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Abstract

This paper presents how to determine the system reliability of a typical shallow foundation
constituted four potential correlated failure modes of bearing capacity (BCM), consolidation
settlement (CSM), moment (MFM), and tension shear (PCM). Through the idenfication of the
distinct and different modes and evaluation of range of system reliability, the obtained conclusions
are as follows;

1. The CSM and the PCM are the lowest and highest of reliability indices of single performance
function, and the BCM and the MFM are medium of them.

2. For the correlated failure modes, the bi-modal bounds is narrower and lower of failure proba-
bility than the uni-modal bounds. Not to be overestimated, therefore, the system reliability

should be based on the second-order bounds using correlated performance functions.
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gi(X)=gi(X), Xz X0 @D
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Xi=mode joll A= & HEHEEH
e, EEY AFEgS ok LERE R W
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o8l 2.2 imdhEsh EHEERCHY RIG

#HEEs 424 o3t 2ri(Ang and Tang,
1980).
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2) P&H:(2nd-order or bi-modal bounds)
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3.5 Concrete Punching Shear Failure
Mode (PSM)
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4. WEY2 EHE BT

4.1 A% data

3.1ENN A RET & M BEY R
%_S_ﬂ EA BtEcge] =5 LSS E o
o] BT Abolell = HATHY IMALBAFRA Q)
“/1-5’— Brgsted #sEmTRERL 4 7FA S MAIHIZ A
A B £ 413 2

Table 4.1 Input Data
Mode Vlg?f;%?es \ mean S.D. ‘ c.0.V.
¢, rad 0. 36 0.04 | 0.11
¢, t/m? 0.58| 0.23| 0.39
BCM (1) B, m 2,00 0.20] 0.10
Dy, m .50 0.15| 0.10
P ot 50.00 | 12.50| 0.25
Hm | 60| 072 } 0.12
C., - 0.22| 0.02] 0.05
P., t/m? 812 0.65| 0.08
CSM (2) e, - 0.96| 0.09{ 0.10
| Pt | 50.00: 12.50| 0.25
B, m 2.00 : 0.20 | 0.10
Dy, m 150, 0.15 0.10
Pt 50.00 | 12.50 | 0.25
B, m 2.00| 0.20| 0.10
MFM (3) | D7 m .50 | 0.15| 0.10
d, m 0.30 | 0.015! 0.05
fo, t/m2 | 40000 | 4000 | 0.10
A, m? 0.002 2X107¢ 0.10
Pt 50.00 ] 12.50 0. 25
B, m 2.00| 0.20| 0.10
PSM (4) | Dy, m L50| 0.15] 0.10
d, m 0.30 | 0.015] 0.05
£, t/m? 2000 | 400 0. 20

4.2 {EHEH ¥ BER WHEH HE

Rackwitz algorithm -& o] -&-38led Hely Fhil
W) sl Ak shale] o] B AddlAY EHH
fREst 2 owlel EEsta ¥ REHEEEE
3 Azl = 4,203, Y= 3709 Al
WA S Bl KEd ted BEsd X
4.3 5 2w},



Table 4.2

Evaluation of Reliability Index and Check Points

Interation No. \?:S;gﬁe Assu%iiiiﬂure Gradiet Vector Dg(f:i;lgn Remark
¢, rad 0. 36 23. 4695 0. 9450 qo=17. 5t/m?
¢, t/m? 0.58 6. 5429 0. 2634 8=3.595

