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Z,=(6G =Py = Py)f + mE,K,, ~ [(EH + EqH>KP2 +PWJ =0 (1)
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Z, = (Mg + mMEPKm)Kps - [(MEH + MEqH)KPZ + MPW + MPL + MPS:I =0 (2)
S M 5 A T X T T
R S m il AR 2K, 0. 30 M,k G M
Rl T 3 % R T O RE 3 K D 7l I e Y o
Fa R R R TR M, R A S | PP -
A FH 5 3 b 04 B 78 E e
M, AP A 34 I FRp
KON 3 36 5 M, 9T 4% K I 9 % 5 1 i - i = NI
WAL IR . My, R PEFE I TS AT 4 s A p=ing: VouEREL A K

!ll ! Is |

AL JI 56 5 M, R385 T 6 S TR i B
W S, A2 oA LR 1 TR
1.2 BFTZENHERE
1.2.1 #MAETRT AT A4 ST TN Puiiset:, A E A FER, B Tk it
(GUOEWALESE 5313 S2oy AN EN: NI /g N e a <
G, =Vy, (3)
. 6, IR | REEK I HE (KN/m) 5 V, IR ¢ RERER IR (m®) 5y, MIDEEFRAL @ (AR E
B (kN/m’)
085 g R S5 4 B AR RS e A M, =LG, =LVy, (4)
o M, SRR @ BERAEK [ PR A R E B (KN m/m) 3L, A ¢ B B R AR ES (m) |
RHIEKEEH A G, FFRE 100 M, RS R R DR EE L y, MR EE v, MRBOERNER,
SRR AT T 58 B A A B, R EE R A R B AL AR &, AR I . YIRS R A K 2 A RS )
FEABREE RS Ky, Ay, 43 B A ARy, A0y ARERRIAT
1.2.2 LEARFANBEEANLE
(D) FEEET Fh RIS Z540 1 2h sl WU 1 &R 8 T A gz, MR48 SCR[ 9], 1k
TRD +- B A 5 1 G 8 o+ R 8 B AT 2l e 8 8 2o
e, = ( 2 v.h;) K, cosa (5)
e, = qK,cosa (6)
e, HIFLAED + A S5 F 3N+ TT (kPa) se, AMERRT A T3+ 7 (kPa) 59 o HbuTE ) 4 fif
R (kPa) 5y, Fl b, 39S L B LR ER (KN/m®) MR (m) K, i85S 8 1R BEG T
KA

K1 farddor
Fig. 1 Load distribution

K = cos’ (@ — )

B cos acos [sin(@ + 8)sing ’ (7)
* (a+5)(1 * cos(a+5)cosaj
o WG SETERL IS ;o AR SNBSS ;6 it sl Y SNEEEEAR  Fi SCRRL 9 ] B E .
YRR RO H R ERURS B B R, 0 A % 32 B A e i R e A AR e Bk ) £ A



%20 B, S Do SR P AT AR Ok 19

T K 4+ 1 5R EETH
ea:<27ihi>Ka (8)
e, = qK, (9)
K, = tan’ (45° - %) (10)
e ORI 18 ) By BCHO SRR R0 R M, A
E,=0.5¢,(d, -d,) +0.5(e, +e,)(d, —d,) (11)
My, =0. Se, (d, - dz)lh‘m +0.5(e, +e,(d, - d4)lEH2 (12)

e, Al e, S0 00 038 T KA AR AL B9 32 3 1 Ko e 51, A
LR H 16 VR RS 250 IS IR A FE B
Wt AR A TR T B T E g BV SRR e A U 5 M, A
Ey=e(d, -d,) (13)
My, =e(d, —d)l,, (14)
Aofree, NHERG R E B HIRTDKPSREE 1, R IR & ) BRI A
()L Wesh e T RTS8k i 2 sl A i R 2 B Ty, ARAESCERT9 T, 8k i i
Bt BP + (e=0) W8k 3 £ 6 Jy5m B T 3 N =0
e,=(q+ X vh)K, +2c/K, (15)
Khrre, HITHHE RSN B TR E (kPa) 5¢ AiHHE AL LRI ) (kPa) s K, AR ARSI+ R &
4% F AR

o3 5 g SRR K AL LL A

E

K = cos’(@ + )

