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Panel discussion: Session on éducation in geotechnical engineering 

Débat de spécialistes: Séance sur la formation en géotechnique

S. Leroueil -  Université Laval, Ste-Foy, Qué., Canada

A B S T R A C T : G e o te c h n ic a l en g in eerin g  is a d o m ain  in  e x p an sio n  w h ic h  th u s n e c e ssitate s teach in g  o f  ad d itio nal fu nd am ental k n o w le d g e . 

It is  a lso  an  area w h ic h  is  c o m p le x , and  the p art o f  the c iv il en g in eerin g  c u rric u lu m  d ed icated  to  it m u st re f le c t th is c o m p le x ity . F in a lly , 

w ith  the em e rg e n c e  o f  n e w  p ed ag o g ic al to o ls , it is  th o u g h t that teac h in g  o f  g eo te c h n ic al en g in eerin g  w ill sig n if ic an tly  c h an g e  in  the 

c o m in g  y ears.

R É SU M E : L a  g éo te c h n iq u e  e st u n  d o m ain e  en  ex p an sio n  q u i n é c e ssite  l 'e n se ig n e m e n t d e c o n n aissan c e s fo n d am en tales ad d itio n n e lle s. D 

s'ag it au ssi d ’u n  d o m ain e  c o m p le x e , e t la p art d u  c u rric u lu m  d e g é n ie  c iv il q u i lu i e st d éd ié  d o it re f lé te r c e tte  c o m p le x ité . Fin ale m e n t, n o u s 

p e n so n s q u ’av e c  l 'a rriv é e  d e  n o u v e au x  o u tils p é d ag o g iq u e s, l 'e n se ig n e m e n t d e la g éo te c h n iq u e  v a c h an g e r d e m an ière  s ig n if ic ativ e  d ans 

le s  p ro c h ain e s an n ées.

1 IN T R O D U C T IO N

T ab le  1 su m m ariz es th e  e x p e c tatio n s o f  the e m p lo y e rs o f  c iv il 

e n g in e e rs , as in d ic ated  in  the Su m m ary  R ep o rt o f  the A SC E  

C o n fe re n c e  o n  Ed u c atio n  in  C iv il En g in e e rin g  w h ic h  w as h e ld  in 

D e n v e r, C o lo rad o , in  Ju n e  1 9 9 5 . T h e  last s ix  item s o f  the lis t, 

c o n c e rn in g  p erso n al q u alitie s , are  ex trem e ly  im p o rtan t, 

p articu larly  n o w ad ay s that e m p lo y e rs o f te n  h av e  m an y  ap p lican ts 

f o r  o n e  p o sitio n . H o w e v e r, it m u st b e  re c o g n iz ed  th at, in  m o st 

u n iv e rsitie s , little  is d o n e  to  im p ro v e  th ese  a sp e c ts . T h is  is 

c ertain ly  a  w e ak n e ss o f  o u r ed u catio n al sy ste m  w e  sh o u ld  

c o n sid e r.

T h e  asp e c ts  w e  are  u sed  to  c o n sid e rin g  w h en  ed u catio n  in  

g eo te c h n ic al en g in eerin g  is  c o n c e rn e d  are m o re  tec h n ic ally  

o rie n ted . T h e  q u e stio n s are h o w  to  g iv e  stu d en ts "te c h n ic al 

c o m p e te n c e "  an d  th e  "ab ility  to  c o n tin u e  to  learn  n ew  s k i l ls " , the 

f irst tw o  item s o f  T a b le  1. T h e  b e st "te c h n ic al c o m p e te n c e "  as 

p o ssib le  m u st o b v io u sly  b e  p ro v id ed  to  th e m , b u t, ev en  m o re  

im p o rtan t, th ey  m u st b e  w e ll p re p ared  f o r th eir en tire  c are e r. T o  

reac h  th is a im , it is  e sse n tial to  in s ist ag ain  an d  ag ain  o n  the 

fu n d am en tals and  th e  re lated  fram ew o rk s.

T h e re  are  sev e ral asp e c ts o f  ed u c atio n  in  g eo tec h n ic al 

en g in eerin g  w h ic h  m u st b e  im p ro v ed . Fo r  th e  au th o r, th e  m o st 

im p o rtan t c h alle n g e s are : a)  im p ro v in g  teac h in g  in  a  d o m ain  in  

e x p an sio n ; b )  red u c in g  c o n fu s io n  in  the d o m ain ; c )  im p ro v in g  

c o m m u n ic atio n  w ith  stu d en ts; and  d ) , m asterin g  n ew  p ed ag o g ic  

to o ls . T h e s e  asp e c ts w ill b e  b rie f ly  ex am in ed  in  the fo llo w in g  

se c tio n s .

