
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


3 0 / 4

R e l i a b i l i t y  b a s e d  p a r t i a l  c o e f f i c i e n t s  -  A  s i m p l i f i e d  a p p r o a c h  

C o e f f i c i e n t s  p a r t i e l s  b a s é s  s u r  l a  c o n f i a b i l i t é  -  U n e  a p p r o c h e  s i m p l i f i é e

L . O L S S O N ,  T y r é n s ,  S u n d b y b e r g ,  S w e d e n  

B . B E R G G R E N ,  S w e d i s h  G e o t e c h n i c a l  I n s t i t u t e ,  L i n k ö p i n g ,  S w e d e n  

P . - E . B E N G T S S O N ,  S w e d i s h  G e o t e c h n i c a l  I n s t i t u t e ,  L i n k ö p i n g ,  S w e d e n  

H . S T I L L E ,  R o y a l  I n s t i t u t e  o f  T e c h n o l o g y ,  S t o c k h o l m ,  S w e d e n

S Y N O P S I S :  U n d e r  the n e w  S w e d is h  B u ild in g  C o d e  s a fe ty  c h e c k in g  sh o u ld  p re fe ra b ly  b e  d o n e  in a p artia l c o e ff ic ie n t  fo rm at.
In g e o te c h n ic a l and  fo u n d a tio n  e n g in ee r in g  the im p lem en tatio n  o f  the n e w  c o d e  is  m o re  c o m p lic a te d  than in stru ctu ral e n g i­

n eerin g . In  th is p a p e r  the p ro b le m s a re  o u tlin ed  and a m eth o d  su g g este d  b y  w h ic h  the p a rtia l c o e ff ic ie n t  m eth o d  can  b e  a p p lied  
in a s im p le  y e t  s trin g en t m anner. In the m eth o d  the p a rtia l c o e ffic ie n ts  are ca lc u la te d  fo r  a req u ired  sa fe ty  in d ex  B u sin g  e m p ir i­

c a l v a lu e s  fo r  th e  s e n s itiv ity  fa c to rs  a  an d th e  c o e ff ic ie n t  o f  v a r ia tio n  o f  the so il resistan ce . T h e  c o e ff ic ie n t  o f  v a r ia tio n  is  c a lc u ­
lated  u s in g  a s im p le  B a y e s ia n  s to ch a stic  m o d e l w h ic h  ta k es sp a tia l co rre la tio n  p ro p erties  into  a cco u n t.

1 I N T R O D U C T I O N

In S w e d e n  th e  cu rren t B u ild in g  C o d e  is  b e in g  re v is e d  in to  a 
p a rtia l c o e ff ic ie n t  fo rm a t. F o r  stru ctu ra l e n g in e e r in g  th is  h as 
b e e n  im p le m e n te d , b u t fo r  fo u n d a tio n s  the p ro b le m s  h a v e  

b e e n  greater. T h is  c o m e s  fro m  the fa c t  that e a c h  s ite  is in d i­
v id u a l, so  that th e  “ ch a ra cte r istic  v a lu e ”  m u st b e  d eterm in ed  
fro m  th e  s o il  in v e s tig a tio n  data. A n o th e r  p ro b le m  h a s b e e n  
the c h o ic e  o f  m a g n itu d e  o f  the p artia l c o e ffic ie n ts .

T h e  v e r if ic a t io n  ca n  b e  d o n e  in o n e  o f  tw o  w a y s  a c c o r d in g  to 

th e  c o d e :
U s in g  the p a rtia l c o e ff ic ie n t  m e th o d  or 
U s in g  a w e l l  d o cu m e n te d  s ta tis tica l m eth o d .

T h e  p a rtia l c o e ff ic ie n t  m e th o d  is the stan d ard  m eth o d  b u t the 

p u rp o se  o f  u s in g  it is  o f  co u rse  to  fu lf il l  the req u irem en ts  
stated  in  term s o f  the s a fe ty  in d e x  B in  o rd e r  to  g e t  c o n s tru c ­

tion s w ith  a c o n sisten t re lia b ility .

