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Panel discussion: Definition and determination of characteristic soil properties

Débat de spécialistes: Définition et détermination des valeurs caractéristiques des propriétés 
des sols

H. R.Schneider -  Geo-Consulting, Zug, Switzerland

A B S T R A C T : T h e  fu n d am e n ta l so il p aram e te r u se d  in  E C 7  " G e o te c h n ic s "  is  th e  c h a ra c te r is tic  v alu e  Xk, f ro m  w h ic h  th e  d e sig n  v a lu e  x j  is  

d e riv e d . T h e s e  so il p ara m e te rs  a re  d e fin e d  an d  c o m p are d  to  to d ay s  p ra c tic e . A  sim p le  ap p ro ac h , d eriv ed  f ro m  fu n d am e n ta l s ta tis tic s  and  

p ro b ab ility  c o n c e p ts , is  p ro p o se d  f o r  th e  se le c tio n  o f  th e  c h a ra c te r is tic  v a lu e s . T h e  ap p ro a c h  p re se n te d  in  th is p ap e r is  e n tire ly  b ase d  o n  

to d a y 's  p ra c tic e . It  o f f e rs  an  e x te n s io n  to  in c o rp o ra te  e x p e r ie n c e  o r  ju d g m e n ta l k n o w le d g e  as  w e ll as  te s t v a lu e s  to  p ro d u c e  c h a ra c te ris tic  

v a lu e s  Xk. T h e  re su ltin g  c h a ra c te r is tic  v a lu e s  a re  e q u ally  v alid  u s in g  th e  E C 7 - a p p ro a c h  as  w e ll as  f o r  to d a y 's  m e th o d . T h e  p ro p o se d  

e q u a tio n  ( 6 )  is  d e riv e d  f ro m  fu n d am e n tal c o n c e p ts  o f  s ta tis tic s  and  p ro b ab ility , y e t th e  d e s ig n  e n g in e e r d o e s  n o t n e e d  to  a c q u ire  th o se  

c o n c e p ts  to  su c c e s s fu lly  e m p lo y  th e  m e th o d  p re se n te d . A n  illu strativ e  e x am p le  to  d e m o n stra te  th e  a p p lic a tio n  o f  m e th o d  is  g iv en .

1 IN T R O D U C T IO N

C iv il e n g in e e rin g  d e sig n  is larg e ly  a  m a tte r o f  d e c is io n  m ak in g  

u n d e r u n c e rta in ty . T h e  lo ad s  and  re sp o n se s  a re  n o t k n o w n  

e x a c tly , th e  a c c u ra c y  o f  th e  d e sig n  m e th o d  is u n c e rta in , and  th e  

c h o ic e  b e tw e e n  a lte rn a tiv e  d e sig n s o r c o n stru c tio n  p ro c e d u re s  is 

rare ly  c le a r  c u t. A t all s ta g e s  f ro m  in itia l c o n c e p t to  fin al 

c o m p le tio n , d e c is io n s  m u st b e  m ad e  u sin g  e ith e r in c o m p le te  

in f o rm a tio n  o r  su p e r-ab u n d an t and  in c o n s is te n t in fo rm atio n . T h is  

in h e re n t u n c e rta in ty  is  p artic u larly  tru e  f o r  g e o te c h n ic a l  

e n g in e e rin g  s in c e  n atu ral so ils  a re  e x tre m e ly  v ariab le  in th e ir 

p ro p e rtie s  an d  th e  ra tio n a l s e le c tio n  o f  su itab le  d e sig n  p aram e te rs  

is  g e n e ra lly  o n e  o f  th e  m o st d if f ic u lt p art o f  a d e sig n . L ittle  

g u id a n c e  c a n  b e  fo u n d  in stan d ard  so il m e c h an ic s  te x tb o o k s .

F o r  g e o te c h n ic a l  d e sig n  ta sk s  so m e  k in d  o f  a  c o n se rv a tiv e ly  

c h o s e n  m e an  v a lu e , o f te n  b ase d  o n  lo c a l e x p e rie n c e  o r su b je c tiv e  

in f o rm a tio n , n e e d s  to  b e  se le c te d . I f  n o t e n tire ly  b ase d  o n  e x p e ­

r ie n c e  o n ly , in  p ra c tic e  th e  in fo rm atio n  o n  th e  m e an  p ro p e rtie s  is 

s o m e tim e s  su p p le m e n te d  b y  re la tiv e ly  f e w  te s t v alu es.