1 B, m 2.00 1. 6592 0. 0668
Dy, m 1.50 3. 2659 0. 1315
Pt 50,00 —3.1250 —0.1258
¢, rad 0. 2255 7.9345 0. 8088 go=21, 7t/m?
¢, t/m? 0. 3658 3. 8026 0. 3876 B8=3.093
2 B, m 1. 9520 2. 6643 0.2716
Dy, m 1. 4291 0. 9828 0. 1002
P, t 55. 6544 —3, 2807 0. 3344
¢, rad 0. 2069 9. 9231 0. 8180 qo=21. 8t/m*
¢, t/m? 0. 3088 4. 4306 0. 3652 B=3.099
3 B, m 1.8320 3. 4626 0. 3003
Df, m 1. 4535 1. 3894 0.1145
P, t 62. 9286 —3.7244 0. 3070
¢, rad 0. 2596 9.9061 0. 8155 Q=21 8t/m?
¢, t/m? 0. 3240 4.4135 0. 3633 B8=3.096
4 B, m 1. 8139 3. 6864 0. 3035
Df, m 1. 4468 1. 3833 0.1139
P, t 61. 8938 —3.7992 —0. 3128
¢, rad 0. 2600 9. 9488 0. 8158 qo=21. 8t/m?
¢, t/m? 0. 3256 4. 4219 0, 3626 $=3.096
5 B, m 1.8121 3.7096 0. 3042
Dy, m 1. 4471 1. 3899 0. 1140
P, t 62. 1033 —3. 8067 —0.3122
*Initial Conditions : Demand of Contact Press. (g,)=15.5 t/m?
Supply of Bearing Capacity (¢gu) =50.7 t/m?
Table 4.3 Reliability Index and Check Points of all Failure Modes
Failure Mode V]g??;%?e Failure Point G\I}ig;g?t Dggsitrllzn Remark
¢, rad 0. 2600 9. 9488 0. 8158 qo=12.7t/m?
¢, t/m* 0. 3256 4. 4219 0. 3626 q*=21.8t/m?
BCM (D B, m 1. 8121 3, 7096 0. 3042 £=3.096
Dy, m 1. 4471 1. 3899 0.1140
P, t 62.1033 —3. 8067 —0.3122
H, m 6. 6624 —0.0171 —0. 4070 Sy=86. 65cm
Ce, - 0.2243 —7.35X10 —0.1751 S.*=15cm
P, t/m? 7. 1553 0. 0275 0. 6558 g*=21. 0t/m?
CSM (2 €, - 0. 9259 7.03x107® 0.1674 B8=2.265
P, t 63. 6750 —0. 0262 -0. 4819
B, m 1. 8858 0. 0106 0. 2522
Df, m 1.5759 —9.37x107® —0. 2231
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P, t 59. 9861 —2.6525 —0.2633 M,=9, 5tm
B, m 2. 5620 —9, 3309 —0.9264 M,=19. 2tm
MFM (3) Dy, m 1.5189 —0.4179 —0.0415 M*=17.0tm
d, m 0. 2961 0. 8591 0. 0853 =12. 2t/m?
Sy, t/m? 37840 1.7928 0.1780 £=3.033
A,, cm? 18. 9000 1. 7928 0.1780
P, t 58. 1506 —15. 9109 —0. 1568 To=78. 4t/m?
B, m 2. 0394 —4. 8023 —0. 0473 7,=500t/m?
PSM (4 Dy, m 1.5098 —1.5873 —0.0157 £*=90. 0t/m?
d, m 0. 2995 0.8372 | 8.26% 10" g*=17. 0t/m?
f.’, t/m? 359. 810 100. 00 0. 9863 B=4.157
note : *Values of failure point

4.3 % WIEER Ato[2| ERALRE
== 4,344 direction cosines & . (2.15)
ol A BEEEHAL Aol AHEGRER fT40E
Fa, % 445 2k
Table 4.4 Correlation Matrix of Failure Modes
BCM(1) CSM(2) MFM(3) PSM(4)

