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Abstract

In the development of engineering designs, decisions are required irrespective of the state of
completeness and quality of information, and are formulated under conditions of uncertainty. Furthe-
rmore, under conditions of uncertainty the design invokes risks. Thus, in the design of the structu-
res, the currently used deterministic design method does not provide a realistic assessment of
the actual safety or the reliability of the structures. It is desirable that decisions required in the
process of the design invariably must be made based on the reliability analysis. Properties of soil
material are subject to more uncertainty than those of other structural material. In the field of
soil mechanics and foundation engineering, it needed to develop reliability-based design methods.
In order to simplify the reliability analysis or the reliablity-based design process of the structures
associated with the active earth pressure, it is necessary to find the variation and the distribution
type of the active earth pressure calculated from the basic properties of soils. Monte Carlo simulation
is performed to obtain the relationship between the variation of the active earth pressure for cohes-
sionless soils calculated by using Rankine formula and the basic soil properties and the distribution
type of the earth pressure. A series of regression equations obtained by utilizing the multi-linear
regression analysis is suggested in this paper and the sensitivity of the basic soil properties to
the variation of the earth pressure is investigated. The type of distribution of the active earth
pressure was found to be the beta distribution in most cases or to be very similar to the beta
distribution, if the basic soil variables are normally distributed.
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B 1. Kolmogorov-Smirnov & Z o}

Input Data
No of samples 1000 1000 1000 1000 1000
Mean 30.0 30.0 30.0 30,0 300
Standard Deviation 45 4.0 4.5 4.5 4.5
Coeff. of Var(%) 15.0 15.0 15.0 15.0 15.0
Seed 123451 123452 123453 123454 123455
Kolmogorov-Smirnov Test Results
D 0.0306 0.0244 0.0350 0.0220 0.0245
D+ 0.0306 0.0046 0.0135 0.0220 0.0245
D 0.0051 0.0244 0.0350 0.0123 0.0139
VA 0.967 0.772 1.106 0.696 0.774
Level of Significance <1% <15% <0.5% <15% <15%
Input Data
No of samples 1000 1000 1000 1000 1000
Mean 30.0 30.0 30.0 30.0 30.0
Standard Deviation 4.0 4.5 4.5 4.0 4.5
Coeff. of Var.(%) 15.0 15.0 15.0 15.0 15.0
Seed 123456 123457 123458 123459 123450
Kolmogorov-Smirnov Test Results
D 0.0327 0.0547 0.0284 0.0357 0.0188
D* 0.0224 0.0021 0.0139 0.0218 0.0188
D~ 0.0327 0.0547 0.0284 0.0357 0.0111
Z 1.033 1.729 0.897 1.129 0.596
Level of Significance <1% <2.5% <2.5% <0.5% <15%

a: 0150 0.100 0.050 0025 0.010
D: 0.0245 0.0259 0.0283 0.0302 0.0327 (for n=1000)
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H 2. Seedytel HE
Input Data
No. of Samples: 1000 Mean: 30,000
Standard Deviation: 4.500 Coeff. of Var(%): 15.000
Output Statistics
Seed Mean { Standard Coef. of Coeff. of Coeff. of 1 D
Deviation Variation(%) Skewness Kurtosis
123400 30.264(+0.88%) | 4.604(+2.32%) | 15.214(+ 1.42%) 0.014 3.163(+ 5.42%) 0.0574
123401 30.128(+0.43%) | 4.433(—1.49%) | 14.715(— 1.90%) 0.011 3.163(+5.43%) 0.0354
123402 29.940(—0.20%) | 4.526(+058%) | 15.117(+0.78%) 0.002 2.976( - 0.80%) 0.0256
123403 29.911(—0.30%) | 4.734(+5.20%) 15.827(+5.51%) 0.003 3.018(+ 0.61%) 0.0234
123404 29.921(--0.26%) | 4.345(- 3.45%) | 14.521(— 3.19%) 0.002 2929(--2.37%) 0.0225
123405 30.060(-+0.20%) | 4.462(— 0.84%) 14.844(— 1.04%) 0.007 2922(- 2.61%) 0.0278
123406 20.669(— 1.10%) | 4.481(--042%) | 15.103(+0.69%) 0.000 2981(—0.64%) 0.0483
123407 29.864(—0.45%) | 4.564(-+141%) | 15.281(+ 0.88%) 0.002 2.798(— 6.75%) 0.0326
123408 30.004(+0.01%) " 4.448(~ 1.17%) | 14.823(— 1.18%) .001 2.847(— 5.10%) 0.0154
123409 30.145( + 0.48%) 4.429(21.57%) 14.693(— 0.04%) 0.001 2.670(~ 11.0%) 0.0247
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¥ 3 M Epto fHYE X 8A X2l dnt

