=

I[.LLRFD AI'SAIE 083t 7128

AlgtSstofl st Hztat &2 / 7=

Leed

A el A (Limit States Design; LSD)&
WFY FFAE, AE 59 FREA RN EA
A AAA R g o851 gle AAelr} 1
2, Aetgatiolol A A I AR wigA A
2ENECE 7|28 T A RE] Al
AE5Ho = 3 &5 HdAYH (Working Stress
Design: WSD)9 &j3t A77} dvkaloct, ghA1 A
A 8- SHAAN Y 71 2 AolH e, &
AZEA AN E tid 725 tisled Fod

* OlX|CH3t i ESEEE W, HAT|E0TL 2K
(civmhk @inje.ac.kr)

zkzte] gHA dEf ol et 414 o 2ol A3}
ALetEd F2E9) A (ZL Ax)y 8
AdE nEska, o] & nldahy] flete] FEekA
*(Partial safety factor)2} £ 3-5A14(Load
factor) 2+ #1845 (Resistance factor) & AH-8h=
W S EHAAN e 2B A e
AAeta o g A83kE Hwshe d o] F2
7493} B A shte] kA (A
&, lumped factor of safety) & AHE-3ThH= Holc},
ety 8- A S a7 Tdsithe
AL glovt a53 128 A35E S Ayl
= glo} 2zl Tote BEAAE FEslo] 18]
B2 Bab| shgzriol wstef whel, AAE 12
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<H

B9] oA (Safety level)o] ©E  the &
o] 9lct, wiHol AL AY & 8153} 259
Agsdel 23 B F=E FESI] 4
Aol ¥tgalan 77) g s5209 g 3
Aol AT AT HAFES FRISESE 4
A fedozd AR AAA AAE 7t

TREOT MO AL AAH S| AAH 2L o] &
2Nl Fl IRl AR E AV 2] T )\1"9‘91 SE%JQ.}\ED‘O];
N rle] 2 2] vlata Avivke] dEAQ) nFF g
AEHAAMAMS AASHTOSH MOT, NRC &l
M ANEERES] Aol dAVE AAVIES 2
ettt 183 fYoMe 2 o|HFE FEL
AAFTE S Al EE 4] Al A8al A
A2 B0 Mo AHEEom Slrk AWERE,
Sof /&8 AAA sHEATY AYATE AHSH
SHAEN A & ARSITHA 71 A1 A E
Age] B3 olfd® FRTEEY] AN AR
SFATE U= 3159 7|2dAd AR
B 3o} SMF 2R AAL AStEo] Bt &
S2Q A7} 7hsdithe 3714 Q) Al it

2.3 -AgAAAEH &
Al2¥e](Load and Resistance
Factor Design and Limit States)

TFEE9] A YA AN A & T2
Bol &d 715S 1 o] H R Rate HHE
Aot o3 FAGHE FIHEATH
(Ultimate Limit State)$} A4 344
(Serviceability Limit States)® FE51, Z3+3t

Addle 220 Fu 78§29 &E 29

b

3 AEl A,
-712A ke Adddd o Axg vz
(Bearing resistance failure)
- AR %] ZL G591 (Base failure)
- AAsEEoI Fol tig 7|20} F535t
of ek 7128 (Sliding failure)

{Overturning)
- 7122 ko] B33k (Ground liquefaction)
Tol o, AH FARHE 712l xdt st
Asle] 1Bl 14 7|58 A Fohe
e 2A,
- %3 A8h} §7)(Excessive settlement or
swelling)
- F2E B9 &4 (Structural failure)

ol it

83~ 8 A48 A% (Load and Resistance
Factor Design)9] 712 AAZAL 2} (1)3} 2ol
FHE

Z‘riQi < 2¢iRi (1)

714, r;= 8F5AF (Load factor),
Q;= ¥*35(Nominal load),
¢ .= A&7 (Resistance factor),
R; = #3438 (Nominal resistance)

< YeRdth

FANGE AAREel el WAHE B 2
29) A5, o 5o} AAv)iel Z22)E 4
2o 2] 2wt 92, 9o 7|22 7]
23] AA|2e] @ oy} & Aoln),



2 (Dol Yvlshe vhe 38T sFATE
& QAL FAAT AATE
g ARAEAXNSE)E 23R Yol ke
Aol olg|3 24 & 7bsdt sk 9 A
o g 2F uEEojof gtk BHE s5AgTe
1.0 ¥t A3 AgAde 1.0 2o} Fo o523
FEFAA 4 (Partial Safety Factors)2} g},

gL
H
1.

