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ABSTRACT

Calculation of Target Reliability Index and Resistance Factor

of Shallow Foundation in Sand

Kim, Sung-Heon
Advisor : Prof. Kim, Dae-Hyeon, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

Load and Resistance Factor Design(LRFD) is one of the limit state design
methods and has been used worldwide in civil engineering designs, especially in
North America, Asia, and other developing countries. Accordingly, the studies on
LRFD has been actively conducted in Korea. However, the data for LRFD in
Korea were not sufficient to perform statistical and reliability analyses, so
resistance factors suggested by American Association of State Highway and
Transportation Officials(AASHTO) have been uesd for the civil structural
designs in Korea.

The calibration of resistance factor based on the reliability theory for the
development of limit state design of shallow foundation requires a reliable
estimate of ultimate bearing capacity. The plate bearing test result is commonly
used in geotechnical engineering practice to predict the ultimate bearing capacity
of shallow foundation.

Many graphical methods are specified in the design standards to define the
ultimate bearing capacity based on the load-settlement curve. However, the
ultimate bearing capacity determined based on the load-settlement curve has a
low level of reliability to obtain an uniform ultimate load depend on engineering

judgement.

- vii -
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In this study, a well fitting nonlinear regression model is proposed to estimate
the ultimate bearing capacity of shallow foundation and the results are compared
with those calculated using previous graphical method. Applicability of LRFD for
shallow foundations on weathered soils in Gwang-ju and Jeollanam-do provinces
was investigated and resistance factor for these cases was proposed. The
quantitative analyses on the uncertainty and resistance bias for shallow
foundation on weathered soils were performed by collecting the statistical data
about domestic case studies for design and construction of shallow foundation.
Reliability analyses of shallow foundations were performed using LEVELs II

(First order Design value Approach) and I (Monte Carlo Simulation) methods.
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Meyerhof(1953)+= Terzaghi(1943)8] Fyw|AYZ I} H]$=sh} 7] w2 ol o] 4

718 s A 4wt vd2a g e] gieudas Adew AxwztA AdHe 9

HFGAE 7HAsI SRR EH A4S FEEAT. 27 2494 Terzaghi(1943)+ ¢

T = 3l ok Meyerhof(1953)% a = 45+ ¢/22 8931 Terzaghi(1943)+ 7%

Zﬂ“&iﬁ‘r AH-e] A S FAS ©ed] AAstE R Agste] AAE TS

F =8kl oy Meyerhof(1953) 712 AW BT §%o] o= Adke] Avxae 1y s}

of AA"E 2L FE3FATH
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a9 249 bewe] AWSHLS 1 = mlctoytang) 7t HH me AGFE BEE

-

(Degree of mobilization of shear strength)Z 0<m<l]o|3l, Z}%= n¢ 6+ meol w2t

A"
Z m=0°]" n=45° —¢/2, 6=90° + B]aL, m=1°]""d 6=135° +3—¢/27} B}

a=¢ l ia=45°+-%
Terzaghi #AHAUSZ Meverhof #3HWAYUE
1% 2.4 MeyerhofQ HE Y HIHLIS(S=XIEt285], 2013)

Meyerhof(1953)9] = &A 2= ALEA L 2 (22)9F 231, Terzaghi(1943)9] A A& &
23 fARgE Aol XX EAS N, N, N, ¥ 2}
1
q, = cN.+ EVQBNT + DN, (2.2)

Terzaghi(1943)2] 2712 m=0, =021 7 $-o], o] Meyerhof(1953)2] XA & 7
4 N., N,, N, th&9 2 9fsfe] 4=

N, = e"'"“"tan’ 45°+%) (2.3)
N, = (Nq—l)cotgﬁ (2.4)
N, = (N,—1)tan(1.4¢) (2.5)

_13_
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Meyerhof(1953)ell 2%t A A &AF= T 249 Zow Ztw fi= oz 7MA 8=
Frolth.
T 2.4 Meyerhof (1953)©] XIXIZIH4(EF, m=0, B=0)
R A & A<= ¢=0° 5° 10° 15° 20° 25° 30° 35° 40° 45°
N, 51 6.5 84 110 | 148 | 207 | 301 | 461 | 753 | 1339
N, 0.0 0.1 04 1.1 2.9 6.8 157 | 371 | 937 | 262.7
. 1.0 16 25 3.9 6.4 107 | 184 | 333 | 642 | 1349
Hansen(1970)3 Vesic(1973, 1975)2 Meyerhof(1953)2] o] &8 &3kslo] 2] (26)3

@ol AwrAel A B AoksArt.

1
q, = C]VPC& Cs deCa]Cct + qN qus quCQ'ICQ(]th + ETB ]\[7 C’rsCrdCriCr gort

N, =€""™""tan® (45 + %)

(N, — 1)cotep

N. = 1.5(Nq — 1)tan¢ (Hansen)
= 2(N +1)tan¢ (Vesic)

q

o714, B 7xe # Cats Cror G
c A Cess Gran Ggs
N, N,, N, @ AAHA5 Ceds Crat> Cga
9 295 Ceir Grin Cgi
Fo W FrpEzt Cegr Grgr Gog
gt 7% % Zoldl sigsls A
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I 2.5 Hansen(1970) 9 £

= Hansen(1970)3 Vesic(1973)9] A A

A ==(2SE, 2011)