T h e  s a fe ty  c h e c k in g  fo rm a t o f  the p a rtia l c o e ff ic ie n t  m eth o d  

is  the stan d ard  on e:
F o r  th e  lim it  state s h o w  that the d im e n s io n in g  lo a d  e f fe c t  S d 
is  le ss  than th e  d im e n sio n in g  res is ta n ce  R d 

S d an d R d are  c a lc u la te d  u s in g  a ch a ra cte r istic  v a lu e  F k an d f t 
r e s p e c t iv e ly  w h ic h  a re  m u ltip lie d  (lo a d s) o r  d iv id e d  (re s is ­
ta n ces) b y  a p a rtia l c o e ff ic ie n t  y.

F o r  s tru ctu res  m a te ria l p ro p e rties  and p a rtia l c o e ff ic ie n ts  ca n  

b e  ta k en  fro m  ta b les , but in  g e o te c h n ic a l w o rk  the p ro b le m s  

are  greater:
T h e  ch a ra cte r istic  v a lu e  m u st b e  d eterm in ed  fro m  test data 

fro m  c a se  to  case .
F o r  p ra c tic a l w o rk  the a m o u n t o f  s ta tis tica l co m p u ta tio n s  

m u st b e  restr icted , w h ic h  im p lie s  that the ch a ra cte r is tic  v a lu e  
sh o u ld  b e  ta k e n  as the m e a n  w h ic h  m o st u sers w o u ld  u n d er­

stan d and fe e l c o m fo rta b le  w ith . U s in g  a p erc e n tile  w o u ld  

req u ire  th e  u se rs  to  co m p u te  a ls o  the v a r ia n ce  fro m  a re ­

stric ted  set o f  data.
T h e  p e n a lty  fo r  u s in g  a s im p le  ch a ra cte r is tic  v a lu e  c o m e s  in 

the c h o ic e  o f  p artia l c o e ffic ie n ts . U s in g  a sm a ll p e rc e n tile  as

ch a ra cte r is tic  v a lu e , the th e o re tic a lly  c o rrect  p artia l c o e f f i ­
c ie n t d o e s  n o t d iffe r  v e r y  m u ch  an d can  fo r  p ra ctica l u se  b e 

tak en  as a c o n sta n t v a lu e .
W ith  the m e a n  a s  a ch a ra cte r is tic  v a lu e , the p a rtia l c o e f f i ­
c ien ts  w i l l  v a r y  w ith  the p ro b le m  an d m u st thus b e c a lc u la te d  
fro m  c a s e  to  ca se .
O n e  o f  the im p o rta n t p aram eters  th at d eterm in e  the v a lu e  o f  
the p artia l c o e ffic ie n ts  is the v a r ia n ce  o f  the so il p ro p erties . 
T h e  p ro b le m  is thus tw o fo ld , a s im p le  m eth o d  to c a lc u la te  

the c o e ff ic ie n ts  is n eed ed  as w e ll  as a  su ita b le  s to c h a stic  so il 

m o d e l fo r  c a lc u la tin g  the v a r ia n ce s .

2  C A L C U L A T I O N  O F  P A R T I A L  C O E F F I C I E N T S

It is p o s s ib le  to  c a lc u la te  “ e x a c t”  p artia l c o e ff ic ie n ts  w h ic h  
g iv e s  a d e s ig n  w ith  the p re scrib e d  s a fe ty  in d e x  B u s in g  the 
re la tio n sh ip  (see  fo r  in stan ce  T h o ft-C h r is te n se n  &  B a k e r , 

19 8 2 )

Y ,=  x w / ( n , + a , p  a , )  ( i )

7 , = the i:th  p artia l c o e ff ic ie n t  o f  s a fe ty  

x M =  the i:th  ch a ra cte r istic  v a lu e  

a ,  =  the i:th  s e n s it iv ity  fa c to r  

p =  the req u ired  s a fe ty  in d ex

a , =  th e  stan dard  d e v ia tio n  o f  the i:th s to ch a stic  v a r ia b le