3, LRED AP3Ao) AAE 52
FAS

FEMAS vl 93] HEE LRFD code®

- AASHTO LRFD bridge design specifications
(AASHTO 1998)

- Building code requirements for structural
concrete(ACI 1999)

- LRFD specification for structural steel

B 1. $iSA(SE sl

1.26-1.95

I, LRFD AN E o83 7|2 4AY

buildings(AISC 19%4)

- Recommended practice for planning,
designing, and constructing fixed offshore
platforms(AP] 1993)

- Ontario highway bridge design code(MOT
1991)

- National building code of Canada(NRC
1995)

- Eurocode 1(ECS 1994)

- Code of practice for foundation engineering
(DGI 1985) 5 % 87/ AlgA{ ot}

3.1 s=A14(Load factors)

® 12 AE" AMAMERRE se-AFATA
A AAA SAA el 7 at5FFE o
FATEE BT Roltt. 3 k5l dain M=z
e sATEC] A8HE A5 e sk

AT . 1214 | 1013 | 1115
(0.6509) ©0.9) (1.9 (19) | (065095)| (085 (08) | (095
e 11115 | 1115
gels | 135175 17 "8 ag | B4 18 13 1315
2513 14 13 | 12136 | 12136 13 11 13 1315
RiRstE 10 14 19 09 13 10 10 10

F RS sEATE ke XM SHEel MEeE Agshe ZR s

E 2. EA (MY Ehiliel)

teIE 1.0 1.0 1.0 1.0
iz 1.0 1.0 1.0 0.75 1.0 - 1.0
E3E 03 1.0 1.0 0.7 1.0 - 1.0
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=&

o= eI

F 2& A BAVEE O tiR 7 AEA el M el
sl AlTE WER Zoltt. SEaA g 2
2] A7 FA S disiME 1.09 ssATE
AHgShe o] drtzols] AgATE A &
=t AR AAEE A disiA = 1.09) ssAls

et
3.2 5E=x# (Load combinations)

ez oA Y SEAlSE B 39 2t

WEAAA LGN E AQg v APA oA
o shaagtl] 4 &4 ol 3 wlshae] ¥HE
AL 1.08rc) Ze g2 AFE A L3
NRC(1995)4] 7% Setsdt Fshao] FAl 2
gohs A% vheyt e ate o] AR

Q= D + 0.7 L + &)y W) 2)

9 AL el FokEs FAI efshe A
7 akgol| disted 7029 s EIt A W
she A& oujdn, a8ja ol slexdAlTE
wRtekee] ol M e e A

E 3. SHsiExHollMe sEAs

NEN OigEp BEREEE
AASHTO(1998) 1.25D+1.75L
ACI(1999) 14D+17L

~ AISC(1994) 1.2D+1.6L

API(1993) 13D+16L
MOT(1992) 12D+1.4L
NRC(1995) 126D+16L
DGI(1985) 10D+1.3L
~ECS(1995) 136D+16L

H

whE @ ERAAIAA (AASHTOW MOT)ellA =
o] £1k8l5] BAld 1ElEe Afole 52
GAFE AHgshe tial & 8159l A 2t ot
Y2 2 2719 A7t AHEEL o 24
AASHTO(1998)014 geleet ns=e 45 8t

SEFE,
Q= 1.25D +1.75L (3)

3 2e v, el Fakgo] Bl nHHE
7

Q = 1.25D +1.35L + 04W (4)
2 vehdtt,
3.3 XMaAl (271X X|x[& Zpe=)

LRFD AliAlolM o] AaAleE 2 32 2wkt
= 2 2 2EAE deld FedE & 4
~9s 2o FF 293 37l we tha T
AATFE A4sta Uk & 49 gle 59
AASHTO LRFD bridge design specifications
(AASHTO 1998)0lM& thdst 33 e 2%
W AREFA g AGAFE A8 AAlsta
Atk a8lx 8 59 sfvrhe] Ontario highway
bridge design code(MOT 1991)& 7ol tht st
AR E Zeti Fo155 e w5 712 g
AGATE AAtn At AGATE vl
AASHTOS} Bl g wf thas 242 gho] 11 MOTelA
= A AL E A)71A S BFAX HFska 9
ok, it Al deiM AT 0.5 et
2 len & 429 At dajM = 0.62 A



