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Review of Research of Bridge Design Based on Life Cycle Cost Analysis

GU Yin, HUANG Wei, ZHUO Weidong
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Abstract: In order to systematically expound the research situation of bridge design based on concept of life
cycle cost ( LCC) analysis, the research background, basic concept and principle of LCC analysis were
introduced. The research status, the appropriate key technologies, and the prospects of LCC analysis for
bridge design were illustrated. The study of basic theoretical system of LCC on board was summarized. The
models of LCC and the study of framework were showed. The two most representative models were compared.
The composition and calculation method of the bridge life cycle cost ( BLCC) at home were introduced as
well. LCC consists of per-unit cost of management, cost of users and social cost. The difficulties and
obstacles encountered in calculation of the components were analyzed, and the existing problems in bridge
design based on LCC were summarized. The study presented a necessary background for bridge design,
maintenance, investment decision-making and the development of bridge management system based on LCC.

Key words: bridge engineering; cost model; optimal design; life cycle cost; overall framework

APREE G BRI A e #. 20 e 70 4ER LS, H
P A7 35 AR B 2 0 2 TR S e 2 B I 1) S A

GRS ARG A R BT ISR e R ek [, B8R T A5 A PR 3t ( Durability
B T ) H FAT 2 BT i R AR (LAY OB I Design) MIRAR, M A Ar i HE &5 A BS54 1t
o BEMARA B HATIX MR AL, B ET I o 20 140 90 4R, Mk B WIHR 5 ) B T 4540 77
MRAGEET ( Design for the Status) HFZRIRITHIED S A AT B S, B M) 4 5 it ( Integrated

0 3%

Yk H #: 2010 —09 — 15
FHEEWH: fEdd ARRERESTH (2010J01287) ; hEELERAAHEATH (20070420112)
fEFRAN A5 (1976 -) , 1o, fmEmMA, 4, #t)E, fl#EE. (cinoa@ 126. com)



68 B

ST $28 &

Life Cycle Design of Structure) E"J%ﬁfﬁﬁ’:“ﬂ o AL
RIS T 0 514 75 i A0 A 43T 0 P06 e 2 P
AR O BF ST SR, g T4 75 o A A
A R S B RS LR . AR AT
YT I A A 7 0 5, 30 B
WG B, BT RS R T b, SRS
ST AR R R B A (5 T A, AT 32
et R SR, S R i T R
K e, R A T B IR T

%::S([Z—At] 3
1 AT5 A A A T

AT T (LCCA) RRTEIT
B B 2 17 % DT BB 5 i L 5 IR R S A . e
Freit i Lk i, AU H B IR A it
WA, BRI B R A TR 4EP S
PR A, B R R BUAS 37 81 R ¥ B{H ( Net Present
Value, fii5 NPV) , A °] H T XFi& it 77 & 9 oAl
AT b, AN 18 2 50 SR BRUBE T 15 [R] 719 57 47 436 it i
JELUF TR RE B o R, B AR BEAE
AT WAL, SRR T E. HH
P A2 LA e/ IN ) 4 7 i 43 A SRAS B 0 0 R I i 55
AKOVPTERE, #0 R AR T B 25 Ry R S 1)
FRP e BN R, 285 VAN P TR Al AR
P AR S AR, J7 3Kk RIS I FE e/
W m e HE ST AR i T 4
ORI, 2 (T R 5 A Y R 55 KT R
BT HIAS 2 A S A 2w AR IE. 2R A ERe
WA R ER AN AR AT EN R =K R
BOR, A K WS A TR E. HrRwRt
ARG R 21 20 W G AT 4 2 A R He R 20 1 —
MEERE D

K LCCA X T FEI B PF-Alk 1 J5t D) 2 £ E 25 4
IEH RS T ( BSI> BSI,,, . BSI AHF 3R 55 7K
EARbR, BSI AW B EAR AT #3255 KF) . A
FEAm RN B BAS B i BB R /N e 5 A S AR T
R AR (1) Fox 7

- [z ZCOSL‘(k,j,t) ]

NPV — keK jel
; (1+r)

*p(kjst) s

(D
AP, NPV 7R —A> T 75 i J] 300 RAS S A g e R
fH: kBN WARMAE, AR B AL A I AL
A ARSEAS: IR AT, i B

RORAEITRRL AT A Rk &
AERITIEL T SRR 7, R A 6 R B
s pChs o 1) ORI — B R R (OB
TR AT A B0 R S0 07  2it 2
B B A i LU T 6 A0 UL R (L
T AP B AHEPE S, LCCA Tk AR i 11
O 4 TR B B T 2R
R TR BV 1% LIRS BTG LA B T
SEREME . LR AR 4 0 U7 ok AR A FF B
gt g, BOAX LRI TR M5 . Y
S AT BRSBTS, B
AT 7 0 PR RUBCRE AR DAY 0 0 %2
B GV TR R 7 TR BT R i A
WAL SR
2 SRR

