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Abstract

The measured soil data are analyzed to the descriptive statistics and classified into the four mecdels
of uncorrelated-normal (UNNO), uncorrelated-nonnormal (UNNN), correlated-normal (CONO),
and correlated-nonnormal(CONN). This paper presents the comparisons of reliability index and
check points using the advanced first-order second-moment method with respect to the four models
as well as BASIC program. A single-mode performance function is consisted of the basic design
variables of bearing capacity and settlements on shallow foundations and input the above analyzed
soil informations.

The main conclusions obtained in this study are summarized as follows:

1. In the bearing capacity mode, cohesion and bearing-capacity factors by CU test are accepted
for normal and lognormal distribution, respectively, and negatively low correlated to each other.
Since the reliability index of the CONN model is the lowest one of the four models, which
could be recommended a reliability-based design, whereas the other models might overestimate
the geotechnical conditions.

In the case of settlements mode, the virgin compression ratio and preconsolidation pressure

r

are fitted for normal and lognormal distribution, respectively. Constraining settlements to the

lower ones computed by deterministic method, The CONN model is the lowest reliability of

the four models.
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73| 270] 0.8 20.4) 225, 192 0.832 0.90 | 0.13 o,m! 181 0.03' 25
| 1L35| 272| 3.8, 5L6, 20.4]| 178 1.020| 0.620.23 l 0.18] 17 0.11! 22
| 1635 2.71| 30.4| 44z 259 Lesl Lowe| 158|021 [ ‘ f
m—15 3.35( 2.66| 38.7| 46.8! 25.4 1.so§ 1088 | 0.48 1 0.30|0.06 | 18] 0.015 25
o 7.35| 269| 37.0] 449] 2490 182 1020 0.84{0.23)018 230013 27
| 10.35| =2.68| 350, 4l.4] 20.1] 184 €97, 1.08|0.18|0.25| 17 0.21] 20
| 12.85 0 2.69| 32.4| 40.8, 2L.4| 193 0.845, 1.32]0.17 | ;
B_lg{ 2.05| 2.68| 370! 453 25.4) 187! 1.005| 0.20]0.32(0.00| 2470.00: 27
4.05) 2.70| 3.6, 464, 2691 185| 1.016| 0.380.31 |
6251 2.70| 36.5| 43.9 241 L8| 1040 0.61]0.29|0.05  2200.04] 27
| 10.851 2.69| 30.9| 40.2| 203 185| 0.832 1.10]0.21[0.3¢ 21 1 0.30: 25
16.85| 2.68| 280 30.1| 180! Lol| ool 15900.17]011] 21 010, 26
B—21] 440 2.69] 385, 42.4. 22.1 ‘ 157 104! 0.45|0.21|0.18| 19 0.12 | 24
7.75, 2,65 43.2. 49.4 27.80 1.87| 1.148 0.85)0.30]0.05, 19 l 0.02 1 26
| 9.55| =267 36.2] 20.8 26: 1.89 | 1.045| 0.87/0.20 |0.381 13]0.23] 20
B—24] 4.85| 2.69] 323, 42.4| 214 1.95| 0.870] 0.51!0.23]0.14| 16} 0.08! 23
5.851 2.69 | 40.3| 49.1 22,4 1.87) 1.131] 0.83]0.34 ] ‘
6.85| 2.69| 40.1; 43.11 22.3] 1.82) L109| 0©.95)0.34 i