In  th is  p ap e r, p ra c tic a l d e f in itio n s o f  th e  fu n d am e n tal so il 

p a ra m e te rs  as  u se d  in E C 7  " G e o te c h n ic s " , su c h  as  th e  

c h a ra c te r is tic  v a lu e  x k an d  th e  d e sig n  v a lu e  x<i, a re  p re se n te d . In  

ad d itio n , a  s im p le  ap p ro a c h , d eriv ed  f ro m  fu n d am e n tal s ta tis tic s  

an d  p ro b ab ility  c o n c e p ts , is  p ro p o se d  f o r  th e  s e le c tio n  o f  th e  

c h a ra c te r is tic  v a lu e s .

B y  m e an s o f  th is  ap p ro ac h , th e  c h a ra c te r is tic  so il p ro p e rtie s  

c a n  b e  d e te rm in e d  w ith  su b je c tiv e  e x p e rie n c e  o n ly , b ase d  o n  te s t 

re su lts  o n ly , as  w e ll a s  w ith  th e  c o m b in e d  in fo rm atio n  o f  th e  tw o . 

A n  illu s tra tiv e  e x a m p le  to  d e m o n stra te  th e  ap p lic atio n  o f  m e th o d  

is g iv e n .

2  S A F E T Y  IN  G E O T E C H N IC A L  D E S IG N  M E T H O D S

2 .1  T r a d i t i o n a l  A p p r o a c h :  G l o b a l  s a f e t y  f a c t o r s

T h e  trad itio n a l o r  c u rre n t d e sig n  m e th o d  is b ase d  o n  th e  g lo b a l 

sa f e ty  c o n c e p t. A ll v ariab le s  su c h  as lo ad s, so il p aram e te rs , 

c a lc u la tio n  p ro c e d u re s  a re  u sed  at a le v e l o f  a  c au tio u sly  s e le c te d  

m e an  f o r  th e  d e s ig n  c o m p u ta tio n s . A  g lo b a l f a c to r  o f  sa fe ty , 

a c c o u n tin g  f o r  th e  c o m b in e d  v ariab ility  and  u n c e rta in ty  e f f e c ts , is 

ap p lie d  to  a rriv e  a t a re a so n a b le  sa fe ty  le v e l o f  th e  fin al 

g e o te c h n ic a l  s tru c tu re .

T h e  fu n d am e n ta l so il p ro p e rtie s  u sed  f o r  to d a y 's  d e sig n  

c o m p u ta tio n s  a re  c o n se rv a tiv e ly  c h o se n  m e an  v alu e s. T h e ir  

d e g re e  o f  c o n s e rv a tis m  is g e n e ra lly  n o t d e fin ed  o n  a  q u an titativ e  

b a s is , b u t d e p e n d s  o n  th e  e x p e rie n c e  and  ju d g m e n t o f  th e  

d e s ig n e r.

2 .2  E u r o c o d e  7 : P a r t i a l  s a f e t y  f a c t o r s

E u r o c o d e  7  u s e s  th e  lim it s ta te  fo rm at w ith  a se t o f  f ix e d  p artial 

f a c to r s  o f  sa fe ty , w h ic h  is a t p re se n t c o n sid e re d  th e  m o st ratio n al 

d e s ig n  p ro c e d u re  f o r  g e o te c h n ic a l  ro u tin e  p ro b le m s. W ith in  th is 

f ra m e w o rk  th e  c h a ra c te r is tic  v a lu e s  o f  so il p ro p e rtie s  h av e  to  b e  

se le c te d  in a  w e ll d e f in e d  w ay  i f  a  s p e c if ic  sa fe ty  le v e l sh all b e  

o b ta in e d . V a ria b ility  o r  u n c e rta in ty  in so il lay e rs is o n ly  tak e n  

in to  a c c o u n t in  se le c tin g  th e  c h a ra c te ris tic  so il v a lu e s 

a c c o rd in g ly .

T h e  c h a ra c te r is tic  v a lu e  Xk is  th e re fo re  th e 

fu n d am e n tal so il p aram e te r in E C 7

B o th , th e  c h a ra c te r is tic  v a lu e  Xk ( E C 7 )  as  w e ll as  th e  

c o n s e rv a tiv e ly  c h o s e n  m e an  v a lu e  ( trad itio n al a p p ro ac h )  are  v ery  

c lo s e ly  re la te d  and  a re  assu m e d  to  b e  e q u iv a le n t f o r  p ra c tic a l 

p u rp o se s .