2.1 Ldgn A WA A IS R R ST

Fati AR RO AR & B Se i 6 405 T 20 ik
60 AEAREEI ™, BT R BA R AP, I
e B R 20 tag 80 4AEMRTIFts, Fam A WAk
AR 7 v 4 o FH 2 28 40, AT R B 9T A i
Tt H 14 75 AR DU Ak Il e 3T DL X i 1 it
Tif AP i sl F A B8 17 5 AR 2 28 B i 2R 1
BIRAAI, LA [ B Y [ KRS B AR
SRR BB I H 4 A A A B A, B4
FFAT LT 538 ( Total Life Cycle Cost Analyze) o 7E4)
BT Aol P v 0 20 B iy A 4 DA G 3 7 i 0 45 TR
M M S Z, By AE HR A 5 a7 v A
HZ /DI 4. RFMETT TR A TR 2R
TEBCHIE T Be,  JCie A2 5 Rk Iy 47 4 it 3de S LA
JEWRT B, S AT IR R LR, R
X TR A A5 T T B, 3XRF A Bk S AT R 4
Ja Nt R BRRISTS B R 2554k -

W GRL5AE) 743 i o 390 S0 AR 4 AT 2 A 3 il it
TR B o SR 00 e A O A TR S8 R B S
Jai (FHWA) R 1 4 75 i Ji] 30 e AR 43 A 1 32 244
R 71 A o N & iz B AT i T, 2R
BAEMATD , SRS A"

TEIE 20 4F N, B 32 4 75 i Ji I A ( Bridge
Life Cycle Cost, f&jfk BLCC) W52 LBUS4 AEH
M, ARZ A5 E S A R FR 4P A Y
A SR A 3 A (LCCA) - A= iy F 30 A A /Y
Jridz. LA Frangopol "~ SR 3 1) 36 [ 2% % Xk 4 F
JESAA AT T 4 HFFE, Frangopol 1EIT 20 4F N &



%5 6 4] o, SR ST RdE AR AT BRSO Ik 69

RERLT R H A HIER S, LA
THRRAEGHI A RS, RS A . TR
AL R A B 5 A A AP AR B
A RRURA S MR K EAE R AL . NCHRP " %t
S F A A O TN ST, 4 T A 3 B
FEOURIRAS . P RA ISR 3 07 BOA . SO 4 i g
AKIIE— 2504, WA T P AR AR B AR 1
B X GifaEF Singh P LU 7R B 2k 1]
BT T LCCA [t al, A sELM A H P A
AL SECRUH S A A, B T P RS (A
A PURAR = A GE 5 AR + R A O B A
VRN AR A, T AR O I P9 R
BUHEAT T S0 5E - B[ 2% Orshan ™ S %
PR %, T T AR RS R R
AT BRI (1) i AR A2 7 2 B A 1 W
FEA. LA Asko Sarja ™ {219 H AR 5 % XF T2
LFARTTIEAT THIST, EEW LB RE 54 A,
VIR SERIT APE T, AR 0 B A R
oo FeP WA AL . PR S S £ — R
5¢. Kong Fll Frangopol ™ " JiJ ikt BL = {14 f1) 43 7 7
VR T 5 A TR O MR P A R X 4
AR AT 3 LA AT, LT % R 2 b
TN A (S, 5 % T A P A ) 45 4 1
WEZ AR, I AVEANEIE T e A 7 7] 52
BEH S 2 (] 9 X F o Mori Al Ellingwood ™ B9 T 1R
W - SR R RN — R 9047 X 5 1 5 0 S
SR H LA B SR R S S AR /N R AR I
ZERGAG I 4E 3 1 J7 %6« Philip Cady ' 75 % iy J& 1 1
AT e A S ST A A O, 7 3 3
RSN (4 75 J) 300 B A P A 23 3 2 v 2% 1 37 9
EII . Wen'™ B9 T1E LK% F 45 4 %5
WA B AL
2.2 LA

] /X A 342 114 15 00 A 4 S e A 1
VAT R, DS s PR M i 5
A bR BTG, BRSSO TR B
FEEA I e S AT T 42 AR 1 3
B, AP EA R ST A
Y B A AR R R T 1T SR 0 S AR

faf 2% 22 Rijkswaterstaat $2 5 F 244 69 497 B,
AR, (5 15 U AR I W R 1 T Bl 2 PR 52 590 B
BRSO TR, B K A 4P #5AR Bk Sy o A
A (2) « A (3) - AR (4) PR

zamnﬂn==2a@&;+me—um)L

(2)
a = [1+(r/100) 17", (3)
MR R 55 A IR ), SRR A
1mmmnm)=—;ﬁ;ﬁi, (4)
o L= 2., o

Lf, E(K(n, o)) NEFBIRESA: r 38
Ry op, WM RAESS AR RS o BTN
LT A: 0 IR IRSS AR -

F % Frangopol 7 ¥R HEEfli [ 2 H (1) 3 F 7]
SEE R LA R AS AR P 43 oAy S 4 24 T 5 4k B
Horpog YRl

Cy=Co+plAg(d ]", (5)
L, €8 B REF AR €, 5T SE
PR TCR BT A AR AB, (1) NEEHITE ¢ I Z
HEAT T RAEA T T SR B AR AR AR R AB: ps g A
ASE

Hps AR A (6) Fin:

C, = C +glAa,(p 1", (6)
X, Co 8 IRIAB A LA CF I 23
GER B A B I B TR e T RS Ay (1) REEHY
AR B A R R IME: g h ARSI

P AR FH T A 4 5 i AR /IS I 6 0 A
IR EE T R AERARFAET M, T
P AT BB A . — S 3 i 1 A R AR R
TG R 0 B AR el DL R 3k
A5 [va) R T S ) A SR A SRR B AT, AR T
— RIS