o |CVo | i Cvij vy |CVy i H |CVH| P* | Dif | CVP, Sk Kur N, | K, p,*2
)| @) | ) [ (%) | tm® | (%) | (m) | (%) | t/m) (%) | (%) (t/m)

3% 135 13020 L7110 12 | 20 | 56.628 | 21.0 | 71.77 1.488 4.492 | 369 | 510 | 46.815

35 035 | 30| 20| 17 10 12 10 1 55069 | 176 | 60.06 0.371 2628 | 369 510 | 46.815

i

35 | 3 | 30 20| L7} 10 | 12 0 : 54658 | 168 | 55.75 : 0.060 1799 | 369 | 510 | 46.815

12 | 20 56485 | 207 | 7059 © 1356 | 4.306 | 369 | 510 | 46.815

35 | 3 | 30 | 20 17 5
3% | 35 | 30 | 20 | 17 5 12 10 54922 | 1731 5882 0.290 2463 | 369 | 510 | 46815

35 | 3 1 30 | 20 17

(53]

12 0 | 54504 | 164 | 54.50 0.028 1682 | 369 | 510 | 46.815

35 | 3 030 1 10| L7 | 10 12 1 20 | 57296 | 224 | 7297 1.608 4912 | 356 | 510 { 46.815
35 | 35 ’ 30 1 10 17 | 10 12 1 10 | 55684 | 189 | 61.07 0371 . 2606 | 356 | 510 | 46.815

35 ) 35 1 30 10 | 1.7 | 10 12 0 | 55.237 | 180 | 56.59 0.047 | 1653 | 356 | 510 | 46.815

3% 03 1 30 1 10 17 5 12 | 20 | 57153 221 | 7077 1.438 4.568 | 356 | 510 | 46.815

35 ] 3 | 30 10 | 17 5 12 10 | 55538 18.6 | 59.84 0.285 2403 | 356 | 510 | 46.815
35 1 30 10 | 1.7 5 12 0 | 55084 | 17.7 | 5535 0019 | 1526 | 356 | 510 | 46.815

35 1 3% | 30 0| 17 { 10 12 ] 20 | 57303 | 224 | 7219 1.403 4.572 | 343 | 510 | 46.815
35 1 35 | 30 ‘ 01 17| 10 12 10 | 55748 | 191 | 60.84 0.301 2412 | 343 | b10 | 46.815
35 | 35 | 30 0| L7 | 10 12 0 | 55342 | 182 | 56.77 0.039 1.583 | 343 | .510 | 46.815

