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Appraisal of the safety criteria and standards for

stability analysis of gravity retaining walls
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(1. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, China 430071;
2.Department of Geotechnical Engineering, China Institute of Water Resources and Hydropower
Research, Beijing, China 100048; 3.School of Civil Engineering, Beijing Jiaotong University,
Beijing, China 100044)

Abstract: In this paper, the allowable factor of safety in gravity retaining wall design is discussed.
In retaining wall design, factor of safety is defined as the resistance over earth perssure. Thus, it
should be larger than that in slope design where factor of safety is defined by shear strength
reduction. At the same time, its allowable value in Chinese code is obviously lower than these in
abroad. To overcome this problem, limit state design with partial factors is applied to retaining
wall design problem. For Class 1 structures, its target reliability index is 3.7. Assuming the
coefficients of variability of 0.2 and 0.1 for cohesion and friction respectively, the calibrated
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partial factors are y.=1.301, y=1.209 and y,=1.170. The calibrated partial factors are further
validated by the ‘Ratio of safety margin’ theory proposed by the authors’ research team. The
discussion of this paper could be a useful reference to code makers.

Key words: gravity retaining wall, safety factor, reliability analysis, the ratio of safety margin,
partial factor
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Table 6 Specified value of partial coefficient of the retaining wall criterionat home and abroad

A3 TR B AY KM JIIEN % v [ A i
e GERIE:4 0.9~1.1 0.8~1.25 0.9~1.4 1.00
faf %, e

T 7 %, 1.50 1.50 0.5~1.6 1.50
R HA A 1.25 1.25 - -

Ei=0D HEMEREN 1.25 1.50 - -




L THI EE B R AU - - - 1.20

RO, REFIX R, AR T SR B FR AR 8 5 R E(Ve=0.2,Vi=Vio=0.1)» F5E YRR AT
PRV A R R SR — B0

3. HEMEZ

3.1 EAFE

DA F—ANERE %€ HAR AT SERR AR A 3.7 CHERNL— P T3 v 8D %+, 1E
X A R R R A T ) R R A SRR R B RN 0.1 A1 0.2 ISR, 3R
I IRABURFRIL " bR 9e=1.30,0=1.21p1=1.17. XTI 1 M 2, AR 204 R
TH5AE 1.205 1 1.637 73 BR8N — S LRG0 VA Fao 1R BATE X —R5 @ 157 1%
NSHRAVEAS S, Hln, A8 HLE 6 £ 15m JaEZes), A, "LUSS|SEMTTE 1 2
GERKF, SRR 7 MEEG). G)FIFIR. DER R, ks X — /518 R5T
T HAEAE 9m, R Al FEFRARSEFHFANF T 3.7, 775 11 2 224 2 AR T 1.205 1 1.637
AT IL, R T BB 75 B M R XU s b b o it BRI 5B 1A DU T+
A HURIE S AR AT AR I AU T AR AR XA EATERR, NIEAR
[F 264 R USRS I T SR AR A 22 4 RECHAT M SR L AR IE T — 1 F s

FHN e — 224 KRBT A F, 8 XHART LR e N

F

e = F (26)

a

AN, BATESE L —AN T R HOT MR 2 4 R, BT (22) 28 A2 7
F(—, f,f°y4:o 27)
ne¥e Me?¢ MpVio
WA A s Ol o T HE G, HHE T T SR TS BR A AR 22 4 2R g 26K
g = (ﬂ_ﬂa)o-F +1 (28)

FERTIRIAT T AR A, 23 J%6F A0 A A 5 M E R 2 0 A 8 1 e v 22 4 AR Kt
AU, RBUER — AR LOU N hr € I L8 Se vHE AT ELURIEEAE M BTSN, 25H

Mr =1k (29)

Mr =1p (30)

ERRATHHE BRSO L] ST e AIRIITR 11 2 B e B T2 7 1
516). (4). (B)Fi. BMEAIFANA A 2 Bk, W, WFHAMMNG, BT X29)
FIEO)HUTMISE R, FAE RECIERBEE 1, (HI7K 1 e M A SRS 2. 76 RO
d, RAMSEEHBTR 2 R

% 7 IR H L RO R SR

Table 7 Anti sliding stability calculation results for retaining wall with different height