3 . S U B S O I L  M O D E L L IN G

T h e r e  a re  tw o  stro n g ly  in te rd e p e n d e n t ta sk s  to  b e  so lv e d  f o r  

e a c h  g e o te c h n ic a l  p ro b le m :

• S e le c tio n  o f  lay e rs

T h e  su b so il is  id e aliz e d  in to  a fe w  w e ll d e f in e d  and  

h o m o g e n e o u s  so il lay e rs, w h ic h  c o n s titu te  th e  b a s is  o f  

su b se q u e n t an aly se s . T h is  is b y  n o  m e an s a triv ial ste p  and  

g e n e ra lly  in v o lv e s  an  ite ra tio n  p ro c e ss  b e tw e e n  th e  tw o  

p o in ts  d e sc rib e d  h e re .

• S e le c tio n  o f  so il p ro p e rtie s  f o r  e a c h  lay er

T h e  “ av e ra g e d “  so il p ro p e rtie s  ( =  c h a ra c te ris tic  v a lu e s )  are  

s e le c te d  f o r  e a c h  lay e r tak in g  in to  a c c o u n t f a c to rs  su c h  as:

-  g e o lo g ic a l , h y d ro g e o lo g ic a l and  o th e r p e rtin e n t 

b a c k g ro u n d  in fo rm atio n  e .g . f ro m  p re v io u s p ro je c ts

-  T h e  v ariab ility  o f  th e  so il p ro p e rtie s  w ith in  e a c h  lay er

-  T h e  e x te n t o f  th e  z o n e  o f  g ro u n d  in f lu e n c in g  th e  

b e h a v io u r o f  th e  g e o te c h n ic a l  stru c tu re

-  T h e  s p e c if ic  g e o te c h n ic a l  p ro b le m  to  b e  so lv e d , e .g . 

p e ak  sh e ar stre n g th  v e rsu s  re sid u al s tre n g th , e tc .

In  th e  f o llo w in g  w e  w ill m ain ly  f o c u s  o n  th e  se le c tio n  and  d e te r ­

m in atio n  o f  “ av e ra g e d “  so il p ro p e rtie s  f o r  e a c h  s e le c te d  lay er. 

T h e  te rm  “ av e ra g e d “  so il v a lu e , as  u sed  b y  T e rz a g h i ( 1 9 4 0 ) ,  

to d ay  is  sy n o n y m o u s w ith  “ c o n se rv a tiv e ly  c h o se n  m e an  v a iu e “ .
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4 . C H A R A C T E R IS T IC  S O IL  P R O P E R T IE S

In  p rin c ip le  it w o u ld  b e  p o ss ib le  to  m e asu re  th e  so il p ro p e rtie s  

e v e ry w h e re  in th e  a f f e c te d  v o lu m e  and  d e te rm in e  th e  sta tis tic a l 

m e an  v a lu e s  o f  th a t z o n e . In  th is c a s e  w e  w o u ld  k n o w  th e  tru e  

m e an  v a lu e  o f  th e  se le c te d  lay e r and  c o u ld  u se  it f o r  fu rth e r 

an aly se s .

In  p ra c tic e , h o w e v e r th is  p ro c e d u re  is q u ite  im p o ss ib le . In  

re a lity , th e r e f o re  th e  tru e  m e an  p ro p e rtie s  o f  a lay e r d o  re m ain  

u n k n o w n  an d  e s tim a te s  o f  th e  tru e  m e an  h av e  to  b e  m ad e  o n  th e  

b a s is  o f  e x p e r ie n c e  o r  o n ly  sm all n u m b e rs o f  te sts .

T h e  tru e  m e an  p ro p e rtie s  o f  a lay e r d o  re m ain  u n k n o w n  

an d  e s tim a te s  o f  th e  tru e  m e an  h av e  to  b e  m ad e  o n  th e  

b a s is  o f  e x p e r ie n c e  o r  o n ly  sm all n u m b e rs o f  te s ts

Xk =  x m -  stan d ard  e rro r  o f  m e an s

c )  D e s i g n  V a l u e  X j

T h e  d e s ig n  v a lu e s  x j f o r  so il p aram e te rs  are  g e n e ra lly  d eriv ed  

f ro m  th e  c h a ra c te r is tic  v a lu e s  x k

( 1)

Ym is  th e  p artia l f a c to r  o f  sa f e ty  as  g iv e n  in E C 7  ( 1 9 9 4 ) ,  T a b le  

2 . 1.

