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TEEY AFE T A gES APEsH] fete] FxES AN
Bl 4] (limit state function, G(X))<& A elsloF str}. stA eI g b

A (limit state) & 133k $Frol™, 21(2.12) 3 Zo] ol

G(X) =G(Xg,Xo) >0 QHd (Safe)

G(X) =G(Xs,Xu)=0 A E (Limit state) (2.12)

2
G(X)=G(X4,X4)<0 33 (Failure)

= 4 TxEY AT (F2 459 dsads :Ae, Xg 9k X,
= 47 A ez Sadel #Hdd gEWS dEo|th g

o Hes  yebde,  SAEA (imit - state
equation)©]Ztil F-Et. AN A S AR SAGEHETTIE F(+H) A
7k b (safe) A, & (—) QD wW7F 33 (failure) o] ElE UeEbdt

TZ2E 97t dojd &E (P, probability of failure) $HA%

Bl4o] 59 HE|ER G(X)<0% FAHE H¥stel A@th (ol
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P (G(X)<0)= [ f,(X)dx

G(X)<0

(2.13)

T A A S dwbH o® Frudgsie] desta, £ g
Adel 2 o] grE el digk NS 8] Sl et Akl 2

shth. whebd A Aol A

ofo

ol
ol
N

N

X
2
i)
~
=)
M
=2,
1>
2
i
X
N
N
=2,
>

rir

AutA o w7 A(2.14) % 2> A3 AN S AFE St

G=5-3Q =0 (2.14)

o1714 Q= 1WA stzaell SE AFALolth

2.2.2 A EXF

T%229 H3FES Yehde AFHEE 0o b A7 Ho
AREEZI7F EHE] el AEAe AF AAs AU EoAd AN S
o] galoF Hrh welx Iy gtES AR O®E EAISk= 7]H o] Basler

(1961) ¢} Cornell (1969)¢] °]&}o] 21 (2.15) 3 o] AFExEe F3

M

LTS 2 ol sl AU o714 B AFEA S|,

P (G(X) <0) =®(-5) =1-D(B) (2.15)

19

] &-t}] &



Hasofer®} Lind (1974) = SAIF SR FHolil A2 XEE WEE

BEHTFE EFYPHTE HEet AN EHA S TGP ES dist
She2 BAISHE V|5t A 08 RFEHFHE T 9 0 2 R

o, o WHE IFT& AFARES] AFOSM(advanced first—order
second—moment method) ©] 2} 2L R A &1 Stk (Haldar 2}
Mahadevan, 2000). webr AFEAFE o= EA4= 2 (2.16) 7

te H15 wA god.
Min 52 = XX =[X|" subiect to G(X)=G(X) =0 (2.16)

714 i, = #Wel W 2-norme dvlety, X & FE

o] % Rackwitz®} Fiessler (1978)7} AFOSME v gt ¥ 5w
TE xsle SAAEH Al AL3 4 9 == Rackwitz—Fiessler W
S & AlQtetd A thekst FshEofoA] AFOSMo| &

7] AlZsteth Adukalow® AFOSMe] R-F ®3e A&s vie

ArtgEw ] SFEUETT vAYEgEs ol gaa gol 5

A= 2 7HA 23 A8 S ey RHAE =t



. X"
Fu (X7, 1y, 04) = q{ ”Xj (2.17a)
JX

*_ e
fx(X*uux'Ux)zo__];qw(x—'uxJ (2.17b)

eq
X JX

9] A eqe R-F W&ol gato] AXtE = vl L E el ol
& ST EAAM G o] Elelv wEb FrxE o] dig A

A eI FORMell &3 A=A 2(2.18) 3 #Zo] F et

U Z,Uq
(2.18)
\/(a;“) +Z(a§*>

FORMOA AFHEAFE T2ATEE

o

ol

gelA @A g #
o] 0]l =l A3t 71 7k A7kA 9 A E Svlet, 94
I 73 7W7ke A o] MPFP (most probable failure point) && 334
olty. F AL e Bt AL, A EAFE ol &8 2 (2.19a)

pis =

9 A(2.19b) 3} 2ol HARAT. o714 § AR = RS v

2 ouart
S =pg - \/(J;q)zigi o) B (2.19a)
Q =+ \/(ag):an(ag‘J)z B (2.19b)
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gejjel vhedt gk B ATAE g3 7ES giskel LS-19)

LS—2% %75t}

ugets AGH (LS-1)

(2.21a)
@(S5)o = Voc(Qoc)o + Vow(Qowdo + Vi (Qudo
etz dAGH (LS-2)
%(Sp)o = Voc(Qoc)o + Vow(Qowdo + ¥ (Qu)o (2.21b)

9] AoA LS—18F LS—27} F2lo] A uk 7h atF Ao

whaba) the),

& AEste] AR Bast dntstd se-AdATE AAse

el oJste] FHAFLEE AAste] AFE #4E FAs) ok 3H7] o
ol w2 AlZbY w¥o] eFETh A oj|dt S Tt A4
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2 FEn)e Sz gAY F 9=

5
AN

st WS Bea (2016)9)

01)4

Lee 5(2018)°] AIFsiiqt. & AT adz ZEste SAGH A

o] 21(2.22a) W 21(2.22b) 3} o] mAPT}

S 0 C/0 bw/o /o
% (Zé =Voc (%Q) *Yow (%Q) +V (EQ) (2.22a)

%S0 = Voc@oe)o *+ VowQow)o + 1. Qo (2.22b)
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E: (QDC)O +(QDW)0

(Qoc)o +(Qow)o +(QuL)o (2.23a)
= (QDC)O
7 (Qoc)o + Qow)o (2.23b)

(QDC)O =
(6DW)O =¢él-n) (2.94)
(c_gu_)o =1-¢
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s 7k spEnE @AY Hestel EEE aAYHAS 4

(2.25) 3 2t

§0p(§p)0 =Zyi(6|)o = VocSiT+ Vows A=7) + 1 A=4) (2.25)

(2.26)
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e ez Adw

A

o]

F =84 (inverse reliability problem) o] &}
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BEdo} shrw 4(2.29)3 & WA A

9l AellAl FORMel °lste] Al =A47F A=, xFstd &&
W5 X o 377 & MPFP (Most Probable Failure Point) & 2]

(2.30) % o] A€ (Haldar, 2000).

