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I NTRODUCTI ON

The general area o f  A r t i f i c i a l  In t e l l ig e n c e  has always 
a ttracted great  in te re s t  and be l ie ve rs  in i t s  almost 
unlim ited p o s s i b i l i t i e s .  As a graduate student at 
Harvard in the e a r ly  5 0 ' s ,  I  remember s i t t i n g  in the 
audience at a Doctoral D i s s e r ta t io n  examination at which 
there was a heated debate about the p o s s i b i l i t i e s  of  
us ing  d i g i t a l  computers fo r  machine t ra n s la t io n  from 
Russian to Eng l i sh .  The computer people were f a i r l y  
ce rta in  that successfu l  machine t ra n s la t io n  was j u s t  a 
few years  away, the l i n g u i s t s  were much le s s  op t im is t ic ,  
and some doubted i t  would ever be pos s ib le .

Though many o f  the more general goa ls  o f  A r t i f i c i a l  
In t e l l i g e n c e  are s t i l l  a long way from being achieved, a 
great deal o f  p rogre ss  has been made in ce r ta in  s p e c i f i c  
areas. One such area, Expert Systems or Knowledge-based 
Systems, as they are frequently  ca l led ,  have achieved a 
ce rta in  measure o f  success.

There are numerous d e f i n i t i o n s  of  Expert Systems, 
va ry ing  p r im a r i l y  in the degree to which they claim to 
perform at a leve l equal to, or fo r  that matter to 
outperform, human experts. A commonly accepted 
d e f in i t i o n  i s :

user f r ie n d ly  in te ra c t iv e  computer program 
that incorporates  the expe rt ise  o f  an 
expert o r  a group o f  experts in a well 
defined domain.

Expert Systems in Geotechnical Eng ineering are therefore  
expected to be able to a s s i s t  the geotechnical engineer 
to improve h i s  le ve l  o f  performance and to be a useful 
supplement to text  books, manuals , codes of  p ract ice  
and even o c c a s io n a l l y  making i t  unnecessary to require  
human expert advice.

EXPERT SYSTEMS I N GEOTECHNI CAL ENGI NEERI NG

Arthur Casagrande 's  A i r f i e l d  So i l  C l a s s i f i c a t i o n  System 
( l a t e r  to be known as the Un if ied  So i l  C l a s s i f i c a t i o n  
System) was c e r t a in l y  one of the e a r ly  examples o f  an 
Expert System. There was a c le a r  dec is ion  tree, based on 
Casagrande 's  and others experience, that used gradation 
and p l a s t i c i t y  fo r  c l a s s i f y i n g  s o i l  into  groups that 
could be expected to e xh ib i t  s im i l a r  engineer ing 
p rope rt ie s .  To use t o d a y ' s  buzz words, i t  was eminently 
c le a r  to anyone who attended Saturday morning t u t o r i a l s  
in P ierce H a l l ,  that Casagrande was c l e a r ly  the 
acknowledged "domain expe rt” . He used h e u r i s t i c s ,  
commonly known as ru le s  o f  thumb, that in some cases were 
to be taken 1 i t e r a l l y .

(P o l i sh in g  a cube o f  c lay  with your thumbnail could help
d i s t i n g u i s h  between a CH h igh ly  p la s t i c  c lay  and a CL
clay  o f  low p l a s t i c i t y ) .  When f i r s t  published
(Casagrande, 1948), the s o i l  c l a s s i f i c a t i o n  system was 
fo r  obvious reasons not computerized.

The geotechnical community was among the f i r s t  to 
recognize the potent ia l  and take advantage o f  d ig i t a l  
computers f o r  a n a ly s i s .  A paper e n t i t led  "The Use of  an 
E le c t ron ic  Computer fo r  Slope S t a b i l i t y  A n a ly s i s "  by 
L i t t l e  and Pr ice  appeared in Geotechnique in 1958. The 
computer used was descr ibed as being able to s tore  402 
numbers in in te rna l memory and 8192 numbers on a magnetic 
drum. An in te rna l  p ub l ica t ion  of  a la rge  Geotechnical 
C onsu lt ing  f irm, dated 1961, reported that a d ig i t a l  
computer acquired fo r  accounting work was qu ick ly  
appreciated as a lso  being useful fo r  geotechnical 
computat ions.

