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Assessment of Partial Safety Factors for Limit States Design
of Foundations

FAR - Kim, Bum-Joo

Abstract

While limit states design (LSD) is currently the standard structural design practice, it is relatively new in the
geotechnical design. Adoption of LSD for geotechnical design is an international trend. In the present study, various
LSD codes from the United States, Canada, and Europe were reviewed. A simple first-order-second-moment (FOSM)
reliability analysis was performed to determine theoretically the ranges of load and resistance factor values for
representative loads and foundation bearing capacity, respectively. In order for foundation design to be consistent with
current structural design practice, it would be desirable to use the same loads, load factors and load combinations. The
values of load factor, obtained from the FOSM analysis, were found to be generally consistent with those given in
the codes, whereas the values of resistance factor indicated overall lower ranges due to high values of coefficient of
variation used in the analysis. Since the degree of uncertainties included in bearing capacity of foundations varies with
the methods used to estimate the bearing capacity, different values of resistance factor should be used for different
methods. For the purpose, continuous efforts are needed to be made first to accurately identify and quantify the
uncertainties in the methods.
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Hote] A=A ol2o] DAt H8315T F2E)
52 45)| B8-S Bjsta, o| & Hkg
317] flste] F-EeHA| s (partial safety factor)e} &2
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A= BH, B8-S AN = TR EY As
g 24Aska o) & ZHg-eh5T Hlask= d) Qo] 2
AR} dhol] IAS skt HHAG(ED] ML, a
factor of safety)& ARRSIch= Holch SHAA el A
< St 12 EY AsHof 23 B3 A
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ZE9] A tiEiA = dAT eSS FAIS)H
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7ol 2/iE o]F 1 ARgo] ALH R FTbe| $Fe
o F2} 71E0 3 8-5HHAAHE diABka Qle A0
CHGoble, 1999).

T-Zopol| A FHAVE] DA 9] AAAQ] o}-8FA|2}
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A= 1.0 33 A4S 1.08Tr 2oy 2} "National building code of Canada(NRC 1995); , 1&]

7}
7} 2rgstaat Adee e APA A" EEAEE L Zet AAAYARA v=m9] dFTRE AAAY
Hredgith FAAE RS AARE ) A== o A1¢l "Recommended practice for planning, designing,
Ab AZEO AdsY, dE So] AAdAe] 23 E and constructing fixed offshore platforms(API 1993), ¢}
Azetd ZAES 77} B, ghoF 7|22t 7|2 9 dut 2 E 9 7|x HAAAFAQ  "Eurocode
9] AHo) g A7} 2 Aolck (ECS 1994, 1995), , "Code of practice for foundation

A (o] Yujsh= vhz gAsHEl sksArE 58 engineering(DGI 1985); 2 & 87§ AYA7} == 3k
AINEAS)7) SAAZ A A+E G 2
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2A AT AR AT ARgo] Ao pHtEER Fol disjs A& o stEAsaEel AgEe As

AA v Me FAGEHEAY WA TS - AR et sitel A=A yEhpic

4 A (load and resistance factor design; LRFD); 9] ARk o 2 Wk A A WA (AASHTOLF MOT) = 7|
gt o]So] Yuld o g AFRE| T 9ok a8y njZ2E A E} AAAHFA(ACI, AISC, NRC 5)&} Bl s Y2
Q|gt 7|elm 7ol A= A S E A ol o] Fol Bt " stsAleE UehiaL ok Alsksoll tiste
yeo ouaxd HHEo R AMET QtGoble, 1999). AASHTO(1998)2} MOT(1992)2] A& 8}ZA|4=0] Zto]

74z} 1.259014 1.95, 1194 1.59] v 3 g2 o]
3. A ZH=32| SHAIAENAA AlEfAof HIA[E £ 3l RHH, AISC(1993)4h NRC(1995)2-2 U EAA|

1
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e

of glom, w3t 5] Aol LT AFOR B

B ATOIAE B SAMAAIZANN AN B ARG BA LISAA 1759 Wl W,
EoPAASES RARBP] Siste] R AT 7 URAANEAC) dEAE 13004 1.72) WS e
S A 229 T2E SANEAA ABASS U8 Wk ofiat Aol BE WS lwa) mAAA
ATk 4AE APPAES AT FEES BEA A 68 gL sEEd U ookt slEEde] e o
AP AZEAAGA, T3 71eh AR BReE Abey} 2ejEy) qEolth o8 Sof maaAA T

Som, AFAAA M Z A= v]=5e) "AASHTO LRFD e Aol gRHAQl AR = T B
bridge design specifications(AASHTO 1998), ¢} 7o} oF 2 x3tE|9 o]#Ft 4% AASHTO(1998)3} MOT

9] TOntario highway bridge design code(MOT 1992), , (1992)0| A= ¥ L2 7} oh2 Zhel 3l5AIE A
HEAANYAZA v]=-2] "Building code requirements 43t 2, AASHTO(1998) AA ] 49 Al x4
for structural concrete(ACI 1999), , "LFRD specification B2of| ik AR A= 1.255 ARsH= b, AL
for structural steel buildings(AISC 1994), , ZHutcte] U Ao AR B 283t AR EQe] A9 27}

E 1. 03] AldMO| SIEAIS(SE S 8E))

= FHLACE H
EER AASHTO(1998) | ACI(1999) | AISC(1994) | API(1993) | MOT(1992) | NRC(1995) | DGI(1985) | ECS(1995)
Abet 1.25-1.95 1.4 1.2-1.4 1.1-1.3 1.1-1.5 1.25 1.0 1.0-1.35
© (0.65-0.9) (0.9) (0.9) (0.9) (0.65-0.95) (0.85) (0.85) (0.95)
a5 1.35-1.75 1.7 1.6 1.(10_63)'5 1.156-1.4 1.5 1.3 1.3-1.5
S5 1.4 1.3 1.3 1.2-1.35 1.3 1.5 1.3 1.3-1.5
AEsHE 1.0 1.4 1.0 0.9 1.3 1.0 1.0 1.0
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159} 1.958 #-gsfo] F219] A9 shAtdo] WAzt
E3tdAdo] wje adE AL gt @H, ACI
(1999)1} NRC(1995)2] ¢ AAo £ EE BE 72
a0 s EZ-2 g9 EATE AMEITH