4 . 1  D e f i n i t i o n s  a n d  p r a c t i c a l  m e a n i n g s

T h e  d if f e re n t m e an in g s  o f  th e  a b o v e  m e n tio n e d  v a lu e s  as w e ll as 

th e  so il p ara m e te rs  re fe rre d  to  in E u ro c o d e  7 , w ill b e  d e fin e d  and  

a ls o  e x p la in e d  in  p ra c tic a l te rm s:

• m e an  v a lu e  x m

• c h a ra c te r is tic  v a lu e  Xk

• d e sig n  v a lu e  x j

a )  M e a n  V a l u e  x m

T h e  m e an  v a lu e  o f  a so il p ro p e rty  c o rre sp o n d s  to  th e  tru e  

s ta tis tic a l  m e an  o f  a so il lay e r and  is u su ally  u n k o w n  d u e  to  

lim ite d  sam p lin g . It is h o w e v e r th is  m ean  v a lu e  w h ic h  w e  are  

ta rg e tin g  at, s in c e  it is  a  c le arly  d e fin ed  fu n d am e n tal so il 

p a ra m e te r  to  b e  u se d  f o r  d e sig n  c o m p u tatio n s .

T h e  b e s t w e  a re  a b le  to  d o  is  to  e stim ate  th e  u n k n o w n  m ean  

v a lu e  o f  th e  lay e r as  e x a c tly  as  p o ss ib le  w ith  th e  b e st “ lim ite d “  

in f o rm a tio n  at han d . T h is  e s tim atio n  d o e s  in v o lv e  so m e  u n c e r ­

ta in ty  w h ic h  n e e d s  to  b e  a c c o u n te d  f o r  ac c o rd in g ly .

T h e  m e an  v a lu e  i ts e l f  is  n o t u sed  in E u ro c o d e  7 . In ste ad  th e  

c h a ra c te r is tic  v a lu e , b e in g  th e  b e s t p o ss ib le  e s tim a te  o f  th is  m ean  

v a lu e  o f  th e  s e le c te d  lay e r, is u sed  in p la c e  o f  th e  m ean .

b )  C h a r a c t e r i s t i c  V a l u e  Xj,

T h e  c h a ra c te r is tic  v a lu e  x k is th e  b e st e stim ate  

o f  th e  “ u n k n o w n “  sta tis tic a l m ean  x m o f  a so il lay er

A c c o rd in g  to  E C 7 : T h e  c h a ra c te r is tic  v a lu e  shall b e  se le c te d  w ith  

th e  aim  th a t th e  p ro b ab ility  o f  a m o re  ad v e rse  ( m e a n )  v alu e  

g o v e rn in g  th e  b e h a v io u r o f  th e  so il and  ro c k  in th e  g ro u n d  is n o t 

g re a te r  th an  5 % .

4 .2  D e t e r m i n a t i o n  o f  c h a r a c t e r i s t i c  s o i l  p r o p e r t i e s

B a s e d  o n  s ta tis tic a l sam p lin g  and  e stim atio n  th e o rie s , th e  

c h a ra c te r is tic  v a lu e  x k c an  b e  d e sc rib e d  b y  th e  f o llo w in g  g e n e ra l 

e x p re ss io n :

S u m p l e

Xk =  Xm -  f  • --- ~ F= - ( 2 )

V  n

w h e re : S„ ™pie =  stan d ard  d e v iatio n  o f  th e  te s t v a lu e s  

n  =  n u m b e r o f  sam p le s o r  te s t v a lu e s  Xj 

f  =  sta tis tic a l c o e f f ic ie n t re la te d  to  th e  ty p e  

o f  d istrib u tio n  (N o rm al, S tu d e n t's . . . . ) ,  

c o n f id e n c e  lim its and  n u m b e r o f  te s t 

v a lu e s

Su b s titu tin g  th e  c o e f f ic ie n t o f  v aria tio n , V x =  S „ mpie/ xm, in to  

e q u a tio n  ( 2 )  g iv e s

Xk =  Xm • ^1 -  —J =  ■ V x j H )

A lth o u g h  th is  s ta tis tic a l  e q u atio n  is  c o rre c t f o r  o u r p ro b le m  at 

h an d , it p o s e s  se v e ra l d if f ic u ltie s  to  ap p ly  it d ire c tly  in 

g e o te c h n ic a l  p ra c tic e . T h e  m o st se rio u s  lim itatio n s a re  sh o w n  in 

F ig u re  1 b e lo w .

f

Jn

number of test values n

W h a t e x a c tly  d o e s  th is m e an ?