>

= 7217} 7 25

Collection @ chosun

S ske(q) 9 AAE(c) 9 FAy)
N, B’
‘ 1+ - ¢ =0
PyAS B’ N, L B
—0. - = 0.
© 1+L,Szn¢) 1 04L 0.6
1+0.2? $=0
1+2tan¢(1 —sing)*k
AE=AF D/B <1 0.4k »=0 .
(d) k= D/B 1404k ¢ >0
D/B > 1
k = tan (D/B)
»=0
a H a
L OBH | 05405 1o [ 07H "
St A AT V+ A,C,cot fa V+ A,C,cote
(i)
2<a, <5 »>0 2<a, <5
1—¢,
GTN 1
q
wO
Ak AL A 147° =0
) (1 — 0.5tanw)? . (1 — 0.5tanw)?
g w
147° ¢>0
71}\]_7:‘”_? 6(7 2atane) . e(f 2.7atang)
a
(t) 147° ¢»>0
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T 2.6 Vesic(1973)2 =&

~(Ase,

2011)

Collection @ chosun

AskE (q) ¢ Az (c) o] FA(y)
AT B’ N, B’ B
= = —04—= > 0.
© 1+L,tan¢) 1+ CL, 1 04L, > 0.6
1+ 2tan¢(1 —sing )’k
04k ¢=0
A EAG D/B <1 .
(d) k= D/B
1404k ¢ >0
D/B > 1
k = tan" (D/B)
»=0
1— mH
A;CGN. 1 0.7H “
sk AHA 1— L " V+ quCot¢
Q) V+ AfCacoth)
¢ >0 2<a,<5
1—=¢,
G NI
q
2w
ARG T 070
(1 — tanw)? 1— (1 — tanw)?
(g) ¢ — CQ(] $>0
“  Ntan
2
HEEE ~(55)  #=0
AAHAIS (1 — atang)? 1—¢ (1 — atang)?
. at
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- Terzaghi(1943)
— === Meyerhof, Hansen,
] Vesic, Chen, /‘:
- Eurocode 7 a
T
=
e
.--"".‘.-r
e
———
1] 10 20 30 a0 50
L S20HE2E ¢
(b) N, AAEAF (A=)
] —— Terzaghi(1943)
u Meyerhof(1953)
= Hansen,
| —————— Vesic(1973)
1 —.—.= Chen
= = = = EUrocode 7 fa
5
Fr T
Ll
rg
r;’ff
-
!" /
.-ll'r J’-’.
e
..r f
.
~
Fg /‘,‘7/
Pd
10 20 30 40 50
Li 20, ¢

(c) N, A=A+

a8 2.5 €209 XXSH =
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8 2.6 SIS (ASD) £€AHE 2 (FHWA, 2010)

R,—AR=Q+AQ or Rn,(l—

A (212) Aejd A o] AAFE A 213)F o] xdY 5 Ut

_(+AQ/Q)

F =
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oR, = Y,1,Q (2.15)
oA7NA, @ AZA S
R, . &HAE

A (215)d 4] AMEEE AR MAREE HA L= AAEE 3 o]Atolo]
b= ouoln HzH= Zgsh= o] 71A SEFYE owlsta 7hzbe] &EF Y
et 2o gL a9 272 F%35t5(nominal load) % Al4=35FE (factored load) &
AR L AAAY e 1oz e Aot
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A7IA, g )= AL
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A 218)M FtES MEA LR 4 (2199 2ol vepd 5 gl

P, = P(R—S<0) ://fRS(T,S)d’I”dS (2.19)

n
o
i
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i
!
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R} S7F BRolal fre(rs) = fr(r)fs(s) & Agole A 22007 2t

P, = /OOOOfR(x)fS(x)dx (2.20)
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Z
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2 (2.23)8 4 (2249 WslEE st EEe ted g}
p,— 1) = ¢(—p) (2.24)
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wE Srldom s BWg B A 4 (237 o] vehd & 9ot
B=[(z— EX))TCy (z— E(X))]"? (2.30)

Shinozuka(1983) AFOSM Al#ma]4e] & 2 wx5 59 4 (2208 &8
Q0 HH3 FA] A5 Lagrange $AFH g8 5H0E FEF 5 Ak
gl Agets AARE NREFES ATFUILE ARRGL A A
A7t N AL AT 5 AUck WA At GAN SAFHEII Y w9 F
A (g EelnE 7 AREd] OE Bl Ee

ag/aU,

P 2.31
“T T T (ag/ 00,207 (231
U =—aq,f (2.32)
g(U U, , U, -, U, )=0 (2.33)

X' =z, + U oz, = pz,+ a,f0, (2.34)
(09/0X,)az

o= — 2.35

(> (ag/ 0, )2, |7 (2.3

(X', X, , X, , =, X )=0 (2.36)
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8 2.12 02 4220 S22 M2 £€HE 2F(A8&E, 1997)

Rackwilz-Fiessler(1978)% "1 Hasofer-Lind(1974)2] AFOSM®HA ®WF X7}
Aol g g(e)7F AdFA Ao F&e g8 AR F oy X, 7} H
Aol A g(«)e) uxgoe]l A Aol A =A% +& £ fle A7)
Ue T AUTh

Rackwilz-Fiessler(1978)& #¥& il AW SAx 0w e 5 e B¢
HATEE X, & 5718 AR EE W$AA Hasofer-Lind(1974)¢] AFOSM®4
AbRE S UER o UM EEREN S RS