3t shE2 ol o «7HsE(transient load; 315,
335, ARlEkE Fol el 2gE A-¢, 1%t
a5 thste] 1.0XTH 2R ShEAlp7E ARG EZIE
gt o] 7t &7tskg) st 1 277} YA E
Uelll= 3971 Sl dAgshr| dE £33 ok
9] 2+g-2 O 5159 A8 AT & ke 7l
A RAojct. AFHAAYAE ATt thRE AL
oA 3t ste2del & FF ol &itelsol =
TE= A4S LoRY &2 F2PAsE HE3h
NRC(1995)9] 739 &st5at F3k50] Aol -85k
3% o3 22 sFexe2 o] AMgEL

Q= (LF)p Qp+t0.7 (LF) 1 Q.+ (LF) w @4l (2

o 71 A, Ope AF5}E(dead load), 012 &38(live load),
Owi= Fol5(wind load)yS Vehlim 9] 42 &5t
F35E Al Lt B 2 kel sk 70%
9] stza AT Ao WPttt AE uzitt 17
3 ol2f3t 2T ek ol wek HE
& Fgich v AR LA oM o &1teks
o] FAloll Lelxl= B¢ stEEHATE AEShe thAl
gt skl disiA Zt shexetE R thE =719 s5A
71 AT A 24 AASHTO(1998)0ll A &315-7) 3L
HEl= A s,

Q=1.25Qp+1.75 Q. 3)
T 2L vk, FelE it FR5ol S| LEHE 7
3=
Q=1.25Qp+1.35 Q. 10.4 Qy 4
o} o] £2ketgEol dis) M2 o s AeFol A

E 3. 0121 AlYAQ| SIZAIRAEY BHAIYE)

Sdrh

F 25 AGAZE s AeES HlEE Bt dA &
7} 15t EAQ) stEEIEAY FHSERIHAY
S+ 23l et stsArES Hehd Aot st
AT Wele & 13} vlas) 12 24 o A
5159] ¢ DGI(1985)5 A3t 1.2004 1.49] B
A F2 RslE vehdo:

3, #1914 S35 H AAsSol T sEAS
€ Ak 9 Ealke it vn s o vlald AYAEt
zpol7h A G & 7 A FIEATY W=
1204 1.5, T3 AASEA = R AlGA oA
100t} A skE2 53] Ao whet "yt 2 55
olER HEF 35 APYAl AiH 2R BeFd g A
3t 1.09] A8 285t ol AHo uht A
&3t sEAlT7E A Wske AL 9] el
g+ Aok

F 32 AN Al AR 24 AR oA 9] &t
SAFE HeEbd Aot 3 A Aok Fe AL
74 2ALE A dsiME 1.09] sALE ANt
Aol Gt olm MPAg= AMESHA gt *14“*
AV AR BH2 A 2gof A% 7=
o] M7t 3 MRS 28R PGS e 740]*‘%
old SmjofiA AR AT E Ol iRt HEE 388
Ao o3t HES} Ao s TSt & 4

- -

AlEEA HEXNQ F3stsxE
AASHTO(1998) 1.25Qp+1.75Q0
ACI(1999) 1.4Qp+1.7C;
AISC(1994) 1.2Q+1.60,
AP[{1993) 1.3Qp+1.50;
MOT(1992) 1.2Qp+1.4Q0
NRC(1995) 1.25Qp+1.5Q:
DGI(1985) 1.0Qp+1.3CQ
ECS(1995) 1.35Qp+1.5Q;

D Qp MotE, Q¢ EotE

o= FHct e
StE8RF AASHTO(1998) ACI(1999) AISC(1994) MOT(1992) NRC(1995) DGI(1985) ECS(1995)
AstE 1.0 1.0 1.0 1.0 1.0 1.0 1.0
gt 1.0 1.0 1.0 0.75 1.0 - 1.0
S5t 0.3 1.0 1.0 0.7 1.0 - 1.0
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3 304 HEo] AASHTO(1998)2} MOT(1992)°] A
= 44 S35 Boks R oSl diske] 1.oxn
A2 sheAleE AR Jlen ol IR S-S
o] Azt Y& B on B HYAE FA‘
A 2l AZE AR Ghethe 7Pl SA% Aol
AA AN Eal52 2 2ol ofFt slso2A
AFoflAl o] Apof 23t Fslgat d] A7 &40l
38l vl @ 4 Aok 2, 7129 dAA 7%
Agto] AFAEQ] 3-8 A1 o] s F ojof &
ohe Aol AN AV el iRt skeAle= A 3t
Fof diste] 1.09] si5AFE A8k 2o] AYT A
ojth. Aol thet sHEAl= 2 Al olA 317
EA] o3kt

3.2 MEAIS(IE KIXKH SHOR)

E 4= FAZHAA HEe o187 712 AAA 7
29 AR dhste] 2k AgA A AAR AFAT
58 AEgt Aol 7[R H o2 7l2o] XA 4 W
Hofl met A2 o2 AAeES Aldsta J=d o]
£ 2 el wet e E2dAe] AEr e

H 4. 013 AgAel 71X XIXIZof Cheh MEA %

wfZole). Egk n|=, Atk AAXEAMeL e A
AXGAZE AGA G2 Aol dojA 7|22 2}
o|7} EAYsh=t, 7P 2 Aol A2 vl=m Aol Al
+ AZAG7E A AR ol RafjA 2= vk,
HollA s Zh A=A gl HeddE Holth &, nj=x
At oM s 718A o= AR ALt &
Agt BE B2 2458 e 24 Ajsle] A
A8 Aol chsiA st ARAE A85h W,
FE oA ANt =AY, WRerE
5ol thet S dTe TBste] A A Fo] of
Y=ol AATE A8t o) W A =
AR E Ao ARATE Bk Aol oY
EAE WHSCEN dojAn o]t o=
oA Bz uiel Zho] -39 ATAoA AAE A
Are 27 10Xt 2 gk vehdch 39 B
AgA g AL 1% Hotk J23 B Y (calibration)
3t 4= o, k= ol 9] XA Aidef WA
B 2295 B0l AXE fHnd)SE 1
A gow w5 uehe] WH RS A4 H3A o
E4stohe @ado] lti(Becker, 1996). I1¥ol= A
A fAAE AttRE dAC FEAsE