34 2% 15 - 19865 64




\Var.t g } ) LL P l ‘ [ Ccu | geu ¢ b
N oL G e | G ; & 5 Wan| e ,(k;/zni)| e e/ m?) e "(t/mZ) (deg)
| 78| 269 - 36.8] 403 i 21| 187 0.992| 118 ' 0.16 | 0.14 | 19| 0.09 [ 23
B—27' 9.05| 269, 36.2( 456, 222 178( 1.061| 1.07]0.31
| 9.8 2.69 1 41| 55.4| 237 200| L.157| 1.07|0.35 ‘ ‘
1085 270 i 27.7| 40.2| 25.4| 200 0.748| 121 0.20]0.45| 19:040| 23
1160 269 33.8| 42.4{ 203 18| 0.9l 1.19 0.21
1285 269! 67| 42.7 Coon1! 191 0783 13t 0.14 |
0.5 2.66 % 25.5| 30.1, 205! 2.07{ 0.739| 0.21;0.10 |
375 70 ) 36.1, 40.2, 27.1| 191, 1092 0.75 0.30
485 2.69| 33.6| 326  22.9| 1.80 0.904| 0.70 0.24 0.04| 18/0.04| 24
t 5.85| 270, 35.5( 37.8 27.1| L 945 1005 | 0.90,0.17
, 655) 269 31.3| 347, 261 [ 194 0.929 | 0.73 { 0.20 | 0.08| 170.08| 23
745 2.69 ( 30.0| 345 241, 190 0.840| 0.90 ' 0.24]0.09 18 0.09 22
8350 269 35.1) 7.4 27.2) 189 1003| 0.80]0.17
| 935 270| 87.0| 482 2.1\ 196| L013| 1.10]0.21
| 10351 269 35.7) 40.3 l 212 1.88| 1.024| 1.04{0.24]0.14| 19/0.13| 23
1.3, 2.66 40.2| 621, 249, 1.88| 1071 1.09 0.29 |
1235 265 255 414 26.2| 2.03| 0.680| 0.97]0.13]0.37] 13]0.28( 19
18.351 260 30.2| 47.2 1.7 2.03| 082 L8 0.16 ;
15.35 | 2.67 | 2.8 33| 13| 208 0 690 | 1.25/0.16]0.41, 14]0.33] 18
\ 16.35| 2.70, 32.0| 453 t 19.8 1.95! 0.916 | 1.30|0.24 | |
| 17.35] .68 o 30.2| 494 | 205 1.93, 0.874| 1.18 i 0.21 |
B—28, 0.35 271 260 3L.2| 2.4 210 0.751| 0.18]0.10
235 270 36.6| 37.3 | oza1l 1nes] L02] 0450 0.20 |
| 3.35| 2.69 ‘ 33.3 | 39.7 { 243 1.89| 0.981| 0.41 0.19 | 1
| 535 269 357 381 213 r 192 1.018| 0.85 ; 0.24 | l i ‘
| 635] 270 349] 3.8, 243 193 1033 0.71.0.27)
7.35| 269| 33.4] 385| 229! 1.94] 0.945 1.001 0.20 {
935 2 70’ 37.9} 53.7 22.3 ] 195 1.0#2| 1.05]0.30 0.08| 25 0.09] 27
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4.2.1 H#7 mode o] WA FH = 44 ‘«*?;f:‘;

A 229 2 2,21 g FEMGE 2 check
points B Tshe ™, PR o & BiyE, 2
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Table. 4.2 Characteristics of Soil on the Bearing Capac1ty

R “FNariabie | N : ‘
R — ] (5\ : N, 1 (t/m‘-’) ‘ N. [ N,
Parameter e | Y ) |
Minimum f — ! 2,000 0 7.643 i 6. 000
Maximum § — | 1.197 1. 500 10. 990 | 9. 253
Mean ‘ 3. 000* \ 3.633 0.812 9. 659 . 7. 941
Stand’d Dev. ‘ 0.150% | 0.884 0.430 0.963 0.943
C.O.V. ‘ 0.050% | 0. 243 0.529 | 0.100 0.119
Skewness f - | 0.177 —0.426 —0.040 0. 009
* Agsumed
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Table. 4.3 Goodness-of-fit test by Kolomogorov-Smirnov ,(P,.e5=0. 27)

L B z
Distribution ‘ (m) N, t/m® N, l N,
Normal ( x ! 0. 206 0. 141 0.167 | 0.175
Lognormal : | 0. 164 0.025 0. 149 ’ 0.153
Type-1 Extr. ’ i 0.157 0.157 0.146 | 0.114
Gamma ‘ § 0.391 0.678 0.985 | 0.786
Decision ] N | LN N LN ; LN
N : Normal LN : Lognormal * Assumed
* + o R = = -
Table 4.4 Correlation matrix Cetsh Zom o e CFE £ AHEEt 2 et