3 ENFFEIAR

3.1 A EIM A fIA L R

] PN TEATR 2 4 5 i 25 B 1 T 9 R 5 30 4 e 75
BT TZ W, VFESCHREN AR R T i AR AR
FIRZE TR LA B 458 5 495 202 7 i Jo 30 28 B i —
SERI AT HEAT I, T8 Hh SRR 3% 75 i S 200 A
PR BT R R AR 45 A5, T LA SR AN 4 42 o 22
FerER Y 2000 4R, TR A CRis TR RS BR
S0 (PR N RILHIEE S BEE 279 54 . B
DABCA TR UE Vit SO A4 [ 5 HLE B it
WREEESR, VR TR B AERR, iR TR SLAT
o A6 ) JE —— R ik 158 it T R AT A6 0T B 1%
TSR B T AR A B AR R e S B



70 B

ST

%28 &

X E A TR AT AR A R, RIS R St
HR TR “SHaTH 7" . A T
B R T AR AR 7 — R AR L8 P 4 ]
IR B TESHIE LS MET, Btk
S AR A JE 5 R A o T AR 2 451 o
45 B 279 BArhiy LB, Sobs LR Rssiise
RIRIGE TR “GA A Tl . 2004 4F[E % pedi e
THR RGO RE , HE— IR Al A7 3 ot
i, PJesfe. BR¥E. i AE. KURSSHY Al REH,
PEICAETT H RTIRR . TR, ST T RS %
AT RS S A .

TR AT 8 £ i 0 AR 3 BT 7 [ P 2%, O
TR I TS o 0 B ) XA G 4 7
LR E, LA TG — AR S BT B
PR FAR TS B E M40 HT T, ARJE RIS @
AT, 5 01 H 2 50 b i E R &
TN TR, IR e 3 28 BRI 5T 64 B IR
XPATR R (A k23 2 AR S HEAT A BB, A5 R
e AR B N A B 2 12 . BRHe e S T
AR SRR TR X 53 R 0 s G L % A 2 T 4R
S, AR PR (R B, 3 e R N S S SR B 4y
g 5 T 4> 5 i SR 30 B0 30 095 S 1 1 B0 BT 9 A 8
PEAT T BARL I PR A s 38 i [ 4 % S
WSR2 R ALES (BRI meke, 48
SRR 0 R A P T AT AT RS e R
W AR T T R S AR 3BT B M A R G
FHRATRMERIFR, MR T EmEARE, %
P TR IE Ao TR BOAS R B, 45 A I
Ao B AR T 7 TR BE A R I 04 T B
N ALK UV R -2 B o s i o T SN (O 3
IR LS R T AVERESE REAMHTENIE, AR T
T FREE A T A ) 0 5, 4 75 o T 437 5 144 397 1
RRIEAR, I NA LR AP 5 ok s
PRI . T AR ST 5 R 55 3k
AH AR L T A IH R AT 4 v I B T, R
AR G 55 i 0 A R il % B A B 1 AR, T 3%
LR BT A AR, 3 B A 2 5 A
LA A WAE A FIBR A S, I 5%
VLT 2 U KT IO I R i e 3 VT A TE R ik s
PR3 v AR 2 AR R T i AR [ B HE AT T A 2
XU/INGE SO RIS TR S 0 5 R K 4 4 T R
Ws. T RS TR MSTEENES, 4
M AN SR B = UK B SR 18] 7 5 RS 4 4 T Y

Himgs . HCHRE LU SEREAE M M SR AR SR
HEESR, HEN T 22 LI e I 4% B 45 15 MOV 1
LR 2 B T 2R o 3K 5T D R R A T R
TRRIEEEI AT ) RS, 38 1 0 4 i
J7 SR TIRE ST RN A A SR A AT, R TR R
AR RIS D ZHEN BN, B RS54
BRI Tk, 75 22 0000 1 v 5 T A SR 7 S Y ML 1) 4
BrECsE . fER A RS LR b, i 41
IEEAE T — R RIE ™ S5Ead R AR 3
AR, XN ERR S R A A )
JRASHEAT TREIIXT L AMT, 4R TR TR TR
AT A MR T BRIBZR ™ S50 T H AT
MR T AR, /57 R A 43 HT 1 Sl
b, R T AR TR R R S A Sy
VAR, BRI S A RTHR T, LIARRS
Tt TRA R N AL B AR T R T . B
5X T HRRAE G AR L, JF LA TR A TR
AL, SEIRALIIBT, BN R AR T %
BRoEoE. Th7Eie ™ S e e A e 75 R P 94 AR
B/ NPT IS B MR A R F AR T2 75 e 1
TG AT 7 ARIEP Y Sk SR R
POl SRR AR HEAME S L AR A
SRR BER AR, A 25 TR TR
TR T I ST TR B A S
KPR DT B, LR MR AT 20
SRR T AR -
Mk 2Rl R R R TR R R R R,
WA 5 A A2 b, HETHRTIE
BN IRAE G5 AT B S AR AR 75 A T 4 )
RS, AEBEA BT B2 TR 5 dok 26 0] B, A0 9 3
ToRIR, R RS 101 16 2% 1 B AT 0L A IR
SR R GE P A AR 10 A i R0 R AR 43 b
(LCCA) R AE$T 7 0 bl LA st fof 384 & S80S
ZER A BT BE L e A R AR AR
iIARTFR R M A 13 52 2%, B2 SRR % 2 i
AFIRHE VETEAL , 38 % B 2 15 4 R B3 A il 240
SRAT I A B AN FH T VPG O A 10 PR .
G, AR A i 0 A T sk ) SR AR AT 8K
AR EL G0 SR 4% 7 58 SR TRV RE £ 7 1 HEAT AL
WL LA i JEL 30T AR HE 4707 48 LU e /NI EE A
JEI A B 212 RV 405 F 1 2 e Ak il
(B FRATBFST 32 B X 0 45 #1102 i o 300 B A 1
PR TR R AL T . W TR B