Rackwilz-Fiessler(1978)¢] S 7Fd XMy 2 2 (237004 2] (2.38)& AH&3sl7]
Aol gtata 4 X,;Oﬂ*ﬂiﬂ HAFREE P (X)3d SEUEds £, (X))ol BEH
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=X —¢ '[F(X)]oY (2.37)
o oleTHE(X)]
0‘2: 6* - (2.3%)
f (X))
AEd WM ol 88 AFOSM HuAls FueFe] @ 8w 4w 2o
s ¥ 283 )
2.8 AFOSNE S 0|83 AT oAy
TR S RS =IRS i |
154 s staAl = A EHE S A A s
2% AMEEA G g5 7HA s
RY= %) HE o] 3 27|HEAA X, =X, & AAF
- el 2 (23713 2] (2.38)0 wEt H|AHFHFE diste] 5719
4t
ATFEEFF(pH)H BEANNE AT
5EHA) 2R X, oA AR ag/oX,E AT}
G e E o, 5 AAESHOL
6 (0g/0X;)0?
Q; = N
([N (og/0x,)02 1}
Xi'e] MZe ke AAE)
75 X, = — oy B
293 agb FEE 7R @A 4T BEEe] Algal.
adae (X, X, , Xy, L X, )=00] Ujdte] = At
StHA AL HEAI Yol 3] s Ao} F& A o T wrt
A @A 4~8% whE A g,
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d54 H43 7129 FAAF ¢, 1,5 WA ALEE AFOSM 2AMe) %
5o #2099 wol A4 Aee wE B

ki

H 2.9 &N+ 2FLY

T A =2 AA

1A e staA d= FANEHE Ad

A 2R EASF 5, & 7PEet

3 TE o & 271 AAA X2 AR5

oo e A 2303 A (2.38?011 w2k u Xé%ﬁ?léwﬂ tf 5} o]
574e ATEE FE(u)H BEFAA)E AME

5 BA X[ A AEE ag/oX, B ANFT

__li___
o {[Z (39/8)(7;)0“’%]2}(1/@

X, o M2e e Abgh

T X' = ;L?T— aiﬁaév
225 0,7t P W AR wA 4~78 BEEle] Alseith
neehs g(X], X, Xy, -, X, ) =09 diste] 4 =X/ /X,
8

2RE ¢ 9y E ANBL

o
3
il
fou
4

=W (MCS, Monte Carlo Simulation)2 Al &Ed oA 7]&Ee dFox
TotaA sk Ao gEA FEE HE et A¥e FARRH st W
o} BHEWHo] o A%E vhHolEE 19499 Metropolis Urame] Zuy= e 93 =
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d
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1=P)e] #AE zteth oA os FxE JASE(P)E IFEYLRE ol
3 BEZIE2 AlEF oA (MCS, Monte Carlo Simulation)ol] €3k A FEs]a oz Al
HEeAFE T8 5 len MCSol o7 deiddas oy 2133 £
TEP-1 STEP-2 STEP-3
dEE AT LA} _
G wgel da aw | | sEe sanee wy || D00 BT R
sgA@E, wad, [ | 0-1 gele wg |/ | B verse
Syae) o Transformation) 7]
L S 7
1% 2.13 MCSOl| 28t =2 E X}
dibHos MCSE thdd AR A7 Sdr AdHez golsta #8740l
Holur d@gdE 2732 AFste Aoz EA gtk olE2Few wygEL 1
W 2149 o] HEAow F& F 9tk
o} &5(r)
A G R
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16.7
22
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33.92
33.02
35.63
40.04
34.02
37.14
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32.01
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Ferlx 4 9 ABrFEH
&2-7] % Database 15 (H A2 Data)
e 28 H7} SRl PR R o skA| g 4
(AsAIE) (o] &) (T =)
v v v
A&A 5 o 4 gk skA g e e
T v
AAEAST L A AT A AAMF E4EA
Matlab 2134 a4
(FORM, MCS)
s50(Qp / QL)
3 v
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EFANFHEAF 2FE
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233 FHASIAE AEEE X S@AAF H)

31?—_—? d = 45(30)om
N d = 60(40)cm e
v Al -

Aol shFe 1ol WMoz E SAIRASHH (Constant load and time interval
method)®} % %] 8}& 31 (Constant load and settlement rate method)o] Ut} 5 A2k
At S dAHox dATE S 7hetal A ZEe] A v vE @AY stEs vF
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# g A 2
o ol Aol B JPem B olof il

ATAL FAL W VIS ol e 4 @nel SsAAe Qasdol 5
3 Aert FREAY AaEEst d4sAE i SR Adolojop @k A =
e AsAds A% 2 ahFol AHeA FAHE FAR A Few 65 oy
=45t}

Haola AR W E

|
ol 2omm o]/de] HUES

2 #Ash= NCHRP Report 507(Paikowsky S, 2004), Report 651
(Paikowsky &, 2010)o A+ AA| S3AAHE Hrbstr] s WIH oz zsiAgd
1HE ol &stHrh 27| %o A+ Minimum-Slope 415 (Vesic, 1963), 0.1B % s} &
F-A% (Vesic, 1975), logP-logS 415 (Debeer, 1970), Two-Slope #2411 %2 o]&3)
of SEAAHEE LA

(o]

oo mef E AF-oAe AREAN A3 BEOQIE NS 5E& FASI B4
S AASLA FHAASAIE S Fole FEAAEHE EASAT B S AHE
AA357] $98] NCHRP Report 651(Paikowsky %5, 2010), Minimum-Slope #2419,

logP-logS #4149, Two-Slope #44, 01B #std FAHLS A& &g A=
SRAAHe AAsr] fsked SPSS T A ZEIRE o8] WAl d 3] ARy
S AANsta AE@H 7P fARE SEAAE AR S A Este] AdAdAFE A
At
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(1) logP-log$S
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(2) Two-Slope
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(3) Minimum - Slope
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(4) 0.1B A3 AW
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A gz