T h e  p ro b le m  is h o w e v e r , that e v e n  g iv e n  the s ta tis tica l p a ra ­
m eters , the s e n s it iv ity  fa c to rs  a  m u st b e  c a lc u la te d . T h e s e  
s e n s itiv ity  fa c to rs  co n ta in  p artial d e r iv a tiv e s  o f  th e  lim it 
fu n ctio n  an d the b e st m eth o d  to c a lc u la te  th em  is the B- 

m eth o d .
T h is  m ean s that in tro d u c in g  the p artia l c o e ff ic ie n t  m eth o d  

p o se s  a d ile m m a : e ith er  the p artia l c o e ff ic ie n ts  h a v e  to  b e  
ch o s e n  on  a s u b je c tiv e  b a sis  fo llo w in g  to d a y 's  p ra x is  o r  the 

p artia l c o e ff ic ie n t  m e th o d  sh o u ld  b e  rep la ce d  b y  the m o re  
c o m p le x  B -m eth o d .
T h e  firs t m eth o d , to a d ju st the p a rtia l c o e ffic ie n ts  to  c o n fo rm
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to  to d a y 's  to ta l s a fe ty  fa c to r, ju s t  trades a  k n o w n  s y ste m  fo r  

an  u n k n o w n , so m e th in g  w h ic h  c a n  g iv e  rise  to  serio u s  m is ­

ta k es . T h e  m e th o d  d o e s  n o t ta k e  a d v a n ta g e  o f  th e  sta tis tica l 
m e th o d  e .g  g iv in g  co n stru ctio n s  w ith  a k n o w n  an d b a la n c e d  

re lia b ility .
T o  a v o id  the d ile m m a , th e  u se  o f  e m p ir ica l s e n s itiv ity  fa c to rs  
h a s b e e n  su g g este d . O n e  m e th o d  o f  d e te rm in in g  su ch  fa c to rs  
is  d e scr ib e d  b y  T h o ft-C h r iste n se n  &  B a k e r  (19 8 2 ). In  this 

m e th o d , the v a r ia b le s  are  ran ked  an d  then the s e n s itiv ity  
fa c to rs  are  c a lc u la te d  a c c o rd in g  to  th at ran kin g: 

a =  0.8 ( VT- V T i) fo r  res is tin g  v a r ia b le s  an d 
a. = 0.7 ( VT VTI) fo r  lo a d  v a r ia b le s  

w ith  i b e in g  the ran k  o f  the v a r ia b le .

T h e s e  v a lu e s  h a v e  b e e n  c o m p a re d  b y  O ls s o n , R eh n m a n  &  

S t i lle  ( 1 9 8 5 )  to  e x a c t  v a lu e s  c a lc u la te d  u s in g  the fl-m eth o d  
w ith  th e  ch a ra cte r istic  v a lu e  ta k e n  as th e  m e a n . T h is  c o m ­

p a riso n  s h o w s  th at the p a rtia l c o e ffic ie n ts  fo r  res is ta n ce  v a r i­
a b le s  so m e tim e s  a re  v e r y  m u ch  o n  th e  u n sa fe  s id e. O n e  rea ­

son  fo r  th is  m ig h t b e  th e  c h o ic e  o f  ch a ra cte r istic  v a lu e .

2 .1  S u g g e s te d  e m p ir ica l s e n s itiv ity  fa cto rs

T h e  au th ors s u g g e s t  that, w ith  a ch a ra cte r istic  v a lu e  e q u a l to  

the m e a n , the fo llo w in g  a p p ro a ch  m ig h t b e  u sed :
T h e  v a r ia b le s  are  ran ked  in o rd e r  o f  d e sce n d in g  c o e ffic ie n ts  
o f  v a r ia tio n  (stan d ard  d e v ia tio n  d iv id e d  b y  th e  m ean ). T h e n , 
o b s e rv in g  th at the sq u a red  su m  o f  th e  s e n s it iv ity  fa c to rs  is 

a lw a y s  e q u a l to  o n e, the fo llo w in g  s e n s it iv ity  fa c to rs  are  
a ss ig n ed :

(a, )2 = 0.9 

(a2)2= 0.9 (1-0.9)

(a3)2 = 0.9 (1-0.9-0.09)

an d so  o n  a c c o rd in g  to the p rin cip le  that in  e a c h  step  9 0 %  o f  

the rem a in d er o f  the to ta l su m  o f  o n e  is a ss ig n e d  to  the s e n s i­
t iv ity  fa cto r.

I f  tw o  v a r ia b le s  a re  e q u a lly  ran ked  the a v a ila b le  p art o f  ( a )2 
is d iv id e d  e q u a lly  b e tw e e n  them .