AR AANELAE S 1wy e 190K
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AASHTO(1998) MOT(1992) 2t NRC(1995) DGI{(1985) ECS(1994)
PPN RS XNEgAH e XA A XNetH 4 XEA A 4
LRI x L2271z e2I(x L27)F
D x| gt SPT 0|8 0.45(0.35) opakzt OpErZE
CPT 0|8 0.55(0.45) | AU & HZAEHL (tang’) 1.25 | (tang’) 1.25
AYANEAT 0|8 0.60 o8 0.5 ) ]
HEXE | CPT 0|8 0.50(0.50) AR | 176 | HAR 11.4-16
HAHQIAEZD 0|8 0.60
HA2I|% #37|1= Herx Ue7l=
(FLUEX R LU%) (BYEX x| Hs)
ady 0.70
FHOEEH e 0.50
A 0.55 AU Y HINBEEY
Skempton(1951) WH(EE) | 0.70 ol 0.4 D}Q%‘F D}QZ"F
MEIRIXIE | Kulhawy(1983) W (22f) | 0.70 (tang’) | 1.25 | (tang’) | 1.25
SPT 0|8 (0.35) I SAE 018 0.6 i .
CPT 0|8 (0.45) HEE 2.0 HEE 1 1.4-1.6
SPTE 0|8 0.45 SHAEZL 0|8 0.5
FHOHE 4 CPTE 0|8 0.55
MER| X2 A SIAE 0|8 0.80
PDA 0|8 0.70
2. 1. SPT:standard penetration test; CPT:cone penetration test; PDA:pile driving analyzer
2. B5oef XEA L= SPTL CPTRUERE FHE MUUEE 0|85t 20 s
SHHIAMEHEHIYR D=L HEE st F2oUFA==2 HIt 81



o|F) AT o R AR HE3 rom 1 A £
2 g ot HFEAsS] g 24 st &t
Hofl, nl=z} 7Ruehe] WS AR o] 7hASEAL 7
TE 23 XY APgo) 23 EFA 825 A
Aog nHg & ozt RoHr: REA S S
Aer BAYA A A A HE st SEieEA] gt
S 2 A olEL A-E517]7} &0l Ao 3l
o} 23y A Aol 23 2E B3 Q4E5S
Agtstr] ofPrhs @l Qlrk(Becker, 1996). B LA
F| 2ol 7)12AA 1 TAVSH LA S-S 3R vt
et AgA oM BEASEL F2 XS o|8of &
AslA A" ZAlojctk

I 4of|A] HZo] AASHTO(1998)9] 729 A ahA|=7}
ANrEE 9 A2 Aol wet v A AlEs) E
o1Ql+= §HH, MOT(1992)3 NRC(1995)9] 7 $+= o
o disl| FYE AFgAES Abstt &, E27i
%9 7% AASHTO(1998)= AAg AFgeiHof wzh
0.35914 0.609] AFAFEE AQtstL eyt MOT
(1992)3 NRC(1995)9] 7% AW 4 dFAHEIE o]
&3 A A Y 4ol sl 2 0.59) A@ATE ANESE
I ok SHFAR] WEof g A FA4 £ AASH-
TO(1998)2] ¢ &% X AUWAFATE o83t vh3
A Q1 Hgolut o] 22191 WhyGoll gt A XY At

55 8, AR T8 AZAFE03594 0.1)E Al
okt ¥k MOT(1992)2F NRC(1995)9] 7B$-oll= 2
Sl 3 $UH 3H0.9)0] FgHct 18 HH
2 ZHASFAIYE BHE o] &3t ol it AgA
7 o2 B v Had o) ol= st H A
= o] 83t AA 7129 AR Ao Z[epd}
B3 AZFErt b AL vrgdich =3 9 Al
HA(DGISE ECS)of| 4] 2k o] gt AgAl4(1.4 - 2.0)
7h W Rupazhe| gigt AgAlax(1.25) ot 24 ol 3
2ol 4o ¢ B2 EFAAAE 21 = AE

oju)giey.

4. M= A

o

25t 513 W KA A

£ AT A= g2 AT tdet A= 3
A& 53t 3% o)A A jxAQ A skEat 7=
o] z2)ge thste stFAls AFARE A
th. Ao 2 Comell(1969)7F Lind(1971)2] 2+
WS AMS) o] Tisted Log - HTHEEES 714 FOSM

82 SIXBtSEE =28 H20d N9z

(First-Order-Second-Moment) 28 A5}tk FOSM
S ARE oM HEH oz AMREE U R,
ol FEHpol gt BEREFTY AT H| a3
B4 first and second order momentQ] H# EEFHX|
APRE Blad w2 ARE 7HA 3 A A e Solet
= 7Hdstel B EEHUARES 0|88, Foi%l A
250 dis) EEHeeR Aod A EA(limit
state function) 2R E] A AHo] shAdelo] =2 e
(& HFE), F-2 FAASE o tisto] HAT H=(S,
ARE)E 2Hsh= Wrjolzt & 4 Sk

4.1 313 A MYARL RE

SANEEAY 7124 (1) TEel AFH: o
F3 olof tiF AYS A% ABASE AL
712210 2Eol 2ol 3] ¥ FHE 4 glon] o2y
¥ sFEAet APASE) FEE 7Hs s Comell,
1969; Lind, 1971).

3452 0, AFE Roleh ST 42} Log - A2
2 Z: FBAUSGE AVPeE, 229
InR-InQ < 0 & (S, FARE 2 ) A, v
e thaat go| EAY 4 Utk

P/=P(InR—mn)<0] (5)

AR RT} QO] SEEZFHE FE3] ASs17|=t A
A Brissith 28y 28 R} 09 o) gy e
2 A9 Aol L A= x si4A] 2g-o] vl
7

ElthMacGregor, 1976).