B N; ¢ N, N, Table 4.7. Characteristics of soil on the
B, 1 0 0 0 0 Oedometer test.
N, —0.37 0.90 0.90 Variable; ' , S
c 1 —0.37 —0.37 ] Ce | CFE | 0% | '
i Distribution | !
N. 1 0.90 — 1 —
N, 1 Minimum ©0.002 ] 0.032§ 3.459' 0.945
Maximum ! 0.013| 0.184 / 7.119  5.550
448 2B FTEIREE 2 SR | \
= 4 491 THBGRM ”j%j‘* ﬁ mea el Mean | 0.008| 0.124 5289 3.248
Al e Wit oldl A &¥ € 1A Welz T Stand’d dev. ( 0.003° 0.03¢ 1.108 1.304
A = JEE#EFTY] T2 Jaccobi method & o) C.0.V. | 0.263 0.274 0.210 0.429
&3] T Aste A4 F 4.5 9 4.6 2
) oo Table 4.8. Goodness-of-fit test by Kolmonov-
Table 4.5 Eigenvalues of corr. matrix [C’] Smirnov test. (Py.s5=0. 165)
— . “Varable . ,
Veriable | B N, ¢ N. N, S G ol —
Eigenvalue | 1.000 3.001 0.795 0.100 0.100 Distribution ) | | |
Normald. | 0.074| 0.083] 0.070 0.087
Table 4.6 Orthogonal transformation matrix Lognormal d. [ 0.078 [ 0. 086 [ 0.066 : 0.108
t . ¢
. 0 0 o 0 Type-1 extr. d. 1 0.080J 0 098] 0.089 ' 0.098
I 0 0.55%0 0.305  0.550 0550 Gomma d. | 0.615 0.587 | 0.424 0.643
T={ 0 0.176  0.953  0.176  0.176 | Decision A N ’ N l LN | LN
| 0 —0.707 0 0.707 o | '
L 0 —0.408 0 —0.408  0.816 ) Table 4.9 Correlation matrix, exgenvalues and
eigenvectors of [C’]}
Ay ogn iR GEL o ; s
4.2.2 W TR rEol A= BAY a) Correlation matrix [C]
28 C.. CFE o'y 07
- Crop 1 0.93 0 0 .
o S S el 131 AEgrEs 4 3.6% CEF | 1 0 0
ol gaok b, —Ed, T 4.1 1% PR o ’L 10w
el EMREECr7T genz, S74 7 Cr= LT I

0.07Cc & F 3] 27 3414 5[5 24 s
T OBEmEE 2 RS A% lglo’) ¥
TC tog(-22 )2 A5l +A A A 4215
A YL A FEREEA AT B
e AR ARE I 47~499 20 2a
W, o] EgAA8 CFE: 4 3.6014 39

36 2% 15% - 19864 61

b) Eigen values and eigenvectors of [C’]

Cre CFE o’ 0've
Eigenvalue  1.93 0.07 1.95 0.05
0.707, /—0.707, , 0 0
Eigenvector | 0-707 0.707 0 0
0 0 0.707 { | —0.707
0 0 0.707 0.707"
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D XE AFHF deste gradient vec-
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4.3.2 Flow chart

A 345k 36004 AR BEEY G (X)Y
G.(X)7F 2% FEffllelm e, A4y & wlE
b= AL R +E TikE Aol ARl Tz
§4.3.1¢ algorithm &)l 4 2 dA|w <=c] o)
gk gradient vector & T3} Al& n)z] o
2 A4 ARk

714 = /N A Fel sl APPLE(T) & A--43)
don, Tk 2o 9§ BASIC program
= AR #HCDA e o od aem F
4% Wyl B 9vlE flow chart 2 print
out wAS Rrk AAls] Hgo e o4
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APPENDIX(]) BASIC Program to compute the reliability and check points of bearing
capacity mode
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‘APPENDIX () Reliability Index and Check Point of G1(X)

1) Uncorrelated-Normal distribution (assumed)

q(t/m®) | B(m) N e/my Ne | Ny | bldes) | 8| P(%)
20 2.9704 2.398 ’ 0.614 8.5%7 |  5.310 ; 20.20 | 1.268 | 0.001
21 2.9717 2.508 0. 647 8.501 | 5547 | 2070 | 3.908 | 0.002
22 2.9733 2.617 | 0.679 8. 652 5. 780 ‘ 21.18 ., 3.540 | 0.019
23 2.9751 2.724 ’ 0.711 8. 720 6.000 | 2165 | 3193 | 0.065
24 2.9775 2.830 |  0.743 8. 795 6.236 | 22,10 | 2.840 | 0.230
25 2.9790 2,929 ‘ 0.777 8. 879 6. 447 % 22.52 | 2.489 | 0.620
26 2. 9815 3.033 0. 807 8.967 6.669 | 2295 | 2142 | 1.611
27 2.9842 3.134 | 0.8%7 9.061 6.885 | 23.37 ! 1.797 | 3.643
28 2.9869 3.233 0. 868 9.162 7.094 ' 2.77 | 1455 | 7.420
29 2. 9898 3.329 0. 898 9. 267 7.208 | 2415 | 1116 | 13.310
30 2.9928 3. 422 ‘ 0. 929 9.379 7.496 | 2452 | 0.780 | 21.770