F o r  res is ta n ce  v a r ia b le s  a  is n e g a tiv e  an d fo r  lo a d  v a r ia b le s  
a  is p o s it iv e .
F o r so m e  e x a m p le s  o f  ty p ic a l fo u n d a tio n  p ro b le m s  p artia l 
c o e ff ic ie n ts  c a lc u la te d  u s in g  th ese  s e n s itiv ity  fa c to rs  h a v e  
b e e n  c o m p a re d  to  e x a c t  v a lu e s  and a g o o d  a g ree m e n t h a s 
b e e n  fo u n d . H o w e v e r , u n til m o re  e x a m p le s  h a v e  b e e n  
c h e c k e d  it is  su g g e ste d  that a c o n s e r v a tiv e  1 0 %  b e  a d d ed  to 

the s e n s itiv ity  fa c to rs . A ls o , it sh o u ld  b e  o b se rv e d  th at there  
m ig h t b e  c a se s  w h e re  the s im p le  s y ste m  o f  ra n k in g  a c c o rd in g  
to  c o e ff ic ie n t  o f  v a r ia tio n  is n o t a p p lica b le .
It se em s, h o w e v e r , that the m eth o d  o f  u s in g  e m p ir ica l s e n s i­

t iv ity  fa c to rs  in  c a lc u la t in g  p a rtia l c o e ff ic ie n ts  o f  s a fe ty  is  a 
m o st p ro m is in g  w a y  o u t o f  the d ile m m a  o f  the n o n -co n sta n t 

p a rtia l c o e ff ic ie n ts  ca u se d  b y  the c h o ic e  o f  ch a ra cte r istic  
v a lu e .

2 .2  S to c h a s tic  s o il  m o d e l

In b o th  the B -m eth o d  an d in the p a rtia l c o e ff ic ie n t  m eth o d  
the s o il  p aram eters  sh o u ld  b e  s to ch a stic  v a r ia b le s . T h is  
m ea n s  that a s to c h a stic  s o il m o d e l is  n e e d e d  w h ic h  is s im p le

to  u se  an d  u n d erstan d , a n d  at th e  sa m e  tim e  c a p a b le  o f  the 
fo llo w in g :

•  rep resen tin g  the sp a tia l v a r ia tio n s  o f  the so il
•  b e in g  a b le  o f  c o m b in in g  lo c a l  e x p e r ie n c e  w ith  “ h a rd ”  

data
•  ta k in g  the s m a ll sa m p le  u n ce rta in ty  (s ta tis tica l u n c e r­

ta in ty) in to  a cco u n t.

T h e  e m p h a sis  sh o u ld  b e  m a d e  o n  s im p lic ity  as m o st e n g i­
n eers  d o  n o t h a v e  a b a ck g ro u n d  in s ta tistics . T h e  m o d e l 

sh o u ld  i f  p o s s ib le  b e  so s im p le  as to  a llo w  a  “ c o o k - b o o k ”  
use.

In c h o o s in g  a m o d e l the fo llo w in g  co n s id e ra tio n s  sh o u ld  be 
m ad e:

-T h e  s o il is  e la s to -p la s tic  so  that a ll so il e le m e n t co n trib u te  
at fa ilu re

-T h e  s o il  h a s  an  in h eren t p h y s ic a l v a r ia tio n . T h e  e f fe c t  o f  
this can  b e  red u ced  b y  p h y s ic a l a v e r a g in g  

-T h e  m e a n  o f  the s o il p a ra m eters  is m o d e lle d  as a s to ch a stic  
v a r ia b le . T h is  is  n o t a  p h y s ic a l p ro p e rty  b u t is c a u se d  b y  o u r 
la c k  o f  in fo rm a tio n  and ca n  b e  red u ced  b y  m o re  s a m p lin g  

-T h e  s o il  is  m o d e lle d  as c o n s is tin g  o f  strata  w ith  n o  tren d  in 
e a c h  stratum .

O n e  m o d e l that co n s id e rs  the a b o v e  p o in ts  is  s u g g e s te d  b y  
R a c k w itz  an d  P e in tin g e r  (1 9 8 1 ) .
In th is  m o d e l th e  s o il  p ro p e rties  are  d e scr ib e d  a s  c o n s is tin g  

o f  tw o  su p erim p o sed  p arts, a  re g io n a l m e a n  (“ G e o lo -  
g ie s tre u u n g ” ) an d  a sp a tia l v a r ia tio n  (“ B a u ste lle s tre u u n g ” ) 

a ro u n d  th is  m e a n , se e  fig u re  1 .