At the 9th In te rna t iona l  Conference on So i l  Mechanics 
and Foundation Eng ineering, Tokyo, 1977, there was a 
Sp e c ia l t y  se s s ion  on Computer A n a ly s i s  in So i l  
Mechanics: Present and Future. P ro fe sso r  Schiffman in 
h i s  c l o s in g  remarks de sc r ib in g  the se s s ion  said 
"Furthermore, the power o f  the computer, as an 
information p rocess ing  device i s  in i t s  infancy with 
regard to geotechnica l engineer ing a p p l ic a t io n s . "  
(Schiffman, 1978).

To paraphrase Feigenbaum and McCorduck, (1983): Even 
though a l o t  o f  the p ro fe ss iona l  work o f  geotechnical 
engineers in vo lve s  the use o f  mathematical formulae and 
computational a lgor ithms, the fac t  i s  that the d i f f i c u l t  
choices, the matters that set experts apart from 
beginners are in fe re n t ia l  and rooted in experient ia l  
knowledge.

There i s  a growing in te re s t  in the use o f  Expert Systems 
in C i v i l  Eng ineering, as may be evidenced by a perusal of  
the tab le  o f  contents o f  the Seventh ASCE Conference on 
Computing in C i v i l  Eng ineering held in Washington D.C. 
in 1991. I t  would appear that there are many systems 
a lready in use by va r iou s  o rgan iza t ion s  and many more in 
the development stage. In geotechnical engineering 
in te re s t  in Expert Systems has been sporadic. Several 
very in t e r e s t in g  systems have been described in the 
l i t e r a t u r e  (Adams et a l , 1989), (Wong et a l , 1989). Most 
o f  them are prototype systems that have been developed at 
U n iv e r s i t ie s .  The w r i te r  does not know o f  any Expert 
Systems in the geotechnical area that are a va i lab le  
commercially. There are probably good reasons fo r  t h i s .  
The market i s  small, and prototype systems are a f te r  a l l  
adequate as a b a s i s  fo r  journal or conference 
pub l ica t ion ,  which in the "p u b l i sh  or pe r i sh "  s i tu a t io n  
at most U n i v e r s i t i e s  i s  the primary source o f  motivation.
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EXPERT SYSTEM DEVELOPMENT TOOLS

Language p la y s  a centra l ro le  in de f in in g  and a lso  
imposing l im i t a t io n s  on how we communicate with others. 
The choice o f  language i s  a lso  important when 
communicating through the use o f  a computer keyboard and 
screen. Expert systems have been wr itten  us ing  languages 
such as L ISP  and PROLOG which were developed fo r  general 
a r t i f i c i a l  in t e l l i g e n c e  programming. I t  i s  a lso  po s s ib le  
to wr ite  Expert Systems in BASIC, Fortran, Pascal etc. 
I t  i s  however suggested that i f  you are not an 
experienced programmer, i t  would be wise to use one o f  
the numerous a va i la b le  expert system development t oo ls .

E a r ly  expert system devlopment t o o ls  required la rge  
computing f a c i l i t i e s  and expensive software, co s t in g  
thousands o f  d o l l a r s .  In 1985 software co s t in g  $500 and 
le s s ,  fo r  use on Personal Computers, sta rted  appearing 
on the market. Claims were made that i f  one had 
expe rt i se  in a p a r t i c u la r  area, one did not have to be a 
computer expert to develop Expert Systems in that area, 
with t h i s  newly developed software. In fact  i t  was f e l t  
by many that t h i s  new c la s s  o f  computer programs would 
soon j o in  the ranks o f  word processors ,  data base 
managers and spread sheets that had a lready become so 
popular. Th is ,  l i k e  many other p red ic t ion s ,  was before 
i t s  time. However i t  was at t h i s  point  that I decided 
to see what could be done with t h i s  new technology, by 
t r y in g  to develop Expert Systems in Geotechnical 
Eng ineering. My f i r s t  e f f o r t s  (Wiseman et a l , 1987) were 
in fact  made us ing  a $50 ru le  based, I f -T h en -E lse  Expert 
System s h e l 1.