35 | 35 | 30 0417 12 1 20 | 57172 | 221 7114 1.285 4340 | 343 | 510 | 46.815

36 |3 130 0 0|17 5 12 | 10 | 55609 | 188 | 59.71 0.237 2264 | 343 | 510 | 46.815

3

35 | 35 | 30

017 5 12 0 | 55192 | 179 ¢ 5557 0.015 1.466 @ 343 | 510 | 46.815
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o CVe | i Cvi ! y [CVy TH CVH| p¥ Dif | CVP, S, ( Ku 1 Ni ‘ K. p.*
Y@ | O | ® | ym® %) | m) (%) | t/m) (%) . (%) ]' (t/m)
A — ...._4_#.__+, S ~t
35 35 ‘ 30 20 1.7 ¢ 10 12 20 | 33539 | 241 77.01 1512 4.447 | 369 | 510 | 27.029
35 35 30 20 1.7 10 12 10 | 32621 | 20.7 | 65.21 | 0.346 2417 ! 369 | 510 | 27.029
35 35 30 20 | 17 10 | 12 0 | 32390 | 198 | 60.80 ‘ 0.052 1.606 i369 510 | 27.029
e 1 . SR A S R
35 35 30 20 1.7 5 12 20 | 33471 | 238 7617 1.452 4.389 } 369 | 510 | 27. ()29
35 35 30 20 171 5 12 10 | 32548 | 204 | 64.28 0.299 2323 | 369 | 510 ¢ 27.029
35 35 | 30 20 1.7 5 12 0 | 32311 | 195 | 59.78 0.029 1507 | 369 '5101‘ 27.029
— S } }
35 35 30 10 T 1.7 10 | 12 20 | 33.270 | 23.1 i 74.37 1.552 4.628 | 356 ‘: 510 ‘ 27.029
35 35 30 10 1.7 10 } 12 10 | 32.341 | 197 | 6248 | 0.356 2475 \ 356 [ 510 | 27.029
35 | 35 30 ! 10 1.7 10 1 12 0 | 32090 | 187 | 5801 | 0049 ¢ 1613 | 356 l 510 | 27.020
A— 1 S - EE— ‘, . : ] e e
35 % 35 \ 30 ‘ 10 1.7 5 12 \ 20 | 33194 | 228 73. 32 1.430 4.402 “ 356 | 510 ; 27.029
3 | 35 03 10 17| 5| 12z | 10 | 32261 194 6138 0288 | 2321 @ 356 | 510 27029
35 | 35 ] 30 | 10 J 17 } 512 0 | 32006 | 184 | 5685 | 0.022 \ 1495 356 | 510 27029
I i | L | -
TH. : SR W SRS SR I - SR SR ,
35 ‘ 35 \ 30, 0 g 1.7 1 10 12 200 | 33.084 | 224 7219 1403 | 4572 1 343 3 510 1 27 029
35 é 35 1 30 0 j 17 | 10 12 10 | 32,186 | 19.1 = 60.84 0.301 2.412 | 343 510 27.029
35 ; 35 30 0 l 1.7 10 12 0 /31952 | 182 | 56.77 0.039 ‘ 1.583 | 343 | 510 | 27.029
B i ! _4.4. SRR WO NN S N
35 35 30 0 17 “ 5 12 \ 20 | 33.008 | 22.1: 71.14 ”85_T 4,340 ﬁ 3434\> 510 21 OZ‘J
35 \ 35 30 0 1.7 \ 5 12 ' 10 | 32.106 ‘ 188 | 59.71 0.237 ' 2264 - 343 ! 1() 27.029
3 .35 | 30 017! 5|12 | 0 | 31865 l 179 | 5557 | 0015 l 1.466 ;45‘ 010}' 27.029
X WO SO ISR SO SO - i e | S
P* o ol Adel o8t A FEEQF £aAAJH B iiLi](t/m, =9.8 kN/m)
P27l FAe 9% A FEEde] 73R/ m, =98 kN/m)
Dif(%)= (P,*' — P, *1)/P.* X 100
CV b, mojddel 2lg o FEEY FHAE FdA]e] EEAF%)
B 5 MHEE seedit
Input Data
No. of Samples: 1000 Mean: 30.000
Standard Deviation: 4.500 Coeff. of Var(%): 15.000
Statistics
Seed Mean Standard Coef. of [ Coeff. of Coeff. of D value
Deviation Variation(%) Skewness Kurtosis K-S test
123478 29.921(—0.26%) | 4.486(—0.31%) | 14.993(—0.04%) 0.002 3.004(+0.12%) 0.0190
123495 29.923(—0.26%) | 4.580(+1.78%) | 15.306(+ 2.04%) 0.007 3.005(+0.16%) 0.0198
123415 30.029(+0.10%) | 4.548(+1.06%) | 15.144(+ 0.96%) 0.016 2.955(— 1.49%) 0.0195
123417 30.032(+0.11%) | 4.566(+ 1.46%) | 15.203(+1.35%) 0.001 2.938(~ 2.08%) 0.0196
123463 29.834(—~0.55%) | 4.469(~0.69%) 14.980(—0.14%) 0.003 2.958(— 1.42%) 0.0181
123477 29.948(—0.17%) | 4.440(—1.34%) 14.825(— 1.17%) 0.004 3.106( + 3.52%) | 0.0179
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B 6. #HATE])