4 (5)o1M IRz} nQ7t Mz =Yl sEwsat,
U=InR-lnQ9| H* Z oF FEHA oy T Zol
wHE
U~ mR” e 6)

o=V 0 hrt ohe (N

AE= Aol wtaBE Py diAl 017l AjLH 9
bl tigh A A BAHH =2 A A =X 7 A



fo=U% 84=

)
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EELE YA C L §

B A% A4 (reliability index)
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0 InR-lQ=U

a2 1. 513 Q ME A mEE P, B XS

wHo s s 4 (OB (DY H42A theTt 2
o] gk,
__BR” mgQ
R e ®

Z, pi= 3% 10]4 BEo| US) Bpo e BuH
7Y Aelg Uehhed Qof Uel B2uAte] F
ozx BRI 12 3% 0, A% R FNFE
Pr AFERA|S fo] BAS Lebuics.

Log- BTEEN A 0 %o 0% HEAS)
FHEM e Zol Uehd 4 gith

0ho=I(+ V), 6ie=A+V3 9

471K Vo) Vil 247k 09k R WEASRM Bito]
i3t EEEate] v 24 AolEc) gutx oz 2o gt
& HEAT(Vo &2 Ve < 0.6)°0 oAl 23 22
ZAE Y 7158t MacGregor, 1976).

V=0t VE=0 bk (10)

A 92k (100 o]-§3tod, 4] 8y thait Zol A=

g 4 Ut
TF- mo 2 VEE VE
IR anZ Vot V% (11)
$HA, Lind(1971)& thaat 22 4lo] AYES
V V4 Viza Vota Vg

9 AoflA ax E 2] A4(separation coefficient)Z A]

(12)

InR-InQ=U

o 2A

ValVool et 0.707004 LOAo]9} ghe ZHech R,
MacGregor(1976)'= T3} 2+ BAPE Aehe Rtk

R
Q

(13)

A4 (129 (13)& A ()l eshel theat 22 2
Abaje] ojziey.

In( E / 5 YzZha Vot BaVy (14)

s,
7/ oz o BVt Ba Vi (15)
A (15& A=,
;(e_ﬂ" "Mz Z) (Clall' (16)

A6 B L& The ol el % Ak

0= @ bo R=Rabe (D

o)

71, O, Ry, bg, brS Z1Z} FA51(nominal load)}
T A A 8Hnominal resistance), 12}11 =3} A a}of tf
g H3AP(bias facton)E Sjulsitt. HA LT T3
Zholl chet Bto] vj=a] FolHh A (17)& (16)o] of
Yot ThEak 72 Ao] dojzirh

R, brle "= Q, bo(e™"9)

(18)

o
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nx
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1o
~
P
nx
X
1
o
njo
ﬂ
o
10
Al
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A AL A EA N Bt 7124 ()3 22 FH

RF- R,zLF- Q, (19)

o7\, RES} L= 242} AASS 815A48 ©
olste] 4] (18)2 (19) 2578 313A52 4gA% o
& 42 ot gol T

LF= bge™"* (20)

RF= bge #"r 21

A 20) @Dl &3 a, B, by, ba, Vo, Vrell Tzt A
T go] A A AGdA = 2] Fo

AT A LEHE HEAY 55 ARt
5, Bl o5 9 Aol disiA 4] 20y ©]
&3t AHgsIA e StEAs Aldtel Had o8 &
AM(a, B, b, Vo SIS &2 7IE Tl Exd
g olgsto] AAsAt

A (12)014 22iAlF a= o3 2ol /el d
24 288 5 o

. \/1+ ( Vgl Vo)2
T IR (VR Vo

(22)

2, al Vilvool wheh watel 1 e ojuat gl ViV
ol 0.73} 1.0Af019] ZhE ZHaTh T VW@t Al
AH O 04014 5§ 2BIA oFe Ao A2A 3
O j(Becker, 1996), o] JL7+2] Vi/Vpol thal Al a= oheF
0752 FA02 0.7014 0.852) HollA] WSt
2). 2 SHolAE a2} ¥akE eisr] Utel a=07,
0.75, 0.859) distd Zzr sFATE AsHAT
T, AF = A(B)T A=A s olA] o017 Al

E 5. 51300 Ch3t HEAIS bt MSHS Vo

g9 et gt H=g U= 7ide® 19 19
Al B viel ol g 7t E8 ftygEL AAEY
g B 7t A28 gHSEL AXA | Elling-
wood 5{(1980)2 A=|% |45 3 T2 HAE ¢
3 theRt ske 2o I YES A T Rt F2
AEol thet o] FHLE 2AE a5t 1 23 F
gots 9 FEske S350 TA AEAl B T
2F 250014 3.09] 9|7} Ecky Husigich E3, o
g o = FEsiEa $oks H AXES 284 A
3t BX AFE X|4(target reliability index, fr)2 2zt
3.0, 2.5, L75& AASHATE & sfidoflAl= fgLe 22X
Ellingwood 5(1980)2] AF41E AR 3lo A5l
I galF, 3k, ARkl tiste] 247} 3.0, 2.75,
2.5, 1.758 A-L3tAt

55 WmA Hze) BANR(ED, B4 A7)
S5 5yl DA ofe) ATASO] WEI best 1y
FES Yetd Aojtt. AAZ FrAA Rkl M= A
AA Kok Z&3 skg-E AEsh7] fste] 23l Azt
24 B TAREE S ko o5 T3l bt
Vol &40l= =8& 7|&otth(Nowak, 1994). & 5
25 Fohgolut AREEE AMgste Hl ol 59
al5-o vlal HaFo] A, WEAFY BL AsF
of thsto] vj- F ZhE UrER Z7]0f lolA HEo]

AT AR EA4E & gl Jge & U

09

0.85

0.75%

07+

08
7 2 3 4 5

ValVo

a7 2. Z2|H% 2] HE

85 &7 bo Vo HOEH
ABHS 1.08 - 1.05 0.08 — 0.15 Nowak(1994), Ellingwood and Tekie(1999)
sl 1.0 0.25 Ellingwood and Tekie(1999)
SotE 0.875 0.20 Nowak (1994)
X &aE 0.3 0.7 < Ellingwood et al.(1980), Nowak(1994)
T sk gt bt Vo O 504 FI(0f oyt g