. . 2
P cos acos( a —6)(1 _ W) (16)
cos(a — &) cosa

XEICREPESFOR}, 5 M T K- L35 B JCH BN 358 A9l 3 s i BERR vl (L T4 T 20

e, = (X vh)K, (17)
K, = tan’(45° + £ (18)

BT LRI E1 By B H S T AL A 1A M,
E,=0.5eh, My =0.5ehl, (19)

T e, NS RTHEIRAL BB + KPR s h SRy BT AR B 5 1, BRI 8 & VR R RIS
AT HE S

[A) F B —AF, 7 K A R 8 T A Sk 4 R DA TR Y SO A 2 g B REEE BE R A N EE R AR o 11 PR
BOU TR, RN T T 52 BE AT, g MRV BEFD o S0 BEHLAR &, AR 2 E, it R
Ky e B R AR AR K A8 i DL AR (AR BRI AT
1.2.3 FAKREDZF AGIRE A4 VEFTIEEE R AK RS2 i shal Wi i R & T 2ksg
VAR 3 <i A EW b i NN (S5 E  RR i3 - {UE T R S [ G & O TG <04 8 A S PR v R /A= v

Py =0.5p,(dy —d, —h) +ph, M, =Pyl, (20)

AP S RARKIE BRI p, =y, (dy —d, = h),y, FKIERE 1, ARIAGIKIE TG 4 A 28 Y
HE,

ANFETFE5H BRI, AR T AT 58 BE A AT B, J AR 7K R 7 By A W B ) i R 4w (LA B, B4
il HFECARME(EL A T T S48 AR 0T HAR
1.2.4 HEAZFAGME AL F I IS W S el s i N 2= X 5 R tEA A, & Tk



20 kKoOF ok B TR ¥ W 2014 4F 4 A

RENE . A 1 55 S 1 A 27 HC T AR A — I A K AL TV F T M 5% 5 1 5998 35 1 7, JE T v 7K AvE
— M ER 4K Sk AR A — R HL AR5 5 6 B4l 2R s T e Ml |
BEREHREBEEKE LR ALRIT .
L=Y 1 +mY 1l + 21 (21)
I, = /I + (ml)* (22)
o0, BB R K T BRK B s m S35 2R 88, X SRR 1. 5, 6 2 HERR B 2. 051, A B33 50 5 1) 1
BB L B SRR K 1, B S SR R B KR KB 5 1, S8 a8 50 JE R B 1)
T HBGU KR, (e T AT 52 B AT InE 1 15 3 K™ A ik o 3138 1 B ) U7 e e o (LA PR 2l ]
HARMEAE AT T S8 AR 0315
1.3 TEMBMESHMFITSE
T AR T 43 5548 BRAR S A P b 1 A58 o B A g A ek s 8 vk AV FE R T A
ROMMGETTSEO RN 1 22 PR, Frb B8 RECY AP SRR HE, 285 R ECh R
LS5 FEM M, XA R X, HAREE N X, 28,0 X B V3590E pn, FIbsiE2E o, 5 HIERE L, AR
SRES, MEAWMT R,
My =kXy, Oy =0y (23)
FEP AT RN 1 R B B TSR T4 SR 5 S SR ) P AN A e AR R B AR
ARSI R LB T, — AR A LS & D AR IEZS A3, PeiER Bk i 458 =X
A TAERAS 5 HRE U S k2L, BT AR A S 2R 5 M R A0S 5 10 2 1 ) U Sk vl 48 B 2 A
Mgeits5
F 1 PHEEMN SIS EOR 50 AR RTIEORE AR A0 10 G 1T S8, R 2 () A5 Sk %0 5t
THEAEY (JTS 167-2-2009) Hrts F 5 K HE 2R 10 S 80 ; [F1BE TR BE + 5 ) % B i bk BRIk R 8 ) % B2 F
HD P EE 8 11 5 2 1) 2 1 RS Sk T SEBE A AT BT TS 80, 3800 A8 s A ARV (EL BT X BBk A 7 T
F1 (EANBEESHMSITSH

