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A Reliability Analysis of Rigid Retaining Wall due to
the Modes of Wall Movement
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Abstract

The safety factor has been used widely and uniquely at present to check the safety of the
structure. However, probability of failure would be logically attempted to check the reliability
of the structure in future.

Coulomb’s theory or Rankine’s theory has been applied in practice to retaining earth structure
in spite of the fact that the lateral earth pressure, which is the primary factor in the
determination of wall structure, depends on the modes of wall movement.

This study is concentrated on the two modes of wall movement (active case rotation about
bottom (AB), active case rotation about top(AT)) of the overturning failure of vertical wall
with horizontal sand backfill.

The static active earth pressure is determined by applying each of Coulomb’s theory,
Dubrova’s redistribution theory and Chang’s method. The earthquake active earth pressure is
determined by adding Seed and Whitman’s earthquake pressure to the static earth pressure.

On the condition that design variables are fixed with each of the above earth pressure,
reliability is analyzed using the recently developed method of AFOSM (Advanced First Order
Second Moment)
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Table 3—1 : Design Variables Characteristics
Design Variables mean C.0.v
T (m) 2.3to 2.8 0.05
re (t/m?) 2.4 0.05
7 (t/m?) 1.8 0.08
¢ (deg.) 25 to 35 0.15
3/4kn 0.1 to 0.2 0.35
N1 1.0 0.10
N2 1.0 0.10
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Table 4~ 1. Reliability Analysis using (AFOSM >

KETHTSEH

INCREMENT SENSIVITV

.352616231
.164741439
-.159402335
.321443817
-.182172526
-.08967206
-.0170803924

.310231023
138636573
-.207914295
.320799014
-.237471901
~.0882805569
-.0191740711

DESIGN  ASSUMED GRADIENT DIRECTION NEW
VARIABLE  VARIABLE VECTOR  COSINE FAILURE
NAME POINT POINT (%)
H T (M) 2.5 4.81594993 621662416 2.5 (+) 0777078019 0
2 RC (T/M3) 9.4 005 29M439157 2.4 (+) 0348526988 0
3 RR  (T/M3) 1.8 217707977 -.281026316 1.8 (+)  —.0404677896 0
4 PAl  (RAD) 5236 439020430 566705448 5236 (4) 0445000459 0
5) N1 - 1 -2.48806071  -.321170164 1 (4] -.0321170164 0
6 KH () 1 1272 -.158091842 1 (+) -8.29982169E-03 0
7 N2 () 1 23398 -.0301127318 1 (+) -3.01127318E-03 0
1) ITERATION NO. (S1) 1
2)  DRIVING MOMENT (MD) 33.5324957 T-M
3)  RESISTING MOMENT (MR) 51.3189986 T-M
4)  FACTOR OF SAFETY (FS) 1.53042586
5) RELI'TY INDEX & PROB. (RD) 1.763 (96.1012198 %)
6) PROBABILITY OF FAILURE (PF) 3.8987802 (%)
T (M) 2.36300115  4.4981898 543214521 2.5 (+)  .0679018151  -5.47995419
9 RC (T/M3) 2.33855469  2.01015879  .242752639 2.4 (+)  .0291303167  -2.56022117
3 RR  (T/M3) 1.87134471  -3.01465003 -.364057931 1.8 (+)  —.0524243421  3.96359518
& PAl  (RAD) 445130552  4.65142022 561719073 5236 (+) 044117416 ~14.9865256
5) N1 (o} 10566223 -3.44322007 - .415813299 1 () -.0415813299  5.66222999
6) KH () 114632586  -1.28002254  -.154579255 1 (+) -8.11541089E-03  14.6325856
7) N2 (o) 100530887  -.27801414 -.0335737984 1 (=) -3.35737985E-03 530887442
D ITERATION NO. (S1) 2
9)  DRIVING MOMENT (MD) 45.8627819 T-M
3)  RESISTING MOMENT (MR) 45.8599355 T-M
4)  FACTOR OF SAFETY (FS) .999937938
5) RELI'TY INDEX & PROB. (RI) 1.751 (95.9989464 %)
6) PROBABILITY OF FAILURE (PF) 4.00105357 (%)
U T (M) 2.38110392  4.55790308  .541767418 2.5 (+) 0677209273  -4.75584314
2 RC (T/M3) 2.34899282  2.04107612 242609051 2.4 (+)  .0291130861  -2.12529935
3 RR (T/M3) 1.89179502  -3.041258 -.361493973 1.8 (+)  -.0520551322  5.0997235
4) PAL  (RAD) 446350404  4.78026119 568197638 5236 (+)  .0446262425 -14.7535514
5) N1 () ~1.07280801 -3.46173448 411473197 1 (+)  -.0411473197  7.28089088
6 KH () 114210084 -1.29474436 153897592 1 (+) -8.0792357E-03  14.2100844
I N2 () 1.00587877 -.280016442 -.0332836794 1 (+) -3.3836794E-03 387877212
0 ITERATION NO (S1) 3
9)  DRIVING MOMENT (MD) 46.8692633 T-M
3)  RESISTING MOMENT (MR) 46.8687843 T-M
4)  FACTOR OF SAFETY (FS) .99998978
5) RELI'TY INDEX & PROB. (RI) 1.75 (95.9903262 %)
6) PROBABILITY OF FAILURE (PF) 4.00967386 (%)
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Table4—2:Fs, 8, Pr Values according to ¢ (6= ¢/2)