e Tff R P AR Y ASEETVE IR EREOT %
e Hr OF F F B 1R e
P2k 1) (2) 3) (4) (5) (6) (8)
=Y (11) (13) (11) (26) (13) (28) 27)
6 1.632 0.410 1.805 1.102 3.981 1.115 1.074
HE1L 8 1.376 0.362 1.684 1.029 3.804 1.037 1.023
B 10 | 1.200 0.329 1.596 0.975 3.644 0.981 0.984
H(m) 12 | 1.072 0.306 1.530 0.935 3.502 0.939 0.952
14 | 0.975 0.289 1.478 0.903 3.375 0.906 0.925
6 1.372 0.093 1.236 1.030 3.981 1.026 1.024
TER2 8 1.346 0.091 1.214 1.012 3.804 1.009 1.007
B 10 | 1.324 0.089 1.196 0.997 3.644 0.995 0.993
H(m) 12 | 1.306 0.087 1.181 0.984 3.502 0.983 0.982
14 | 1.291 0.086 1.169 0.974 3.375 0.972 0.972
1.2 1.2
N @ | | (@)
yflf&g v=0.994x
11 — » 11 ==0.836
ya
£1.0 £ 10
0.9 0.9
0.8 0.8
0.8 0.9 1.0 1.1 1.2 08 0.9 1.0 1.1 1.2
WF e
1.10 1.10
() )
y=0.997x =().998x
1.05 Lo 05 y=0.
R==0.997 1o R==0.998
£ 1.00 £1.00 ’,
0.95 0.95
0.90 0.90
090 095 1.00 105 1.10 090 095 1.00 1.05 1.10
WF e

Bl 2 AR H X TR 1. 2 S AR 22 AR 2 1 B A 1]
Fig 2 Linear regression ofthe ratio of safety margin for different wall heightto plan 1 and 2
(FF: PO 25 22 E A5 4 BIAR SRS = 6,8,10,12,14m [FI{E; (@)X R 15 (b)) % 2)




3.2 SHLEEHEAE

R, FRATEE AT A S SR T RTAR E 53 IR B G M . AT UM SR Y AT
BOAF o BRI A R FE R T A 3 R (V=0.20, Vi=Vi,=0.10)AR 4%, IRKIRMAs: (1)8%)5 11k
Fifar % g LA L0KN/m [ 365 B 8OKN/m 3 i 21 120kN/m, (2)44 % 71 ¢ LA 5kPa (1)1 & i 10KPa
4% 30kPa, (3)EEHEEFRELf LA 0.05 (&M 0.6 LALE] 0.8, (4)%EJ M AR R4 f, LA 0.05
s8R 0.3 8 NF] 0.5, (5)H511% D LA 0.5m (3G M 2m G HnE] 4m, (6) 23 m LA
0.05 (1 &M 0.4 B4 INF 0.6, 45 BAHXT 22 42 e Al KON RN OC R UK 2 Fis. 45RE
B, 3 TR BT VAR N e A 2R AR 58 5 7 VR AR 22 4 AR SR LA LU IR A G PE RN T L o F
IR ATUE R, E— MG O, 58 2 5 AR AT SR FE 3 A (R A B rhs s 19 B R HBE  E S 4
(5 TR HUE, O R4S B v SE R AR & AR [F) — RS 2 bt B,

1.10 | 1.10 I
¥=1.001y @ v=0.998 O
2= R==0.996
1.05 =1 / 1.05 /’
q
0.95 0.95 z
0.90 0.90
' 090 095 1.00 1.05 1.10
0.90 095 1.00 1.05 1.10
p e
1.10
[ 1.10 I
R=1 2 —
1.05 1.05 RE=1
= 1.00 =1.00
0.95 0.95
0.90 0.90
090 095 1.00 1.05 1.10 090 095 1.00 105 1.10

e Ip




1.10
| 1.04 !
v=1.001x @0 v=1.001x o
R==1 R2=1
1.05 1.02
£1.00 £1.00
0.95 0.98 g/,
0.90 0.96
090 095 100 105 110 096 098 1 102 1.04
p e

Kl 3 $2 1858 g~ IR AR I TG VERIE T -
(a) =80, 90, 100, 110, 120kN/m; (b)c=10, 15, 20, 25, 30kPa; (c) f=0.60, 0.65, 0.70, 0.75, 0.80;
(d)fo=0.3, 0.35, 0.4, 0.45, 0.5; () D=2, 2.5, 3, 3.5, 4m; (f)m=0.4,0.45,0.5,0.55,0.6-
Fig 3 Investigation on the universal applicability based on '7p versus 7' study

4. TFESERIEAE

B CA S T BN K 23t e S BB R o B P AT M B, BRSO T4y
TR KRR E B AT VR B EERAL TR MG 315 °K, & 12.0 K, JEAfDyt B,
WAL IR AR, SR 5 Bk a) R 2% R R AR M, RO ARRGVE L, D fRifeit
B, A RERTEE E A E R RIS T R SRS VAN S, KR T 4 PR,
HARGERI AN A ZH TR 8 7R

(a) (h)

B;

45% /2

(2) Ham B K
4 PN KRl g PR B 304 3B B LR TR S5 4
(1) Construction site map of the buttressed retaining wall; (2) Cross section structure diagram
Fig 4 The Zhuozhou Railway Station subgrade counterfort retaining wall and its cross section
structure

® 8 Pt amha iR L 5 LIRS HR

Table 8 The parameters of the retaining wall and soil mass
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