Tab.1 Probability distributions and statistical parameters of action

% PR RITZH : e
PIERE kK 5 RES EEIE P2 o
He#E ¢(kPa) 20 0.78 0.14 15.6 2.2 Al T %Y
bk B v, (kN/m?) 18.0 1.07 0.03 19.2 0.62 B
HEK T EEE ¢ (KN/m?) 9.5 1.01 0.03 9.6 0.30 IEA
D B A o (©) 32.0 1.04 0.05 33.3 1.8 IEA
F 3 £ I AR E PR ALK, 1.0 1.0 0.02 1.0 0.02 IES

®2 MAKNBRSHMGEITSH

Tab.2  Probability distributions and statistical parameters of resistance

% el AITZH : e

PIERE A5 RS EHIE PRifE% o
REEHK B y (KN/m?) 24.5 1.02 0.020 5 24.99 0.502 ER
BBl AR U 2 P R A K, 1.0 1.0 0.02 1.0 0.02 B
U HE AR A P R AL K, 1.0 0.897 0.071 0.897 0.064 ES
TRBE 5 XU Ab 7 e R 8 R 8K 0.7 1.0 0.044 0.7 0.030 8 IEA
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®3 KENBEARREMNREREMTEER(FERMESR)

Tab.3  Safety factors and reliability indexes of sliding stability (with curtain grouting)

15 % AR/ KA/ AR T 16T i AR W S
m m LRFHK A REAE T B LRFK QE= oy GADE €
1.0 1.904 278 5.872 051 1.299 996 2.650 859 0.672 64
-7.0 2.0 1.726 676 5.562 493 1.300 009 2.984 359 0.743 40
3.0 1.564 326 5.168 621 1.300 002 3.354 595 0.823 18
1.0 1.742 620 5.238 681 1.300 002 2.726 723 0.737 14
-8.0 2.0 1.590 262 4.902 167 1.300 002 3.046 174 0.809 84
3.0 1.450 348 4.481 255 1.299 997 3.396 259 0.891 16
1.0 1.605 770 4.630 796 1.300 002 2.795 138 0.802 31
-9.0 2.0 1.473 680 4.269 541 1.300 008 3.101 194 0.876 82
3.0 1.351 863 3.824 382 1.300 007 3.432 843 0.959 59
1.0 1.488 504 4.047 793 1.300 004 2.857 074 0.868 11
-10.0 2.0 1.372 922 3.663 950 1.299 999 3.150 252 0.944 30
3.0 1.265 912 3.197 016 1.300 000 3.465 176 1.028 46
SEIE 3.080 054
F4 HKREXLERBREENZERBMAEER(TERESR)
Tab.4 Safety factors and reliability indexes of sliding stability (without curtain grouting)
= 0% L 5 T T VA RE T )5
m m TREREK I EELEAT B LRFK AIEEFERT B GADELI €4
1.0 1.610 957 4.494 066 1.299 994 2.725 089 0.810 12
-7.0 2.0 1.426 793 3.891 951 1.300 008 3.065 901 0.912 80
3.0 1.260 988 3.144 434 1.299 997 3.436 428 1.030 29
1.0 1.465 071 3.801 778 1.299 999 2.802 506 0.889 24
-8.0 2.0 1.307 823 3.181 310 1.300 008 3.127 434 0.994 13
3.0 1.165 427 2.420 042 1.299 991 3.475 947 1.112 99
1.0 1.342 697 3.145 076 1.299 994 2.871 791 0.968 75
9.0 2.0 1.206 918 2.508 732 1.300 000 3.181 746 1.075 62
3.0 1.083 313 1.736 304 1.299 994 3.510 226 1.195 69
1.0 1.238 634 2.521 775 1.300 002 2.934 261 1.048 62
~10.0 2.0 1.120 292 1.871 853 1.299 992 3.229 698 1.157 22
3.0 1.011 997 1.090 626 1.299 997 3.540 137 1.278 39
T 3.158 430
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167-2-2009) Hrhui e e S 5 i 28 2, W P RS M 30 5 1 3 I R AR IR AT R