1. LRFD AN E o] 8¢ 71247

H 4. AASHTO LRFD bridge design specifications (AASHTO 1998)2] X8 X%

a - method 0.7
Skin Friction (Clay) 8- method 05
A~ method 0.65
Ultimate Bearing ) Clay {skempton,1951) 0.70

, ) End Bearing - ;
Resistance of single Rock (Canadian Geotech. Society,1985) 0.50
piles Skin Friction &End Bearing SPT ~ method 0.45
(Sand) CPT - method 0.55
Wave Equation Analysis 0.65
Load Test 0.80
a~method 0.65
Block Failure A~ method 080
. ) A-method 0.40

Uplift Resistance of Clay
. . SPT - method 0.35
Single Piles

CPT - method 0.45
Load Test 0.80
Group Uplift Sand 0.55
Resistance Clay 0.55

E 5. Ontario highway bridge design code (MOT 1991)2] X&H%

Static analysis, compression 04

Static analysis, tension 0.3

- ¢ Load Static test, compression 0.6

¥ps of Loading Static test, tension 04

Dynamic analysis, compression 04

Dynamic test, compression field measurements and analysis 05

Precast reinforced concrete 04

Cast - in - place concrete 04

Expanded - base concrete 04

Type of Piles Prestressed concrete 04

Steel H -~ section 05

Unfilled steel pile 05

Concrete = filled steel pipe 04
SIEE FHstT Slct. v, FAEAIHo] AL A2 0.5 2ol disted) <} 0.8(NFnpzel o

'—ﬂt}ca Aol dajA= AgATE 045, 8 alod)e] A4t A g9t

AARERAN A A& AubAEEe] ZA sk a}w E 6 2ol Florida DOTO 2J8}e] 7fghe A
oA 058 ALt gt Tl AMeEE ANtE FATE Ve T ot gy Al siMel oist
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£ 6. Wik7|X2| x¥AH|=(Forida DOT)

‘ SPT 97 086
. PDA (EOD) 0.65
P . -
Wave equation analysis 0.35
U5 Static load testing 0.75
ol SPT 97 0.65
1 1
7. 2= Mstils(Australia Road Code)
Methods Hes
- Routine proof load tested 0.8
- Load tested to failure 0.9
- Piles analyzed by dynamic formulae or wave equation method based on assumed driving system 0405
energy and soil parameters o
- Piles subjected to closed-form dynamic solutions, e.q., Case method 05 o
- Piles subjected to closed-form dynamic solutions correlated against static load tests or dynamic 06
i measured field parameters in a wave equation analysis (e.q., CAPWAP) '
- Piles subjected to dynamic load tests using measured field parameters in a wave equation analysis 08
{e.q., CAPWAP) '

* A value of 0.4 should be used for cohesive soils and structures where permanent loads dominate. In noncohesive

solls and for structure where transient loads dominate, values up to 0.5 may be used

A&AG7F SPT 97 kol 2] 8t 749-9} vl uf o
8] &AL 20} Florida DOT X 49} 59] 4
ARZE 23 glo] PHeHL BEZo] H7lof

wrh ohE7] wjgolnt. i vix, Auirie] AAA
WX o) AAANAMTE APA T A 8
oM Z|2H ez Aolrt EAshed], 7P & Aol

gk o] &=tk 339 AUSTROAD Codet TRFRH
S| AX A A Wyt 3 APATE
& & 7o Rt Qi

3 8 A TEVA M S o] g3 Fe |2 A
A 7]5‘4_4 ZWﬂoﬂ atod Zk AJHEX ol A A AT g
Aelg Aolct 7| EH 02 712 11
R, %’ o get M2 e AATE
Qkala ﬂ—t—tﬂ ol 7 wgdl whet WA B3
39 %457} E}Eﬂ wj&oftt, gt v, Avrte]
] FEe QAR A F

i

He nl23 AT E ABAGI) 24 A
o) s AesE DR, $RONE 4 deas
of AgHcke Holt}. 2, w23} Avkckel Wlel
Mz 718H 02 AR AT Beig BE 23
4 84S L el are AT A B
deld shlel AATE Aeshe v 63
e Avel AEASFEAY, FiehE
5)ol tjg BHANRE n2si) AA AXol
ofd 7 HERS] AYASE A4t oln) 4
A AegsE AR e HasE Fat



E 8. U 7129 X|x|@olf chidt xEHsx

I. LRFD A'SNE o] 83t 712 4AY

SPToIZ 0.45(0.35)
CPTOIZ 0.55(0.45)