T(zi Ti _____ TjU)

z z

F ig u re  1. T h e  parts o f  the s to c h a stic  s o il  m o d e l

A s  w a s  m e n tio n e d  e arlier, the v a r ia n ce  is o f  g re a t im p o r­
tan ce. In the s u g g e s te d  m o d e l the v a r ia n c e  co n s is ts  o f  tw o  
p arts, o n e  ca u se d  b y  la c k  o f  co m p le te  k n o w le d g e  an d on e 
c a u se d  b y  the p h y s ic a l stru ctu re o f  the so il.
A  co m p le te  d e te rm in istic  d e scr ip tio n  o f  the p h y s ic a l v a r i­
a tio n  ca n  n o t b e  o b ta in e d  b u t the v a r ia tio n  can  b e  d e scr ib e d  

s ta tis tica lly .

In the m o d e l, the v a r ia tio n  rou n d  the m ea n  is  c o n s id e re d  to 

b e  k n o w n  a s  reg ard s its m a g n itu d e  as w e ll  as its s ta tis tica l 
“ la w  o f  v a r ia t io n ”  i .e  its co rre la tio n  stru ctu re.

T h is  is  b e c a u s e  a d eterm in a tio n  o f  this c o rre la tio n  stru ctu re 
fro m  c a s e  to  c a se  w o u ld  req u ire  a v e r y  g re a t n u m b er o f  

sa m p les  and  rath er c o m p lic a te d  s ta tis tica l c a lc u la tio n s . T h e  
au th ors s u g g e s t  that fo r  p ra c tic a l w o rk  co rre la tio n  d ata  b e 

g iv e n  in  the C o d e .

A n  im p o rta n t e ffe c t  is that o f  p h y s ic a l a v e r a g in g  e .g  in  a slip  

su rfa ce . I f  the so il is  e la s to -p la s tic  the sp a tia l m e a n  o f  the 

sh ea r  stren gth  sh o u ld  b e  u sed  in  c a lc u la tio n s . T h e  v a r ia n c e  o f
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a sp a tia l m e a n  is  sm a lle r  than the p o in t v a r ia n ce , s e e  fo r  in ­
sta n ce  V a n m a rck e  ( 1 9 7 7 ) .
D iffe r e n t  m e th o d s  e x is t  fo r  c a lc u la tin g  the v a r ia n ce  re d u c ­

tion . A s  a g e n e ra l m eth o d  the a u th ors s u g g e s t  the u se  o f  
n u m e r ica l in teg ratio n . In  th is  the v a r ia n ce  red u ctio n  is  c a l­
cu la te d  as the m e a n  o f  the c o rre la tio n  b e tw e e n  a ll p o in ts  on  

the s u rfa c e . In  p ra c tic a l u se  M o n te C a r lo  te ch n iq u e s  are  
a p p lie d  w ith  a  ran d o m  sa m p lin g  o f  a n u m b er  o f  p o in ts  in  the 
o rd er o f  100. A ls o  n o m o g ra m s ca n  b e  d e s ig n e d  w h ic h  g iv e  

the v a r ia n ce  red u ctio n  as a fu n c tio n  o f  so m e  ch a ra cte r istic  
m ea su re  o f  the co n stru ctio n  and th e  c o rre la tio n  d is ta n ce  b  , 
se e  f ig u re  2.

4 T h e  p re d ic tio n  fu n c tio n  fo r  the sp a tia l m e a n  Y ( A )  w il l  b e

N o rm a l w ith  m o m en ts
E x p e c te d  v a lu e : E [ Y ( A ) ]  =  m "

V a ria n ce : V a r  [ Y ( A ) ]  = (o "  )2+  (1/ c) o 2
w h e re  1/c =  th e  v a r ia n ce  red u ctio n  fa c to r, see  O ls s o n  (19 8 6 ).

