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|=yl =N QO|Oqwi |=y`tW syt|=yQDt=Q=B C=Q}}eD?} Q[ QF= '10 pwOH QO
QO OwW|t xOy=Wt "CU= xOW x�=Q= `tW hrDNt |=ypw] x=Qty x@ xOv@UJQ}e
pw] u}ov=}t C=Q}}eD R= QDW}@ Q=}U@ =yC=Q}}eD ?} Q[ QF= u=v}t]= C}r@=k |@=} RQ=
|YNWt Q}O=kt |=Q@ C=Q}}eD u}= '8 pmW j@=]tCW=O xHwD O}=@ um}r 'CU= `tW
xH}Dv |x�=Q= Q}_v 'G}=Dv |m} R}i |HvUu=mt= XwYNQO "CU= C=Q}}eD ?} Q[ R=
CW=O xHwD O}=@ u}}=B =} w q=@ u}ov=}t Q}O=kt uDiQoQ_vQO =} w |ivt u=v}t]= C}r@=k
CQwYx@� `tW |vt}= Q@ QDt=Q=B l} C=Q}}eD OvwQ uO=Ou=Wv |=Q@ QwmPt G}=Dv xm
=yQ}eDt u}ov=}t u}}=B w q=@ Q}O=kt QO =yVwQ |}=Q=m |xU}=kt u=mt= R}v w �|v}a
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um}r 'CU= u=v}t]= C}r@=k C=Q}}eD QO QF-wt |=yQDt=Q=B `tW Ap w D |xOv@UJ
C=Q}}eD ?} Q[ ,=YwYN w l =N x@ \w@ Qt |=yQDt=Q=B xOv@UJQ}e |=yl =N |=Q@
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"OvQ}o Q=Qk xHwD OQwt =yQDt=Q=B Q}=U R= V}@

|Q=t; ^=Lr x@ xOWx�=Q= |oS} w =@ |}xR=U OwHw CU= umtt ,qta w CU= xOW x�=Q=
jO=Y R}v `tW |vt}= Q@ C=Q}}eD QF= |UQQ@ XwYNQO ẁ[wt u}= "OW=@ sm Q=}U@
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"OvyO Q=Qk |vOW |x}L=v QO

|Q}oxH}Dv "5
|=Q@ |vD@ w |Oqwi |=y`tW T=UL |=yQDt=Q=B w u=v}t]= C}r@=k 'Q=DWwv u}= QO
FORM VwQ R}v w |R=Ux}@W VwQ wO \UwD xOv@UJQ}e w xOv@UJ l =N wO

=yCWwv=B
1. �rst order reliability method
2. second order reliability method
3. Monte Carlo simulation
4. importance sampling

�References� `@=vt
1. Afolayan, J.O. and Opeyemi, D.A. \Reliability analysis

of static pile capacity for concrete in cohesive and co-
hesion less soils", Journal of Applied Science, 3(5), pp.
407-411 (2010).

2. Nowak, A.S. and Collins, K.R., Reliability of Structures,
McGraw-Hill (2000).

3. Madsen, H.O., Krenk, S. and Lind, N.C., Methods of
Structural Safety, NJ 07632: Prentice- Hall, Inc., Engle-
wood Cli�s (1986).

4. Rajashekhar, M.R. and Ellingwood, B.R. \A new look at
the response approach for reliability anlysis", Structural
Safety, 12(3), pp. 205-220 (1993).

5. Hasofer, A.M. and Lind, N.C. \Exact and invariant
second-moment code format", Engineering Mechanics,
100(1), pp. 111-121 (1974).

6. Rackwitz, R. and Fiessler, B. \Structural reliability un-
der combined random load sequences", Computer and
Structures, 9(5), pp. 489-494 (1978).

7. Fiessler, B., Neumann, H.J. and Rackwitz, R.
\Quadratic limit states in structural reliability", Engrn.
Mech., 105(4), pp. 661-676 (1979).

8. Breitung, K. \Asymptotic approximations for multinor-
mal integrals", Engrn. Mech., 10(3), pp. 357-366 (1984).

9. Liu, J.S., Monte Carlo Sterategies in Scineti�c Comput-
ing, Department of Statistic, Harvard Univerdity (2001).

10. Tsompanakis, Y., Nikos, D. and Lagaros, M.P., Struc-
tural Design Optimization Considering Uncertainties,
Chapter 21, CRC Press (2008).

11. Alberto, J.P. and Catalina, N.G. \Reliability analysis
of piles in cohesionless soils", In Proceeding of the 11th
Southeast Asian Geotechnical Conference, Singapore, pp.
483-488 (1993).

12. Tang, W.H., Woodford, D.L. and Pelletier, J.H. \Perfor-
mance reliability of o�shore piles", In O�shore Technol-
ogy Conference (Jan. 1990).

13. Lacasse, S. and Nadim, F. \Model uncertainty in pile ax-
ial capacity calculations", In O�shore Technology Con-
ference (Jan. 1996).

14. Fan, H. and Liang, R. \Reliability-based design of axially
loaded drilled shafts using Monte Carlo method", Inter-
national Journal for Numerical and Analytical Methods
in Geomechanics, 37(14), pp. 2223-2238 (2013).

15. Fan, H. and Liang, R. \E�cient reliability evaluation of
axially loaded piles in spatially varying soils using im-
portance sampling", In Geo-Shanghai Conference (May
2014).

16. Bian, X.Y., Reliability Analysis and Design of Pile Foun-
dations for Serviceability Limit State, Huazhong Univer-
sity of Science and Technology, Wuhan, China (2014)
(Chinese).