X =pug+az o3 B (2.30)
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a-eq
P

— _- — §
a'Sp _agp \/(0.22)2_{_2(0.3?)2 (2.31a)
I3
% 79 T TRy (o) (2.31b)
\/(asp) +>(09) :

o] U@ HAPe v BHE W4 AFEES ©E 49 2
ol WMB glo] pm=p 9 0% =0, % AT 5 Y3 o] Aol

Hy =(‘9LN -a5 05 BRy )/'17( (2.32a)

oy =R 0y (2.32b)
9 AolA dFRFREEA U FANFFS 6, 9 FAETAAG
S Ry E T o] gojH
8., =exp(a; vy B-0502) (2.332)
Rn=6n U)?/O')? (2.33b)
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Jp §p -

)
=
(p)

HZ( p)

R,
0, Zgza) Hy

Fol Lhet

92( p)

Jp Zgza) A ((_3.)0

°©

Ry(p) Op Hs,

* = RZ(D)

Ren s,
— RZ(p) 5’)2@

she] 4o o)

92( p)

ez(p)
— RZ(p)
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A= A1(2.34) 3 ol

2 3z
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=
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)
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o714 ot
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ARt A4 AbaLrlgolal s o R 4(2.38) 3 ol AHeojHth

_ Constructincost+ Directfailurecost
Constructncost

(2.38)

AbH]EH] p= F2E9 TR % (Consequence factor) o] st ¥
T2 AFg¥ETE Rackwitz (2000), JCSS (Joint Committee on
Structure Safety, 2001), F+HA% A7+ Eurocode (CEN, 2002),
A EF3}7] 7 7]=F General Principle on Reliability for Structure

o w2y 7jEAHog e FA% (minor

)

(ISO, 2015 & &4

consequence), =%t 2% (moderate consequence), %< Q%
(large consequence)o|#tE 37HAZ EFFow E3| Probabilistic

Model Code (JCSS, 2001) M+ th&3 o] FAF oz 73St
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2.25 Z3s A A o] tf3te] Probabilistic Model Code (JCSS,
2001) &} General Principle on Reliability for Structure (ISO, 2015)

oM AlQke A Ve FRAFEAGFOIT F 2.2004 A=A

# 2.3+ Rackwitz (200007} 23434 7id o ® Bl E&—HolwA S
goto] A @A GEH el e HFAIFE=A G0tk Rackwitz
(2000) 7} Ak H3EAF =X Probabilistic Model Code (JCSS,
2001) &} General Principle on Reliability for Structure (ISO, 2015)
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WFTEENA FEAHEAFY Ovs A ke vl v FE
o] ovlE 7pA L ok webA AR EAFTE 2555 g gEo] o
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78kl Fe ARl AR EAFE AAs] offut oY gEolE
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Solth
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Risk Assessment in Engineering (JCSS, 2008)¢] °J3}d & &3+
T 7EAQ Ade 19 3.1¥ Po] dwsty, a8, A4 HA

o 4%, 9 bsd A3 v st B G

(e
foi
ofo

FEE Y QWA Pa A A Fejo] @ 2 AYS et
ek,
=8
(Utility)
L3RS

/ (Utility function)

zHo 2
(Optimal decision)

ZYHO

(Decision alternative)

2ol vtset 23

(Feasible decisions)
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Solx 1] wet PEATE 1 PE A3k @A ASeA Az
£ gAel k. RGO ES ol gt BHAY kA T ol
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st 7F 7HA 9 vl g9 T ES 2. DY Ao o474 B HAAT

g oEeke BerkAola, M(B) = AT e A e golth

Z(8)= Y B -2 M,(8)~C(B) ~D(F) +R(,.T)

=38 -3 M,(8)~C(A) - D(B) +R(,) o

=B-M(5)-C(B) -D(B) +R(t,)

9] AelMs HerEA oL A Een 2 AAlE V)3tel dAEE
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g0 REAA R T & vk BEAAL AAFET AAA FE)
42



o) Esto] AFHE golvl, AEAAE Y FREC] FF Avh} FA)

How Fgd & vl dE WMoy Wil AAH 57t o
Eshe wgolth, webd WA BN FEANE SYH O A4

sttt 18la REVAE e AlES VIFo® o] AATE A
oA zkE7A] R(ty) & %718kt

HEH o7 JENANE SHH o7 FAsittd AASTE Fore A
)7} 2(3.2) S AAA F£ to 5HZH R A 9 HF
ek 4= ok aela J A A (3.2) 2 AR EAT S 39
Adee Fheol gt FEHSER FdHE ol wEb Jthad

ol@oll olato] Flt] M) shA e 2)(3.3) 7 2o H ok,

E[z(8)]=E[B-M(B)-C(8)-D(B) +R(t,)] (3.3)

9 Aol 71 ghel A& Aol gJste] 7 AT g

(3.4)3} o] & = 3t

E[z(8)] = E[B]-E[M (B)] - E[c(8)] - E[D(B)] + E[R(t,)] (3.4)

g il dRRgeE a8 dTEA B Ag A g uhg

rl

ek 9 HA o] A g a9 3.2% Pk 7|4 28
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Ak AF =A ot
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Positive Utility
Net Benefit Value

Expected positive utility function
/ Expected Benefit value function

Optimal reliability index
(Target reliability index)

Reliability index,

Feasible decisions

99 3.2 AR EAS e WolhA W AAe) A EAS
Sela o7l A EAA ] AH) AR o] ThF 7 kel A

T 094 F&ui7bA =9 TO{012,...,0} oIt} wkebx] AA it B
A

has

1l

g w ZgAE AN HZ(B) = A (3.5 % 2t

o

EN
=1

E[z(8)]=>.z(t. A Pr(T =t| B)
o (3.5)
=>z(t, A pt| L)

