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"OQ=O |oDU@ l =N ẁv w |t}mLDV}@ u=R}t x@
|x} Q_v R= j}kLD u}= QO pmW Q}}eD pwOt |ki= |vwoty=v |UQQ@ Qw_vtx@
u=wD|t OwOLt |=RH= |x} Q_v =@ u; j}irD =@ xm OW xDiQo xQy@ |iO=YD |=[i
|Q@ Q=@ C}iQ_ '|L]U |=yxOwr=W CUWv C=@U=Lt QO |vwoty=v |R=UpOt x@
xU |iO=YD |=[i l} h}YwD |=Q@ "CN=OQB xQ}e w =y|v=wQ}W |Q=O}=B '=yu;
|iQat XN=W |=yQDt=Q=B u=wvax@ u=Uwv T=}kt w Q=}at h=QLv= 'u}ov=}t QDt=Q=B

"OvOW
\UwD xm p=tQv sD} Q=or `} RwD x@ \w@ Qt Cq=mW= |iQat =@ j}kLD u}= QO
`} RwD l} uDiQo Q_v QO =@ R}v w 'CU= xDiQo Q=Qk xO=iDU= OQwt |r@k u}kkLt
"OW xDN=OQB s�=k pmW Q}}eD pwOt |ki= C=Q}}eD |R=UpOt x@ p=tQv jr]tQOk
u=ty �� C=Q}}eD ?} Q[ uOv=tC@=F ZQi =@ R}v QDt=Q=B u}= s�=k C=Q}}eD |R=UpOt
swyit x@ xHwD =@ u; u}ov=}t |xYNWt C=Q}}eD w �� u}ov=}t x@ Tv=} Q=w C@Uv

"CiQo s=Hv= xOW x�=Q= p}O@D jta
QO xr�Ut |=[i QO xOWO=H}= |iO=YD Q}eDt u}@ |oDU@ty |Q=QkQ@ Qw_vtx@
u}= |iQat ut[ "OW xO=iDU= |rLt u}ov=}t |=yxRwL |x} Q_v R= '|ki= |=DU=Q
x@ XNWt u=Uwv T=}kt ZQi =@ R}v w 'u; QO xO=iDU= OQwt C=}[Qi w x} Q_v
u}= R= QDsm pY=wi QO pw@k OQwt |oDU@ty |=Q=O xm OW xDN=OQB |}=yxO=O O}rwD
pwOt |=Q@ xOW|iQat `} RwD w |iO=YD |=[i |x} Q_v |Q}oQ=mx@ =@ "OvDUy T=}kt
Q=DiQ |ak=w ,=D@Uv |R=UpOt x@ u=wD|t p}O@D jta swyit Q@ |vD@t pmW Q}}eD
QO u=Uwv T=}kt QF= uO=Ou=Wv Qw_vtx@ j}kLD u}= QO "CN=OQB |m}v=mtw�S Kr=Yt
hrDNt Kw]U ?=UDL= =@ ptDLt Cq=L 'l =N pmW Q}}eD pwOt |iO=YD `} RwD
xOW x�=Q= |r@k u}kkLt \UwD xJv; =@ Cq=L u}= |xU}=kt "OW O=H}= |oDU@ty
wO Qy QO l =N pmW Q}}eD pwOt |ak=w |R=UpOt C}ty= |=} wo Ov=wD|t CU=

"OW=@ s�=k w |ki= |=DU=Q

u=Uwv T=}kt =@ s�=k |v=UWm pwOt `} RwD |=Q@ ptDLt Cr=L l} "14 pmW
"� = 3

=@ x=wNrO jta QO w |ki= |=DU=Q QO pmW Q}}eD pwOt |oDU@tyOwN "15 pmW
"� = 10 u=Uwv T=}kt