17. Quek, S.T., Chow, Y.K. and Phoon, K.K. \Further con-
tributions to reliability-based pile-settlement analysis",
Journal of Geotechnical Engineering, 118(5), pp.726-741
(1992).

18. Bian, X.Y., Zheng, J.J. and Xu, Z.J. \Reliability analy-
sis of bearing capacity of foundation piles considering
pile foundation design approach", Chinese Journal of
Geotechnical Engineering, 35(2), pp.1099-1102 (2013).

19. Bian, X.Y., Zheng, J.J. and Xu, Z.J. \Reliability analy-
sis of serviceability limit state of foundation piles consid-
ering uncertainties of parameter and model", Rock and
Soil Mechanics, 35(11), pp. 3317-3322 (2014).

68



1/
2|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

20. Zhang, S., Zhong, L. and Xu, Z. \Reliability of founda-
tion pile based on settlement and a parameter sensitivity
analysis", Mathematical Problems in Engineering, 2016,
7 p. (2016).

21. Papadrakakis, M., Tsompanakis, Y., Lagaros, N.D. and
Fragiadakis, M. \Reliability based optimization of steel
frames under seismic loading conditions using evolution-
ary computation", Special Issue of the Journal of Theo-
retical and Applied Mechanics on Computational Intelli-
gence in Mechanics, 42(3), pp. 585-608 (2004).

22. Kang, F., Han, S., Salgado, R. and Li, J. \System
probabilistic stability analysis of soil slopes using Gaus-
sian process regression with Latin hypercube sampling",
Computers and Geotechnics, 63, pp. 13-25 (2015).

23. Olsson, A., Sandberg, G. and Dahlblom, O. \On latin
hypercube sampling for structural reliability analysis",
Struct. Safety, 25(1), pp. 47-68 (2003).

24. Huntington, D.E. and Lyrintzis, C.S. \Improvements
and limitations of Latin hypercube sampling", Prob-
abilistic Engineering Mechanics, 13(4), pp. 245-253
(1998).

25. Wang, Z. and Song, J. \Cross-entropy-based adaptive
importance sampling using von Mises- Fisher mixture
for high dimensional reliability analysis", Struct. Saf.,
59, pp. 42-52 (March 2016).

26. Fan, H. and Liang, R. \Importance sampling based al-
gorithm for e�cient reliability analysis of axially loaded
piles", Computers and Geotechnics, 65, pp. 278-284
(2015).

27. Ibrahim, Y. \Observations on applications of impor-
tance sampling in structural reliability analysis", Struct.
Safety, 9(4), pp. 269-281 (1991).

28. Nie, J. and Ellingwood, B.R. \Directional methods for
structural reliability analysis", Struct. Safety, 22(3), pp.
233-249 (2000).

29. Depina, I., Le, T.M.H., Fenton, G. and Eiksund, G. \Re-
liability analysis with metamodel line sampling", Struct.
Safety, 60, pp. 1-15 (2016).

30. Pradlwarter, H.J., Schueller, G.I., Koutsourelakis, P.S.
and Charmpis, D.C. \Application of line sampling sim-
ulation method to reliability benchmark problems",
Struct. Safety, 29(3), pp. 208-221 (2007).

31. Rashki, M., Miri, M. and Moghaddam, M.A. \A new e�-
cient simulation method to approximate the probability

of failure and most probable point", Structural Safety,
39, pp. 22-29 (2012).

32. Hasofer, M. and Lind, N.C. \Exact and invariant second-
moment code format", Journal of the Engineering Me-
chanics Division, 100, pp. 111-121 (1974).

33. Nowak, A.S. and Collins, K.R., Reliability of Structures,
CRC Press (2012).

34. Choi, S.K., Grandhi, R. and Can�eld, R.A., Reliability-
Based Structural Design, British Library Cataloguing in
Publication Data (2007).

35. Zheng, C., Liu, H. and Ding, X. \Lateral dynamic re-
sponse of a pipe pile in saturated soil layer", Interna-
tional Journal for Numerical and Analytical Methods in
Geomechanics, 40(2), pp. 159-184 (2016).

36. Haque, N., Abu-Farsakh, M.Y. and Tsai, C. \A case
study on evaluating pile set-up and the e�ect of pile in-
stallation sequence", In Transportation Research Board
94th Annual Meeting, No. 15-1477 (2015).

37. Pile Foundations, Technical Supplement 14F, National
Engineering Handbook, Part 654 (2007).

38. Alielahi, H. and Adampira, M. \Comparison between
empirical and experimental ultimate bearing capacity
of bored piles-a case study", Arabian Journal of Geo-
sciences, 9(1), pp. 1-16 (2016).

39. Bowles, J.E., Foundation Analysis and Design, 4th ed.,
McGraw-Hill Book Company (1998).

40. Kim, K.J., Sarica, R.Z., Hossan, M.S., Rahman, M.S.
and Gabr, M.A. \Development of resistance factors for
axial capacity of driven prestressed concrete piles by the
Vesic method in the Costal region North Carolina", In
Transportation Research Board Annual Meeting (2002).

41. Fan, H. and Liang, R. \Importance sampling based al-
gorithm for e�cient reliability analysis of axially loaded
piles", Computers and Geotechnics, 65, pp. 278-284
(2015).

42. Huang, J., Kelly, R., Li, D., Zhou, C. and Sloan, S.
\Updating reliability of single piles and pile groups by
load tests", Computers and Geotechnics, 73, pp. 221-230
(2016).

43. Muthukkumaran, K., Keerthi Raaj, S. and Vinoth Ku-
mar, M. \Assessment of pile failures due to excessive
settlement during pile load test", Japanese Geotechnical
Society Special Publication, 2(73), pp. 2520-2524 (2016).

69