%5 6 4] o, SR ST RdE AR AT BRSO Ik 71

B S AT SR A i o B v Y O 26 A RN I fRT . H AT
B Z RGLITIT -
3.2 AT AW AR FIMELE O IY

S FF A R TR Bt TRk #iE.
i defe R S b R A 2, R TR
T A G 2 A7 i S 40 PN B T A RO 9 BT S
FPRORITFERR ] i 22 2% s defe 2 i ml
W B B A 4 R FR A b2 38 F & G 4 77
i JL 3 AR S B R AR R B AT 524 H B R BT -

Y 2 A [ S 4 77 i JE 390 AR BF 9 11 S
e, X IR E 38 e M AT (4 I A 43 B R TR
PO BOE AN PR R A S, S S A R R
15 BOR 52 42 73 i Jo) J0) A 20 M BRI 207 O 0k R
Qe T5an R A AR Bl TR R A A A e B
&, RGO TR RLAS KA PF R SR 4k
AL TGRS I A, I X W 22 4 7 i 90 K 3 ) AL
W\ s E WY ER A 25 A B B A AN 1 AT T
HEZEPHT, A3 0T T & AR IR, JF25 Hh T 4 BB
JARVE TR A, B 205 W 32 42 73 i il B9 A
ARG MY . B G2 42 A7 i A 30 AR I SRR R A X
(7) Frim:

C=C,+C,+C,+C, +C, +C, +C, +

C, +Cy +Cy + Cyy, (7)

Arh, C R AINAS; € Fm B A
C, FREBMA; € FmFIP A, €, Fm LI
A Cs FoRHEBINAS; Co FORRIBA; €, FonBH2E
FIRAAS G FoRGTRINA; € Fodiis|
EIAS;  C o FRIREEMNAS;  C\ FmPrbRniA.

BB TE TR G T o RO AR O AE R
G R AT GR 45 M H T i JE 3D Y RO BILAG AR -
AR WA, 2 T AR, HANG TR
R Yo N R R R N DR Wl NN 1 B U |
BFTE 25 305 G K T P I i ) [ g A 451 2K At 7
AHIXE I R o 80 R S B ik b 2 WO 4 T ) 5 Ik
W B Ak 75 i I N A e e, OF BRI 3R 1Y
SEVESRAG M B 440 75 i TR S A e A3 A o T i
JU AR A N (8)  Fs:

Cioc = Cy + Cy + Gy, (8)

K, Croe R FFan A C, s ML AR
CU i%/%ﬁﬁF‘ﬁJUF, Cp %ﬂ?ﬁléﬁiﬂio

S TEI A FR S S Y 3 A R A A )
JAS LR RS RO FH 28 AR 2H 18, O % 7 i Ji 39
JAS BT AR B FEAT WAL WS, di8 Hh AT TR 4 T3 A

T RAS A A A

LCC = DC + CC + MC + RC + UC + SV, (9)
Kb, DCRBITIA; CC HBBA; MC R4
WA RCAIEE A UC A A A SV 3
S (WIE, JRAMA) o

= BRI ST T A 75 i B 31 AR B R R,
FATERE, W15 43 H w0 6 WA R 4h vl 5 B 22 [)
PG R, A A G w2015 B ] SRR
IR IE T SRR T S B 2 M B 0 &R, T
FLT KA NG 1) 4R 18 A« A AE AR FI 2R R AR 1Y
TR, 8 T 4-E A X RV RE R 2 e, T
I TR R AAS B VAL 5 A B A . 48 A 2
A R RATH AR AL (10)  FoR:

W =C.+Cy+Cy, (10)

Kb, Co FRWHE M BRG] Cy sl 4
PR o3RRI R BUR R AS . 253 3 9% H]
FTHRARR X — R, C R BB ik 58 (1 45
oEe B AT RO % = MR R C(p) =

1_§m_mquﬁ3%:aﬁﬁﬁ

( Routine Maintenance, f&j F& RM) . T B 4 &
i 4 12 i [5
( Essential Maintenance, fij f#8x EM) , B C, = Cpy +
Cow + Cry; Co HETTRE AT 00T, SR LA
T A