=@ x=wNrO jta QO w |ki= |=DU=Q QO pmW Q}}eD pwOt |oDU@tyOwN "16 pmW
"� = 3 u=Uwv T=}kt

x@ CU= xOt; CUO x@ =HQ@ |=yV}=tR; R= xJv; =@ Q_=vDt w ?U=vt (�) u=Uwv
w QDpt=m C=ar=]t CU= sRq u}=Q@=v@ "CN=OQB hrDNt |=yQDt=Q=B `} RwD |R=UpOt
C@Uv |QDuWwQ O}O u=wD@ =D OQ}o CQwY (�) u=Uwv T=}kt =@ \=@DQ= QO |QD`t=H
Qw_vtx@ ,=iQY j}kLD u}= "O=O x�=Q= hrDNt |=yl =N pmW Q}}eD pwOt C=Q}}eD x@
|iQat w |iO=YD |=[i |x} Q_v ltmx@ |vwoty=v |R=UpOt |xwLv uO=Ou=Wv
u=Uwv T=}kt w Q=}at h=QLv= 'u}ov=}t R= sa= =yu; `} RwD =@ \@DQt |Q=t; |=yQDt=Q=B
C}ty= R�=L 14 w ?13 p=mW= |UQQ@ QO xm |}xDmv "CU= |OOa |R=UpOt QO
"CU= p}O@D jta QO pmW Q}}eD |=ypwOt C=Q}}eD OvwQ QO Q}}eD OUQ|t Q_v x@
OvwQ u; QO xm CU= |R=QD Ztr = 2 m p}O@D jta 'OwW|t xOy=Wt xm u=vJ
s}UQD ?13 pmW QO pmW Q}}eD pwOt l}D=tW C=Q}}eD "OwW|t TmaQ@ Qw@ Rt

"CU= xOW

82

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

u= QO
wO|

twra
u}t

=Qw
|Q=

vJ
|O}

WtH
=[Q CWwv=B

1. local average subdivisions
2. random �eld theory
3. lithological heterogeneity
4. inherent heterogeneity
5. deterministic trend
6. dilatometry test (DMT)
7. ticino sand
8. Onsoy clay
9. autocorrelation function
10. Bartlett distance
11. coe�cient of variation
12. discretization
13. Gauss-Markov covariance
14. random �nite element method (RFEM)

`@=vt
1. Morgenstern, N.R., Performance in Geotechnical Prac-

tice, The inaugural Lumb lecture, Hong Kong Institution
of Engineers, pp. 59 (May 2000).

2. VanMarcke, E.H.. Random Fields: Analysis and Synthe-
sis, M.I.T. Press, Cambridge (1984).

3. Elkateb, T.; Chalaturnyk, R. and Robertson, P.K. \An
overview of soil heterogeneity: Quanti�cation and impli-
cations on geotechnical �eld problems", Can. Geotech.
J., 40, pp. 1-15 (2003).

4. Jaksa, M.B.; Yeong, K.S.; Wong, K.T. and Lee, S.L.
\Horizontal spatial variability of elastic modulus", Proc.
9th Australia New Zealand Conference on Geomechan-
ics, Auckland (2004).

5. Bellotti, R.; Jamiolkowski, M.; Lo Presti, D.F. and
O'Neill, D.A. \Anisotropy of small strain sti�ness in Ti-
cino sand", G�eotechnique, 46(1), pp. 115-131 (1996).

6. Mair, R.J., Centrifugal Modelling of Tunnel Construc-
tion in Soft Clay, PhD thesis, University of Cambridge
(1979).

7. Marchetti, S. \In situ tests by 
at dilatometer", ASCE
Jnl GED, 106(GT3), pp. 299-321 (1980).

8. Hardin, B.O. and Blandford, G.E. \Elasticity of partic-
ulate materials", JGE Div. ASCE, 115(6), pp.788-805
(1989).

9. Lacasse, S., In Situ Site Investigation Techniques and In-
terpretation for O�shore Practice, Norwegian Geotech-
nical Inst., Report 40019-28 (Sept. 1986).