Range ﬁx I Bzz B.’s 34 Bs Bﬁ I
25°<i<30°
30%<CVo | - 6.639 1.198 —~0.679 -().033 0.052 0.329 0.9878
20%<CV 9<30% - 3.429 0.307 0.241 —-0.002 0.037 0.320 0.9504
10%<LCV ¢<20% -7.124 —-(1.265 0.897 0.141 0.022 0.316 (.9895
0%<CV ¢<10% - 9.641 - (.384 0.865 0.313 0.004 0.319 0.9574
15°<i<25°
30%<CV ¢ E “““ 19.724 0.677 0.802 0.026 0.044 0.313 0.9881
20%<CV $<30% | —11.285 (.224 0.747 0.051 0.031 0.309 0.9970
10% <CV ¢ <20% ~ 5,206 (0.357 0.613 0.091 0.237 1.485 0.9888
0% <CV ¢p<10% ~3.219 -—{(.036 0.151 0.078 0.005 0.314 0.9120
0°<i<15° |
30%:<CV ¢ -12.123 0.588 0.351 0.012 0.037 0.302 0.9948
20%<CV $<30% - 6,196 0.268 0.173 0.013 0.025 0.305 (1.9925
109 <CV ¢ <20% —3.423 0.096 0.053 0.009 0.014 (1.305 0.9971
0% <CV ¢<10% ~2.142 0.009 0.015 l 0.006 0.006 0.314 0.9991
Big: E7)A
CV ¢ - WEvpEtel HEAG(%)
. ‘r] zH = ;Q;‘ &-‘HP} fék}—l}'(ﬁ:)
A A
B 7. HHATH2)
Range B B2 Bs Bs Bs Be B rt
CV 0<15% - 11.060 0.174 0.813 0.498 0.101 (+.235 1.568 0.9589
15%<CV 0 <25% —-23.225 0.629 0.969 (.543 0.013 0.226 1.330 0.9640
25%<CV ¢<35% ~ 32.448 1.261 0.883 0.266 -0.035 .226 1.183 0.9314
i
Bi.7: BAASG
L= Bifed+ Bai +BCV i+ BsCVy+BCVH  (6) TEY FAYE(/m)
) P FEESE F2lo] 23 H Egtel A
oA L AR 27K (tT/ ) Jo%l 9] itel A
m
B s BAASGE 8)
) ) L 444 2389 HEAS
Monte Carlo simulation®)] &j8} Al4te A % " B
EQre] A AMRLe oy 2ow HAHUE CV Pv=0+ B0+ BsCV ¢+ P
+BsCV i+ psCV y+B-.CVH 8
P.= P.*(1+1./100) N p BeCV v+ By ®
o719 A7), CV Pv i A ES} 38R HEAR(R)

P. : Monte Carlo simulationo] <]} Aatgl #

—
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B 8. HHAHITI(3)