84 SBIRASEI=EE H202 H9E

it



H 6. olZH 0l CHSt ofA{Zntt AIMRA2] H]ud

ABIE e 315 X FstE
0=0.7 1.22-1.44 (0.77-0.87) 1.62 1.24 0.71 <
aian =0.75 1.23—1.47 (0.75-0.86) 1.67 1.07 0.75 <
(0.74a<0.85) e oo 7Y : : :
a=0.85 1.26—1.54 (0.72-0.84) 1.79 1.34 0.85 <
TAE AM ®A 1.0-1.4 (0.65-0.95) 1.3-1.75 12-15 09-14
AASHTO(1998) 1.25 (0.65-0.9) 1.75 1.4 1.0
oz AC!(1999) 1.4 (0.9) 1.7 1.3 1.4
AISC(1994) 1.2 (0.9) 1.6 1.3 1.0
API(1993) 1.3 (0.9) 15 1.2-1.35 0.9
MOT(1992) 1.2 (0.65-0.95) 1.4 13 1.3
FHLict
NRC(1995) 1.25 (0.85) 15 15 1.0
o DGI(1985) 1.0 (0.85) 1.3 13 1.0
" ECS(1995) 1.35 (0.95) 1.5 1.3-15 1.0
D1, B0k 22 AIBHEO| MEo® HEsHs A2 (beneficial load)Q SIEALE LIEM
2. NEMO| AlStED EStEA 4= B 29 EHEIET 80| |8t st=A 48 '—fEH'éI

th. & sfjdolli= 2z} shaoll gk bpot VoEH E 59
FAE0] HLEHUL

& 4o At E 6o et e vaE 5t
o] & dFolA ZAME AAES stEAlSsE 87 U
R }lch AbshEo] ThE o152 ZHg-ofl disto] Ao
E ZMgshe ANHE 1 ZR), AsHEAleE bt Vo
dHHFE AEsks dAl AFAFY 4 QD= ol&-
sto] Abgsteict

s da A E stsAee ANHLE AAEY
S5 Ale} vl=3t ghe] MElE eIt & 602
F-E a2] H3K0.70]14] 0.85)0f thate] F20)7] 31 of
e sEAlge ¥iske 0] x| o IRTH=
AR AEAZE Zo|7} o A 24FEE 4 5 9
o} E3h s At 4 B AT AlrA e} Bl
53] v]=9] AMIA ST vy & YR sh= AoE L}
Btk APEAZE Z12i3E Aol ARHE-S ALJEt 7)E)
120 AL k20| BEAA} Z7I7E Holrl ZAE &
Aew AR ow T#F ZpolEo] Al BtgH
Rolet & 4 ok E3L, ohEAl=e] K 7Y (calibration)
e S v|ok & 4= gl vy o ik
AYS Fof) BEAL HAL s DGI(1985)9] H-9-
6‘%%*741—?28 4=l s Ao 71 2ste] 4AgE st
4 & AMAEY sigAsERT Hutgor vhe
@& Ve ik

2 oAz SEH,Y AT EEHAS o]
838} Z|AHGFE E(the least biased distribution)S 714
StR o AA AJHFA o] 2 93t s Al(Z2
AgAT) AN SHHEL Ao FF =t

HABHEAHE JI=4H HE

UA BEREGS] o] Z|2e Kok U A
£ 4 ANT Bart U Aol

4.3 Mo LY

7128] XA e thet AgA L= 4] 21)E 0|83t
AT SteAlee} nRZA 2 AgA ] A
QoA = a2} B, 123 HATE Vrat bre] YBlo] &1
th at SkEAIS A4t Aol B20] 0.7~0.85¢9] H
oA Aol 2A FFE w|XA| Fon 1 ghe] 0.75
£ AR Wl o] Jleng B ajAoA=0.75
£ AFESHATE Y A9, oln] Al sgAlol s
A AgAGES Azo] ARk A9, 7IEe] AA (Y
£ S°] ASD)¢} dd AR AAZENE 4719
3 A= B7F B E|ojof FITHF, Br). ATl HE%
o] 7|z AAo ot 7I&Q AFAXE A
AL FASH L 884 Eol7] HelAE 7R AR
29| Ao FYT skEASTt ARS-El= Aol Bl
Sttt AMd = X A(code calibration) o]t 7]&9]
Aol gt Al 2]s AL S3te] AAE A" 4=l
& BASUS, O] 2AD, olF HIF L& M=o A4
H A=eEBnS TESIEE S5AlT e YA
7h AR = #Agolet & 4= Sl G0'01‘3(1999)2 7]
&2 ASDP o R dAE] fIEAYH AFS Hols
7125 EZFS thFst AR B Hdte B RARSIL
3 g oi=F 3.0004] 3.54k0]9) M Qjeta Hltgie)
ojof & iAol A= 3.01} 3.5 Ao R A8t 24zt
AAPE A8t



B 7. CIYst XuMdA 42| MEH2(coefficient of variation, COV)

X erdA L Ccov

HIEE

ro

- KRB, o - ASEA,

HeSY, =8 & 0.04-0.20
« SPT EZHYUX N 0.15-0.50
« CPT 2RUMER| g 0.15-0.37
< HUAH22RE9 WROEZ ¢ 0.05-0.25(0.13)
« CPTEXZRES FatEZt ¢ 0.15-0.25

o HlHj X3 SH2A T 0.12-0.85(0.34)

LY2I|x
. 0|24 0.25-0.30
« SPT - CPTZZS RXH &y 0.5
A2 E (YR X LE)
0|24 0.17-0.41
« SPT/CPTZ IS} X|X[ Aghy 0.50/0.36
. BETYFAE 0.08—-0.30(0.25)

Kay(1993), Kulhawy(1992), Phoon et al.(1993), Cherubini et al.(1993)

Barker et al.(1991), Meyerhof(1993, 1995)

Barker et al.(1991), Meyerhof(1993, 1995)

Cherubini et al.(1993), Meyerhof(1993, 1995), Kulhawy(1992),
Manoliu and Marcu(1993),