1
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TR R B, I PRIEAE 43I0 2R B0 T B 0 B e LU B b0l BT 54 TS 3RS (K T4549) )
(JTJ 252-87) Hf e 4 RECIHEM R B2 27K BT 3 IREL v, AT SEEE A . BRI Ky, R
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PRI RESRAR, TSR, My, =1.05,y,=1.10 KAK v, =1.20,y, =1.00 B, #5540 i Fe e M (4 vl S 4
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3.1 FIEERE
MR SCHR[9 ], 25 I8 A A 2 4, 4T 0 580 0 3588 X0 3588 U T B ) e A s i
Mck + mMPk -

Mr > 1. 60 (26)
MEHk + M

+ M + M
Eqn

k Pgi

K, =

KK, IPUmife e £ R 5.
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Tab.5 Safety factors and reliability indexes of overturning stability (with curtain grouting)

15 AR R/ R KA/ 2 W T i PRAE WIS
m m BRFREK Al SETEER B LRFRBK Al AEFE bR B EARER &S5
1.0 3.317 838 8.552 196 1.600 006 3.076 693 0.556 32
-7.0 2.0 2.986 980 8. 183 699 1.600 007 3.420 432 0.596 28
3.0 2.691 517 7.763 965 1. 600 009 3.761 489 0.642 49
1.0 3.013 269 8.045 237 1. 600 009 3.168 5783 0.605 72
-8.0 2.0 2.732 954 7.687 029 1.600 007 3.491 694 0.647 15
3.0 2.479 269 7.275 651 1.600 008 3.808 726 0.694 55
1.0 2.747 699 7.510 613 1.599 993 3.246 412 0.655 67
-9.0 2.0 2.507 470 7.159 986 1.600 009 3.554 981 0.698 47
3.0 2.287 767 6.754 560 1.600 007 3.850 232 0.746 96
1.0 2.514 314 6.954 144 1.599 994 3.319 401 0.706 09
-10.0 2.0 2.306 496 6.608 178 1.600 009 3.611 451 0.750 16
3.0 2.114 830 6.206 074 1. 600 009 3.887 014 0.799 69
SEHE 3.516 425
Fo HKEXISEAMREENTEREIT ISR TERESR)
Tab.6 Safety factors and reliability indexes of overturning stability (without curtain grouting)
I JERbR T/ R KA/ A4 T T AL I S
m m LEFHK ] EESE b B LRFHK I EESE bR B ARER &S
1.0 2.296 036 6.765 847 1.600 008 3.619 369 0.672 75
-7.0 2.0 2.066 876 6.173 632 1.600 009 3.933 458 0.743 17
3.0 1.867 464 5.527 837 1.599 997 4.174 100 0.827 92
1.0 2.128 106 6.239 793 1.599 993 3.704 859 0.735 76
-8.0 2.0 1.931 457 5.670 491 1.600 008 3.989 177 0.808 49
3.0 1.757 507 5.045 577 1.600 009 4.204 851 0.894 89
1.0 1.978 840 5.699 145 1.599 994 3.778 556 0.799 29
-9.0 2.0 1.808 092 5.148 246 1.600 008 4.036 386 0.874 08
3.0 1.655 017 4.539 905 1.600 009 4.231 012 0.961 96
1.0 1.844 814 5.147 082 1.599 999 3.841 881 0.863 18
-10.0 2.0 1.695 135 4.610 386 1.599 999 4.076 611 0.939 83
3.0 1.559 467 4.014 685 1.599 999 4.253 563 1.029 04
FHfE 3.986 985
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HRAE = (2) R SCHTIR 048 f Ge T HRAAE AL SCHR L 13 1 o 0938 FH AT S48 bn 1158 5 38 19 355 7 A [
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T4 A48 (26 ) THE 128 4 R BN 2 K, =1. 60,285 F16 FRRYEE 7 5045 T WG R ATafa & v
SRS (AR 1) 0 i 2R B, R P SR 6 BIZ T AN IR ] SEFE AR