C h a ra c te r is tic  v a lu e  Xk =  a  c o n se rv ativ e ly  c h o se n  

m e an  v a lu e  o f  th e  lay e r

o r

a c au tio u sly  s e le c te d  m ean  

v a lu e  o f  th e  se le c te d  so il 

lay e r

In  E C 7  th e  d e g re e  o f  c o n se rv a tis m  o r c au tio n  is fu rth e r d e fin ed  

a s  f o l lo w s :

• T h e  p ro b ab ility  o f  a  m o re  ad v e rse  real m e an  v a lu e  g o v e rn in g  

th e  b e h a v io u r o f  th e  so il lay e r sh o u ld  n o t b e  h ig h e r th an  5 % .

• W e  w a n t to  b e  ap p ro x im ate ly  9 5 %  c o n f id e n t th at th e  real 

s ta tis tic a l m e an  o f  th e  lay e r is su p e rio r to  th e  se le c te d  Xk.

Fig u re 1

In  th e  ra n g e  o f  n  =  0  -  1 te s t v a lu e s , sta tis tic a l m e th o d s  c a n n o t b e  

u se d  ( stan d ard  d e v ia tio n  is  n o t d e f in e d ) . T h is  h o w e v e r is a fa irly  

ty p ic a l s itu a tio n  f o r  sm alle r g e o te c h n ic a l  p ro je c ts .

In  th e  ra n g e  o f  n =  2  -  9  te s t v a lu e s , s ta tis tic a l m e th o d s c o u ld
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b e  u se d  th e o re tic a lly . A s  d e m o n stra te d  in F ig u re  1 h o w e v e r, th e  

c o e f f ic ie n t o n  th e  le f t ax is  e x h ib its  a v a lu e  to o  h ig h  d u e  to  th e  

sm all an d  u n c e rta in  sta tis tic a l b a s is  and  s tab iliz e s  o n ly  a f te r  a 

la rg e r n u m b e r o f  n. In  ad d itio n , th e  c o e f f ic ie n t o f  v aria tio n  V ,  o n  

p u re ly  s ta tis tic a l  g ro u n d s  w ill a lso  b e  so m e w h at h ig h e r th an  

ty p ic a lly  e n c o u n te re d  in so ils . S in c e  b o th  th e s e  c o e f f ic ie n ts  are  

m u ltip lie d , as  se e n  in e q u atio n  ( 4 ) ,  th e  re su ltin g  c h a ra c te ris tic  

v a lu e  w o u ld  b e  u n re aso n ab ly  lo w  and  p e ssim istic .

In  th e  ra n g e  o f  n  >  10  te s t v alu e s, s ta tis tic a l m e th o d s  c an  b e  

ap p lie d  su c e ss fu lly . It is  h o w e v e r rare ly  th e  c a s e  to  h av e  su c h  a 

la rg e  d a ta  b a s e  in g e o te c h n ic a l  p ro je c ts .

C o m p a ra tiv e  c o m p u ta tio n s  h av e  sh o w n  th at a  g o o d  

a p p ro x im a tio n  to  th e  a b o v e  f o rm u la  is ac h ie v e d  w ith

T h is  a p p ro x im a tio n  d o e s  p ro d u c e  c h a ra c te ris tic  v a lu e s w ith in  

re a s o n a b le  a c c u ra c y  an d  is v alid  f o r  se v e ral d istrib u tio n s ty p ic al 

f o r  so ils . It  a lso  c o m p a re s  v e ry  fav o u rab ly  w ith  v a lu e s  ty p ic a lly  

u se d  in th e  g e o te c h n ic a l  p ra c tic e . A  m a jo r  ad v an tag e  is  th a t th e  

m e th o d  c a n  a lso  b e  u se d  w h e n  n o  te s t v a lu e s at all are  av a ilab le  

as  is  o f te n  th e  c a se .

e x p e r ie n c e  o r  ju d g m e n t, d o c u m e n te d  lo c a l o r re g io n al e x p e rie n c e  

as  w e ll as  p u b lish ed  ta b le s  w ith  ty p ic a l v alu es .

T h e  v a lu e  o f  Xm c an  re liab ly  b e  e stim ate d  b y  th e  a b o v e  m e th o d , 

s in c e  it is  fa irly  in se n sitiv e  to  h e te ro g e n e ity  o r  s c a tte r  aro u n d  th e  

m e an  p ro p e rtie s .