Zafx]ut

A0S 0.60
HEXt CPTOIB 0.60(0.60)
HPHINEZ 018 0.60

LRt
Azt ol

opakzt opaRy
1.25 1.25
05 (tan¢’) (tan¢”)

gy | 175 | s [14-16

D @Eoto] XMEATE SPTL CPTZME R FNE MHeYTE ol8sl= Z<ol sl

T Ao] opg} HEAT YHFo a2 dojxn
o|Zigt o] frE F 404 Bz nle} ol /< Al
Ao A AAIE AdAaE 25 1,080 2 3e
vehdct, £ e AgAT S Ag B
ot F8e B (calibration)2 7Fs& 4 o},
A% o|9je] x| Aol WAE B84 84 (d
£ B9 AAY M RD)ES n2jskA] o 1|
T - kel v R AA H 84 T B3l
%3 ©4o] AthBeeker, 1996). 1A% HA] &
HAM e AWF2EY Ao FEPAATE A
L8 ASHAAARE S viny A ARE (19603
tf o] ) HFH o8 AT A 8el ko 1 33
]}"1 Ti‘z— %?ﬁa 0'5]'01 \_7'1] Eo“ Cﬂfﬂ- 5]—xo] E3
sjgtet. Wi, n=3 kel HhEe AA A&
]ﬂﬂﬂi%EéfﬂvﬂiﬂﬂﬁﬂEQH
A 2AES AAF R n2E ¥ ohg FoR
O BEAT AHS A BAA AA AAEE
ghe] gEieEA ageEN A o2
Ag317)71 Bolsirhe Aol Atk 22v 221
Aol 3 RE B8 8 AES J s} of
Hrhe ©o] stk (Becker, 1996). Bl oA o
7124AY JASRAEAANES X8 V5 A
Ut Al oA H2AIFER T2 21314 o] 2
ZAEA g E Folth.

4984 ASE 0|48
TR EERE

2124 2) 59 (Reliability Index method)& ¢
H(Random Variable)e] & £F 35 U<
287] 981M Cornell(1969)°l 28] -8 Aok
o] #2E A=)d A 7 del AHE T 9
ot

r-lm

4.1 RECHIA e RE

A A Y 71 (1) 2B Agshe
3kE3 olol] that AL A2 FEUFE /1B RS
wf 71EAHQ] ghgol e o] 2 ¥d@E & o
o|2RE AL AYATY fre szl
t}. (Comell, 1969; Lind, 1971)

35 Q A%E Rolgt #dstw 77 2a-%4
TEEE 2e §Edsgn /Hehd, 7289 9
e IR - nQ < 04 (&, A =2 )
A, 39 gES v 4201 8 4 9lct

= P((InR - InQ) < 0) (5)
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=H

4 (5)e14 InR# nQ7} M 2 5] Feiset
g = InR - Q% B g% FFAA 0, & U
3} o] FHH,

g=1 = n(R/Q) (6)

U"]\". —‘1]7\401114 VL‘}‘Q' ‘g-P ) A] 101;(] ].}_\_ag]
o l71e] T A BRAERA A EAS
ﬂ7} dtAog AMREw 4 (6)3F (7)9] Fr=A

23} 0] ojnk

~ TR-InQ

S 2 8

B ®

F, fe 2E 1M Bxo] gof Bite R e 7
A@AAAS A el 99 gol 22
akelel Foz @A 18 12 35 Q, AR,
33 &8 Py, A EA T o] #AE VeIt

4.2 st5H2| o
sEAlTE e 2 4ok Ui 5 9)ed

7 = Agexpl Ba V] 9

281515 Q, M8 R, TTHE P, M=lExa fol B

7% A

o714, A, = 33 8tF HEAIT(Nominal load
bias factor)
B = A1 5 24 (Reliability index)
a = 82| A% (Separation Coefficient)
_ I (VP
1+ (Vg/Vy)

B = A 5@ A= SN Foi7 Al2H]
o Ao B A= Yehle Adoldt.
Ellingwood $(1980)2 83t F3t5 2 AR
% 84X EX AN T4 (Target reliability
index, B)E 242} 3.0, 2.5, 1.75% Agtalict. 18
U si5Ag At e 48 B HsEY] 3%
g Fe AASH ] uf ¢ o5 o o R
HAEE X 9o vehd AMH 254 o)} gt

4.3 XMEHA T A

AYATE ) Adl A (1) o] &2
¢R, = 2rQ; (10)
A7IM R, = 58 7129 ASH(Predicted

Value for the specific analyzed
pile)