2) Uncorrelated-Nonnormal Dist, (Assumed)

g(t/m?) | B(m) N | ewmn | N Ne | ddes) | 8 P,(%)
20 2.9517 2.663 |  0.506 |  8.053 5.93 | 2087 | 4660 | 107
21 2. 9557 2.727 | 0.558 . 8.185 6.081 |  21.24 4.213 | 0.001
22 2. 9606 2.790 | 0.608 |  8.322 6. 224 . 21.61 3.780 | 0.010
23 2. 9653 2.858 |  0.655 ' 8. 451 6.379 2198 3.359 { 0.039
2 2.9697 2.927 | 0.700 | 8.581 6.530 |  22.35 2.949 | 0.160
25 2.9740 2.998 ) 0.743 | 8712 6. 687 } 22.71 2.550 | 0.540
26 2. 9881 3.0 | 0.783 | 883 6.855 |  23.06 2.162 | 1.532
2| 2.9821 3.146 . 0.823 ‘ 8. 965 7.014 | 23.42 1.785 | 3.670
28| 2.9860 3.218 [ 0.82 |  9.005 7.177 J 23.77 1.416 | 7.429
20 | 2.9806 3.202 | 0.898 . 9.224 7.344 24.117 1.057 | 14.529
30 | 29932 3.369 | 0.933 |  9.351 7.516 ‘ 24. 463 0.706 | 24.109

3) Correlated-Normal distribution (assumed)

g(t/m?) | B(m) Noo|ewmy | No ] N, | d@es) | B | P
20 2.9926 0.957 | 1.026 j 6.713 ] 5.006 14.67 | 3.445 | 0.015
21 2.9915 1185 | L017 ( 6.965 |  5.256 16. 05 } 3.168 | 0.028
22 2.9908 43 | 1010 726 5505 1126 280 | 019
23 2. 9903 1638 1.003 ‘ 464 | 5752 18.3¢ . 2612 | 0.448
24 2.9901 1.863 | 0.997 7712 | 5.998 19.33 | 2,232 | 0.c83
25 2.9903 208 | 0.994 755 6210 | 20,24 | 2,053 | 2.059
26 2.9907 2.308 | 0.991 f 8169 | 6.481 2109 | L773 | 4117
27 2.9915 2.520 | 0.989 | 8435 | 6718 21.87 | 1.493 | 6.797
28 2.9925 2.73¢ | 0.989 | 8670 | 6953 22.61 | 1.214 | 11.234
29 2.9938 2.945 | 0.990 ' 8. 902 } 7.185 23.30 | 0.935 | 17.490
30 2. 9953 3.153 | 0.992 0.131 | 7.413 23.95 | 0.656 | 25.588
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4) Correlated-Nonnormal dist. (real)

g(t/m?) | B(m) N eymd | N Ny | ¢lde) 8 | P
15 2. 8791 1.55¢ 0.128 7.772 6.046 |  14.50 3.612 | 0.012
16 2. 8378 2.234 0. 075 8.218 6. 450 18.15 2.806 | 0.252
17 2. 8263 2. 398 0.136 8. 311 6. 546 19.17 2.540 | 0.550
18 2. 8004 2.785 | 0.109 8. 746 6.978 21.57 2.389 | 0.837
19 2. 8310 2.494 0. 298 8. 358 6. 609 20. 06 2.276 | 1.139
20 2. 8406 2.518 0. 382 8. 374 6. 633 20.37 2.170 | 1.500
21 2. 8530 2.544 | 0.463 8. 398 6. 663 20. 66 2.058 | 1.904
22 2. 8671 2.576 | 0.541 8. 435 6. 706 20. 96 193¢ | 2.655
23 2. 8822 2.618 | 0.613 8. 486 6. 761 21.29 1.796 | 3.190
24 2. 8976 2.670 | 0.679 8.553 6. 830 21.63 1.642 | 5.030
25 2. 9130 2.73¢ | 0.740 8. 635 6.914 22.00 1.475 | 7.010
26 2.9281 2.809  0.794 8.732 7.012 | 22.40 1.203 | 9.775
27 2. 9425 2. 856 \ 0. 843 8. 843 7.123 i 22.81 1.103 | 13.522
28 2. 9561 2,995 = 0.885 8. 969 7.248 | 23.25 0.901 | 18.385
29 2. 9687 2.107 +  0.921 9.107 7.38 | 23.70 0.690 | 24.510
20 2. 9801 3.281 | 0.952 9. 259 7.536 V 2416 | 0.473 | 31812