Barker et al.(1991)

Meyerhof(1993, 1995), Cherubini et al.(1993), Kulhawy(1992)

Barker et al.(1991), Meyerhof(1993, 1995)
Barker et al.(1991)

Barker et al.(1991)
Barker et al.(1991)
Kay(1993), Hettler(1993), Matsumoto et al.(1993), Okahara et al.(1993)

T BEo ZAE oo 40t B2 3° Bad

sh5oll thgt Vo, bo$} vlwal 7] AA e Vit be
2 gol deA YA gor, 3t AU EaES}
2o FRAYR w3 A|Hte] BG4S A4FE Z |
olBZ AA ZAE ule- oyt ¥ £ ok & 7L
E}%h‘ﬂ A 8 20l diste] o] AAlEe] HxEt
SATES At Aoz, Aoy A=A
T-*] 5 4 AP gt HEAre] Mol g2
o)zt 9lom 3t fof M E Vool vlwa] W ¥
s vepdo ok
g, 4] (5)oll A ™ Rol A2gl WA AgE et
£ shte gEHpetd ole oA 4 (23)3 Zol ¥
A 2128 R, Tk R, AFA AR AWl B3 a4S
VeRIL 3RE8I2(N) S0 2o 2 BHS 4= Qlrk(Barker
= 1991).

=11 v r, 23)

2ae|e 7229 AAA R0l EFE NasSRE
A2 ZEo] B, Azt AR Haxsize)ol T 2
stald, saubgel BEAUA So| EFEHAllen,
1975). 12]3 AAhare] 7120} e AnzBola}
B, 2|4k 119-9] ol A(variability), 4% % HH=Y 5
o WA= B34 So] Ete Holth. Wb RY W
EA% Ve A ol 7 2250) BEALS A
2 Hwo] Zol7} Qome, Ro| EFE B Q2N
A4)5S TRAT AHe) WEASE BHsHE Aol
wet gheHolet @ 4 ek
N7k BEWS NT} N, 12T N,e] BoE maE
£ gusa, Mol WEAS ks theat 2ol 7

86 SH=APIESEI=2E M0 H9=

Atg 4 9Jlti(MacGregor, 1976).

V= Valt Vit Vit (24)

£ Mo & 79 HFASFES & 837 Zo| X
A Aol Z3E B3 aAhEo gt AEATE
TE3EAL A (24)F o83t HA XA Ho| gt #F
Al Ve A5tk & 70 AXE HEATE 5 A
ﬁ(%k)oﬂ HAgE B4l AAH g A5t Hol e

FFS ZFkL e ngE T gadof gE WEA
= T-E5HA gtk

712 AR Hoj tigh b2 7122 B3 oA] ‘?:Hif%
glolong 2 Aol 1.03 1.1& 383t 2 4
of tiste} AGFATE 2ABIGLE vtz oz éﬂlXP—
of XY AL A3 MARGEY BAHA HpFel A
ol ool TA A o] AR AR Y} 22 FL7t
e Ao orajA] UrhBecker, 1996). 1.19] hr H7
Hog FA 1111@101 AR AAPHED} 10%HE ZHA
A]—X—‘E]]:]—.__ _,]1:1]6]—1:}-

£ 349 Hik= # 9o Uehfiglen vjus 3]
AASHTO(1998), MOT(1992), & NRC(1995)2] A3}
FEZ 7 vepigich SAA] A3
g AXRA A AR AT} @FAEEAE 0]-8-5}
£ AR RSt APt APTA Y AATER
AAETE AfolE glont T3t i met BRste
LIRS =

39 A3} MetAl= pot begkell ot #shd 1 A}
ol 27| ¥ AR Uebdth F, B 71 3.0004 352
Z71gtol wet APgAeE HHH o R 0.065HE st
3L WP bp2 1.091A 112 F71gtel wet Bt 0.04%F

=

3%,

N R



8. 7|x X|K|EQ MEAL AMHY HEH v
XX MF Xetn R0 Hold AU M8 (Vir,n) XXZE MY 29 (Vs HH XX (Vnr=VaR)
LEIIE
AUANEZED 0|8 FHE 0.34 0.25 — 0.30° 0.42 — 0.45
AR E 0.132 0.25 — 0.30° 0.28 — 0.33
HEAGZD 0|8 SPT 0.15 — 0.50° 0.50 0.52 — 0.71
CPT 0.15 — 0.37* 0.50 0.52 - 0.62
Z27| X(5We XX|TE)
AUAEZD 0|8 HE 0.34 0.17 — 0.41% 0.38 - 0.53
ANRE 0.132 0.17 — 0.418 0.21 — 0.43
HIANEHEDY 0|8 SPT 0.15 — 0.50° 0.50° 0.52 = 0.71
CPT 0.15 — 0.37° 0.36° 0.39 ~ 0.52
HEtAEED 0|8 0.25° 0.10 — 0.15" 0.27 - 0.29
#* 70IM,
THH MY S bo|zal (we7|%)
2MLHAIE o2 RE{o| LiROFRZE  TSPT - CPTZIS XX AR (227]x)
SpT BEHYA N So|2Al (ZRIIR)
1CPT ZBOIX SR ac °SPT . CPTZMS} X|X|2 ARA (LUSJ|E)
SorEg) 5HAl B 071 %|
9. M4l st sfMAulel AlgMele) H|R
HeA 4
AASHTO | MOT | NRC
2 ALK = =
AA= 4 p=30 p=35 (1998) [(1992)|(1995)
bﬁ=1.0 bg=1.1 bﬁ=1.0 bR=1.1
27 %
dujAEZ 0|8 FE 0.36-0.39 (0.38)) 0.40-0.43 (0.41) 10.31-0.33 (0.32)|0.34-0.37 (0.35)| o 05 | 05
A E |0.48-0.53 (0.50)] 0.52-0.59 (0.55) |0.42-0.48 (0.45) |0.46—0.53 (0.49) ' ‘ ‘
HEAEZD 0|8 SPT (0.20-0.31 (0.25) 0.22~0.34 {0.28) |0.16—0.26 (0.20)|0.17—-0.28 (0.22)[0.35-0.45 05 | 05
CPT |0.25-0.31 (0.28)| 0.27—-0.34 (0.31) [0.20-0.26 (0.22)|0.22—0.28 (0.25)|0.45-0.55| - :
HEI| X (HYE XX UE)
HLjAHZY 018 HE  0.30-0.43 (0.36)| 0.33-0.47 (0.40) |0.25-0.37 (0.30)0.27-0.41 (0.33)| ) o0 o 20l 04 | g4
ANZE 10.38-0.62 {0.49)| 0.42-0.69 (0.54) |0.32—0.58 (0.43)}0.36—0.63 (0.47)|"" ' ' '
BEAEZY 08 SPT [0.20-0.31 (0.25)| 0.22—-0.34 (0.28) |0.16—0.26 (0.20)|0.17—0.28 (0.22)|0.35-0.45 o4 | oa
CPT |0.31-0.42 (0.36)| 0.34—0.46 (0.40) |0.26—0.36 (0.30) |0.28-0.40 (0.33)|0.45-0.55| °- :
AstA Azt o8 0.52—0.54 (0.53)| 0.57—0.60 (0.59) |0.47-0.49 (0.48) |0.51—0.54 (0.53)| 0.80 0.6 | 0.6
F 0 HB0M0| Zte WY FURUS LIERY