Range B B2 B Bs Bs r?
30%<CV 0 <40%
25°<i<30° -9.362 1.186 - 0.602 0.156 0.045 0.328 0.9901
15°<i<25° ~21.500 1.180 0.000 0.180 0.043 0.325 0.9904
i<15° —9.312 0.594 0.000 0.057 0.033 0.303 0.9920
20%<CV ¢$<30% ‘r
25°<i<30° —7.297 0.276 0.380 0.235 0.033 0.322 0.9833
15°<i<25° —0.229 0.281 0.000 0.265 0.030 0.317 0.9688
i<15° —3.808 0.230 0.000 0.055 0.020 0.298 0.9863
10%<CV $<20%
25°<i<30° —12.123 —.367 1.171 0432 0.015 0.315 0.9972
15 £i<25° 11.637 —().366 0.000 0413 0.010 0.312 0.9903
i<15° - 2.454 0.074 0.000 0.027 0.007 0.300 0.9963
0%<CV ¢ <10%
25°<i<30° ~12.123 —0.367 1171 0432 0.015 0.315 0.9972
15°<i<25° 11.921 —0.561 0.000 0497 | 0000 | 0.313 0.8920
i<15° ~1.658 —0.007 0.000 0.020 0.000 0.303 0.9981
H 9. #HHTH4)
Range B1 B2 Bs B4 Bs Be g’ r?
25%<CV 6£35%
25°<i<30° —16.767 1.560 0.558 —0.477 0.525 0.169 1.172 0.9731
0°<Li<25° —44.731 1.360 0.891 0.690 0.582 0.165 1.155 0.9566
15%<CV 9 <25%
25°<i<30° —15.452 0.697 0.730 0.243 0.792 0.158 1.215 0.9331
0°<i<25° —32.858 0.569 1.043 1.015 0.716 0.172 1.281 0.9701
CV ¢<15%
25°<i<30° ~12,006 | —0.254 0.704 1.106 1.128 0.147 1.322 0.9557
0°<i<25° —14.003 0.085 0.749 0.751 0.797 0.183 1477 0.9447

45 © Egto| X HE]

EHSEY BXE HTEER 7138 Monte
Carlo simulationol] ¢J3] A2 FREYJY +=H
2 FARES # 3 9 ¥ 49 dEAss HEA
it 9 2B o) vteld vhel o] AR ET}
ohd 3% wmeE AV FEE VI Ext

B14E H1%-1994% 17

i

doh. FEEAY 7% B FHAEY FXFHE
+3}7] ¢} Pearson System!™®& A}g3}a] 7}
A9-(7927)0 Wis) £29] g BAAT EYY
3 g AR RYXFHE BAFE 3 2EY
o] d¥E 29 15E 1% 47bAel e

Pearson’s System“4le]] o] # Eqte] 43 ¢

i
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Frequency

Frequency
70
80 4
60 bomr
70 - ~
50 |- ~
60 -
40 - | w0 L |
0 - o b N
20 - - 30 -
l LH T I 0 -
Class § 10 15 20 25 30 35 40 45 50 !“ l
1l
Class & 10 15 20 25 30 35 40 45 %
Class 5 10 15 20 25
Midpoints| 18.43| 43.32| 68.22} 93.11118.01
_ Class 5 10 15 20 25
Class| 30 5 © 15 50 Midpoints| 12.59( 29.16] 45.72 62 28| 78.84
Midpoints]142. 91|167.801192.70(217.59]242. 49 Cinss| 30 35 40 45 50
Midpoints| 95 411111 97[128.53}145.03}161.66

a7 1. SEARS S[AETH(T).
(©=35° CV ¢==35%, i=30°, CV i=20%, y=
17t/m® CVy=0%, H=12m, CVH=20%)

28 3. $EYES LRI ()
(9=135°, CV ¢=35%, i=30°, CVi=20%, y=
1.7t/m* CVy=0%, H=12m, CV H=20%)

Pearson's Type 1 (¥ E}5-30)
Pearson’s Type 1 (HlE}E-3, J-8)

Frequency

50 Frequency
45 - 7 9 } 1
0 - 80 L |
35 -~ 70 b A
0 . - i
25 |- 50 - y
20 t- ol |
15 |- § 30 L -
10+ 1 20 + -
i oo !
i . it
Class 5 10 15 20 25 30 35 40 45 650 Class 5 10 15 20 25 30 35 40 45 SO
Mid;:gi::: 1031 za,lgs :nfgs 50,2[7)2 54_2?5 Midp(c)!l::: 25_33 34.”1)7 424120 50.233 59.2?1
MldpE‘i::: 77?29 91?‘33 m:gv 117.‘31 131?2.4 ‘Midpgz:t: 57?050 75?'33 a4'.“1)7 92.‘?,0 xoo_sgs
gl 2. AmARo| S|AETIM(2) gl 4. MR FAETH(2).