B W wF 59 te] o
AskAela, pt|f)E Tl AHEAT vk AP wF 5
352 F Pl

AL 71 AR EF A%
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=
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A oS Je u wE AlGEHE 9] AR ekl oo E do g
3 w9 AzFe Hlgo]l Hu FAo® 2(3.6) 7 k. o7]A
Pr(T <t+At|t<T) & ZFFHo] t704] HAPS w, tHE AL

At AJZE Qtell wEFETgol S H = 215 FEOI

PT <t+At|t<T)

A= At

(3.6)

1714 Aty AR telA e FFgola, At @9 AL TE o
geol FEAFoth 9 AB.6) N 2ARFES oo & #
gata oA 4L FEetd 4 (3.7) 3 2k

P{T <t+At|t<T)

Alt) =

At
_ r(T <t+At ,tST)
T At Plt<T) 8.7
_ ft<T <t+At)
At Pts<T)
A Aol PritsT <t+At) & SFe] @713 A= FEg v

%ow mow 4(3.8)7 zow, (3.8 UwrHd Ak t oA

t+AA ARl gl S sge] Wy,

Prit<T <t+At)= A(t) Mt Pr(t<T) (3.8)

s9) g A Folzl AHEA T Pste] 2w 4 (3.9)3) Lk,
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o] "t 18la A L) At E LFs o)

2 317] wiEel FoiR AFEA S| wE AF FydEo] Hrh
AFEAFe] whE A Aty gES Agshd 2 (3.10) % £
WAZE Dol A7 P () = A EES vlsta, Az g gEo

Fets AHEAFE [oleta st A A G| wE Azt g

B P (B)°l EH

plt| B) =P (B)IP{t<T|p) (3.10)

919 el elstol wFsHel 0del A% p(0]f) =R, (ALl
=, Aslel shalvh oliks Az s shgelt e wFE 140

Hop@B) =P (B)LA-P(B)) oL, w=rgol 2delw

1=
~
w
—
—
~—
H

ELe

p@IA) =P, (B) ML~ P, (B) - P (B) - P (B))]

(3.1D)
=P (B) M- P, (B))’
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X
=
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-0
w
I
o
o,
o
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Hlgel oahe] e gk
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p@15) = P (B) - P, (8) i+ (1- P (8)) + (1- P, ()’

1-(-P (8))°
1-\1- P(,Bl)

=P.(A) tﬁl (A (3.12)

=P, (B){L-P,(B))]

webd ¢ A4 ol WAL tel] detel p|f) & Tahd Fl
Fol fJstel HEHA FEAFFFE 431D H ol TT & ALk
4(3.13)% ol g3l AAAQ AN Tel tht \hakS AN

A},

ot18) =P, (R) - P, (2) i+ (- P (8)) +.+ (- P (8)) ]

1-(1-P (ﬁl))t} (3.13)

=Pf(/»1)tﬁ1 (B

=P (B)L-P, ()

aen SHEFNCIN RE 5F 59 B 74 ABES Fol 10|

(r
=]

wojo} gtk whebd] FatA el wgel dal slo) A2 A gstol

23 Tohd A(3.14) % 2,

P{tOT|8)= Z p(t1 )

=

=P (B (1P, (5)) (3.14

_ 1
R P (B)
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714 wEgEe] FEw ki sl 1-P (B)|<1e17] wiel

RS HlE T el st FEol FHEIT o] HelM dojd BE
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(O) B, =

B(O)= 0
B(1)=B, +B,

1
: (3.16)
B(td _1)= By+B +B,+..+B

B(ty<T)=B,+B,+B,+..+B,

aeal wEETge] AAs R 1 A BrEA Y FEel thdt

T A G173 o] nEFro] AAsEEY A 2 gEolth

Pty <T|8)=3 p(tlﬁ)=1-§p(tlﬁ)

t=ty

=1-[p(0| B)+ p(1] B)+...+ plt, 1| B)]
=1-P (B) L+ (- (B +-+0-P (B8] (317

L 1-(1-P ()"
SRAE T (g
=[L-P (B))"

webA Foj AR EA o] whE Y E kA = 4 (3.18) ¥ vt

E[B]=B(0) p(0] 5)+ B{U)( p(1] B) +...+ Blty ~1)  plts ~118)+

+B(t, <T)Prt, <T15) (5.18)

a9 99 A 47 Agete gES g9 4 duel s

& oWezb B b g MEE7lY mel £4% HYsd AFHow

A

7t} 7 kA = A (3.19) 7 2
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8= B -R (8)) (3,19

3.4.2 A=A T wE 7t FA&#HH &
& AoMe AR EA G meE AAsE Tk JdaAwnE
TetaAl gk 7] ARl 7]

g
o ostel mFFH e FEAFTFE JoArh A fA B &

7
wA5e) gpoldh o] therh mRade datd 2Hd ol g

o] A= 0o FEei7bA Thsshr] el BelrkA= 4(3.20) 3%

M(8)0{m (0.8, M(1L8), M (24),...M(t,,B)...} (3.20)

Selm A A Slgshs fARege M () ole s
FARUE M@, 0 AAFT B BAY S Y wEE A (3.21)
B gol BAT 5 Ak A7IA AT E AAGEe] U 4
welu) gk meahy] wRe] mBsHel MAFE R 71 A9 sl

 AAlFTel e FA gt A7)A Ao
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(0.8)=M,(B) =0

(L.8)=M,(B) +M,(B)

M (g0, 8) = Mo(B) + M, (B) + M, (B) +...+ M, ,(B)
M (ty T, 8)=M,(B) + M, (B) + M,(B) +..+ M, (B)

M
M

(3.21)

wHEe FE&FHo] AASFHHY 71 A AASTE Fekd {f-X3AY
gk By wEel 2(3.17) % ol Bl ta F& FEFYol
AAFERY 37 2 559 Folv. webA A EA]gef uE& 7
FABEngE 4 (3.22) % 2ok
E[M(B)]=M (0,8)(p(0] B)+...+M (t, -1 B) p(ty -2 B) + (3.99)

+M(t, <T,B)Prt, <T | B)

E[M (A= M, (B) - P, (5)) (3.23)