3l SAF

mh
flo
=
@,
o
=
M
5
=
@,
=
=3

0.1B 3= Minimum logP-logS | Two-Slope H] 1 &

NoU U nag | Slope B waly 2y | gARy
1 85.334 93.206 85.458 94.894 92,207
2 242715 305.771 205.836 453.441 25272
3 529.657 471,504 228.834 203.949 273.64
4 121.406 182.600 98.067 98.067 102.33
5 231.535 264.289 289.415 272,507 276.84
6 480.035 462.776 229.890 257.941 241.67
7 135.258 130.958 103.349 92,982 111.25
8 478172 556.626 443119 559.140 476.35
9 782.566 675.980 370.986 351.380 401.63
10 365.004 480.428 277.026 472,629 295.32
1 522,506 500.728 191.214 240.725 201.62
12 941.697 956.051 776.627 687.161 750.16
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HIA Y 8] 724 e e Aubeh AAE SAAHS £ 214, % 2159 ok

H 214 HIHE3HES 2

o A Qult a4
. b . q (KN/m®) | A

NO.1 7.92E+01 4 98E-2 1.98E+1 1.23E-3 510.2 0.937
NO.2 6.42E+01 456E-3 2.77TE-1 3.43E+2 421.2 0.98
NO.3 3.22E+01 3.23E-5 7.12E+1 2.53E-1 2214 0.993
NO4 9.92E+01 3.96E-1 5.54E+2 2.93E-1 1511.0 0.991
NO5 3.92E+01 6.44E-3 2.54E+1 4.22E+1 324.3 0.991
NO.6 9.02E+01 9.62E-2 2.23E+2 2.59E-2 1011.2 0.993
NO.7 5.12E+01 3.89E-4 3.12E+1 4.12E-3 399.2 0.993
NO.8 5.12E+01 3.22E-2 3.54E+3 2.87TE-2 986.9 0.99%
NOJ9 3.12E+01 3.76E-1 2.64E+3 5.66E-3 4434.8 0.992
NO.10 4.12E+01 2.89E-2 2.95E~+1 2.21E-3 3825.5 0.992

_ o -
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B 2.15 ¥F 2 MYXS MEAIE ZD (Sl kN/m?)

0.1B 3= Minimum logP-logS | Two-Slope H] 1 &

o 2A | Slope BAW | 2AY wapg | HARA
1 610.2 590.2 532.3 502.2 510.2
2 490.3 460.5 432.0 321.0 421.2
3 953.7 320.4 210.3 223.2 221.4
4 1524.2 1611.0 1534.3 1422.0 1511.0
5 9435 900.3 8435 784.2 824.3
6 11024 1100.4 1000.4 990.4 1011.2
7 912.4 931.5 8035 856.2 859.2
8 11345 1192.4 1001.4 913.3 986.9
9 53425 5521.6 41015 4379.1 44348
10 4062.6 41142 30145 3792.3 38255

UhE ¥ 2213 o] SAAY Aitet nld 3R A3 Two-Slope 4 W 0]
SEAA G} T FARgE AEE Btk =3 A8 A Adet faksh A B

Hol AL = SEAAHoE AU

o=

_53_

Collection @ chosun



6000 1 -
] ® M-
5000 o
7 4000 0.
=
] 4
i 3000 ot
== I
-
S 2000
1000 1 Pl
0 M —T—7— T T T 17 T T T T T T T T T [ T T TT
0 2000 3000 4000 5000 6000
Hl 4% ] 2 H(kpa)
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(b) Minimum-Slope
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(d) Two-Slope ¥4 A3} 3|HE4A A3} vl
8 2.21 O|24alE JHEL 21
Us 3 216, 2177 Zo] o] &2 ot et X Hof| A= F]EATFA A Adsta 9l
+ Terzaghi(1943), Meyerhof(1951), Hansen(1970), Vesic(1973) WH & o] &3lo] #435}
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o SE @ FAAH L Terzaghi(1943) B Meyerhof(195D) ¢4 & #o =2 A4 ¥ U
o Hansen(1970)¢] #lQtAo] 714 B2 Ql ghoz H7hE A

H 2.16 O|24/01 28t HAFSXNXNS (ZS2, 2014)

9] = 8hA] %] 2] (kPa)
Aok
H gk ol %k ot BEAA LR B
Terzaghi 30.55 416.82 228.44 13293 0.58
Meyerhof 60.33 811.30 340.54 176.60 052
Hansen 25.62 413.18 204.00 136.83 0.67
Vesic 36.57 423.09 229.87 132.35 057

H 2.17 012401 28 SASEANXNS (= & MEXH)

9= A4 H (kPa)