25 16 RTINS B A SE S AR 9 3,516 4 F13.987 0, —F XM M 3. 751 7, L HG &
gz e ME BT T SEFE BN 3. 80,

3.2 SMRHEEEIT
S SCER9 TR 12 ], PR e A B iihe e 0 7 0 R A T 3R

1
Yo(VeMy, +Yp Mp, +veMy  +ysMp) < 7(7@Mc = YoMy, + mMy,) (27)
R

APy, A EZERE L. 05y, My, WHBUES(25) My, vl SE M e . SPiiiase
P HF Ky AN [ (0 8, 206 T3S 5 A A 1] D 1D RO {68 13 55 B AR PR 4 2 2R (27) |, [ sl B8 4 ke
T BT AR E Ve AT SRR bn  TH RS R NZR 7 s, W7 Al Yy, =1.05 y,=1.45 LI}y, =1.20,
Y =1.30 B, W RGPk 04 AT SERE bR AL B AT SE4E 5 3. 80,

KTy, My, BREMER A RRE M AT SR T 19 1E

Tab.7 Mean reliability indexes of overturning stability for different y,y and vy

. Ypy, =1.05 Ypy, =1.20
yr=1.40 yp=1.45 yp=1.25 yr=1.30
T HESR M 3.574 821 3.854 441 3.388 343 3.706 028
TCHESK e 3.782 555 4.089 181 3.718 483 4.071 663
o 3.678 688 3.971 811 3.553 413 3.888 846
4 % iE

A SO T ISR (K T4549) ) (JTT 252-87 ) Bt T4 Bk B I8 5% (O30 i Boimiha & 1k ik
17 T SERERUE  JERREE T 43T R B0 5 ik W E TP T A B EUE , 5t s h an R8s .

(1) FRBELIBEHT I MR E Pk B T T SE 48 AR nT 20 B H 3.1 F1 3.8
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Reliability analysis and sub-coefficient method design
for stability of counterforted quay wall

GAO Shu-fei', GONG Jin-xin', LIU Yong-xiu>, ZHAO Xiao-lan>, DU Jian-sheng’
(1. The State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian
116024, China; 2. CCCC First Harbor Consultants Co. , Lid. , Tianjin 300222, China)

Abstract; Reliability calibration hereby means the analysis of the structure reliability designed according to the
specifications, which is an analysis of the safety level of structures specified by the specifications. Because the sub-
coefficient design method adopts uncertainty of the variables in designing coefficients, the designed structure has
better reliability consistency in comparison with adoption of a single safety factor method, and therefore it is more
reasonable. Based on the revised Code for Design of Dry Dock ( Hydraulic Structures) (JT) 252-87) , the reliability
of stability for the counterforted quay wall is calibrated and the sub-coefficients are designed in this paper. As a
result, the anti-sliding and anti-overturning stability reliablity indexes designed have been presented for the
counterforted quay wall, and the expression and the suggested values of sub-coefficient in verifying anti-sliding and
anti-overturning stability for the counterforted quay wall have been given. The analysis results show that the anti-
sliding and anti-overturning stability reliability indexes designed for the counterforted quay wall, in accordance with
the Code for Design of Dry Dock ( Hydraulic Structures) (JT]252-87) , are expressed as 3.1 and 3. 8 respectively.
And based on this verification result and level of safety, the resistance factors in the sub-coefficients of the
expression calculating the anti-sliding and anti-overturning stability of the counterforted quay wall would be taken as
1.00 and 1. 30 respectively. The analysis and calculation results mentioned above can provide a reference for

modifying the existing dry dock design specifications.

Key words: counterforted quay wall; anti-sliding stability ; anti-overturning stability ; reliability; sub-coefficients