Microcomputer based expert system s h e l l s  are s p e c i f i c a l l y  
aimed at p ro fe s s io n a l s  whose expe rt ise  i s  not in 
a r t i f i c i a l  i n t e l l i g e n c e  computer programming. The most 
popular o f  these s h e l l s  c o n s i s t  o f  an inference engine 
fo r  p rocess ing  i f - t h e n  ru le s ,  ed i to r s ,  user in te r fa ce s. ,  
access to external computational rout ines  etc. These 
allow the developer to concentrate on the a l l  important 
expert system knowledge base.

Recently we have been us ing  a development package ca l led  
KnowledgePro which in add it ion  to the i f - t h e n -e l s e  ru le  
based l o g ic ,  uses modules or " t o p i c s "  fo r  system 
organ iza t ion .  The top ic s  themselves can s tore  a set  of  
ru le s ,  conta in  quest ions  fo r  user input, and s tore  
information f o r  presentat ion  to the user e ithe r  
autom at ica l ly  by the program or as ca l led  fo r  by the 
user. Fu rther f l e x i b i l i t y  and user contro l i s  provided 
us ing  a feature  ca l le d  "hypertext "  in which key words 
are chosen by the programmer and appear h igh l ig h ted  on 
the screen. I f  such a keyword i s  selected by the user, a 
top ic  by the same name i s  activated.

Customised help screens are e a s i l y  prepared us ing 
hypertext. These help screens can provide guidance, i f  
needed, in  answering quest ions  posed by the system to 
the user, o r  other background information that may be 
usefu l to the user. With KnowledgePro, scanned 
photographs are e a s i l y  incorporated in to  the system and 
external computational rou t ine s  are e a s i l y  accessed. I t  
i s  these features  which make expert systems so usefu l in 
making computational computer programs much more user 
f r ie n d ly .  Sample screens are shown in Wiseman et a l.  
(1991, 1992).

CONCLUDI NG REMARKS

Expert Systems can on ly  be judged when s i t t i n g  at a 
computer, p re fe rab ly  with a good co lour d i s p la y  and

working with the system on a real problem on which one 
would l i k e  a ss i s tance .  To date we have f re e ly  
d i s t r ib u te d  the prototype Expert Systems we have 
developed to almost any engineer showing an in te re s t ,  
and prepared to comment on t h e i r  use fu lness.  A l l  
responses to date have been favourable and numerous 

suggest ion s  fo r  improvements have been received. We have 
wr itten  Expert Systems fo r  S o i l  C l a s s i f i c a t i o n ,  Pavement 
Eva luat ion,  Subsurface Exp lo ra t ion  and fo r  Foundations on 
Expansive S o i l s  that we have used in teaching C i v i l  
Eng ineering  students. They a l l  report  f in d in g  the 
programs easy to use and very useful in he lp ing them 
acquire expe rt i se  and a fe e l in g  o f  having a lso  acquired 
experience (a lb e i t ,  second hand).

Try ing  to s tay  up to date in the wide range o f  con stant ly  
expanding p o s s i b i l i t i e s  (both software and hardware) 
a va i lab le  to the developers of  Expert Systems in 
geotechnica l eng ineer ing  i s  an almost imposs ib le  task. 
As the Queen sa id  to A l i c e  in Through the Looking G lass  
'Now, here, you see i t  takes a l l  the running you can do, 
to keep in the same place. I f  you want to get somewhere 
e l se  you must run at le a s t  twice as f a s t  as t h a t '
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