3.4.3 AF =X W 7|t A-EHE

tee AHEAFe] BE AMu§S FHug @ dudow
d AREge #EE 43130l sl wF & Syl o @
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E Aol 2 Adulgol AR 19 B NG WEHE
S AuE] R Bgsts Aduge NHEA5 ol met

A BEE w@ETE T ={012,...,0} ol thste] wAYsk= v go]7] ol

7t C(B) & thadt

Elc®)]=> cB) mlt18)
=Cc(B)PrtOT|B)

(3.24)

flo

a8a 52 FE3YY BEe 497l wimel o*A AL 2
(3.14) 3 o] p(tOT|B)=1°ltt. Wby HFHOoR Fojx A A

Gof W2 7o) AAn gL Bew) 2o

Elcs)=cB)1=c(p) (3.25)

3.4.4 AZ =X WE 7)) ARaLH| &

o}

o AFEAS WHE BASLY Feke ) A §e T

o

A gk WA meel Abst deluAl HW AmziE wAHE 6
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of thate] 6ol AAlIS] =2 gt
HoNZMA o= AATrE < 2= AFHEE D(B) =
aeska, AAeT Fo e 7HAE AEVHA R(B) = aLesh] diit

of AAFH olFe AtumHlE D(B) & Oclth. uwebd t, =T o A

Pty <T18)=3. plt1 8
=P (B)I+1-P (B) +.+0-P B8]  (3.26)

RS el L 10:Y) PR
=PB) B p )~ 0P B))
293 mRegel AArEnt 1 At #89 #4316

=

W 2o meA HEFAoR Foj AR EA g wE V| Aban g2

21(3.27) 3 .

E[D(®]=D@B)Prlt, <T|B)+0lPt, 2T |3)
=D(A) ML-[-P, (8)) )+orPrlt, =T | ) (3.27)
-p(B) fi-(-P,(8))")
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3.4.5 AFEAFo] WE 7| FE7}HA

e AHmASe] ohE BAFY Aol FREL ) 2E
S FaaA vk mFe] AEFAE Aun g Bz w59
o] MAFHRL & A AV ¢ wFFHel MAFH R} 2

Ao it ZEAA L A7A Bk whEbA ty <T 9 49 R(t,) =00,

—~

;2T 4% RE) 7 2oz 2 191 RE,) b 248 3%
o WY o] AASYuT 71 BE SGEUEdS Folw AL

sHE R ol 1o)Ehs A A (3.26) & olgshi 4 (3.28) % &

Prit, 2T |B)=1-Prt, <T|B)
“1-[i-(-P (8))"] (3.28)
=[L-P ()"
e JEHoR Fojn ANHEAFe wE s FEARE 4

(3.29) 3 2t

E[R@t,)]=0[Pr{t, <T|B)+ R, )Prlty 2T |B)
=ofi--P, () ]+ RE) P, 2T 18)  (3.20)
=R(t,) - P, (B))"
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M A e AFE=A g wE Vg JerkA, fxden], Ay
S, ARLRlE 1Al AERAE et HEH R AR Al w

710 fe7pA g delshd 4(3.30) 3 2k

E[z(B)]= E[B]- E[M (B)] - E[c(B)]- E[D(B)] + E[R(t,)]
—ZBE(n P,(B)) ZM(,G)Eﬁl P.(B)) - (3.30)
-c(8)-D(B) -1 P(ﬁ1>)‘d)+R(t)t(u P (B))"

01714 B = iMA Wxo] dgats welskAola, M (B)= i WA
dxe] slgsts g4 e golt, 181 C(8). D(B) S R(B) = 7
7} AEEA G W AMn]g, AbT 3} BETpA o],

g9 A@B30eA  AdAew  HOANG  fABYNES

B -M,(8)=B™Z 2/ 54 ol iWA dkof dldsts SHIIH

rL
i)
=
ofo
=2
=
e
2

b Ha, AA wwg FEel i #UkA e fA ¥
B-M(B)=B™ = w& 9 Feto ozt +=AA7A7 Aoy 18 x

ol i WAl Wxel sigets SHIMAF vid AFSA deojHtal
7bgskE B™ =B™/t, ©] 7] wliel HFAHOR I b= 4

(3.3D) 3 #uh.
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ele(a)]-EM(a]=3 (& -M,B)h-R (5)
—ZB"G‘ -, (8))

=B 3 -p, ()

t, =

_B" E(l‘ P(B))d-(- P (8)") (3.31)
t 1-(-P,(8))

_g* [1-b-r@) _P@d-G-r@))
t | R(B) P.(3)

e [1-0-R B [ 5

TR R )]

A5 §47F ohth webd SRR B w AgE WelelA
Harche chekd A5e) Welzkx B9k gAweu M(B) T wWel7
Az 4ol Apsaiinh 1en Fold AHEAS Bol e mFFE
Fol te FEQ A (3.13)% ol §dte] At HAES AAFY F

o] ) eE3e] WA sk 4 (3.32) % 2

1-(-P,(8))" =-P.(B))
L-P (B)) =1-P,(8) (3.32)
1-P (B) =(-P.(B)"



HgHE7re] AAA(3.32) 0l st BT gr= 4(3.33) 3% #2o]
TRtk Trejal o] AeM s AASE wetel sdete v dEI 4

Ao dd wAE AdRoR sad 5 ok

E[Z(B)]=B™ P,..(8)-C(8)-D(A) [P, (H)+Rt,) {1-P: (8)

(3.33)
e

Py (B) = —

A7k BY o gl Hg ol P ()

b

9 AelA P (8 &
A% el dgeks s stEelY, 1-p(8) £ AAFY 717
of st vlska FEolTh. Wk 919 A4S HNsE AEAE A
A5 Bk Qkdlalol stel, Abaul g AAFE B st Qolge
B @A Bk ol Farel B A sbgol SeigAu gL,

2 8] AAFEA e WAL BE FAT 5 Ak
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A4 F AFEAF] mE AHnE

C (ﬂ) = Cfixed + Cvariable(ﬂ) (4 . 1 )