BSABZR ) 4540 M7 1 4 A5 o S 0 TS 1) A AR IF 5
HEZR, 4t T4 75 i Jo) 40 AR 1 42 3 i J7 15 110 5K
R (1) BRI B B AL ST #7
RRA i PR EETE R AT, KA REE Tk,
PR, AR KBRS T B, IR 55 KT AR,
ARG T IR EE 2549 5 ALHLIL, il s iy S e 4
i ERMEEIR S R o (2) 2480 RAPERE MRz
FEMM R Z IR PR REPE T AL, RS AR TR
fabR AIRERESR AR XA RAPREH TR, (3)
MR B ALES I B 5T . BFEs2 AT SR VERE T R
W, BEXPRCER, S HHEN R4 TR (4)
BrR4idr — A - 55 KPR ZE5 G R IPoE. I3
k55 K- T REmS, w5 SEAEd, W EAE 2% A . X [A]
FhAEdr Iy 2R UE, AR B R, B R R RE AR B
PR R - A - ISP LR ERFR, il
IRARAES 7% (5) ProlsBisImie . 7err 275 anA
BIA I Frr, P BAR R — R T U
ZH, PR s OC R B B R B 4E5 05
R (6) 9P Bt B MR B ST . W 224k

( Preventive Maintenance, & % PM)



72 B

ST $28 &

Pt AR, XA B 2SS 38 1 B A, X A 4 B B ) A8
W SEAT AL, B, T REAR P A
MR A (7) BReU AT . i A
WA BT SE . ST IR A 1) 75 JR AR B8
SRR, RIAE IR AR, TIPSR &
TRIBE T %

T 7 O SRR 4 5 A A I A P 5
Bt BB MR AT BRI W
TP SYHE T FONA 755 6 Kad it Mk
F ARSI A ORI A&, ARYE 3 B Bt Sk
TN R B BRMN TAENEM B R
GiHT, ST R FE A I RO SARRE SR A
I G2 2 i J S AR A A O RE A o K, AR R T
EFFIINT R B, i TR T 2 F R
BT B A o T A A B, a3 ST T &
AR B A RIS R AR A, REAT &I
BB TR A e 22, $R i 3 A E IR B A
WA 3 AT AR A

Zr T, Fdn R AR 32 i A A AR
P RAS R 23 A 2 o, HE b A8 B B0 AR B 45
WIGTE Y A K Bl A A4 A S B 5 3 i AR
H S IA S T 9 AR DL K ey 8 06 A 55
P AR R IB AT A < 2838 At 1 A A A
( AEFIE) 45, SR EIGFRHONAS . FREE5 M B
AL S A, il 1 FR

5 2 0 M ) A

BRVUREI— e rmmERE

—_#ErrRE |
HEZERE

Hhdh sl ol BT
A B R 11 R A 45 2K

— xR ]

fone

A

E1 HHEREGEERAENE

Fig.1 Composition of LCC
RN A Y, RIER AR s B A 4 2
I A LU E S g - SR AR R R B 4l 8l
PRI A MR AE . SR AR S AR R T i ]
REAR AR GE 3707 584 5% I AR SR SR 4544 ot
AbRYBRER . BRRALE S SR O B A 1 Y 1R fE
MGV R A, RS 2. eI sZ i iy
B ( TransModeler) ™7 =% ] D4yt b A 451475 T 4

Wi A A

[ ]

Adn AR
AR

.

P AERIR B AT O S E R Bl A Il I FE A
SR ATLITH S Hy T 43 ik il s 1 2R i AR Y
RAH RS, HAHEAR A it — 20T

4 g

[ SMERT A 1AL 23 AR FIHT P AR 5 T B 284
T—ERIETE, FEH T2 23R 55 K
BRI, F AR ST AT 2 2 22 BRI (EAE D DL
PR A JE o L BOR ) 5 4 [, p 23 AR LA
FUSABIWTFEA o B R

M5 HA W EANE, 0 TR A R A
Az YA A SR e — 1Y BAT AT L B A (L
N EESH PR, R BUERX B Tr
EEBCHR KRR . — B, PreiRior, 5
JNAY i 5 9 SE A T H (8 A7 i ) 7 S8 il 2 32 S 40
i, F L, XTI R A B R, T
Prif e, TR R E, E—DAER N
MER IR, AL (AR AT ST IR S A )

Wi 4 7 i JA S0) U 23 A 405 2R 1) ] S A O T
Bl s B B R R M. B A DS B s
R, I BAMBIRE R T8 5 A T H A B i 52 4%
Ve AT BE 7 04 Jm BRAE o 225X 1] HEA4) L
B ANE E PRI R BE A7 70 5 9, (e BE Al E ot
FrXBEAG TE, A BETUNG 00 H A9 2 55 A . [ N 5 22
TR S5 A6 M RE A4 57 AR Z [R] B AT 5, O 2
AN HOBR 58 3 AR SRR I X e 0 2 B AR AR
TUBE—L K R, SRR IR RERE B i — 20 AR AL AL 1k 4
97 S A BT -

R 4 75 A R i BRSO I IE R A
WIS G, AR 220 3% A 50 4 7 i A R B0 AL FR
THEE, XTGBT A N E N R
RIEERZ N A AL 2 5 e A R LS
Loy i i B A A5 A vty it v, W B AROR G
A7 A R BT SRS .

SE X ik:

References:

1] SARJA A. Integrated Life Cycle Design of Structures
[M]. London and New York: Spon Press, 2002:
1-139.

2] BRWAR, mdE, ZPER. HrREFMRITIAHELR

PR [J]. 208, 2006 (1) : 44 -49.
SHAO Xudong PENG Jianxin YAN Banfu. Framework
Research on Design Method for Bridge Life Cycle [Jl.