T h e  c o e f f ic ie n t o f  v aria tio n  V x h o w e v e r p o se s  m o re  d if f ic u ltie s  

s in c e  it is  d ire c tly  d e p e n d e n t o n  th e  d if f e re n c e  b e tw e e n  th e  

m in im u m  an d  m ax im u m  v alu e s o f  a and  c . T h e  a b o v e  e q u atio n s  

( 7 )  an d  ( 8 )  im p lic itly  assu m e  th at a and  c  are  3 stan d ard  

d e v ia tio n s  lo w e r o r  h ig h e r, re sp e c tiv e ly  th an  th e  m ean  v alu e  x,„ . 

T h is  m e an s th at a p p ro x im ate ly  1 0 0 %  o f  th e  p o ss ib le  d ata  sh o u ld  

b e  e n c lo se d  b y  th e  ran g e  o f  a  to  c . M e asu re d  v a lu e s  d o  u su ally  

n o t re p re se n t 1 0 0 %  o f  th e  s ta tis tic a lly  p o ss ib le  d ata , b u t o f te n  

o n ly  a b o u t +/ - 2  stan d ard  d e v iatio n s, w h ic h  sh o u ld  b e  ac c o u n te d  

f o r.

T a b le  1 p re se n ts  ty p ic a l v a lu e s  f o r  th e  c o e f f ic ie n t o f  v ariatio n  

V x. T h e y  a re  g e n e ra lly  v alid  and  th e ir m ag n itu d e s h av e  b e e n  

c o n f irm e d  b y  m an y  re s e a rc h e rs  w o rld w id e , ( e .g . R e th a ti , 1 9 8 8 ; 

L u m b , 1 9 7 4 ) .

I t  h as b e e n  fo u n d  o n  a w o rld w id e  d ata  b as is  th at 

V „  is  ap p ro x im a te ly  c o n s ta n t f o r  a  c e rta in  so il p ro p e rty

P ro p o se d  re la tio n sh ip  f o r  th e  d e te rm in atio n  o f  x t  ______ ^  T h e r e f o re  w e  a lw ay s h av e  v e ry  v alu ab le  p rio r

in fo rm atio n  av a ilab le  f o r  e stim atin g  th e  c h a ra c te ris tic  

so il p ro p e rtie s , e v e n  in th e  a b se n c e  o f  any  te s t v alu es. 

( 6 )  Su c h  a  p rio ri v a lu e s  are  p re se n te d  in T a b le  1.
V x

Xk =  Xm • I 1 -  —

T h e  e q u a tio n  m e an s , th a t h a l f  o f  a stan d ard  d e v iatio n  n e e d s  to  b e  

d e d u c te d  f ro m  th e  m e an  v a lu e  Xm to  o b ta in  th e  c h a ra c te ris tic  

v a lu e  Xk. A s  w ill b e  se e n  in c h a p te r 4 .2 .a ) , it is  ad v an tag e o u s  to  

w rite  th e  e q u a tio n  in te rm s  o f  V x an d  n o t w ith  S x.

T h is  e q u a tio n  h as b e e n  p ro p o se d  in Sw itz e rlan d  6  y e a rs  a g o  

( Sc h n e id e r  1 9 9 0 ) .  Its  u se  in p rac tic a l ap p lic a tio n s  h as p ro v e n  its  

s im p lic ity  an d  m o re  im p o rtan t, c lo s e  c o rre la tio n  w ith  v a lu e s 

e s tim a te d  b y  e x p e rie n c e d  g e o te c h n ic a l  e n g in e e rs.

E q u a tio n  ( 6 )  c a n  e as ily  b e  ap p lied  e .g . to  sc a tte re d  d a ta  as  a 

f u n c tio n  o f  d e p th , s in c e  h a l f  o f  a  stan d ard  d e v iatio n  c an  e ith e r b e  

d e te rm in e d  v isu ally  o r  b y  m e an s o f  sta tis tic a l re g re ss io n  an aly se s .

Table 1

So il Pro p erty R an g e o f  

ty p ical v alu es o f  V x

Reco m m end ed  

av erag e v alu es V„

D en sities 0 . 0 1  - 0 . 1 0 0

A ng le o f  in ternal Fric tio n 0 .0 5 - 0 .1 5 0 . 1

C o hesio n 0 .3  - 0 .5 0 .4

C o m p ressib ility  m o d ulus 0 . 2 - 0 . 7 0 .4

4 .3  D e t e r m i n a t i o n  o f  t h e  v a l u e s  x m a n d  V x

A s se e n  b y  in sp e c tio n  o f  th e  p ro p o se d  e q u atio n  ( 6 ) , o n ly  th e  tw o  

so il p a ra m e te rs  x m and  V x a re  re q u ire d  f o r  th e  a sse ssm e n t o f  th e  

c h a ra c te r is tic  v a lu e  x t

In  th e  f o llo w in g , 3 p o ss ib ilitie s  are  p re se n te d  to  d e te rm in e  th e  

re q u ire d  v a lu e s  Xm an d  V x:

• N o  te s t v a lu e s  av ailab le

• N u m e ric a l te s t v a lu e s  av a ilab le  ( e .g . se v e ra l an g le s  o f  

in te rn al f r ic tio n  (J>)

• C o m b in a tio n  o f  th e  te s t v a lu e s  +  a p rio ri in fo rm atio n

b )  T e s t  v a l u e s  a v a i l a b l e  w i t h o u t  a  p r i o r i  i n f o r m a t i o n

In  th is  c a s e , th e  2  re q u ire d  v a lu e s  x m and  V „  are  c a lc u la te d  u sin g  

stan d ard  e q u a tio n s  f ro m  s ta tis tic s , as sh o w n  in F ig u re  3.

c )  C o m b i n a t i o n  o f  t e s t  v a l u e s  +  a  p r i o r i  i n f o r m a t i o n

T h e  c o n c e p t o f  B a y e s '  th e o re m  c an  b e  u sed  to  c o m b in e  a p rio ri 

k n o w le d g e  ( e x p e r ie n c e , ju d g m e n t)  w ith  m e asu re d  te s t v alu es. 

T h e  m e th o d  p re se n te d  h e re  h as b e e n  ad ap te d  f ro m  p ro p o s a ls  b y  

T a n g  ( 1 9 7 1 ) .  T h e  ap p lic a tio n  o f  B a y e s '  th e o re m  re su lts  in a 

c o m b in e d  a  p o s te r io r  in fo rm atio n , w h ic h  is ( in  a s ta tis tic a l se n se )  

su p e rio r  to  th e  a  p rio ri as  w e ll as th e  te s t re su lts  alo n e .

a )  N o  t e s t  v a l u e s  a v a i l a b l e  ( n  =  0 )  

a  +  4  ■ b  +  c

Xm a  +  4  • b  +  c

w h e re : a  =  e stim ate d  m in im u m  v alu e

b  =  m o st lik e ly  v alu e  

c  =  e stim ate d  m ax im u m  v alu e

(7)

(8 )

Fig u re  2

T h e  e s tim a tio n  o f  th e  v a lu e s  a, b  and  c  c an  b e  b ase d  o n  p e rso n al
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• E s tim a te d  a  p rio ri v a lu e s : x m]) V xi and  S x| =  x ml • V xl 

A s  d e sc rib e d  in  4 .2 .a )

• T e s t  v a lu e s : x m2, S »2  and  V *2

N um erical p ro ced ure

• C o m b in e d  a  p o ste rio ri  in fo rm atio n : x,„ 3 , S x3 and

B e s t  e s tim a te  o f  th e  tru e  m ean :

=  1 : ju d g m e n t/ e x p e rie n c e  

=  2 : te s t v a lu e s 

=  3 : c o m b in e d  k n o w le d g e

5 E X A M P L E

E x a m p l e  w i t h  v a l u e s  f r o m  v a n e  s h e a r  t e s t s  ( D e n v e r  &  O v e s e n ,  

1 9 9 4 )

T h e  fo l lo w in g  re s u lts  f ro m  5 u n d rain ed  v an e  sh e ar te s ts  ( n = 5 )  o f  

a c la y  till w e re  p re se n te d :

5 0  ; 5 0 ,  6 0 ;  81  and  8 9  kN / m 2

A ll th e  v a lu e s  a re  in th e  in f lu e n c e d  v o lu m e  o f  a strip  f o o tin g  to  

b e  d e s ig n e d  o n  th e  b a s is  o f  th e  c h a ra c te ris tic  u n d rain ed  sh e ar 

stre n g th  cuk. It is  assu m e d  th at th e  v an e  stre n g th  v a lu e s  

c o rre s p o n d  a ls o  to  th e  u n d rain ed  sh e ar stre n g th  ( D e n v e r  &  

O v e s e n , 1 9 9 4 ) .