2  T E A C H IN G  IN  A  D O M A IN  IN  E X P A N SIO N

A  first c h alle n g e  c o m e s fro m  th e  fac t that g eo te c h n ic al en g in eerin g  

is  in  e x p an sio n . T h e  areas o f  g ro w in g  im p o rtan c e  v ary  fro m  p lace  

to  p la c e , b u t th ey  are  e sse n tially  th o se  ind ic ated  in T ab le  2 . 

En v iro n m en tal g e o te c h n ic s , w h ic h , in N o rth  A m e ric a , ap p ears in 

ab o u t 5 0 %  o f  th e  g e o te c h n ic al p ro je c ts , is  o f  m ajo r in terest; the 

u se  o f  g e o sy n th e tic s  is m o re  and  m o re  f req u en t in  p rac tic e ; n ew  

te c h n o lo g ie s are b e in g  u se d , in  p articu lar f o r so il im p ro v em en t 

and  re in fo rc e m e n t, slo p e  m itig atio n , e tc .; it is m o re  and  m o re  

accep ted  that so ils  h av e  a p ec u liar b e h av io u r w h en  th ey  are 

u n satu rated ; earth q u ak e  en g in eerin g  is  o b v io u sly  a m ajo r c o n c e rn  

in  m an y  c o u n trie s ; p av em en t b e h av io u r, w h ic h  d ep en d s to  a  larg e 

ex ten t o n  the re sp o n se  o f  the d if fe re n t lay ers to  d y n am ic  lo ad in g  

and  d rain ag e  c o n d itio n s, is  in c re asin g ly  c o n sid ered  as  a 

g e o te c h n ic al p ro b lem ; c o ld  re g io n s , su c h  as m o u n tain eo u s areas 

and  n o rd ic  c o u n trie s , h av e  sp e c if ic  g eo te c h n ic al p ro b le m s related  

to  f re e z in g  and  th aw in g  o f  so ils .

A ll th ese  areas c an n o t b e  tau g ht in  d etail at the u n d erg rad u ate 

le v e l. H o w e v e r, th e  c o rre sp o n d in g  fu n d am en tals h av e  to  b e  

in tro d u ced . In  p artic u lar, it is im p o rtan t to  in sist m o re  than  u su ally

Table 1 • Expectations from  employ ers

♦  T e c h n ic a l  c o m p e te n c e

♦  A b ility  to  c o n tin u e  to  le a rn  n e w  sk ills

♦  Adaptability and flexibility (creativo thinking 

and problem solving)

♦  C o m p e te n c e  in re a d in g , w ritin g  a n d  c o m 

p u tatio n

♦  C o m m u n ic a tio n  sk ills

♦  Personal management skills (self esteem, 

motivation, ethics,...)

♦  In te rp e rs o n a l sk ills  (n ég o c iatio n  an d  te a m 

w o rk)

♦  L e a d e rs h ip

(after A SC E Sum m ary  Rep ort o f  the 1995 C iv il 

Eng ineering  Ed ucation C o nference, D env er, U .S.A .)

Table 2 -  N eeds fo r  additional fundamental 

know ledge
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Environmental geotechnics • • • •

Use of geosynthetics •

New technologies •

Problems involving unsa

turated soils
• •

Earthquake engineering •

Pavement engineering • •

Cold region engineering • •
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d o n e  o n  th e  fo llo w in g  asp e c ts (T a b le  2 ) :

-  new  m aterials and  th e ir g en eral c h arac te ristic s;

- th e  fac t that so ils  are  3-p h ase  m aterials;

- th e  p h y sic o - c h e m istry  o f  so ils ;

-  th erm o d y n am ic s;

-  so il d y n am ic s .

