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Comparison between quantile value method and partial factor method for
stability evaluation of soil slopes

CHU Zhao-fei, LIU Bao-guo, LI Xu, ZHANG Ning
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)
Abstract: Since the coefficients of variation of soil properties vary in a large range, the real reliability index for the soil slope
designed using the partial factor method also fluctuates in a range. This drawback limits the application of PFM in stability
evaluation for soil slopes. The quantile value method is a new method and adopts a single quantile value (7) as the design factor
in slope reliability design. The quantile value method is introduced to analyze the reliability of soil slopes. In the analysis, both
the quantile value (77) and the partial factors (¢, f) are calibrated and validated. The results demonstrate that: (1) the quantile

value (7)) is more robust and stable comparing to the partial factors (¢, f) when the fluctuations of the mean values and

coefficients of variation of shear strength parameters of soil, the angle and height of slope are considered. (2) The quantile value
=]

method it is more conservative and safer than the partial factor method. (3) The quantile value method involves only one single
value for all variables and is simpler than the partial factor method including many different partial factors for variables.
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Table 2 Cases for calibrating and validating quantile values and partial factors considering different factors
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Fig. 6 Calibration and verification considering 9;
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nff 3 FEHIZEETR N . X — 5, A 2 TR IiR
B AR 2 1) 58 AT BN ke . X T3 — LR
i, BARAIEERE K, R PN,
X oo, fIUMEHE X BHATRORE SR, HR3BHE
Xq DA BRI, G,y oy AEBOKS W

(K 16):
By =2.7, 7,=1.17-0.0024exp(3.22y,) (r=0.93),

Br =3.2,7,=1.23-0.0044exp(2.617,) (r=0.96),
B, =3.7,7,=131-0.0136exp(1.837,) (+=0.95),
(17)
K, P ARG MR REL 4 By v, 5y, 25
RRMIBEAH K R, MGk 1417 EIEZ IR 2 m T
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Fig. 16 Relationship between y, and 7,
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SN B, 5 HIRATRERE B, Z B S — IR 2
Rk, BB NTIXFhZERE, KR PRARAS 135 ) s s

* 4 HIRERAAEMERNSARID MRS

Table 4 Distribution of partial factors and quantile values considering all factors in soil slopes

- Br=2.7 Br=3.2 Br=3.7
Ye Ye 1 Ye Ye n Ye Ye 1
ISUNL] 1.41 1.13 0.0274 1.60 1.18 0.0119 1.85 1.28 0.0044
w/ME 0.90 0.92 0.0197 0.96 0.94 0.0086 0.99 0.97 0.0028
1 1.25 1.02 0.0238 1.37 1.06 0.0101 1.49 1.10 0.0037
TREM 012 0.06 0.09 0.14 0.07 0.11 0.16 0.08 0.12
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Table 5 Results of real reliability index S, in validation

SiH He M o o' o'

PFM QVM PFM QVM PFM QVM PFM QVM PFM QVM PFM QVM

Max(f3,) 320 363 320 3.5l 378 3.46 484 337 320 353 320 332
Min(f,) 244 248 175 270 239 3.02 258 307 263 286  3.05  3.08
Mean(8,) 302 313 286 3.5 310 3.26 336 323 306 320 315 320
Cov(By) 0.07 0.0  0.14  0.07 0.13  0.04 0.18 003 006 006 002  0.02
Mean(AB)  -0.18 -0.07 -034 -0.05 -0.10 0.06 0.16 003 -0.14 000  -0.05 0.00
Ratio(AB>0)/% 0 37 0 333 40 66.7 60 66.7 0 333 0 333

T OAFX N HARATSERL fr=3.2; @Cov(f )T FKFr AT HELARIT B, AL R ©Ratio(AB>0) NIIER I B> BT i I ELH

R 5N 6 MEREM T B, KFGitasR. ik
5 A[H: EO, HATRBUEEER B, AR R
Cov( B, VLK B, 5 B, Z MR ZE AB IR T55T 4
REMEZRVEI S 2 0 R IR, BES 2R B,
B,> B AT it p], BD Ratio(AB >0), BIEHZI/NT G
o BN, % B,=3.2, HES W, AIEN f4 &
KAE N 4.83 i KT a3 3.37; MATEN B, H/MEA
2.58 /M FJad 3.0: HFH, ArER B, 5B (3.2
Z IR ZE AB=0.16, TR KT JG34 AB=0.03; LAk,
RIS B, A8 5 R H0CN 0.183 H 2 /53 0.029 1 6.3 1.

FHUEER B, TV A M T A2 S 2 (1) 1 5 40 BT o
BRATSERE B, H& 4 A AR e M, 0 R LR
H—ERE . JE, AMEERIEE SRR R AL
TBEOLT, BRI R R AT SE A, Bt — 3k
/S G AT o 7 e a E T SR =T

6 LEIRFEIN

A SR AR EIE N T I PR REBELE, BT
T IRBRARZS Vvt 1) 73 L R =R o AR B Pe Z TR 5%
R AL, I8 LARPUBT IR S o, fHIAME e,
w ) FARSEREL (5., 5,0 Hif (o) VLAY ()
IRCmA, EEXFE I, BT T AR (y o)
RS RINER () bR & RTS8 B /K P I0AE, 531 T
PAR&E 8

(D fELAABERESH (¢, H WME. LR
RE B S EBUEYE FE AR,y oy Al
ZHEMEGRNEFEREGFA: cov(y;) < cov(n)
<cov(y ) KF, My BEMRzE, y REERT, n
FEREREY . SAMEHEMMEEE TR (y,,
ye s HobrE g RN E

(2) XFE—1E, HTREy, 5y, ZWbRE
SRAFETIRBUECKE R (X (18)).

(3D7E 6 Fhi gl 3= 2 e (K] 32 7E HUAE Y 1 9 A2 3l
i), 43 R FH 43 T 2R B VR AN o SRR T kAT

EE, v LS 2EAH S AR BRI 3 . AH EE A 10
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pI IR

(4)75) T ZH0F50 2578 B 43 il FH AN [R] 1 23 T 3%
0, T 5 AR R G AR R AR [ ) A 2R
(n), it

FEASC AR S50 L3RR R LR, T
Wl SERE T, SR A R ERE T 2 TR B T TR
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