APPENDIX (1) : Reliability Index and Check Points of G2(X)
1) Reliability Index(8) 2) Recompression Ratio (C,,, cm?/kg)

_Model — | ] Model ]
S UNNO | UNNN | CONO | CONN \ UNNO. UNNN | CONO J CONN

Se,cm | Se, em™.

10 —0.74 | —0.75 | —1.39 | —0.47 10 7.902 | 7.883 4.67 | 6.440
11 —0.61 | —0.60 | —1.04 | —o0.82 11 7.920 | 7.990 5.33 | 6.750
12 —0.48 | —0.47 | —0.82 | —0.28 12| 7.930 7,927 5.90 ( 7. 040
13 ~0.35 | —0.3¢ | —0.60 f ~0.20 13 7.955 | 7.948 6.46 | 7.330
14 ~0.23 | —o.21 | —0.40 | ~0.12 14 7.971 7. 968 6.97 | 7.579
15 ~0.11 | —0.08 | —0.18 | —0.05 15 7.987 | 7.987 7.5¢ | 7.835
16 0.00 | —0.03 0. 02 i 0. 02 16 8. 001 8. 005 8.05 | 8083
17 0.12 | 015 | 0.2 0.08 17 8.016 | 8.023 8.56 | 8.409
18 0.23 0.26 | 0.40 013 18 8.030 | 8039 9.03 ‘ 8.729
19 0. 34 0.37 | 0.59 | 0.19 19 8.043 | 8.055 9.51 , 9.030
20 0. 44 g 0. 48 ! 0.77 ; 0.24 20 8.057 | 8071 9.97 | 9.339
21 0.54 0.58 | 0.4 | 0.29 21 8.070 | 8.085 10.14 | 9.656
22 0. 64 0.69 | 110 - 0.35 22 8. 083 8,100 10.81 ' 9.954
93 0.73 0.79 J L27 | 0.40 23 8. 096 8.114 11.26 ‘ 10. 330
24 0.88 | 0.8 | 143 | 0.45 24 8.107 | 8128 | 11.67 | 10.700
25 0.91 } 0.08 | 159 ‘ 0.50 25 8119 | 8140 | 12.08 | 11000
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3) Virgin Compression Ratio(CFE, ¢m?/kg)

4) Preconsolidation Pressure (g,’,t/m?)

Model Model |
UNNO | UNNNj CONO | CONN \]
S..cm \

10 0.112 | o0.111 | o0.086 | 0.108 10
11 0.114 | 0.114 | 0.094 | 0.109 1
12 0.116 | 0.116 | 0.100 | 0.113 12
13 0.118 | 0.119 | 0.106 | 0.116 13
14 0.120 | 0.121 | 0.112 | 0.119 "
15 0.122 | 0.123 | 0.119 | 0.122 15
16 0.124¢ | 0.125 | 0.125 | 0.125 16
17 0.126 | 0.126 | 0.130 | 0.129 17
18 0.128 | 0.128 | 0.136 | 0.132 18
19 0.129 | 0.130 | 0.141 | 0.135 19
20 0.131 | 0.131 | 0.146 | 0.138 20
21 0.133 | 0.133 | 0.151 { 0.141 21
22 0.13¢ | 0.134 | 0.156 | 0.143 99
23 0.136 | 0,136 | 0.161 | 0.146 93
24 0.137 | 0.137 | 0.165 | 0.148 24
25 0.138 | 0.139 | 0.170 | 0.151 25
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