3 C U R R IC U L U M

T h e  g e o te c h n ic al e n g in e e r w o rk s w ith  c o m p le x  m ate rials, w h ic h  

c an  b e  c o h e s iv e  o r n o t, lo o se  o r d en se , satu rated  o r n o t, stru c tu red  

o r n o t, and  c an  b e  in v o lv ed  in  a larg e  v ariety  o f  p ro b le m s. In  

ad d itio n  to  th at, b e c au se  o f  the risk  asso c iated  w ith  th ese  

p ro b le m s, in su ran c e  fo r g eo te c h n ic al e n g in e e rs is o ften  m o re  

e x p e n siv e  than  f o r o th er e n g in e e rs . Ed u c atio n  o f  g eo tec h n ic al 

en g in eerin g  th u s h as to  b e  o f  h ig h  q u ality  and  req u ires a 

s ig n if ic an t p art, at least 1 0 % , o f  the c iv il en g in eerin g  c u rric u lu m . 

T h is  au th o r d o e s no t th in k  th at, as su g g e sted  b y  th e  T ec h n ic al 

C o m m itte e  ( T C 3 1 )  o n  Ed u c atio n  (P o u lo s , 1 9 9 7 ) , a c iv il en g in eer 

c an  ac q u ire  su ff ic ie n t k n o w le d g e  in  th is f ie ld  w ith  o n ly  tw o  o n e -  
te rm  c o u rse s.

T a b le  3  p re sen ts the u n d erg rad u ate  g eo tec h n ic al c o u rse s  taug ht 

at U n iv e rsité  L a v a l, Q u é b e c . T h e re  are th ree  c o m p u lso ry  c o u rse s  

in ad d itio n  to  o n e  c o u rse  o n  "G e o lo g y  f o r  En g in e e rs"  and  o n e  

" So i l  M e c h an ic s  L ab o ra to ry " . T h e re  are also  o p tio n al (e le c tiv e )  

c o u rse s w h ic h  stu d en ts h av e  to  c h o o se  f ro m  g iv e n  lis ts . T h u s , the 

n u m b er o f  g e o te c h n ic al en g in eerin g  o p tio n al c o u rse s  stu d en ts 
tak e s v arie s , b u t is , in  av e rag e , aro u n d  1 .5 .

Table 3 - G eotechnical education at  

Université Laval

Fig . 1 - A rational structure fo r  education o f  soil mechanics

5 IM P R O V IN G  C O M M U N IC A T IO N  W IT H  T H E  ST U D E N T S 

B Y  U SIN G  N E W  P E D A G O G IC A L  T O O L S

T h e re  are  sev e ral d if f ic u ltie s  in  teac h in g  g e o te c h n ic al en g in eerin g : 

f irst, there is  so m e  p re ssu re  to  in tro d u c e  n ew  f ie ld s su c h  as 

m an ag em en t, e n v iro n m e n t, nu m erical m e th o d s, e tc . in  c iv il 

en g in eerin g ; se c o n d , th ere  is a  ten d en c y  in  m an y  c o u n trie s to  

red u ce  b u d g e ts f o r ed u c atio n ; th ird , as p re v io u sly  m e n tio n e d , 

g eo te c h n ic al en g in e e rin g  is  c o m p le x ; an d  fo u rth , stu d en ts o ften  

h av e  a ten d en c y  to  b e  p ass iv e  in  c la ss ro o m s , p re fe rin g  to  in terac t 

w ith  a c o m p u te r rath e r than  w ith  a teac h er.

It is th o u g h t that m u ltim ed ia ed u catio n al to o ls  su c h  as 

ed u c atio n ally  o rien ted  so f tw are , sp e c ializ ed  v id e o s and  lo c al area 

n e tw o rk s f o r  c la ssro o m s c an  he lp  in  o v e rc o m in g  so m e  o f  the 

d if f ic u ltie s p re v io u sly  m en tio n e d . T h e  m o st sig n if ic an t step  

fo rw ard  c o m e s  fro m  th e  d ev e lo p m en t o f  p ro c e ss  and  test 

sim u latio n  p ro g ram s su c h  as T R IA X  (Fu n g  an d  K a y , 1 9 9 4 ) , 

G e o te c h n iC A L  (D av iso n  e t a l., 1 9 9 7 ) , G E O - SIM  (Pen u m ad u  et 

a l., 1 9 9 7 )  and  o th e rs. T h e  aim  o f  th ese  so ftw are  p ac k ag e s sh o u ld  

no t b e  to  rep lac e  d e m o n stratio n s in  c lassro o m s and  lab o rato ry  

e x p e rim e n ts , w h ic h  rem ain  n e c e ssary  to  g iv e  th e  stu d ent the 

e ssen tial c o n tac t w ith  real m aterials; th ey  sh o u ld  b e  se e n  as a 

c o m p lem en t f o r  h e lp in g  stu d en ts v isu aliz e  sp e c if ic  asp e c ts o r 

e v alu ate  the in f lu e n c e  o f  a  g iv en  p aram eter o n  the resu lts o f  a test.