10. Skempton, A.W. and Henkel, D.J. \Tests on London clay
from deep borings at paddington, victoriaand the South
Bank", Proc. 4th Znt. Conf. Soil Me&, London, 1, pp.
100-106 (1957).

11. Iwasaki, K.; Tsuchiya, H.; Sakai, Y. and Yamamoto, Y.
\Applicability of the marchetti dilatometer test to soft
ground in Japan", Proc. GEOCOAST 091, Yokohama,
1/6 (Sept. 1991).

12. Ortigao, J.A.R.; Cunha, R.P. and Alves, L.S. \In situ
tests in Brasulia porous clay", Can. Geotech. J., 33, pp.
189-198 (1996).

13. Bowels J.E., Foundation Analysis and Design, Fifth Edi-
tion, McGraw-Hill, p. 292 (1996).

14. Brockwell, P.J. and Davis, R.A. Time Series: Theory and
Methods, Springer-Verlag, New York (1987).

15. Box, G.E.P. and Jenkins, G.M., Time Series Analy-
sis: Forecasting and Control, Holden-Day, San Fransisco
(1970).

16. VanMarcke, E.H. \Probabilistic modeling of soil pro-
�les", Journal of Geotechnical Engineering Division,
ASCE, New York, 103(11), pp. 1227-1246 (1977).

17. Jaksa, M.B.; Brooker, P.I. and Kaggwa, W.S. \Inaccu-
racies associated with estimating random measurement
errors", Journal of Geotechnical and Geoenvironmen-
tal Engineering, ASCE, New York, 123(5), pp. 393-401
(1997).

18. Jaksa, M.B.; Kaggwa, W.S. and Brooker, P.I. \Exper-
imental evaluation of the scale of 
uctuation of a sti�
clay", Proc. 8th Int. Conf. on the Application of Statis-
tics and Probability, Melchers, R.E.; Stewart, M.G.; Syd-
ney, A.A.; Balkema, Rotterdam (eds.), (Publ. 2000), 1,
pp. 415-422 (1999).

19. Baecher, G.B. and Ingra, T.S. \Stochastic FEM in set-
tlement predictions", Journal of the Geotechnical Engi-
neering Division, ASCE, 107(GT4), pp. 449-463 (1981).

20. Zeitoun, D.G. and Baker, R. \A stochastic approach
for settlement predictions of shallow foundations",
G�eotechnique, 42(4), pp. 617-629 (1992).

21. Paice, G.M.; Gri�ths, D.V. and Fenton, G.A., In
uence
of Spatially Random Soil Sti�ness on Foundation Set-
tlement, In Proceedings of the Conference on Vertical
and Horizontal Deformation of Foundations and Em-
bankments, Part 1 (of 2), College Station, Tex. pp. 628-
639 (1994).

22. Fenton, G.A. and Gri�ths, D.V. \Probabilistic foun-
dation settlement on a spatially random soil", ASCE,
J.Geotech. & Geoenv. Engrg., 128(5), pp. 381-390
(2002).

23. Sivakugan, N. and Johnson, K. \Settlement predic-
tions in granular soils: A probabilistic approach",
G�eotechnique, 54, pp. 499-502 (2004).

24. Fenton G.A. and Gri�ths D.V. \Three-dimensional
probabilistic foundation settlement", J. Geotech. Geoen-
viron. Eng., 131, pp. 232-239 (2005).

25. Jimenez R. and Sitar N. \The importance of distribu-
tion types on �nite element analyses of foundation set-
tlement", Computers and Geotechnics, 36, pp. 474-483
(2009).

26. Fenton, G.A. and Vanmarcke, E.H. \Simulation of ran-
dom �elds via local average subdivision", J. Engrg.
Mech., 116(8), pp. 1733-1749 (1990).

27. Phoon, K.K. and Kulhawy, F.H. \Characterization of
geotechnical variability", Canadian Geotechnical Jour-
nal, 36(4), pp. 612-624 (1999).

83
www.SID.ir

www.SID.ir