A  s e n s it iv ity  a n a ly s is  sh o w s  that this u p d a tin g  p ro ce ss  is 

rath er in s e n s itiv e  to  th e  p rio r  k n o w le d g e  as so o n  a s  the n u m ­

b e r  o f  sa m p les  is  r e a so n a b ly  la rg e . T h is  is sh o w n  fo r  e x ­

p e c te d  v a lu e  E [ Y ( A ) ]  in  fig u re  3a and fo r  the v a r ia n ce  

V a r [ Y ( A ) ]  in  fig u re  3b. T h e  stren gth  o f  th e  p rio r  in fo rm a tio n  

is g iv e n  b y  the ratio  o 7  a, so th at a stro n g  p rio r  g iv e s  a sm a ll 
v a lu e  o f  this ratio . In the fig u re s  3 a  an d 3 b  on e ca n  a ls o  see 

th at o n c e  a certa in  n u m b er o f  s a m p les  has b e e n  tak en , fu rth er 

sa m p les  w i l l  n o t ad d  m u ch  in fo rm a tio n . T h is  n u m b er o f  

s a m p les  is  g re a te r  fo r  the v a r ia n ce  than fo r  the m ean . It m ust 

b e  o b s e rv e d , that th is  f ig u re s  ju s t  illu stra te  th e  e ffe c t  o f  the 

sa m p le  n u m b er o n  the s ta tis tica l u p d a tin g  o f  a  h o m o g e n e o u s  

so il  layer. N o  reg a rd  h as b e e n  tak en  to o th er  p u rp o se s  o f  the 

so il  in v e stig a tio n  p ro gram .

Variance reduction function
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F ig u re  2 . V a r ia n ce  red u ctio n  fu n c tio n  fo r  the s lip  su rfa ce  
sh o w n

In o rd e r  to  b e  a b le  to  in co rp o ra te  the e x p e r ie n c e  o f  th e  e n g i­
n e e r  th e  au th o rs a d v o c a te  the u se  o f  B a y e s ia n  s ta tis tics  in 
w h ic h  p ro b a b ility  is  a s u b je c t iv e  d e g re e  o f  b e l ie f  an d  c a n  b e  
u p d a ted  w h e n  m o re  in fo rm a tio n  is  a v a ila b le . F o r  d e ta ils  se e

e .g  A n g  & T a n g  ( 1 9 7 5 ) .
In s o il  m e ch a n ic s  th e  n u m b e r  o f  sa m p les  u s u a lly  is  sm a ll. T o  

c o p e  w ith  th is  th e  so  c a lle d  p re d ic t iv e  (o r  B a y e s ia n  ) d is tr i­
b u tio n  o f  th e  s o il  p ro p e rty  can  b e  u sed , se e  B e n ja m in  an d 

C o rn e ll  (19 7 0 ).

T h e  fo llo w in g  p ro ce d u re  is  p ro p o sed :

1 D e s c r ib e  the p r io r  k n o w le d g e  o f  the m ea n  (J. as N o rm a l 
d istrib u ted  N (m  , o ')

2  T a k e  sa m p les  and c a lc u la te  th eir  m ea n  x

3 U p d a te  fro m  o '  to  a" an d  fro m  m ' to m " u s in g  the s o ­
lu tio n  g iv e n  b y  B e n ja m in  an d  C o rn e ll  (1 9 7 0 )

l/ (o ")= = l/ ( a 7  +11/(0,)* (2 )

m" = [(1/ 0 7  m ' + (11/(0 ,)’ X  ]/ [(1/ 0 7 +  (n/(o7 ] (3)

w h e re  m ' an d  s '  are the p rio r  m e a n  an d stan d ard  d e v ia tio n  o f  

the m ea n  |i
m "  a n d  a ” are  the p o ster io r  (u p d a ted ) m ea n  a n d  stan dard  

d e v ia tio n  o f  th e  m e a n  n
a, is th e  stan d ard  d e v ia tio n  o f  the data  g e n e ra tin g  p ro ce ss  

( w h ic h  is  c o n s id e re d  to  b e  k n o w n  in  the m o d e l)  

x  is  the sa m p le  m ean  
n  is  the n u m b er  o f  sam p les.