(0p=35°, CV ¢=35%, i=30°, CV i=20%, y=
1.7t/m* CVy=0%, H=12m, CV H=20%)

1.7t/m* CVy=0%, H=12m, CVH=20%)

Pearson’s Type 1 (vle}l¥-3¥, U-%) Pearson’s Type IV
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H 10 © Bt T+HYE EEZYHEH

o i Data Type IU) Type 1(U) Type I(U) Type IV Type VI
©) ) set Beta Beta Beta
(U-shape) (J-shape)
35 30-0 288 11( 3.8%) 60(20.8%) 144(50.0%) 5(1.7%) 68(23.6%)
30 250 288 11( 3.8%) 45(15.6%) 162(56.3%) 3(1.7%) 66(22.9%)
25 20-0 216 9( 4.2%) 6( 2.8%) 142(65.7%) 1(0.5%) 58(26.9%)
35 30 72 11(15.3%) 14(19.4%) 38(52.8%) 2(2.8%) 7( 9.7%)
35 20 72 0( 0.0%) 34(47.2%) 11(15.3%) 3(4.2%) 24(33.3%)
35 10 72 0 0.0%) 6( 8.3%) 41(56.9%) 0(0.0%) 25(34.7%)
35 0 72 0( 0.0%) 6( 8.3%) 54(75.0%) 0.0%) 12(16.7%)
30 25 72 11(15.3%) 8(11.1%) 44(61.1%) 0(0.0%) 9(12.5%)
30 20 72 0( 0.0%) 31(43.1%) 19(26.4%) 3(4.2%) 18(25.0%)
30 10 72 0( 0.0%) 6( 8.3%) 45(62.5%) 0(0.0%) 21(29.2%)
30 0 72 0( 0.0%) 0( 0.0%) 54(75.0%) 0(0.0%) 18(25.0%)
25 20 72 9(12.5%) 6( 8.3%) 45(62.5%) 1(0.5%) 11(15.3%)
25 10 72 0 0.0%) 0( 0.0%) 43(59.7%) 0(0.0%) 29(40.3%)
25 0 72 0( 0.0%) 0( 0.0%) 54(75.0%) 000.0%) 18(25.0%)
35-25 30-0 792 3.9% 14.0% 56.6% 1.1% 24.2%
E 1. M EQle £E4P BEYEY
¢ i Data Type I(U) Type I(U) Type (L) Type IV Type VI
) ) set Beta Beta Beta
(U-shape) (J-shape)
35 30-10 216 17( 7.9%) 68(31.5%) 65(30.1%) 10(4.6%) 56(25.9%)
30 25-10 216 13( 6.0%) 57(26.4%) 92(42.6%) 6(2.8%) 48(22.2%)
25 20-10 144 4( 2.8%) 15(10.4%) 87(60.4%) 4(2.8%) 33(22.9%)
35 30 72 17(23.6%) 29(40.3%) 20027.7%) 2(2.8%) 4( 5.6%)
35 20 72 0 0.0%) 34(47.2%) 912.5%) 5(6.9%) 24(33.3%)
35 10 72 0( 0.0%) 5( 6.9%) 36(50.0%) 3(4.2%) 28(38.9%)
30 25 72 13(18.1%) 15(20.8%) 39(54.2%) 0(0.0%) 5( 6.9%)
30 20 72 0 0.0%) 38(52.8%) 13(18.1%) 2(2.8%) 19(26.4%)
30 10 72 0( 0.0%) 4( 5.6%) 40(55.6%) 4(5.6%) 24(33.3%)
25 20 72 4( 5.6%) 15(20.8%) 43(59.7%) 0(0.0%) 10(13.9%)
25 10 72 o 0.0%) 0( 0.0%) 44(61.1%) 4(5.6%) 23(31.9%)
35-25 30-10 576 5.9% 24.3% 42.4% 3.5% 23.8%

F14&E B138- 19944 1 8
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