T h e  e s tim a te d  a  p rio ri in fo rm atio n  is  g iv e n  in  th e  p ap e r as:

x „ i  =  c u rai =  1 0 0  kN / m 2  "I

V xi =  V c u , =  0 .2 5  J  S c u , =  2 5  kN / m 2

a )  D e t e r m i n a t i o n  o f  t h e  c h a r a c t e r i s t i c  u n d r a i n e d  s h e a r  

s t r e n g t h  f r o m  t h e  a  p r i o r i  i n f o r m a t i o n  o n l y  ( s e e  F i g u r e  3 )

c u n  =  8 7 .5  kN / m 2

b )  D e t e r m i n a t i o n  o f  t h e  c h a r a c t e r i s t i c  u n d r a i n e d  s h e a r  

s t r e n g t h  f r o m  t h e  v a n e  t e s t s  o n l y  ( s e e  F i g u r e  3 )

cUm2  =  6 6  kN / m 2 'j

S Cu2  =  1 8 .0 4  kN / m 2 i- c u ti  =  5 7 .1  kN / m 2 

V cu2 =  0 .2 7  J

c )  D e t e r m i n a t i o n  o f  t h e  c h a r a c t e r i s t i c  u n d r a i n e d  s h e a r  

s t r e n g t h  u s i n g  B a y e s ' t h e o r e m  t o  c o m b i n e  t h e  i n f o r m a t i o n  

f o r  o b t a i n i n g  t h e  b e s t  e s t i m a t e  o f  t h e  m e a n  ( s e e  F i g u r e  3 )

cum 3 =  6 8  kN / m 2 "'I

Scu3 =  7 .7  kN / m 2 >  c u u  =  6 4 .3  kN / m 2

V cu3 =  0 . 1 1  J

6  S U M M A R Y  A N D  C O N C L U S IO N S

T h e  c h a ra c te r is tic  v a lu e s  Xk u sed  in to d a y 's  ap p ro ac h  ( g lo b a l 

f a c to r  o f  sa f e ty )  a s  w e ll as  in E C 7  a re  f o r  all p rac tic a l p u rp o se s 

e q u iv a le n t an d  sh o u ld  b e  o f  th e  sam e  m ag n itu d e .

In  to d a y 's  p ra c tic e  x k is s e le c te d  p rim arily  b ase d  o n  e x p e rie n c e  

and  p e rso n a l ju d g m e n t. T h is  is a w e ll-p ro v e n  p ra c tic e  and  c an , o r 

e v e n  sh o u ld , still b e  e m p lo y e d  f o r  E C 7  D if f ic u ltie s  h o w e v e r can  

a rise  as  s o o n  as  te s t v a lu e s are  av a ilab le  in ad d itio n  to  lo c a l 

e x p e rie n c e . T h e  q u e stio n  th e n  is : H o w  c a n  th e y  b e  tre ate d  to  

p ro d u c e  c h a ra c te r is tic  v a lu e s  o r  h o w  c an  th e y  b e  c o m b in e d  w ith  

lo c a l e x p e r ie n c e ?  T h e s e  p ro b le m s m ain ly  arise , b e c a u se  to d ay  th e  

d e s irab le  sa f e ty  ta rg e t is  n o t e x p lic ite ly  fo rm u late d , b u t is  m o re  a 

m a tte r  o f  in tu itio n , e x p e rie n c e , “ f e e lin g “  and  so m e tim e s  e v e n  

e c o n o m y .

E C 7  h o w e v e r d o e s  g o  o n e  ste p  fu rth e r and  p re se n ts  a 

d e f in itio n  o f  x k in q u a lita tiv e  and  e v e n  q u an tita tiv e  te rm s. T h is  

p u ts  th e  p ro p o s e d  sa f e ty  sy s te m  o n  a m o re  ratio n al b as is . X k in 

E C 7  c o n s titu te s  an  e sse n tia l p art o f  th e  sa fe ty  c h a in  g o v e rn in g  

th e  e n tire  d e sig n  p ro c e s s  T h e  c h a ra c te ris tic  v a lu e  x k th e re fo re  is 

th e  fu n d am e n ta l so il p ro p e rly  in E C 7 , f ro m  w h ic h  th e  

c o rre s p o n d in g  d e sig n  v a lu e s x j a re  re ad ily  d e riv e d  b y  m e an s o f  

th e  lis t o f  p artia l f a c to r s  o f  sa f e ty  as  g iv e n  in E C 7 , T a b le  2 . 1.

T h e  s ta tis tic a l  m e an  v a lu e  x m i ts e l f  is n o t u sed  in E C 7 , b u t w ill 

a lw ay s  b e  re p lac e d  b y  th e  c o rre sp o n d in g  c h a ra c te r is tic  v a lu e  Xk.
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