3
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3 a .  E x p e c t e d  v a l u e

3 b .  V a r i a n c e

F ig u re  3 .E ffe c t  o f  p rio r  in fo rm a tio n  on  u p d a ted  sta tis tica l 

p aram eters  o f  the sp a tia l m ean  Y ( A ) ,  a fter  O ls s o n  (19 8 6 ).

V a r [ Y ( A ) ] / c y 22

2 -

1 / c « 1

n u m b e r  o f  s a m p le s
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T h e  m o d e l u se d  h a s  s e v e ra l restr ictio n s , fo r  in sta n ce  th a t th e  

c o rre la tio n  stru ctu re  (c o rre la tio n  d ista n ce  an d  a 2) m u st b e  

k n o w n  in  b e fo re h a n d  fo r  th e  ty p e  o f  s o il.  T h e  m e a n  m u st b e  
c o n sta n t w ith  n o  trend a n d  the sa m p les  m u st b e  u n co rre - 

la ted . T h is  m e a n s  th at the lo c a tio n  o f  the s a m p les  d o e s  n o t 

in flu e n c e  the r e s u lt ,w h ic h  is  a  rea l d ra w b a c k . T h e s e  re s tr ic ­

tio n s , h o w e v e r , a re  a co n s e q u e n c e  o f  m a k in g  the m o d e l 

s im p le  to  u se. It c a n  th erefo re  b e  v ie w e d  as a  fir s t  step  into  

a s ta tis tica l a p p ro a ch  fo r  the p ra c tic in g  s o il  e n g in e e rs .

In a c o d e  th e  s o il m o d e l a n d  the m e th o d  o f  c a lc u la t in g  the 

p a rtia l c o e ff ic ie n t  m ig h t b e  u se d  as fo llo w s :

a. A c h ie v e  c o rre la tio n  data  fro m  th e  C o d e  a n d  p o s s ib ly  a ls o  

a c c e p te d  p rio r  p aram eters  rep resen tin g  a c e rta in  in fo rm a tio n  

le v e l.

b . T a k e  sa m p les  an d u p d ate

c . C a lc u la te  th e  v a r ia n ce  red u ctio n

d. C a lc u la te  v a r ia n ce s  and c o e ff ic ie n ts  o f  v a r ia tio n

e. R a n k  the v a r ia b le s , c a lc u la te  th e  <x:s an d  the p a rtia l c o e f ­
fic ie n ts

f. M a k e  the d e s ig n

T h e  p ro ce d u re  is illu stra ted  in  fig u re  4

FUTURE CODE :

b;
ï  = X I L  

n

DipHi

S U M M A R Y

A  m e th o d  is  s u g g e s te d  that m a y  b e  u se d  in  p ra c tic a l a p p lic a ­

tio n  o f  s ta tis tica l m e th o d s  to  g e t  a s trin g en t s y s te m  o f  p a rtia l 
c o e ff ic ie n ts  o f  safety .
T h e  m e th o d  co n ta in s  tw o  m a in  fea tu res:

A  sy ste m  fo r  c a lc u la t in g  the p a rtia l c o e ffic ie n ts  w h e n  the 

c o e ff ic ie n ts  o f  v a r ia tio n  are  k n o w n  
A  s im p le  s to c h a stic  s o il  m o d e l to  c a lc u la te  v a r ia n c e s .

T h e  a im  w h e n  d e v e lo p in g  the m e th o d  h a s b e e n  to  g e t  a 

m e th o d  w h ic h
- g iv e s  d e s ig n s  w ith  the p re sc rib e d  s a fe ty  in d e x  ß

- is  s im p le  b u t strin gen t
- ca n  b e  u sed  as an in tro d u ctio n  to m o re  so p h is tic a te d  m e th ­

o d s.
H o w e v e r  there is s t ill  m u cli w o rk  to  b e  d o n e , e s p e c ia lly  to 
d ete rm in e  su ita b le  v a lu e s  fo r  so il co rre la tio n  stru ctu res  an d 
to  c h e c k  th e  e m p ir ica l s e n s it iv ity  fa c to rs  a g a in st e x a c t  v a l ­
u e s , b e fo r e  the m eth o d  c a n  b e  in tro d u ce d  in to  th e  C o d e .
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F ig u re  4. D e s ig n  p ro ce ss  u s in g  s to c h a stic  s o il m o d e l an d  

p a rtia l c o e ffic ie n ts .
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