No
Terzaghi Meyerhof Hansen Vesic

1 840.8 807.4 492.6 591.1
2 632.1 700.2 201.0 298.8
3 239.3 299.5 209.0 2253
4 1800.2 16959 1298.0 1408.3
5 1400.0 1359.6 632.5 780.4
6 1687.0 1633.0 821.6 977.6
7 408.6 531.1 860.0 867.4
8 1179.7 1072.6 782.8 877.0
9 4817.9 4628.0 4192.3 42571
10 6139.0 77883 3570.5 39771
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H 3.1 &3 € J3EXSE ISANXH OlELE MBS H+2 BEF
A Ao Ht
0.1B s}z Minimum-Slope logP-logS Two-Slope
il il il il
Terzaghi 0.970 1.006 0.840 0.837
Meyerhof 0.902 0.933 0.733 0.774
Hansen 1.382 1.410 1.200 1.149
Vesic 1184 1.214 1.026 0.995
H 3.2 &= 2 dEXE ISANXNSE O|SAE EFEEIS EZ
AFATFA G EFAX
0.1B s}z Minimum-Slope logP-logS Two-Slope
il il il il
Terzaghi 0473 0.505 0.418 0.466
Meyerhof 0.342 0.367 0.305 0.335
Hansen 0.394 0.343 0.368 0.176
Vesic 0.135 0.130 0.134 0.060
H 3.3 &= 2 dEXE ISANXNE O|SAE Ao EZ
AFAGFA o] HEAF
0.1B s}z Minimum-Slope logP-logS Two-Slope
i le: il i le: il
Terzaghi 0.437 0.501 0.497 0.556
Meyerhof 0.379 0.393 0.339 0.432
Hansen 0.285 0.243 0.306 0.153
Vesic 0.156 0.148 0.179 0.060

NErde) AAY o2 AW AFAPAS

rir

0.665, COV, = 0379~0501%2 4% 2
o W& A7 A, = 1127, COVy = 04165 A
2 s
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H 3.4 J|E28 3SSXXE 01248 NEEHEHS2 HZ(LSA, 2014)
A Ao Ht
0.1B s}z Minimum-Slope logP-logS Two-Slope
il il il il
Terzaghi 1.384 1.073 1.398 1.087
Meyerhof 1.022 1.212 1.076 1.068
Hansen 1.548 1.315 1.702 1.312
Vesic 1.342 1.089 1.402 1.042
H 3.5 JIEE28 ISAXNE 0|SAE HEEXS FZ (23, 2014)
AFATFA G EFAX
0.1B s}z Minimum-Slope logP-logS Two-Slope
il il il il
Terzaghi 0.534 0.458 0.536 0.460
Meyerhof 0.402 0.513 0.431 0.446
Hansen 0.586 0.658 0.665 0.619
Vesic 0.543 0.438 0.553 0.438
H 3.6 JIE28 3&XXS 0|SAE HSHSL B (LS, 2014)
AFAGFA o] HEAF
0.1B s}z Minimum-Slope logP-logS Two-Slope
i le: il i le: il
Terzaghi 0.336 0.427 0.334 0.424
Meyerhof 0.394 0.424 0.401 0.418
Hansen 0.379 0.501 0.391 0.472
Vesic 0.405 0.449 0.395 0.421
AA AwE B4 A3 AAg o2 AdAAF= N, = 0921~1.465, EF
A = 0.249~0516, COVy = 0.240~0490% AAEA L AAA R g #53 9 A
Ao AFgAGA Tt HEAFY Hol ¥ 2 s
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A Ao Ht
0.1B s}z Minimum-Slope logP-logS Two-Slope
il il il il
Terzaghi 1.177 1.039 1.119 0.962
Meyerhof 0.962 1.072 0.929 0.921
Hansen 1.465 1.362 1.451 1.230
Vesic 1.263 1.151 1.214 1.018

AL

H 3.8 MMOIESS + BF ¥ Ie) AN 0|84 BB BT

AFATFA G EFAX
0.1B s}z Minimum-Slope logP-logS Two-Slope
il il il il
Terzaghi 0.503 0.481 0477 0.463
Meyerhof 0.372 0.440 0.368 0.390
Hansen 0.490 0.500 0.516 0.397
Vesic 0.364 0.334 0.368 0.249
H 39 HMOIZEEE + 23 ¥ &) ISHAXNS 0|2AE HSH2 EZ
AFAGFA o] HEAF
0.1B s}z Minimum-Slope logP-logS Two-Slope
i le: il i le: il
Terzaghi 0.436 0.464 0.440 0.490
Meyerhof 0.336 0.408 0.395 0.425
Hansen 0.332 0.372 0.348 0.312
Vesic 0.280 0.298 0.287 0.240
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32 AZHAZAF A4

Y 313 Zo] olZAHME AFAFEAHE FAT A SAHAAHG oASAXH
o] 12 ey ME A ow B¥stal Meyerhof(1953) 2 Vesic(1973) o] &4 o]

A FEAAHA 7Y 2ASHA dSEe ez HIME A e Terzaghi(1943) <k
Hansen(1970) o] &4]& =X =8 )&A olgj= A#7) HEEHo] B ¥l Aoz
A E ATk

2000 e
7000 ' P
50%, ”’r
E 6000 Conservative g
= ' K e
1] -
| 5000 e
(¥] -
5 ’
g measured=predicted
& 4000 i . A
T S0% ="
2 3000 - neohservative
Y] r"f --"'—-r i
2 0 >, L # Terzaghi
4 3 e B Meyerhof
-
1000 ' "!.-- hansen
0 ﬂ. YT

0 1000 2000 3000 4000 5000 6000 7000 8000
Predicted Capacities(kN)

(a) 0.1B Hah=k 229
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(b) Minimum-slope 4%
2000 —
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'_f
7000 P
50% il
E GG Conservative i
‘\Er P .“.‘l’
& S0 g
m il H
measuredzpredicted
& 4000 ,,-,I.'Edﬂ i
T 4 50% _--=""
7 2Hg o A X Uneonégrvative B
1] i _-"-.“. =
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3000