ANVA Cpug = AW B0 G0l A7 EA5o] FpalA A
NS (BAZANE, SHue g QA AN 29 D)
& By, geln g, waue )9 gold. meh dwdel C,
NHEASRY YA wgolth a3 C, (f) = Adn el o]
A AREASY ARAew BA b wEs (AEY, AFN, w4
S 7 ] BE WS, AUl LubE 5)9 Fold. el

Coeg = NFAEAFE E531A] k1 AF LAl oEsH= B golt)

S5 vESolt WA Cume(B8) © A=A T whE 2 A F
ARAHoR A4.2)¥ o] uid AV vk & 5 Ak
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Cvariable (18) U (Sp (.B))o (42)

714 (S,), & FAATAECL, pE 7 A RC, ST, PCE
Sulgteh. 22T (S,(B), & AHEAFE WHAEF = QT FIA

1

o,

gzolth. 919 Aol NFHEAFe] B arAse] wapda
M Rz AANEE wador deAt AS ofUrh C..(8) =

Foll g &7t

I

ato] TR gholvh LR, 2 =%

i

=
e
2
o
2
R
r01
n0)

b MR TR W] 2 Bgu Aol A%
o MEge AT AHelA AA A go] ARG ARAS A B

b wEb AF =R 2 AERE Ce(B) S AT A u)

r
okl

BALTEE (S,(B), 7t A4S RleAdAE FAE 5 Utk F,
7 2AdEe] AAuEol tEk vFo] 22 Aol qbeA 8 A
G AAdn] o]l ME HHAAE 7HAA Dk

AE 5o Ik B dde] tigh £33} o] vl&d dIH=
FAHIF 8, B8 Cre(B) & ABRE (S,(8), = HFHOR
HlgletA Aot 22l Ads Paskes 7xAY Aol IuE fA4H

AA AFEAERA v BATE FA W B0 F3} go] Hjgo
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2 AAED, o AHEAS] B2 AMEE C,l(8) T AHE
Are] e QTFAAT (S,(8), °| ABAA wABAZE FAG
A,

AAAA AN E WolA W Cpoo(f) & WA B A EA

TE RES] Seid = 2R ARl soful Hal, o ue AlF

Al g¥ds M Stk AAR dehddTd FEFAeAlE

(2021) ¢ 9&HE Cpppe(B) o Theke] AAM o Molzkeln] of,

o,
N
)
X
2

H g2 7] o R EX ARG Ve Adee AAse vgeR T
dEH ol ARl wE WEAdo] A7 wiEel BT A9
AA T3 2 7HEE sk Aok A 271 A=l 9l BEAE

ZHA AL kAl 7Hgske] AdWgs Fostal wke AAFE St AL

N

£ F BEAE Fefleol fle ddY dHE 57 2 ¢ 3loH, JE

o)

ZEA M wE w7 go] F7hR e E . e A=A o] Fa
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Cvariable(ﬂ) Oﬂ W%]—Oﬂ H] E:ﬂ ‘71’_“(‘74] 7]'7(]11]- % Z,: %]q_ la:ﬂ %‘]__/\1 OJ_

F9 vkl ol C (B) = AHEASe] wE Q7 AY} ud v

-

= zh

=2 JbH 3 Q7] W& C HAAor AZEAF e Q74T

fixed

FEe vlE HAE R

Cﬁxed D Cvariable (ﬂ) D (Sp (.B)O (43)

kA AA AL 1N C(B) B AFHEAF BE Q7 AFY
Zek vEaAE RGa & ¢ A FHaL A (4.4) 3 Zo] AR EAg
of we AR Eo] AR EA Tl e 23 HATH nlHAAE

tha 7bgshele.

C(B) U (S,(B)o (4.4)

A Aoz Adn g3 733 A
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kel A mEaA e o
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N
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TE ke E E7Isd SAP O R AANEE C(B) =k, [(S,(B)), = “HE
9 olth wheba] B dpo A ARl AAH £ A (4.5) 7 Zo
7Hdstel sl Bl A3} skl

C(B) =k L(S, (L))o (4.5)
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oftt
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rlr
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o
ol
b

of EZ3etd 7 3ol ot Yrhael A/E ol g3te] TaAY B
s Fos BAGEAE PAT S Arks Aol Atk ol ge 5

ol mE EEsE 27T EAT (S,(8), o A6 T2 AT

‘|-‘

HEAAE AE A4S Sl

(S, (8))o O (S, (8)),
(S, (B0 =k TS, (B),

(4.6)

A7 k= F stzaIe] feolv, JNEHoR AFEA G uhE
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g AAA QL HAdn gl gk Fstd FFTAEE AU 2

o,

C(B) =k [1S,(B)), = k; Tk, TS, (B))s (4.7)

N

nEaE FReTAEE JAHEA N AT QTN EA S

Lee (2019)e] ostdl sl ofe] g9 127) F97dzt wge] 4
AR $FH S 2ol 18 413 o] mAeFu £ 9
DC 851 pol thstel AT 24 g SRR wFAME o)

29 B9 uAetEn7 0.5558 Y A3, DC dk&hrl= 0.63 0.95 A}

ok (olaA, 2019). ol mAEE @ANE LS-DY A nHdF
HI7F 0.55H G A1, #eks SAGH (LS-2)¢ AFf nAstEr7t
0.558.th Ztte <Jul7h frk. webd # 4.1 Al RS 9% 1
dots sAGE (LS-1 3 &atg A E (LS-2)9 7} 34 3an]

£ DC ah%H) poll thg el A Gooltt.
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% 4.1 A RSN Age dix st
&7 Akl A uf IS ]
G DC 351 | :A3EH | DC 5|
LS—1 | 055<¢<10 | 065<7< 095 075 0.8
LS—2 | 0<&<055 | 065<n7< 095 03 0.8
3 4.2 AFAE 9 ssane] o A5
stE WS HAA | d5As | 2285 =7
] RC 1.229 0.130 | =4t | Paik 2009
Xﬁi@ ST | 1.180 0.093 | di=4qt | AlET 2006
PC 1.056 0.073 | W=7+ | Paik 2009
RC 1.289 0.144 | Ai==7+F | Paik 2009
XEEE ST | 1.224 0.115 | di=d3F | Bae 2016
PC 1.274 0.139 ST | Paik 2009
DC 1.05 0.10 43+ | Nowak 1999
sdsat | DW 1.00 0.25 A9t | Nowak 1999
LL 1.00 0.20 gt | ol 2014
O™ 429 19 4.3 44 FRdES A i LS-19 o
AEEEA S Fate] 78 AR gl BE QT FIAFEEIT 1
Y 29 4.49 9 4.5% 77 FERAES dddge] digh LS-29]
AMNFEHA S Bt P AFHEASF] wE QPR ATEZe |t
AF LA e QT FAATAEE FHgEo] Y3 n|= kA
A7) Wit AFEAFIF F (=) GG E o] 7hs 3t
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LS-2 Moment
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4.3 E239 QPAYFEG AHEAS7] B