BCM(Dr 1 0.3013 —0.2056 0.0328
CSM(2) ( 1 —0.0975 0. 06701

MFM(3) tSym. 1 0. 0865J
PSM(4) 1

4.4 EW¥ &:E59me EHRE €=
1) Uni-modal bounds
% 4.2 9 HEMA JF & UHEEER

BEE X (2.2000 {UAT BHEY #HEE ¢
&3} gk,
2.198< pr<2. 265 4.1
1.176% < pr<{1.397% (4.2)
2) Bi-modal bounds
# WHEHEAES xlz & 4 A ERslkd
M R A F RS Tk thgst
Zre},
2.334X10°<P(E\E,)<4.139%107° (4.3)
P(E\E)<7.040
X107 5 (o1, +<<0) 4.4
2.430% 107 P < P(E\E)<2.463x107° (4.5)
P(E,E)<2.775
X1078 5 (02, 3<<0) (4.6)
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3. 054 X% 1077 P(E,E,)<3.742

x10x1077 4.7
5.507X 10" < P(E,E)<5.874
x10x1078 (4.8)
99 mHEEL 3% (2.21) ¥ (2.22)d W&t
o ke %ﬁ& BHEE HiE=,
2.1977<pr<2.1984 4.9
1.389% < pr<_1.395% (4.10)
4.5 # B
4 (4.2) B @109 ¢ std, bi-modal bo-
unds 7} EEE F2 2 THEF o A #FE
Aok, WA, FHIER s BEhaiE B

Bakel system reliability 2 fEATlor & Aol
o zElE, 4/09 CEHRD BUEERLS) Jmsy

o] HEHEMEY HLEMEE & 4.3 &st4,
58.15 ¢t P*<63.68t
1.81 m<{B*<(2.56 m
1.45 m<<Ds*<1.58 m
29. 9 em<d*<{30.0cm
A7 A Jbil BTENES ERER 3tz
Ul A = gl 23Ew gl dEE A
A ke,
P*=64t, B*=2.6m, Ds*=1.6m, d*=30

cmel=2 2,
o Femgel eSS G 5
Q*=P*+-Ds*B*=85. 63t
o JEHIEE §

g*=Q*/B*=12, 67t/m’



1) Bearing capacity mode (BCM)
=(.33t/m?, ¢*=0.26rad.o]2=E, N,*=6.

81, N,*=3.94, N.*=15.44, D*=1.25 S;*=
1.38, D*=1.19 5% BERY g:(X)9 K
bl ohelshd, go*=44.84t/m o] vt @z}
A, TEEIRAY el o3 RARZL 3.54 o] T

2) Consolidation settlement mode (CSM)

H*=6.66m, C.*=0.224, ¢*=0.93, P5=
7.16t/m?, Py*=6,38t/m? 4P*=3.26t/m’ ]2
2 §5#=10.36cm el vk, w24, BE=R st= B
B UTRGS)S BEsA & (FEiF =AsA
FRHR FhoezdE F=14594 ¢ T%L
EE ¥k obEl el FEHELR B H
#etel, oRddl, BEE Moz d& £ 4.3
ol & BHEES 21 0t/m* o2 {ERAAE A%
ol FEMBETEE S 98.82% A Aba]l LRl
& B3 et

3) Moment failure mode (MFM)

F5=35980t/m* A*=18.6cm?ol2 2, I
moment £ 17.9t/m o] =}, =}3sR] E4.39
RS moment(Mo)oll #gt KR4 1.88
ol vk, fEHHEE Fitol A v KRG WA
99.78% 24 A WERI AR P}

4) Concrete Punching shear failure mode

(PSM)
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’1
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B i F & (CSM), R.C. slab 4] tisi A &=
moment 77 (MFM) ¢} Ri515E 358 (PCM)
Toz REsSh, o] AR v pyUsEile &
B el A, EpESl GE B el E b AR
B E B A A A system reliability & 2
gk wh,
1. B— Zahmgel o3 FHEBHE CSM o

)Trﬁ rir e

A
S

7H L,

PSM o] 74 RERREA o,

BCM = MFM ¢] miEmaRe AL 2z BCM
I MFM & el o}

2. BHIEE WEEAY EHE fEs TRERE
of —fER o F2
{[ERS
2 HER THiko 2 system reliability 3

=, 2 SRS TR
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el
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