7000 ; ’,,f’
50%
z i Conservative r
2 s000 P
i measuﬁeﬁ‘!edic‘[ed
& 4000 ._/.'- Py '___.—.‘
T 50% __.-""
% ) i _Uneofiservative
g i I,/l _’__..-"' # Terzaghi
. ‘__,r"; “,a-“'" B Meyerhof
i _!ﬂwx hansen
0 1000 2000 3000 4000 5000 6000 7000 8000
Predicted Capacities(kN)
(d) Two-Slope ¥4
8 3.1 HsSXXE0 AFXKE2 H
Two-Slope 4'8& A&l ARuFe PXEAN BF 2 AdAole] A
ARk FE7ze] i AFAFAFE AT 2, A o|2AFAYAFE A =
0.921~1.230, ¥=H=F = 0.249~0463, COV, = 0.240~0.4902.2 AHAH EH A Tf
H 3.10 BHA=Z0 CHet Two-Slope =8 XX O|2AE HSH+ BZ
. 1t EFHAF s A
=%t
== = == = == =
Axg | ST IR gy L ET O IE BT R
qAd | 24 Ad | &9 Ad | 28
Terzaghi | 0.837 | 1.087 | 0962 | 0466 | 0.460 | 0.463 | 0556 | 0.424 | 0.490
Meyerhof | 0.774 | 1.068 | 0921 | 0335 | 0.446 | 0.390 | 0432 | 0.418 | 0.425
Hansen 1.149 | 1312 | 1.230 | 0176 | 0619 | 0.397 | 0.153 | 0472 | 0.312
Vesic 0995 | 1.042 | 1.018 | 0160 | 0438 | 0.249 | 0.060 | 0.421 | 0.240
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Edit Tewt Tools Debug Deskiop  Mindow Help
wy o ou | P o~ | e m = 2 | B
+ = [ | = | 28% 52 | @

- 1 K B B B B 38 | Stack:| Bass

M
¥ Optimum Safetw Indices based on Expected Total Cost Minimization
s

Xfunction xx = bbetaopt3(xx=0):

Fom=0.17: od=0.10; ol=0.29;lo=0.5:
om=0.18: od=0.10;: . 20:
= om=0.515; od=0.10: aol=0.20: zE|=x>]

- lamdaR=1.01: lamdaqgl=1.15: lamdaaD=1.05: X=X X2 RS ==
= F=s=3.0

- method=1: ¥ method=1 - MIZ|EX|==., method==2 - T+EUI

= if method == 1

- 2.0; Xlo . EEEMIE X~

1.5 2.02.53.03.54.04.585.0]l: %print Z=F

.0 1.5 2.02.63.0 3.5 4.0 4.5 5.0]: ¥printZ Z=

e os=sart{{od. 2+1o."2.>0l.72).  (1+10)."2):
= xx0O=1+{os. "2.+be.  sart (] .S+om. "2+os . 7211 :
== mm=wxOs

= it=0:

= nital=300:

= for it=0:50

- dl=d+om. 2. #xx. "3—B+rom. 2. +x. "2+2+(om. "2+0s . 2] . +xrx—2+0s . "2:
- wxl=xwx—fx dl

= syl =abs(wx1];

= fx=om. 2. +xx. "4-2+om. 2. +xx."3+{om. "2+05 . "2) . +xx . T2-2+0s . 2. +xx+0s.72-05. 4. +be.

=

1% 4.3 AFOSM Mg & olSH+ AEEH

Edit Tewxt Go Cell Taols Debug Desktop Mwindow Help
wy i - | i Gm = L

[N=] [1o = [1.1 | 2 25% 25 | @

- 1 ¥ A8 I BT B #8 | Stack:| Base

® MVFOSM 2 AFOSMS] SR[MER|s SrE =
# Optimum Safetw Indices based on Expected Total Cost Minimization
*
Hfunction xx = bbetaoptA(=x=x0)
#function f = bbetaoptdl=x)
HEexO=2Z.0: om=0.18: od=0.10: ol=0.29:
F=x0=2.0: om=0.16: od=0.03: ol=0.287:
Hwxx0D=2.0; om=0.177: .10; ol=0.29:;
R £ xx0=2.0: om=0.515; od=0.10: ol=0.20: ZEHI=XIZ] XIAI=T==!
1o — lamdaR=1.01: lamdagl=1.15: lamdagD=1 .05 ZHIZ T2 FEIE =2
E | = * method=1 : SF=EH|. method=2 : 2FHES
= ==
13 —
14 — nital=300:
15 Xwhile abs(x—x0)>=0.000001
16 — He=mal:
= eps=0. 000001 3
18 — if method
flis = :
20 —
21 %lo=[0.5 1.0 1.5 2.0 2.5 3.0l :
22 — elseif method 2
23 — lo=1:
24 — FS=3.0:0.2:5:
25 — end
26 — n=1:
27 — be=3.0:
28 BFES=2.0:
29 Xnz=(nr+{nl+lollsnt (nl=(1+l0d);
30
31 — k=od. 2+ lo. "Z+ol .72z

* bDbetaoptB(El 2R m = | bbetaoptl0EHI 2 AF2(%.m = | bbetaoptiD.m = |

1% 4.4 AFOSM A2 X[ == ol & 3t®
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H 4.12 FORM SH& RO 2gt AlZ =X AEZ 0
Terzaghi Meyerhof Hansen Vesic
A7
FS Ié; FS B FS B FS B
3.0 1.60 3.0 1.90 3.0 3.79 3.0 5.26
35 1.92 35 2.30 35 4.28 35 6.02
7
4.0 2.20 4.0 2.64 4.0 470 4.0 6.68
A
45 2.44 45 2.95 45 5.08 45 7.26
5.0 2.66 5.0 3.22 5.0 5.41 5.0 7.78
3.0 2.104 3.0 1.985 3.0 3.705 3.0 4.844
35 2.504 35 2.034 35 3.891 35 4995
A
] 4.0 2.904 4.0 2.457 4.0 4.423 4.0 5.394
7
45 3.030 45 3.125 45 4521 45 5.410
5.0 3211 5.0 3.221 5.0 4934 5.0 5.710
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(b) I &7 A&
18 4.5 AFOSM A2l =X ol & Z DH(Terzaghi (1943), Meyerhof)
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---o | —— [f 2= E 2 H (Hansen)
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08}