= HA3E Slete] AR EAF wE 2Estd $FTATEEE A

(S,(B))o =k, [expk; [B) (4.8)
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¥ 4.3 A2A5H) 9 AFEE A5

LS—1 LS-2
K, Ky K, s
RC 0.8434 | 0.1525 | 0.8048 | 0.2031

FEAUE ST 0.8750 | 0.1228 | 0.8323 | 0.1832
PC 0.9759 | 0.1087 | 0.9270 | 0.1747

RC 0.8056 | 0.1645 | 0.7697 | 0.2117

Aok ST 0.8454 | 0.1401 | 0.8057 | 0.1945

pPC 0.8145 | 0.1602 | 0.7779 | 0.2086
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Normalized nominal value of the required

resistance strength

LS-1 Moment
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—— ST (Inverse Reliability Result)
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® RC (Exponential function)

e ST (Exponential function)

® PC (Exponential function)

T T T
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Reliability Index3
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% 4.7LS-1 Aol tist o

resistance strength

LS-1 Shear
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— RC (Inverse Reliability Result)

— ST (Inverse Reliability Result)
PC (Inverse Reliability Result)

® RC (Exponential function)

® ST (Exponential function)

® PC (Exponential function)
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LS-2 Moment

5.0
— RC (Inverse Reliability Result)
—— ST (Inverse Reliability Result)
204 PC (Inverse Reliability Result)
® RC (Exponential function)
1 ® ST (Exponential function)
® PC (Exponential function)

3.0

Normalized nominal value of the required
resistance strength

0.0 T T T
2 0 2 4
Reliability Index3
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— RC (Inverse Reliability Result)
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4.0 PC (Inverse Reliability Result)
® RC (Exponential function)
1 ® ST (Exponential function)
® PC (Exponential function)

Normalized nominal value of the required
resistance strength
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Aol mE AANEE A U.9eE T 7 USAE FEE 33

A A Frof] mE AN G st A5 E F5H7] o

EAel W ST AY FA e AREAF2 0l 87bA FggolM 2t

N

ol

st vge AR PA e AAoR WEse] AEAL m

i

Adn|gof st HA dEHd WS X 443 Zol AAEAY. =
Foll- = Nucor—Yamato Steel Company (online price)& 7|50 =%
a0l A A1 2ol 40ft, 60ft, 100ft] A$ AF=A e W A

Hjg-o] AEete] AF Aol g AYnE= AASHIH

3 4.4 Target Reliability Analysis for Structures (Ghasemi, 2014) ¢]
A AAEE AAY v &S
LR R e C(B)=a+bp C(B) =axexpbp)
71t d o] a b a b

L = 40ft (12.19m) 2.1333 0.5717 2.4255 0.1356

L = 60ft (18.28m) 3.4499 1.0404 4.1991 0.1333

L = 100ft (30.48m) | 5.6567 1.3086 6.3620 0.1231
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Ghasemi (2014)% AASHTO AA7|Foz AW ETFE A4
PARE B A HES A = fdAdu]go] A=A OE 2
TAZTEEEAN Q=7 Witel AFA=9} &5 Ho] =84
°juli= AASHTOS} EZu A7l 54 442 2102 Hi
AEE TP

w mEolA P e Agekarol7] el Ghasemi (2014)
o] AAlg 7 7HA FgrelA ARG wlwstr] gelFelA otk 1

2131 Ghasemi (2014) 2] AA| S AF LA & ZFAH v L3H4
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gol7] el FRHETL AujAl Zlow FSdEv webd E 4.49]
Ao Aegkrs) viHBAE I¥ 4103 2ol HES 1% 4.10
& AAY BEI LS-1 FEAE g £+3td a7 AL v

A 2ol

AEAo® LS—1 ARHE gt 2Fsd Q7 AT vl dA
1 35

7 AEaA Wl weha LS—

2 AMR LS N EAF e FHQTAFG T HlE BATE UL
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== Y el deid HEE V] el & AelA
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7b mlEg o ggsky] of JAw e AGH, skE Ak, F-Ael o

AAM = A EF A o] w2 AN G AFEA el nhE BE3tE @

std QA EE FHsto] AFREATH

LS-1 Moment
20.0
® Girder Cost (L=40ft)
® Girder Cost (L=60ft)
® Girder Cost (L=100ft)
UB) 150 2.9636 x (SST(B))O
2 — 5.0598 x (SST(B))0
o i
g 7.2729 x (SST(B))O ¢
g 10.0
D
[e]
U 4
9] s
B
O 5.0
q
4
0.0 T T T T T T T

0 1 2 3 4 5 6 7 8
Reliability Indexf3

=7

O™ 410 AAY vlE&3 LS-1 FEAE] E xEstd oA
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DA 3FANH WFTEES ALY B LE AYEAE A
RS 2(B) & A, AAFY o F BE AT ALY A

o AEANE Fste] FYHom AN o] &

Z=
Follde wgFrTx=e AAFE AN JFE7FA O tete] =574

TEEY AEAAE FEE AF OIF t=0 AL 27154
Hg9l MG} LA Akl mebd olm @ Jujz sl frk
olsl ol Azbel whebd FEEC] A7} Fastt P4 @Il

2h etal Ao AEe ot Al e TR E Y

_,4
M
>
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ot e 23y wErEEd 2 U e 7 e AlE
of thste] Ak HA7HEzE et Awe A7 =Ev 53] B
WAAZIEANN g FxE AAFEs 100402 A er] wel

