  P is a ; 

s e ttle m e n t an d  til tin g , an d  

re m e d ia l m e a su re s

K e r is e l  ( 1 9 7 5 ) ,  

Ja m io lk o w s k i  

( 1 9 9 4 ,  1 9 9 7 )

Sh a llo w

fo u n d a tio n

fa ilu re

T ra n s c o n a  E le v a to r , 

C a n a d a ; rig id  fo u n d a tio n  

fa ilu re  o f  c la y

P e c k  an d  B ry a n t 

( 1 9 5 3 )

F o o tin g s  o n  san d , T e x a s , 

U S A . " C la s s  A "  

p re d ic tio n s

B ria u d  an d  

G i b b o n s ( 1 9 9 4 )

P ile

f o u n d a tio n

s e ttle m e n t

H o te l Sa o  P a u lo , Braz il/  

g ro u p  s e ttle m e n t g re a te r 

th an  s in g le  p ile

V a rg a s  ( 1 9 4 8 )

Fu rn a c e  f o u n d a tio n , 

Q u e b e c . G ro u p  se ttle m e n t 

a f f e c te d  b y  s o f t la y e rs  at 

d e p th

G o ld e r  an d  O ls e n  

( 1 9 6 8 )

Sh e e t p i le  

w a ll

A n c h o re d  b u lk h e a d , 

H o u s to n , T e x a s ;  f a ilu re  

o f  w a ll ; sh o rt- te rm  

a n a ly s is  o n ly  u se d , b u t 

lo n g - te rm  c a s e  m o re  

c r i ti c a l

D a n ie l an d  O ls e n  

( 1 9 8 3 )

H ig h w a y  

e m b a n k m e n t 

s e ttle m e n t 

an d  fa ilu re

1-95  B o s to n , U S A . T e s t 

e m b a n k m e n t lo a d e d  to  

f a ilu re , " C la s s  A "  

p re d ic tio n s

D a v is  an d  P o u lo s  

( 1 9 7 5 )

F o rm a l p o s tg ra d u a te  c o u rs e s  v ary  v e ry  w id e ly  th ro u g h o u t th e  

w o rld , an d  in  m a n y  c a s e s , m ay  e m p h a s iz e  th e  p a rtic u la r re s e a rc h  

an d  p ro f e s s io n a l  in te re s ts  o f  th e  f a c u lty  m e m b e rs  g iv in g  th e  

c o u rse s . P o u lo s  ( 1 9 9 4 )  su g g e sts  th at su c h  c o u rse s  m ay  b e  c la ss if ie d  

in to  " in -d e p th "  c o u rs e s , w h ic h  b u ild  u p o n  an d  e x te n d  to p ic s  w h ic h  

h a v e  b e e n  c o v e re d  in  th e  u n d e rg rad u ate  c o u rs e s , an d  "ad d e d -  

b re a d th "  c o u rs e s , w h ic h  a d d re ss  to p ic s  w h ic h  m ay  n o t h a v e  b e e n  

c o v e re d  p re v io u s ly . A  n u m b e r o f  c o u rs e  to p ic s  a re  su g g e ste d  in  

e a c h  c a te g o ry . C o u rs e s  in v o lv in g  e n v iro n m e n ta l g e o te c h n ic s  are  an  

e x a m p le  o f  th is  la tte r ty p e  o f  c o u rse .

Sh o r t c o u rs e s  f o r  p ro f e s s io n a ls  are  an  im p o rta n t so u rc e  o f  

c o n tin u in g  e d u c a tio n , an d  are  a  m a n d a to ry  re q u ire m e n t in  so m e  

c o u n trie s  f o r  c o n tin u e d  p ro f e ss io n a l re g istra tio n . Su c h  c o u rs e s  m ay  

ta k e  a n u m b e r  o f  f o rm s , a m o n g  w h ic h  are  th e  f o l lo w in g :

1 . re f re s h e r  c o u rs e s  o n  fu n d a m e n ta l c o u rs e s

2 . c o u rs e s  o n  re c e n t d e v e lo p m e n ts  in  tra d itio n a l to p ic s

3 . c o u rs e s  o n  n e w e r  to p ic s

4 . c o u rs e s  o n  to p ic s  w h ic h  a re  a s s o c ia te d  w ith  g e o te c h n o lo g y , b u t 

a re  o u ts id e  th e  im m e d ia te  s c o p e  e .g . c o u rs e s  o n  s e is m o lo g y  f o r 

g e o te c h n ic a l  e arth q u ak e  e n g in e e rs , m ic ro b io lo g y  f o r  e n v iro n m e n ta l 

g e o te c h n ic a l  e n g in e e rs , an d  w a v e  f o rc e s  f o r  o f f s h o re  g e o te c h n ic a l  

e n g in e e rs .

A  s e r ie s  o f  r e c e n t p ap e rs  h as  a d d re sse d  c o n tin u in g  e d u c a tio n  in  

G e rm a n y  f o r  v a r io u s  p ro f e s s io n a l  g ro u p s , in c lu d in g  ju n io r  

e n g in e e rs , w ith in  th e  c o n s tru c tio n  in d u stry  ( A rz  an d  Se itz , 1 9 9 7 ) ,  

c iv i l  e n g in e e rs  in v o lv e d  in  h a z ard o u s s e c to rs  o f  th e  c o n s tru c tio n  

in d u stry  ( E n s in g e r , 1 9 9 7 ) ,  an d  c o o rd in a to rs  an d  s ite  m a n a g e rs
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c a rry in g  o u t w o rk  in  c o n ta m in a te d  a re a s  ( W ilh e lm , 1 9 9 7 ) .