(b) w3 &5} ot &
% 4.6 AFOSM AlZ| = X4 6l4d 2 Dt (Hansen, Vesic)
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44 FHILER A E#HolAd o A=
FORM 3| A ulelr Agst sdst steAdids 2 AgaAsdAs 5430 Absts
of gt ZaTHl(Q,/QpE A& MCSel o3 AFE FrE AA s e
¥ 4132 kA S 30~500 UE EHIIEE AlEgolAdo] o3 stystE 2 o Al
F A4 Abg A el th
FE B AgAYe s BAARE oS & 4139 YERH e, Terzaghi(1943)
AL o] 43 AF B FTEL 0025~0.889, ANHEA G 224~3452 HAFH AL
Meyerhof(1953) &2 ©]&3 4-¢ 5L 0.014~0773, A F=AF5= 3225~
3.664% A=Atk Hansen(1970) &24& ol &3 4% I gdEL 0.012~1.824, 215
SR E 3295 ~ 4.0632% FAEATE Vesic(1973) 42 ol &3 H9 IydELS
0.011~0923, A B =X 2945~3.887= 4 5 Sl T},
P& 3.0, 35, 4.0, 45, 5001 Wg ¥ eE L AE =X 4= Hansen(1970)3 2 o]
7S AA EAEdT e AA 2w EAA, kAE 30, 35, 4.0, 4.5, 5.0 4 I}
I35 9 A =X 4= Hansen(1970)F 4 0] ZA 4= A )
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B Editor — D:WLRFD IT= 3% HFD T = J3WHNn _fuz=y¥Whbbetaopt] 4. m=

File Edit Text Go Cell Tools Debug Desktop Window Help

Tl S | & BMal® = | = - | M = = | B - S B E B | Stack: Jx
e — 1o |+ =+ 1.1 x | 2B oF5 | @

1 ® MCEM| SIS 2 ERls oFE Z=

2 ¥ Optimum Safetw Indices based on Expected Total Cost Minimization
3

4 Emethod=2: % method=1 : SF=EH|. method=2 : ZtHE=

5 ¥FS=3.0: lo=0.58

B ®BFE=3.5: lo=0.55

7 BFS=4.0: lo=0.53

=] EFES=4.5: lo=0.55:

9 ®BF=E=5.0: lo=0.585:

if data == 1

i == #x0=2.0; om=0.440: od=0.10; ol=0.20:; %terzagshi XX {(HHAHIZIZSD)

13 — lamdaR=1.113: lamdagl=1.15: lamdaqD=1.05;: Xterzaghi X|X|= =X

T #=010=2.0: oml0=0.395: odl10=0.10; ol10=0.20; Xmeverhof XIZI=Z2I(EH|ZI=D
e = lamdaR10=0.929: lamdagl10=1.15: lamdaagD10=1 .05: Zmewverhof Rx==2L

16 — =xx=O11=2.0: aml1=0.3458: odl1=0.10: oll11=0.20: ¥hansen F|Z|= =00 HI TS0
i lamdaR11=1.451: lamdaall1=1.15: lamdagD11=1.05; %hansen X|X[I=ZE4~]

18 — #x=012=2.0; om12=0.287: o0d12=0.10: ol12=0.20; Xwvesic X|XBZ={(IHIXI=)
19 — lamdaR12=1.214; lamdagll12=1.15; lamdaqD12=1.05: Xvesic XIXI=Z=S2!

z20

Zal | == elseif data == 2

22 — %xx0=2.0: om=0.497; od=0.10: ol=0.20: ¥ HIZXI>| XXIFS2 (2= 2 =H=h
23 — lamdaR=0.584: lamdaal=1.15: lamdagD=1 .05:; =

24 — #x010=2.0:; om10=0.389: o0od10=0.10;: ol10=0.20;: * Mewverhof ZEI=I(ErF 2L FH=M
25 — lamdaR10=0.733: |lamdaqll10=1.15; lamdaqDl0O=1 .05

Z26 HlamdaR10=1.3975: lamdagl10=1.15: lamdagDl10O=1 .05z X

2 %x011=2.0; om11=0.306: od11=0.10; ol11=0.20;: * hansen ZE & (BT 2 T=r)
28 — lamdaR11=1.2: lamdaall11=1.15: lamdaaDl 1=1 .05

29— #x012=2.0; om12=0.395:; o0d12=0.10; ol12=0.20; * vesic ZEN(EF R H=D
30 — lamdaRl 2=1.026: lamdaglL12=1.15: lamdagDlZ2=1 .05:

3

32 end
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Terzaghi Meyerhof Hansen Vesic

r (

3 3 g | g

oA

f
o . 2
k2
H
k2
H
k2
H

3.0 0.889 2242 | 0773 | 3225 | 1824 | 3295 | 0923 | 2945

yj 3.5 0.321 2561 | 0433 | 3265 | 0873 | 3343 | 0872 | 3.214
;dj 4.0 0.099 3251 | 0.022 | 3424 | 0658 | 3596 | 0.023 | 3.393
w | 45 0.041 3363 | 0026 | 3563 | 0032 | 3763 | 0012 | 3.732
) 5.0 0.025 3452 | 0014 | 3664 | 0012 | 4063 | 0011 | 3.887
4 3.0 0.821 2104 | 0742 | 2985 | 1984 | 3105 | 0990 | 2.844
%

=] 35 0.339 2585 | 0675 | 3434 | 0942 | 3483 | 0982 | 3.143

4.0 0.134 3213 | 0342 | 3533 | 0633 | 3576 | 0.052 | 3.241

45 0.034 3394 | 0035 | 3763 | 0024 | 37763 | 0.043 | 3.392

24 2

5.0 0.032 3.643 | 0.022 | 3934 | 0042 | 4083 | 0.032 | 3.822
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5(200D)2 =& e AAAF A (system reliability analysis) 23 ZFH =i
AN LZAFE B, = 3022 A oksls T

27 zo s ERANIHEAFE [ = 32~40 HYZ ArE s glom A=
AEE=AF BHop HwA sA At Ao, Htole Ao A

_84_

Collection @ chosun



(X T om M T Moo G O B W = T X
oo ey do F IH o] A~ I woPo N i = o < 070 & N 53
o R ﬂﬂi%%ﬂi < " < o TR - o By
1_M XT e g N Yy H B ol mm < o ! o T M
bm { EE XA o AT o F E_u kD E — & M&l & Lo ! 1Xr m_!
ol M M £ Ko 05 < oA < SR % <! o
3 < " K W= wo = X 9 P 2 ™ 7o

%o_ ie MM iy TH o = N ) <5 B I & I i eyl

ol oS Aw_l o N @ rd i o 070 Nfo W 3 RCENer ST “ A
of 5 7 fo O g - T < LZ 0w & ﬂ o
% & X % o N % N Wc TR N S & I HNE
) TS OB e ~ ol SR o|J g woAR

I &~ E B3 ) I 'y Te) @) iy M,A I =, i zTu d| AT —
& EE Q ‘WE 1_M I = UT.C — HT < ) Lf oF E:ﬁ < E:ﬁ
= +F & 8« %! W E i} SP= I A M o
woxd = ECwe F2 Fw ST owE g
- B F T ooy N M g e o) H o or % < <
* @ K < LS Ak o} WD N o Mool m o B M ey
B OH e - R Pk o E®a &% F gy s

A R A owmoow 2w g S 5w fl
X T A N «m . ) ) B ooy oo N Y
<o Nk 113 o IH — M ol ! X m 0 2 s & Y ol

N I E R Y g s esREPERETER
Ged zEizonopdi sezRiidgiecils
- B GRS AT < ST * S T A
B Om do 2 m 2 2 o o i S o z 0 X

o Bl 90 m P s S NCHIS = Y =5 @ ¥ o Jj ol T
TR oL ow o 2 w2 g5 gx g B E 22

» | @ = S & % ST = WE o)l of A~ . W g o
— . . = AN :
Toe ThReE s fo0 ML e FPELCGOETE S
Se® NamYoa®m o B L pee §UMEE A2y R
2 do T S T oo - @ I T R ™ = bjo _
R R R R TS T I A - IS
W o REEAE Ayt R FER g SR S S
—~ ETI HE P el N i R — dﬂ dl MurL Lf —~ T Exﬁ e < ~N w9 S B i
S Lbxoue 4w DR ERRIE SR L
S o s AR o L R R T B B R B R = T = R S =
. " o WOF D W A W am T o K o3 = B
o M gy o =2 <2 - 2o A= A P & W
T T - R T A< TR - S = I
£d T FEEHEIE AR, TP BRI T ZF L
m e M oM< qmu SRR 2 o M MM e o) oo LnIlm ) 2 Mo ol W ®

T = a3
22 TEzaa i lAde"lar 8% o tbn SwmEg
Edo .4 8~ g FEBghlegdTIZF CEXT Bz M
G-y T L W o4 T o W A=) ol T oo ol I e ~

_85_

Far slvh wekA 7]

)

Collection @ chosun



A Ad

328} Bt

HEASF by

1

<
el

2
=

|
<

Mﬂ
TH

A~
4

—

<
el

R

T
R

o8 Aoty

SR

R

1

<
el

2
=

)

oo

"o

o
o]

<
el

ol
g

4

—

<

A~
4

—

<
el

ATt

©

2565 A4

Br =

BN
T

Y2 ) 5 A

1Y

st

3

o35 0.3%°)] ddshs &

o)

wir

o
Njo

1o

A71E AASHTO(2014) 9k F+x&8hEoke] 58 AA7]

8

A
=2

A

¢l +-of| 4= LRFD

e

B

.
;OO

%

iz

2 "= AASHTO(2014) LRFD = A A 7]l

ol

0

il

Tor

A-Hrgrow T

to] Strengths [~VE Al
4.19%} o]

Al

©

i

s
- 86 -

[e]

171 4

©

sust o

a1y
stz AlF7E A E St

S

[e]

=

AL

[€)

-

AL 2 47HA]

)
=

A d, a2

i

<)
gl

&%(DC, DD, DW, EH, EV, ES)o] 3t &=

vz o] AASHTO(2014) nl#gd Al 7] el A

tol AAlxd, AR54

A

AHg4
[}
Collection @ chosun



AAN7HAD =l A Rbgste = STEALH ] B#E o sted FolA dAst
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