A F 1008 B8E TR AEAAE T ot

A ow T Al et A E Al ddet Aol 9
sto] ARG HA AAT nFTEE B AEAUATE FEsA o] Fo1A
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A7 (Perfect competition) 2 7Fg 3] s ahA] = it

o' ApAke] tfgt 2Ake] ThA = Al A AfeF Faell ffste] 4
e Aoln, 7228 IEA L AA| AFeA ARFETa & F
A}, kb &1 F A (Perfect competition) Al &S 7FAsHd AA+H
AR A 2R A FEZFA] R(ty) = Rty t) & 21 (G o] xd

# % 9tk

tT,
R(ty) = R(ty,t.) = > B™ - A+V, (5.1)

i=ty+1

F TZRES AHEA A7 (scrap value) @b #7]8]€  (demolition

cospolth. wH FxES #H7| AR dx t 0T, & /Madde=zes 3A

AstA Hw Hzol gk Zhelo] A 5 ARE g -2 T
2= A ALgE 7hed AR BA & VsHoRE offY] Wi
of e3le F7H]go] WA Aot webM dRbHl e thdt
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m(t) = E[T -t |T >t]

=T(u—t) Y

j(u ACUY

t SR() (5.3)
SR()juf(u)olu t
“S/SO%

AFHoz 9 4L Aeshel WAFE ARANY TrE AE

A% A (543 2ol Ve 4 Yk,

= i) - A

:B“ﬁ 1
i Sklte)y,

(5.4)
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uebA 5.2 deMe JIE7HAE A S8 AESdT 2 AEL

i1
p

Al o] Zof thate] Mystar, 5.3 Ao|Me nHFEREL AETFE T
7] 9% FAARY SAFEQ] TEAddxtge] tete] AYstal, B

‘|_

N
kil
1o
(o

ARE FH387] 93 Kaplan—Meier 4] o] & thate] A

BEY HFHCR 5.4 HeMe AAl ARE ol&st] AN ¥ &
TS FEoH, 5.5 AoA= AEZEAH S Fot] nEFTEE AT

Y A HRAES

o

m(ty) & 7ok gty el wET

250 AAFE AAelMe BEREFEe] AEY A (5.4) ol
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ANA AR ARANE oleg Az & 34 (follow up)o] 7

ZgEol A Bk oY B4 ASgES A

g0
rlr
Jm
Jo
Ao
b

Product limit estimator WHOoE% <¢g&HAtt (%3 5 2015).
Kaplan—Meier ¥4lo]A F4 5= &S S (1) & A G.)I 2o

g ol €l

- d
SR(t) = I_l [1_#J SR X P X Py XX P Xy
I<t i
(5.7)

P, :1—i , 1=12,..0t
n

A7IA p, di, m= A i AR AM G AERE, ARE 7R N
A, A8 AAFES Auldeh. 28 FA oA B vkel o] i Al
oM BERELS 104 i AN AdES WA 72 gleH,
i A el EES AR Y] ARE TE AT E AR A 9
AAMAFER A 2 ok oI A kR A

Al =S AEAR Jv]drh. (¥R, 2013)
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Kaplan-Meier estimated survival function S R(t)
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7] gskel WA BEFFE e EAQ 13749 FERER 7}

getel 7} R WpES Ay

o
il
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=
[aS)
o}
=i
c
8
)
s
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O
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¥
=
o
=
S)
e

2 7} B4E FA%a 7P A wxs ekt 7 FaxEef sk
A S S ZI1-$E(negative—log likelihood) ¢ AIC (Akaike

information criteria) S7A1% ¢ 2 YERYH ¥ 513 2o}

5.1 uFFY EE AY =9

gE TEY TR & 21-9% AIC A9l
Weibull —12540.66 | 25085.33 1
Nakagami —12547.59 25099.19 2
Log—logistic —12560.29 25124.59 3
Normal —12579.44 | 25162.88 4
t Location—Scale —12579.44 | 25164.88 5)
Rician —12586.28 | 25176.56 6
Gamma —12593.33 | 25190.65 7
Logistic —12693.86 | 25391.72 8
Log—normal —12740.06 25484.13 9
Extreme Value —12865.73 | 25735.47 10
Birnbaum—Saunders —13251.85 26507.7 11
Inverse Gaussian —13379.3 26762.59 12
Exponential —13406.06 26814.12 13
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4 Weibull Distribution

0.8 .
T
w
§ o0 -
©
c
=
S o4t f
2
3
w \
a3 b Kaplan-Meier survival estimator ]
| Level of significance (a = 0.05)
Level of significance (« = 0.05)
= MLE survivor estimator
O 1 1 L 1
0 20 40 60 80 100

Lifetime t
18 5.5 ¥8A5] WE Weibull ¥ 2 7FY3E &8k

A= i=!

Weibull X% AEFHLS FAGELEFTO oste] 2 (5.9) %}

ol AojHe),

S.(1) =1-F (1) =ex;{—(é) J (5.9)

a3 7P Aggsltty FHEE Weibull X2 234 2 (5.9)

A |

=

2 Agam o} Tama St AAEY Adelde] A e
we A(.10)7 2o
mit,) = ——— [ S.(Dct = 2332year (5.10)
SR(td)td
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6.1 AaH]-&-

depA g Fx2E AR E A9 Abuvlg D(B) & 4

2st7] sl WA mF B2 Qlste] WAHE vgL weka] 9 stol

Atz Qlste] WA E vl go s AR AR TRl gl 3
th wEbA, B dgoa= Al Qlete]l whgE nlgo] D(B) & A
(2.38) 2] Abanlgn] p 2 RE 7Pl

el gE] p = AbIZh dojubd WS AMugoms PRE

AAZF Az 3= A Adsk= 784134 (renewal process) = 7}
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Fol o8 AHRGE AL FAY 5 o)

¥ 6.1 Risk Assessment in Engineering (JCSS, 2008) ol A # 2] 3t
TZ2=Y ToE8 AFarn] g e #A