Compulsory courses

• Geology for engineers

• Soils mechanics I

• Soils mechanics II

• Foundation engineering

• Soil mechanics laboratory

± Optional courses

• Geotechnical highway eng.

• Geotechnical engineering

• Environmental geot. eng.

> Project - Site characterization

• Project - Foundations

4  R E D U C IN G  C O N FU SIO N  IN  T H E  D O M A IN

W ith  tim e , d if fe re n t c o n c e p ts  and  p aram eters h av e  b e e n  in tro d u ced  

in to  so il m e c h an ic s  an d  ad d ed  o n , so m e tim e s c o m p lic atin g  an area 

in itially  n o t so  s im p le , and  c o n fu sin g  stu d ents and  m an y  e n g in e e rs 

in  p rac tic e . It is th o u g h t th at it is n e c e ssary  to  sim p lify  th e  p resen t 

situ atio n , in p artic u lar b y  th e  fo llo w in g :

- Elim in atin g  u n n e c e ssary  p aram eters. F o r  e x am p le , n o t all the 

ap p ro x im ate ly  ten  p aram eters u sed  in  the literatu re  to  d e sc rib e  

so il c o m p re ssib ility  ( E , E eod, M , m y, a y, K , k , y , C s, C c, C R )  

are  n e c e ssary .

-  Sim p lify in g  and  c larify in g  tec h n ic al v o c ab u lary . A s an 

e x am p le , it is  p ro b ab ly  no t n e c e ssary  to  h av e  at least f iv e  

e x p re ss io n s  f o r  d e sc rib in g  the u ltim ate sh e ar c o n d itio n s o f  a 

c o h e s io n le ss  so il (u ltim ate  state , c ritic al state , stead y  state , 

resid u al state  and  larg e  strain  state ) .

-  Ju stify in g  e m p iric ism . Em p iric ism  is c e rtain ly  n e c e ssary  in  

g e o te c h n ic a l en g in e e rin g , b u t n eed s to  b e  th e o re tic ally  ju s tif ie d . 

In  o th er w o rd s, o n ly  se m i-e m p iric ism  sh o u ld  b e  ac c ep ted .

Elasto -p lastic  m o d e ls in c lu d in g  M o h r-C o u lo m b  c rite rio n , o r 

c ritic a l state  so il m e c h an ic s , at le ast in  its c o n c e p ts , are ap p ro p riate 

ap p ro ac h es to  m in im iz in g  c o n fu sio n . T h e y  are sim p le  an d  are 

d esc rib ed  b y  a sm all n u m b er o f  p aram eters h av in g  a  c le ar p h y sic al 

m ean in g . A lso , as in d ic ated  in  Fig . 1 and  sh o w n  b y  L ero u e il 

( 1 9 9 7 ) , th e se  m o d e ls c o n stitu te  a  so u n d  fo u n d atio n  o n  w h ic h  it is 

p o ssib le  to  ad d  o th e r asp e c ts  o f  so il b e h av io u r.

6  C O N C L U SIO N

T h e  m ain  c o n c lu s io n s o f  th is p an e l p resen tatio n  are  th e  fo llo w in g :

- W e  sh o u ld  p ay  m o re  atten tio n  to  the d ev e lo p m en t o f  fu tu re  

e n g in eers ' p erso n al q u alitie s , a m o re  and  m o re  im p o rtan t asp e c t 

in  o u r c o m p e titiv e  w o rld .

- G e o te c h n ic a l en g in eerin g  is c o m p le x  and  b ro ad , an d  the 

p ro p o rtio n  o f  th e  fcivil en g in eerin g  cu rric u lu m  d ed icated  to  it 

m u st re f le c t th is c o m p le x ity .

- Ed u c atio n  in  g e o te c h n ic al en g in eerin g  is  in  a  tran sitio n al 

p erio d . B e c a u s e  o f  the e x p an sio n  o f  th is f ie ld  to  n e w  d o m ain s 

an d  th e  d ev e lo p m en t o f  ed u c atio n ally  o rien ted  c o m p u ter 

p ac k ag e s, it is  th o u g h t that its te ac h in g  w ill b e  v ery  d if fe re n t in 

f iv e  y e ars f ro m  n o w  fro m  w h at it w as f iv e  y ears ag o .
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