%64 e

M T RS A AT R R B T T i 73

3]

[10]

[11]

[12]

Highway , 2006 (1) : 44 -49.

TR ST IR B 045 A i 3 IS R
gt (10, ot Tl k2 % 4, 2000, 26 (3):
55 -58.
ZHANG Ailin .
Reliability — based Design Theory for the Whole Service
Life of Structures []].
University , 2000 26 (3): 55 -58.

MR, DhA5ig. AR TR A BT 7 ik RO B B ()
W[C] 172005 4FAx A BRHET AR IR IZIE K. b
e NEASE AL, 2005: 168 —184.

CHEN Airong, MA Junhai.

Bridge and the key scientific issues

Reviews for the Research of Performance

Journal of Beijing Polytechnic

Design of the whole Life
[C] // National
Youth Forum on Sicence and Technology Proceedings
Highway, Beijing: China Communications Press, 2005:
168 - 184.

L /A EE S VR 71 SN 10 [VAA 21198 ok L
TV IR AR [C] 1/ HETT A BKE S
7RSI, et ANRACHE Mk, 2005:
166 - 170.

YE Wenya, LI Guooping, FAN Lichu, et al. The Sattus
and Prospeets of Life Cycle
Concrete Bridge [C] //The Senenth Anual Conference of
the Shanghai Institue of Papers Set Road. Beijing: China
Communications Press, 2005: 166 —170.

KONG J S, FRANGOPOL D M. Prediction of Reliability

and Cost Profiles of Deteriorating Bridges under Time-and

Desigen of Prestressed

performance-controlled Maintenance [J ]. Journal of
Structure Engineering, 2004, 130 (12) : 1865 -1874.
JAWAD D. Life Cycle Cost Optimization for Infrastructure
Facilities [D]. New Jersey, USA: State University of New
Jersey, 2003.

SRUGFA, BRI, 5t A AR S A O i A B A
R (D). A%, 2004 (12): 33 -38.

WU Haijun; CHEN Airong. Application of Life Cycle Cost
Analysis Method to Bridge Structures [J]. Highway, 2004
(12): 33 -38.

FHWA. Life Cycle Cost Analysis Primer Office of Asset
Management, FHWA-F-02-047 [R].
C.: FHWA, 2002: 608 -618.
FRANGOPOL D M, LIN K Y. Life-cycle Cost Design of
Deteriorating Structures [ J ].
Engineering, 1997, 123 (10) : 139 —140.

FRANGOPOL D M. Life-cycle Cost Analysis for Bridge
[J]. Journal of Structural Engineering, 1999, 66 (6):
210 -236.

FRANGOPOL D M, KONG ] S. Evaluation of Expected

Life-cycle Maintenance Cost of Deteriorating Structures

Washington, D.

Journal of Structural

(13]

[14]

[15]

[16]

(17]

[18]

[19]

(20 ]

(21 ]

[22]

23]

[24]

[25]

[J]. Journal of Structural Engineering, 2003, 129 (5):
682 —691.
LIU Min, FRANGOPOL D M. Optimal Bridge
Maintenance Planning Based on Probabilistic Performance
Prediction [J]. Engineering Structures, 2004, 26 (7):
991 - 1002.

NOORTWIJK J M V,

Probabilistic

FRANGOPOL D M. Two
Models  for

Life-eycle ~ Maintenance

Deteriorating  Civil Infrastructures [ ] ].
Mechanics, 2004, 19 (4): 345 -359.

KONG J S, FRANGOPOL D M. Probabilistic Optimization

Engineering

of Aging Structures Considering Maintenance and Failure
Costs [J]. Journal of Structural Engineering, 2005, 131
(4): 600 -616.

LIU Min, FRANGOPOL D M. Multiobjective Maintenance
Planning Optimization for Deteriorating Bridges Considering
Condition, Safety, and Life-cycle Cost [J]. Journal of
Structural Engineering, 2005, 131 (5): 833 —842.

LIU Min, FRANGOPOL D M. Optimizing Bridge Network
Maintenance ~ Management under  Uncertainty — with
Conflicting Criteria: Life-eycle Maintenance, Failure, and
User Costs [J]. Journal of Structural Engineering, 2006,
132 (11): 1835 -1845.

OKASHA N M, FRANGOPOL D M. Lifetime-oriented
Multi-objective Optimization of Structural Maintenance
Considering System Reliability, Redundancy and Life—
cycle Cost Using GA [J]. Structural Safety, 2009, 31
(6): 460 —474.

Guide for  Mechanistic-empirical
Washington, D. C.: NCHRP, 2004.
SINGH D, TIONG R L K. Development of Life Cycle

Costing Framework for Highway Bridges in Myanmar [J].

Design [ R ].

International Journal of Project Management, 2005 ( 23) :
37 -44.

ORSHAN 0. Life Cycle Cost:
Building Alternative [J]. Journal of strueture Safety,

1999, 21 (4): 357 -372.

ASKO S. Integrated Life Cycle Design of Structures [M].

London and New York: Spon Press, 2002.

KONG J S, FRANGOPOL D M. Life-eycle Reliability—

A Tool for Comparing

based Maintenance Cost Optimization of Deteriorating
[J].
Structural Engineering, 2003, 129 (6): 818 —828.