] 25° 30° 35°
Fs, 8,Pr
Fs 8 Pr Fs B Pr Fs s Pr
Mode
Coulomb 2.213 [3.261 0.06 2.720 | 4.160 | 0.0016 | 3.353 | 5.050 1.81X10°°
AB 1.314 |1.650 4.95 1.468 | 2.400 | 0.82 1.634 | 3.150 0.08
Dubrova
AT | 1.280 |1.010 15.63 1.645 1.970 | 2.45 2.144 | 2.910 | 0.18
Ch AB 1.659 |2.580 0.50 1.981 3.420 | 0.03 2.381 4.260 { 0.001
ang
AT | 1.070 10.290 38.63 1.328 | 1.191 11.69 1.656 | 2.080 1.88
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Table4—3:Fs, 8, Pr Values according to 6(¢=30")

b 0° 1/2¢ 2/3¢
Fs, 8, Pr
Mode Fs B8 Pr Fs B Pr Fs £ Pr
Coulomb 2,083 3,040 0.12 | 2,720 | 4,160 | 0.0016 | 2,941 4,430 0.0005
AB | 0.887 [-0.690 75.49 1.468 | 2.400 | 0.82 1.684 | 3.090 0.10
Dubrova
AT | 1.276 | 0.942 17.31 1.645 1.970 | 2.45 1.775 2.261 1.19
Ch AB 1.529 2.150 1.58 | 1.981 3.420 | 0.03 2.133 3.740 0.01
ang
AT | 1.104 | 0.418 | 33.80 1.328 1.191 11.69 1.403 1.420 7.78
Table 4—4 : Fs, 8, Pr Values according to T (¢=230°, &= ¢/2)
T 2.3 2.5 2.8
Fs, 8, Pr
Fs s Pr Fs s Pr Fs J:] Pr
Mode
Coulomb 2.327 3.480 0.03 2.720 | 4.160 | 0.0016 | 3.367 5.073 | 1.6x10°°%
AB 1.278 1.510 6.56 1.468 | 2.400 | 0.82 1.777 3.650 | 0.01
Dubrova
AT | 1.407 | 1.320 9.34 | 1.645 | 1.970 | 2.45 2.036 2.950 10.18
Ch AB 1.696 2.580 0.50 1.981 3.420 | 0.03 2.449 | 4.620 | 0.0002
an
£ AT | 1.133 { 0.516 | 30.29 1.328 | 1.191 | 11.69 1.648 2.170 |1 1.50
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Table 4—5 : Fs, 8, Pr Values according to Ks ( ¢=30°, 6= ¢/2)

3/4K, 0.10 0.15 0.20
Fs, 8, Pr ]
Moda Fs ) Pr Fs £ Pr Fs B Pr
Coulomb 1.681 2.150 1.58 1.411 1.533 6.27 1.216 | 0.924 17.78
AB 1.168 | 0.873 | 19.13 1.060 | 0.340 | 36.69 | 0.970 |70.183 57.26
Dubrova
AT | 1.530 1.750 4.00 1.479 1.640 5.05 1.431 1.530 6.30
AB 1.372 1.420 7.78 { 1.189 | 0.830 | 20.33 1.049 | 0.240 40.52
Chang AT | 1.250 | 0.970 16.60 | 1.215 | 0.860 19.49 | 1.181 | 0.750 22,66
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