B9, sh50l it BEMs(lo) 2t HENT (Vo)

ke o Ve
ABHE 1.03-1.05 0.08-0.15
#tE 1.0 0.25
2515 0.875 0.20
PN S 0.3 0.7¢

F1 E7hshE tiEt A%t Vo 3{TH 50 F7 (ol Thsh ghel



2nQ

g >
R,

(11)

a#Y R, = R /A0|DE
71, A, = A3 A4 (Bias factor of resistance)
R = 37 Az

ARzriQi
g > —T5

a3y R

fr

R exp(B; /In((1+V%) (1+V7))
SA+VE)/(1+VE)

R= (13

o]_gi

A7, B = B 13 =25 (Target reliability
index,)

2 (12)8 A (Dl HYstd AgAS =

3 AIrQi/ (1 +V2)/(1+V%)
QexpBr/Inl(1+V%)(1+V7) ]

Uehdtt,

N353 ek 2830 3%
A gDn £ a)

¢ _ In
@A, gD" T A1+ V34 Vot V)

Ln

exp(Br/In[(1+V3) 1+ V3, + V)] )

(14)

L. LRFD AIBAE ol 8% 7124AY

7M., Qo / Qun = 3 ARSI 315
o, 7L = ARskE geks Al
Vi, Vy = ARl #éks iEAls

webx od 58 o) 7129 g AFE 2
Asked

T o ARE Frsleiof Pt

- Vi (A3 AEAT)

-Vp, V, A3ks, g3kl WEAT)

- Qun/Qun (3 ARFET 34 g3k H)
- 7o, 7L ABFS 2 g3t AlF)

- Ay, A (A3 2 Sel HEkAS)

- B (BFAE = A1)

kol thgt A L H3FA ol Hlg) 7] 2A)A]
g gg AEAFY BT Bol 2aA WA
gom, T4 Aut HAe) 5478 WAlE S84 o]
A5 F2E QA Hg 4 2doleg AA] Vy
2 A0 e 2L did] ot ¥ 4 Sict
102 A7 ATE V] #E2 Feleiict.

H 10, cree x|utaA @0l clist HEHIF(Ve)

0.04-0.20
- SPT BB N 0.15-0.50
- CPT 2R3 q. 0.150.37
- AUAEoRREle iR o[z 0.05-0.25(0.13)
-CPT ZnzRele| Lignfxzty 0.16-0.25
UM EEE 2e7|E 0.1240.85(0.34)
g e[ o 0.25-0.30
71 % [~ SPT, CPT ZZie} KIX[2] AT 05
-0l24] 0.17-0.41
jr; i - SPT,CPT Zinie} x|xj2f A | 0.36-0.50
- BHERNEIAIY 0.08-0.30(0.25)

2005.2 v nor 48



EX

5. d&

AN LAY 2 98- H A sl A
HhgaREoke] AAAEAlE HA gl A
a4l o1k g0 B 7| 2E 3k Slof Y53
T 9t 223 AA Al Ags]ew Be

1. 823, (2002), st=X| 558 X, X[gtgst A2
=4 OHNE) “2e7|E-9.4 SHAMENEA—D} |
ZMA| FoIMEF pp. 594~617

2. 23}, (2004), iBlESEs| HUjEksns HE
&3] Mo|L-X|etE3E 8], “Design of Drilled
shafts using LRFD Method’

3. Soctt, B., Kim, B., and Salgado, R. (2003),
“Assessment of Current Load Factors for Use
in Geotechnical Load and Resistance Factor
Design.” J. Geotech Geoenviron Engrg.,
Vol.129, No. 4, pp. 287~295,

4, AASHTO (1994). LRFD Bridge Design
Specifications, 1st Edition. American
Association of State Highway and
Transportation Officials, Washington, D. C.,

5 AASHTO (1994). LRFD Bridge Design

A

Specifications, 2nd Edition. American
Association of State Highway and
Transportation Officials, Washington, D. C.,
6. ACt (1999), Building Code Requirements for
Structural Concrete (318-99) and Commentary
(318R 99). American Concrete Institute, Detroit.
7. AISC (1994). Load and Resistance Factor

Design Specification for Structural Steel
Buildings, 2nd ed. American Institute of Steel
Construction, Inc., Chicago, lfiinois.

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

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

10. Barket, 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.

11. Becker, D. E. (1996), ‘Eighteenth Canadian
Geotechnical Colloguium : Limit States
Design for Foundations. Part Il. Development
for the National Buiiding Code of Canada.”
Can. Gdotech J., 33, pp. 984 - 1007.

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