A  v ita l f u n c tio n  o f  c o n tin u in g  e d u c a tio n  c o u rs e s  is  to  b r id g e  th e  

g ap  b e tw e e n  c u rre n t p ra c tic e  an d  th e  la te s t re s e a rc h  d e v e lo p m e n ts . 

T o o  o f te n , in s tru c to rs  w h o  h a v e  le arn e d  tra d itio n a l a p p ro a c h e s  to  

c e r ta in  p ro b le m s  c o n tin u e  to  te a c h  th e m  to  th e ir  o w n  s tu d e n ts , 

p e rh a p s  u n a w a re  th a t s u c h  a p p ro a c h e s  m ay  h a v e  b e e n  su p e rse d e d  

b y  m o re  re c e n t d e v e lo p m e n ts . T h e  sa m e  c o m m e n t c a n  b e  ap p lie d  

to  g e o te c h n ic a l  d e s ig n e rs  w h o  m ay  p e rs is t in  u s in g  d e s ig n  

p ro c e d u re s  w h ic h  a re  e m p ir ic a l  o r  n o t b a s e d  o n  so u n d  p rin c ip le s . 

It w o u ld  ap p e ar a p p ro p ria te  f o r  IS S M F E  to  a s s is t in  n arro w in g  th e  

g ap  b e tw e e n  p ra c tic e  an d  re s e a rc h  b y  d ire c tin g  th e  e f f o rts  o f  at le ast 

s o m e  o f  its  te c h n ic a l  c o m m itte e s  to w a rd s  d e f in in g  m o re  c lo s e ly  

a c c e p ta b le  an d  u n a c c e p ta b le  a p p ro a c h e s  to  g e o te c h n ic a l  e d u c a tio n  

an d  p ra c tic e .

9  C O N C L U S IO N S

T e c h n ic a l  C o m m itte e  T C 3 1  h as  a d d re sse d  f o u r m a jo r  is su e s  o v e r  

th e  p a st th re e  y e a rs :

1 . c u rr ic u la  f o r  u n d e rg rad u ate  c o u rs e s

2 . c o m p u te r -a id e d  in s tru c tio n

3 . d e m o n s tra tio n s  an d  e x p e rim e n ts

4 . s u ita b le  c a s e  h is to r ie s  f o r  te a c h in g  p u rp o se s .

T h e  m o s t s ig n if ic a n t a d v a n c e s  h av e  o c c u rre d  in  th e  se c o n d  c a te g o ry  

an d  th e re  are  a  n u m b e r o f  e f f e c tiv e  c o m p u te r p a c k a g e s  w h ic h  c o v e r  

f u n d a m e n ta l s o i l  b e h a v io u r , la b o ra to ry  te s tin g  an d  fo u n d a tio n  

d e s ig n . In  th e  fu tu re , th e  In te rn e t is  l ik e ly  to  p ro v id e  a n  ab u n d an t 

so u rc e  o f  g e o te c h n ic a l  in f o rm a tio n  f o r  b o th  stu d e n ts an d  p ra c tis in g  

p ro f e s s io n a ls .

T h i s  p a p e r  s u m m a riz e s  a l im ite d  n u m b e r o f  d e m o n stra tio n s , 

e x p e r im e n ts  an d  c a s e  h is to r ie s  w h ic h  m ay  b e  o f  v a lu e  in  

su p p le m e n tin g  tra d itio n a l le c tu re s  o n  p rin c ip le s  an d  p ra c tic e .

T h e r e  s e e m s  l ittle  d o u b t th at th e  IS S M F E  sh o u ld  c o n tin u e  its  

c o n c e n tra tio n  o n  g e o te c h n ic a l  e d u c a tio n . A m o n g  th e  a re a s  w h ic h  

m a y  b e n e f it f ro m  f u tu re  a tte n tio n  are :

1 . c o n s id e r in g  w a y s  in  w h ic h  a re a s  su c h  as  e n v iro n m e n ta l 

g e o te c h n ic s  c a n  b e  in tro d u c e d  in to  e x is tin g  c o u rs e s

2 . u ti l iz a tio n  o f  g e o te c h n ic a l  c e n tr if u g e s  to  p ro d u c e  v id e o s  o f  

fu n d am e n ta l b e h a v io u ra l c h a ra c te r is tic s  an d  fa ilu re  m e c h a n ism s  f o r 

v a rio u s  g e o te c h n ic a l  p ro b le m s

3 . fu rth e r c o n s id e ra tio n  an d  e x p o s itio n  o f  c a s e  h is to rie s  su ita b le  f o r 

te a c h in g  p u rp o se s

4 . fu rth e r d e v e lo p m e n t o f  c o m p u te r-a id e d  in stru c tio n , in c lu d in g  th e  

u til iz a tio n  an d  d is s e m in a tio n  o f  te a c h in g  m a te r ia ls  v ia  th e  In te rn e t

5 . b r id g in g  th e  g ap  b e tw e e n  trad itio n al d e sig n  m e th o d s  an d  m o d e m  

re s e a rc h .

T h e  la tte r is  s e e n  a s  b e in g  o f  fu n d a m e n ta l im p o rta n c e , n o t o n ly  to  

u n d e rg ra d u a te  g e o te c h n ic a l  e d u c a tio n , b u t a lso  to  p ro f e ss io n a l 

p ra c tic e . T h e  So c ie ty 's  T e c h n ic a l  C o m m itte e s  sh o u ld  d ire c t at le ast 

so m e  o f  th e ir  a tte n tio n  to  p u rsu in g  th is  o b je c tiv e .
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