& Z7kskeh e A2 AR w2 &3
$0] Zol= AlA oA et 7R 2 A H e s & A
o2 yepdth AXkE AgA ol tigjA 1 2ol o
ZF 2d] 03FxolH, AlAL] 79 AASHOTO(1998)
ol A X 045 THE 90| A SPTAT} o] gat= ZH--9t
AR E AT} o] 83k A AFA T Alo)).

ZF A2 Aol tiste] s A aket AlgAlzE A
GAFE vlwstd, A AgAe7 AlA o] AgA
SFHTH HA o2 ik 0104 037H8 ¥ o= v}
Efgton, ol AH o g siAd H8H &2 3] Vk
of 7191t Aoleta watEct. szt AYAFEE
s <>P3L‘<3'l~E S AGAFE Ao 7] ot £
F3 o= A A=A FR et UiAE EF

K

Kol Hol7h e melt AOE F To|4 BEo]
uled AR MEASE YRekdzhag 23 y
o WIS UEhie o 4 otk E8, agAudnE
o} 8k 9ol thal, CPT: SPTRE} that & A3
Aszke UEhfe], ASAEARE olg3he AL
CPT @ 7|6} ThE WP R} & AaAISZS Yehy
Stk ol XA\ A4 A Aol SPT, CPTZ T
52 o83t 7 Hel W wlma) AsAH Azl
olg- Rt A WP oz Aol vt AZEs}
Fohe A v,

7)29] XA Aol e chaFet W So] AMg
w3 x|gbdA ] SA44F 7h updvkeh WAlE BaH
o] hEE R et Aol g Tl AL 2wy




of dste] ohE AFAFE AM8Sh= Aol BFEEE A
ojct. 2% 9u]o A AASHTO AJ¥Al= MOTU NRC
off vls) A X APErol it AA g7} Bl i Al
3} EolQlo] B A Q] Fei=ta AZEnh 18
U AASHTO AlgAofl 23HE 3 Qo= dwtzos
B2 Psol AF A AR HER 7)E Y A
FAEC] HFt BN A =S PHE HeEA
E ASKHOZ APA T} A EoloF & 2ot e
o} o]lE fi8f fAHoR oY AHdARLEY 2
Aol gt AFHEERZFH, A, HeAT
5 ) R S A= Bk FEsE S 4S Ag 49
= 471 g 52 o] M Eojof & Aotk

3 7\ 22|22 AeARol thatod ZARALE of
st AA Zh=r9] of2] FAGERLA AFHEE
Hstal Z- AlA oA AAE slsAlet AdATE
25} e, FOSM(First Order Second Moment) 4]
AL B3 AAE sk U AgALgt) v 2t

Ao SAGEH QAN ALSEE A
S
}_

N

shgAlgeoll oo, ALFLAA Mo M= EE L
g 125 AAAA} Blas) ookt skeEd 9
A&l Ao, £t = 2zt =24
o meh A& thE gho] ALEE AORE RAEILE 1
g1, 7|2 XY AFgA o] wto, nj=a vt
M= AA A MAE AEsh= W, §8
AXe AFEGroltt AgATE A3 Hol
A bl - Fubckel {7 AV A AR o] Ao &
z}ol7t Q&= Aoz el

LA AFALS 913 FOSM 8|4 Axt 2} 313(AHs}
%, T35, Hoks @ ARl disto] A H sk
A AHAY sHEAET} vt HYE 2= A
22 yehgtth v HgA e gt FOSM a4 2
T, AP9E AF AP AL} vlas) sfAof 485
Ao g F2 g1 MFARVE A3 AAH 2
@32 A5 el

23 717t 58-S Al A& AWhEEhEtof
o] AARZIA TA G EAAHE 71232 HANE
o] ggolzd| 7|zt 7|&9 Hhi} g Xjol7} ¢l
ow AA| A HLA] thd BRSIchE o) o2 4

e

83 a=AptEsel=2d W20z N9s

A Wokzol7lof oHE 4 vk ©ol At 2t
AgE AAe tigt A=A $7F 9 AEE 4 7y
e, Tela AR AA H8AY £4& B8l AN
e A A o} AJHEA 2 A(code calibration)o] X|&£ZF o2
o] o)L HAREE g APTAC] AT HA
(code controlling design)ol] A} e]&s)Zchd APz
29 AdAx AL A Y] Yutyog ARgE
T UE A2R YRtk
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EZ 3

1. AASHTO (1994), LRFD bridge design specifications, st ed.,
American Association of State Highway and Transportation
Officials, Washington D.C.

2. AASHTO (1998), LRFD bridge design specifications, 2nd ed.,
American Association of State Highway and Transportation
Officials, Washington D.C.

3. ACI (1999), Building code requirements for structural concrete
(318-99) and commentary (318R-99), American Concrete Institute,
Detroit.