FEE B
L el HEH oA
R = S
S | AN Ad A Asg AAY 9 | w9 TR A
p<2 7F AAY FAD e FE 2 =l 5
At 913k 1 IE F3F o] | AR AE, A
s
N AY AAA A7t g 52 | AR, olwE AR
2<p<5
o vk 2k
B | AR A% A9 He e FFo | Fo w33
5<p<10 | Ay AAAH J&t FoE FF | 4D, 1F AR
5= AAA vjg-3e] THo] AZHAT 2oz {3 1%
p=10 HolH ok B F2EY FE QT

g8y wE By Abae]] ffdk v g FEREC T LT oEs)

rlr
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Abstract

Determination of Target Reliability
Index of Highway Bridges through
Optimization of Benefit Value
Function

Gantulga NARANGEREL
Department of Civil and Environmental Engineering
The Graduate School

Seoul National University

Reliability—based bridge design code has been introduced to
Korea and is currently in use, but the target reliability index of the
Korean Highway Bridge Design Codes (Limit State Design) for
guaranteeing the safety of the bridge structures is too high,
according to the recent study. Therefore, in an effort to derive a

new optimal reliability index that adequately considers the economic
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effect of a bridge structure, a benefit—value function for a bridge
structure with an optimization performed on gravitational load—
governed limit state is proposed.

The proposed benefit—value function of a bridge structure
reflects the total cost of the bridge construction, benefit value
obtained by the use of the structure, maintenance cost, damage cost
in case of collapse, and the residual value of the structure remaining
if it exceeds its design lifetime. In addition, we adopted a benefit—
cost ratio, which is an indicator of actual business feasibility. And
by normalizing the benefit—value function using the logical
relationship between the costs and the benefit values, a generalized
optimization was made possible. The relationship between the
reliability index and the construction cost was derived from the
required resistance strength based on physical quantity, and the
residual value of the structure at the end of design lifetime was
calculated under the assumption of perfect competitive market.

The load effect on bending moment and shear for reinforced
concrete (RC), steel (ST), and prestressed concrete (PC) members
were collectively optimized. Finally, the optimal target reliability
indices for the dead load—governed limit state (LS—1) and live

load—governed limit state (LS—2) were derived by calculating for
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each member and load effect, optimizing the collective average

benefit—value function for each member and load effect.

Keywords : reliability—based design code, target reliability index,
benefit—value function optimization, gravitational load—governed

limit state, required resistance strength

Student number : 2016—36709

135



	제 1 장 서론 
	1.1 연구배경 및 목적
	1.2 연구 연혁
	1.3 연구 내용 및 범위

	제 2 장 신뢰도기반 설계법 
	2.1 확률 기본 이론
	2.2 신뢰도 기본 이론
	2.3 신뢰도기반 설계기준
	2.4 목표신뢰도지수

	제 3 장 효용 및 최적의 목표신뢰도지수 
	3.1 효용 및 기대효용
	3.2 편익가치 효용함수
	3.3 주어진 신뢰도지수에 따른 교량수명 확률밀도함수
	3.4 편익가치함수에서의 각 기대편익가치
	3.5 편익가치함수에서의 순편익가치

	제 4 장 신뢰도지수에 따른 건설비용  
	4.1 건설비용 가정
	4.2 신뢰도지수에 따른 표준화된 요구저항강도 
	4.3 표준화된 요구저항강도와 신뢰도지수간의 관계
	4.4 건설비용과 신뢰도지수간의 관계 검토 

	제 5 장 교량구조물의 잔존가치 
	5.1 구조물의 잔존가치 가정
	5.2 생존분석
	5.3 Kaplan-Meier 분석
	5.4 교량 공용수명 추출
	5.5 교량구조물의 잔존수명

	제 6 장 편익가치함수 최적화 
	6.1 사고비용 
	6.2 편익가치함수 표준화 
	6.3 편익비용비  을 도입한 편익가치함수
	6.4 사고비용에 대한 평균 편익가치함수
	6.5 각 부재와 하중효과에 대한 평균 편익가치함수
	6.6 LS-1와 LS-2에 대한 최적의 신뢰도지수

	제 7 장 결론 
	참고문헌 
	부록 A. 교량 붕괴 사례 조사 
	Abstract 


<startpage>13
제 1 장 서론  1
  1.1 연구배경 및 목적 1
  1.2 연구 연혁 8
  1.3 연구 내용 및 범위 10
제 2 장 신뢰도기반 설계법  12
  2.1 확률 기본 이론 12
  2.2 신뢰도 기본 이론 18
  2.3 신뢰도기반 설계기준 22
  2.4 목표신뢰도지수 32
제 3 장 효용 및 최적의 목표신뢰도지수  37
  3.1 효용 및 기대효용 37
  3.2 편익가치 효용함수 40
  3.3 주어진 신뢰도지수에 따른 교량수명 확률밀도함수 45
  3.4 편익가치함수에서의 각 기대편익가치 49
  3.5 편익가치함수에서의 순편익가치 56
제 4 장 신뢰도지수에 따른 건설비용   59
  4.1 건설비용 가정 59
  4.2 신뢰도지수에 따른 표준화된 요구저항강도  63
  4.3 표준화된 요구저항강도와 신뢰도지수간의 관계 69
  4.4 건설비용과 신뢰도지수간의 관계 검토  73
제 5 장 교량구조물의 잔존가치  77
  5.1 구조물의 잔존가치 가정 77
  5.2 생존분석 81
  5.3 Kaplan-Meier 분석 82
  5.4 교량 공용수명 추출 84
  5.5 교량구조물의 잔존수명 87
제 6 장 편익가치함수 최적화  93
  6.1 사고비용  93
  6.2 편익가치함수 표준화  97
  6.3 편익비용비  을 도입한 편익가치함수 99
  6.4 사고비용에 대한 평균 편익가치함수 102
  6.5 각 부재와 하중효과에 대한 평균 편익가치함수 109
  6.6 LS-1와 LS-2에 대한 최적의 신뢰도지수 114
제 7 장 결론  122
참고문헌  127
부록 A. 교량 붕괴 사례 조사  131
Abstract  133
</body>