KONG J S, FRANGOPOL D M. Costeliability Interaction

Structures with Emphasis on Bridges Journal of

in Life-cycle Cost Optimization of Deteriorating Structures
[J]. Journal of Structural Engineering, 2004, 130 (11) :
1704 - 1712.

MORI Y, ELLINGWOOD R. Maintaining Reliability of



7 N EE LR 528 %
Concrete Structures. II: Optimum Inspection/Repair [J]. RSV AFIANGE Rk (1], A lscm
Journal of Structural Engineering, 1994, 120 ( 3): A, 2005 (1) : 84 -86.

846 —862. WANG Fumin; Li Qingfeng; SONG Qiongyao. Discussion

[26] CADY P D. Inflation and Highway Economics Analysis on Selection and Decision of Old Bridge Rebuilding
[J]. Journal of Transportation Engineering, 1983, 109 Schemes for Wulong No. 2 Wu River Bridge according to
(5): 631 -639. Cost during Service Life of Bridges [J]. Technocogy of

[27] WEN Y K. Minimum Lifecycle Cost Design under Multiple Highway and Transport, 2005 (1) : 84 —86.

Hazards [J]. Reliability Engineering and System Safety, [36]  XI/INE. MrhnEJy ks R4tk (D], K
2001: 223 -231. ¥ REEHT R2A. 2005.

[28] VAN NOORTWIJK J M. Explicit Formulas for the LIU Xiaohu. Selection of Bridges Strengthening Measures
Variance of Discounted Life-cycle Cost [J]. Reliability and Funds Allocation Strategy [D]. Dalian: Dalian
Engineering & System Safety, 2003, 80 (2): 185 -195. University of Technology, 2005.

[29] FRANGOPOL D M, KONG J S, GHARAIBEH E S. (370 gkoad, ARfe. SETHME TRES LR A T AR
Reliability-based Life-cycle Management of Highway R I E 7 Zoesk (T]. habA R, 2006, 26
Bridges [J]. Journal Computing in Civil Engineering, (1): 121 -124.

ASCE, 2001, 15 (1): 27 -34. ZHANG Kebo, ZHU Jianhua. Strengthening Plan of

[30] CHANDLER R F. Life-cycle Cost Model for Evaluating the Existing Bridge Based the Value Engineering and Synthetic
Sustainability of Bridge Decks [ R ]. Ann Arbor, Assessment with Variable Weights [J]. Journal of China
Michigan: University of Michigan, 2004. & Foreign Highway, 2006, 26 (1): 121 —124.

(31]  Esw. FEFRE A EN TRIE 25 mE (38]  fiim, sR[EAR. ARAN I TR AR i R S A A 1) % LG
Peorbr (D1 Bifg: PR, 2007. i (V). K R%Z2%4M: AR, 2004, 24
WANG  Zengzhong.  Lifecycle Cost Analysis for (31): 30 -34.

Construction Engineering Project Based on Durability of XU Yue; WU Tongle. Comparative Analysis of Life-cycle
Concrete [D]. Shanghai: Tongji University, 2007. Cost for Bridges Strengthening [J]. Journal of Chang’an

(32] =ksiBA, $HEh, =AW, oAl MRRPEL AR University: Natural Science Edition, 2004, 24 (31):
R BBVt - AR pr O], R A 30 -34.

SRBFMR, 1999, 27 (2) @ 155 - 159. (39] BRICR, HZMG. T Aadefir AR EE L S AR Gl
GUO Zhuoming, HU Bo, YUAN Wancheng, et al. FATEsE [C1 /75517 &2 EAF R AR S W0E SO
Benefit-cost Analysis of Aseismic Safety and Importance of Jbat: ANRSiE A, 2006: 709 - 716.

Bridges [J]. Journal of Tongji University: Natural Science CHEN Airong, MA Junhai. Research on Life of the
Edition, 1999, 27 (2): 155 -159. Prestressed Concrete Continuous Girder Bridges Based on

(33] ME#ads, Foeum. B2 PoE 25 nl 47 PG Life Cycle Analysis [C] //The 17th Proceedings of the
[J]. 5 HE TR, 2002, 18 (1): 18 -22. National ~ Workshop on  Bridge. Beijing: China
CHEN Yanyan, WANG Guangyuan. Economic Feasibility Communications Press, 2006: 709 —-716.

Analyses of Bridge Aseismic Strengthening [J]. World 40] REPE, XIBIPE, BRI AR TR A &t ik
Information on Earthquake Engineering , 2002, 18 (1) : ], 2%, 2007 (10): 1-4.
18 -22. XU Guoping, LIU Minghu, GEN Shuang. Life-cycle Cost

(4] R, Bkt B TN R R & A i Design for Bridge Engineering [J]. Highway, 2007
G [C] /) AR AR R TS (10): 1-4.
432004 AE 2 EM R ARSVOSCE. Jnt: ARZGHE (411 GRE, AL, R HETRESI TN TLL
HRAL, 2004: 922 - 925. HEAF A B R 2 T AR s B s m e (D). A
HUANG Qiao, YANG Dawei, YANG Ming. Research on g B, 2010, 27 (11): 56 -60
Life-cycle Cost Design Ideas for Prestressed Concrete XIAO Geng, JING Chunguang, SONG Xinan. Effect of
Bridges [C] // Branch of Bridge and Structure, Society Traffic Load of Arterial Highway on Bridge Life Cycle Cost
of Highway of China. Proceedings of 2004 Academic Based on Traffic Survey [J]. Journal of Highway and
Conference on Bridge, Beijing: China Communications Transportation Research and Development. 2010, 27
Press, 2004: 922 —925 (11) : 56 -60.