4. AISC (1994), Load and resistance factor design specification for
structural steel buildings, 2nd ed., American Institute of Steel
Construction, Inc., Chicago, Illinois.

5. Allen, D. E. (1975), “Limit states design-probabilistic study”,
Can. J. Civ. Engrg., Vol. 2, pp.36-49.

6. API (1993), Recommended practice for planning, designing and
constructing fixed offshore platforms-load and resistance factor
design, American Petroleum Institute, Washington D.C.

7. Barker, R. M., Duncan, J. M., Rojiani, K. B., Ooi, P. S. K., Tan,
C. K., and Kim, S. G. (1991), Manuals for the design of bridge
foundations, Transportation Research Board, NCHRP report 343.

8. Becker, D. E. (1996), “Eighteenth canadian geotechnical collo-
quium: limit states design for foundations. part II. development for
the national building code of Canada”, Can. Geotech. J., Vol.33,
Pp.984-1007.

9. Cherubini, C., Giasi, C. L., and Rethati, L. (1993), “The coeffi-
cients of variation of some geotechnical parameters”, Probabilistic
methods in geotechnical engineering, Edited by K. S. Li and S.
-C. R. Lo., A. A. Balkema, Rotterdam, pp.179-184.

10. Cornell, C. A. (1969), “Structural safety specifications based on
second-moment reliability”, Symp. Int. Assn. Brid. and Struct.
Engrg., London.

11. DGI (1985), Code of practice for foundation engineering, Danish
Geotechnical Institute, Copenhagen, Denmark.

12. ECS (1994), Eurocode 7: geotechnical design-part I: general rules,
European Committee for Standardization, Central Secretariat,
Brussels.

13. ECS (1995), Eurocode 1: basis of design and actions on
structures-part I: basis of design, European Committee for
Standardization, Central Secretariat, Brussels.

14. Ellingwood, B. R. and Tekie, P. B. (1999), “Wind load statistics
for probability-based structural design”, J. Struct. Engrg., ASCE,
Vol125, No.4, pp.453-463.



15.

16.

20.

21

22.

23.

24.

Ellingwood, B., Galambos, T. V., MacGregor, J. G., and Cornell
C. A. (1980), Development of a probability based load criterion
for American National Standard A58 - building code requirements
for minimum design loads in buildings and other structures,
National Bureau of Standards, Washington, D.C.

Goble, G. (1999), Geotechnical related development and imp-
lementation of load and resistance factor design (LRFD) methods,
Transportation Research Board, NCHRP synthesis 276.

. Haldar, A. and Mahadevan, S. (2000), Probability, reliability, and

statistical methods in engineering design, John Wiley and Sons,
Inc., New York.

. Hettler, A. (1993), “Probabilistic approach and partial safety

factors for driven piles”, Proceedings of the International
Symposium on Limit State Design in Geotechnical Engineering,
Copenhagen, May 26-28, Vol.l., pp.217-222.

. Kay, J. N. (1993), “Probabilistic design of foundations and earth

structures”, Probabilistic methods in geotechnical engineering,
Edited by K. S. Li and S. -C. R. Lo., A. A. Balkema, Rotterdam,
pp.49-62.

Kulhawy, F, H. (1992), “On evaluation of static soil properties”,
American Society of Civil Engineers Specialty Symposium on
Stability and Performance of Slopes and Embankments-II, New
York, pp.95-115.

Kulhawy, F. H., Trautmann, C. H., Beech, J. F., O'Rourke, T. D.,
and McGuire, W. (1983), Transmission line structure foundations
for uplift-compression loading, EPRI report, EL-2870, Electric
Power Research Institute.

Lind, N. C. (1971), “Consistent partial safety factors”, J. Struct.
Engrg. Div., ASCE, Vol.97, ST6, pp.1651-1670.

MacGregor, J. G. (1976), “Safety and limit states design for
reinforced concrete”, Can. J. Civ. Engrg., Vol.3, pp.484-513.
Manoliy, 1., and Marcu, A. (1993), “25 years of utilization of the
limit state concept in the Romanian Code for geotechnical desig

25.

26.

27.

28.

29.

30.

31.

32.

33.

HAEHEH S JIZEH HES A%t FE2ATAC| HIt

n”, Proceedings of the International Symposium on Limit State
Design in Geotechnical Engineering, Copenhagen, May 26-28,
Vol.2,, pp.533-542.

Matsumoto, T., Kusakabe, O., Suzuki, M., and Shogaki, T. (1993),
“Soil parameter selection for serviceability limit design of a pile
foundation in a soft rock”, Proceedings of the International
Symposium on Limit State Design in Geotechnical Engineering,
Copenhagen, May 26-28, Vol.l., pp.141-151.

Meyerhof, G. G. (1993), “Development of geotechnical limit state
design”, Proceedings of the International Symposium on Limit
State Design in Geotechnical Engineering, Copenhagen, May
26-28, Vol.1., pp.1-12.

Meyerhof, G. G. (1995), “Development of geotechnical limit state
design”, Can. Geotech. J. Vol.32, pp.128-136.

MOT (1992), Ontario highway bridge design code, Ministry of
Transportation Ontario, Downsview.

Nowak, A. S. (1994), “Load model for bridge design code”, Can.
J. Civ. Engrg., Vol.21, pp.36-49.

NRC (1995), National building code of Canada, National Research
Council of Canada, Ottawa.

Okahara, M., Kimura, Y., Ochiai, H. and Matsui, K. (1993),
“Statistical characteristics of bearing capacity of single pile”,
Proceedings of the International Symposium on Limit State Design
in Geotechnical Engineering, Copenhagen, May 26-28, Vol.l1,,
pp.223-232.

Phoon, K. K., Kulhawy, F. H., and Grigoriu, M. D. (1993),
“Observations on reliability-based design of foundation for
electrical transmission line structures”, Proceedings of the
International Symposium on Limit State Design in Geotechnical
Engineering, Copenhagen, May 26-28, Vol.2., pp.351-362.
Skempton, A. W, (1951), “The bearing capacity of clays”,
Building Research Congress, London, England, Vol.1, pp.180-189.

(AFUR}F 2004, 9. 7, AAFEEY 2004, 11. 10)

89



