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Reliability analysis of pile foundations considering different failure criteria
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Abstract: The ultimate capacity of piles is always determined using a failure criterion. Due to the differences in failure criteria, the
ultimate capacity of piles and the reliability index obtained using different failure criteria may not be the same. It is necessary to
analyze the reliability levels corresponding to various failure criteria, especially S-1g¢ criterion used in Chinese technical code for
building pile foundations. For this purpose, a bias factor defined with respect to S-lg¢ criterion is introduced; and one database for
static load tests of bored piles is utilized for detailed evaluation of the bias arising from failure criteria, the corresponding reliability
are further analyzed. The results indicate that there is a considerable bias of different failure criteria. Moreover, the failure criteria
have a significant influence on the reliability of pile foundations. The reliability index based on S-lg¢ criterion is on the high side
among seven failure criteria used in this paper. The actual safety levels of designs with the same nominal reliability index are not the
same.
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Fig.1 Bias factor of 0-S curve failure load with
respect with to the S-lgz failure load
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Fig.2 Bias factor of S-1gQ curve failure load
respect to the S-lgz failure load
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Fig.5 Bias factor of FHWA failure load with respect to the
S-lgt failure load

Lo -,

|8 Los L n=8, 2r=0.91, COVi = 0.09

§ fgé oo b

K% 095 |

il % 090 | o °

"2 g5 | ° 3 °
0.80

0 50 100150 200250 300 350 400 450
ISSMFE K fif 8/ kN

B6  ISSMFERBATEARN TS-1ge RBATER KR =R H
Fig.6 Bias factor of ISSMFE failure load with respect to
the S-lgt failure load

DA b, 30 B pR I S V2 1) R AT 32— 301

P 1~6 aTLAFEH: (1) AS[R] R )
ZRBOEARHE N, BT FHWA KREN], fnZ &
0 1.09, T RO ZE R ECh 0.83, PR H
HHERZEN, (N T 0-S Mgk, S-1g0 hk.
DU REE INHA)VE J2 ISSMFE () 22 5022 AN K
(2) fhiZe BB S REFRLL DN, RSB A
0.1 Ziftis (3) &id K-S Kievksn, bz RE0kE
URMATEOES A0 .

3 alAEE A

2 5RHH AR AN [ R M T ) i 22 AR K S ot
2405, aeRe e AR T 24
2 AR T A AREP A W gtk 2
5.

I = Aol (2)

COV, =/COV? +COV? (3

A A 1 COVy 43 2 b e ot Ee IR (R
TR RZEG Ay 1 COVy 53 il SR e v 7 i bk
LIRS St R 5 A R COV, 43 A2 R e
i 72 2RISR RN AR S 2R 5o MR B PR R AR 0
A S B FLAE I ZE v 2 80 A, =1.005 Al
Cov,, =0351. A (2) K&k (3) AEylLe
HlTh e A4, FTCov, INgeit 2450, 453 WAk 2.

2 HRT S-lge RBAEN KR ZE R 5
Table 2 Summary of bias factors with respect to S-1g#
failure criterion

" . UikERRE  S-1g0 WL
e FHWA O-S ik - et ISSMFE gk
REVIIE 8 22 23 22 8 24

A 1.09 0.98 0.96 0.94 0.91 0.83
cov, 0.13 0.06 0.08 0.07 0.09 0.3

Ay 1.10 0.99 0.97 0.95 092 083
cov, 0.37 0.36 0.36 0.36 036 037

R

h T RS L, Ay 8RN 4 A5 AN P T K AT AT

— PP AT ER AL A E Do BRI, Xl 1) 52 R A b 3

L) D) RE R BOE A AL B 3 40 AL, RIFpE

eI KT R« TR AAT A Sy ST AR 4 S, . BEHE
Lt BRI BRAR AT B st 1

Z=R-S,-S, =0 (4)

24T BU AR B RBOER AT, AR



53

JEAETT A5 SRIAN ) RASHE U PR P 5 2 20 543

P SCHR TR A3 AT HEFRRR B ITHEL A R
1+COV,y,* +COV,y,?
1+Cov,’

O
N 0, +7L)\/

In(
Ly &4 2

B= e 9 5)

JIn((1+ COV,2 )1+ COVyy? + COVy )

s COVp, K1 COV iy 53 3 A9 7K AT AN T A2 4 3
AR R y AP IREG vy My 20008
AT AR A IRE Agy T Ay 57
TR AT BN AT AR fp B R s Oy /O, MK Afar
MR AZFF B AR . SCRR[4, 12]70 B T 780 73
R MG ZHIN e, HAR W3,

R3 MBEIWRBEIGHSH

Table 3 Partial factors and statistics for loads

ff BRI Taf BN Wikt BRFEHE HWERK
e IR 1.06 0.07 1.2
TS e
BT RN 1.06 0.07 1.0
s s g 1 T 0.70 0.29 1.4
PETHGFT "
>4 kPa 0.70 0.29 13

R T AE T LREAS ) R I R (A SR bR, X
TN A 28N 7% R AN 73 A B3 FH R T 28—
oL, BUERATIISH: y,=12, y =14,
dop =106, Ay =07, COVyy =0.07, COVy =
0.29.

TH TP B K AT 8RN T AR far 21 LE
p=0,/0, WSANHIEME: p=2.0, 2.5, 3.0, 3.5,
4.0,

HT ERGISE K 2 i) 2 FCOVy »
MY (5D RERTARAN [ SR RHE ) R () T SE R bR, 45
R 7.

2 -5/ 1gt - Q/5

—om WA TUTE e PIRRARE I )
-o- FHWA #EN] -+ ISSMFE #EN
20 b - 5/1g0

B 7 AN RS HE N AT SE R AR

Fig.7 Reliability indexes for different failure criteria
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