[35]  EAmtg, BERE, KBFE 560 R G0 sAR (T#% 96 M)



% N EE LR 528 %
LIU Zhao, LU Zhitao, HUI Zhuo, et al. Review of Structures [ D ]. Blacksburg, VA: Virginia Polytechnic
Application and Research on Strut-and-tie Models for Institute and State University, 2004.

Concrete Bridges [J]. Engineering Sciences, 2008 9] BROWN M D, BAYRAK O. Minimum Transverse
(10): 14 -21. Reinforcement for Bottle-Shaped ~ Struts [J]. AcCI

2] TJHIN T N, KUCHMA D A. Computer-based Tools for Structural Journal, 103 (6): 813 —821.

Design by Strut-and-tie Method: Advances and Challenges [10] SAHOO D K, SINGH B, BHARGAVA P. Investigation
[J]. ACI Structural Journal, 99 (5): 586 —594. of Dispersion of Compression in Bottleshaped Struts (Jl.

[3]  JTG D62 —2004, /\FRANAGIREE T K T 5 S 1R 5 + ik ACI Structural Journal, 2009, 106 (2): 178 —186.
Bt [S]. (UL] bR, a4 RETE T 2 I ot ] DX B 28 0 1B i B
JTG D62 —2004, Code for Design of Highway Reinforced PR B e [J]. 2N % a2 BFH, 2009, 26 (12):
Concrete and Prestressed Concrete Bridges and Culverts 56 -61.

[S]. LIN Bo, LIU Zhao. Strut-and4tie Model Method for

(4] SCHLAICH J, SCHAFER K, JENNEWEIN M. Toward a Bursting Force Calculation of Post-tensioned Anchorage
Consistent Design of Structural Concrete [J]. Journal of Zone in Rectangular Beam [J]. Journal of Highway and
the Prestressed Concrete Institute, 1987, 32 ( 3): Transportation Research and Development, 2009, 26
74 - 150. (12): 56 -61.

(5] Euro International Committee for Concrete, International [12] SANDERS D H, BREEN J E. Post-tensioned Anchorage
Federation for Prestressing. Practical Design of Structural Zones with Single Straight Concentric Anchorages [J].
Concrete [M]. London: SETO Lid, 1999. ACI Structural Journal, 1997, 94 (2): 146 —158.

6] BREEN J E, BURDET O, ROBERTS C. Anchorage Zone [13] VECCHIO F J, COLLINS M P. The Modified Compression
Reinforcement for Post — tensioned Concrete Girders [R]. Field Theory for Reinforced Concrete Elements Subjected
Austin: The University of Texas at Austin, 1991. to Shear [J]. ACI Journal, 1986, 83 (2): 219 -231.

(7] AASHTO LRFD Bridge Design Specifications ( 4th ed.) [14] ACI 318M-08, Building Code Requirements for Structural
[Ss]. Concrete and Commentary [S].

(8] SONGWUT H. Linear and Nonlinear Finite Element [15] ROGOWSKY D M, MARTI P. Detailing for Post-tensioned

Analyses of Anchorage Zones in Post-tensioned Concrete

[R]. Switzerland: VSL International Ltd. , 1996.

(E#% 74 W)

[42]

43]

[44]

45]

46

B E. MR RBA T (D] deat dba
Tolk Rz, 2008.

GAO Lingling. Life-cycle Cost Analysis of Bridge [D].
Beijing: Beijing University of Technology, 2008.

PO 3 T4 A i ) RAR B A BT B A Y
(D). Kib: WiRE K=, 2006.

ZHONG Qing. Research on Bridge Design Based on Life —
cycle Cost Analysis [ D J. Changsha:  Hunan
University, 2006

FMFAE, BRI A B A5 M A M B O B A
[J]. PEAKE, 2004, 17 (3): 57 -61.

WU Haijun; CHEN Airong. Study of Durability Design
Method for Bridge Structures [T].
Highway and Transport, 2004, 17 (3): 57 -61.
WA TR A SR 4 7 i A 0] AR R AR A
¢ (D] A@M: ARHIE, 2010.

YE Jianren. The Study on Life Cycle Cost ( LCC) and
Calculation Model of Simply Supported Concrete Bridges
[D]. Fuzhou: Fuzhou University. 2010.

LhRHE, BRICR, BUH. BRRAe AR it S AR HE SR o

China Journal of

(47]

(48]

(49]

g8 [ RUERZEZM: ARBFAL, 2007, 35 (8):
1003 - 1007.

MA Junhai, CHEN Airong, HE Jun. General Framework
of Bridge Whole Life Design [J].
University: Natural Science Edition, 2007, 35 ( 8):
1003 —1007.
STERZIN E
Microscopic Traffic Simulator [D]. Cambridge, USA:
Massachusetts Institute of Technology, 2004.

SCHORCH G T, FREUND U, SALZWEDEL H, et al. A
Hierarchical ~Object-oriented Global ~Traffic Model for
Simulation of Mobile
[C] //IEEE International Conference on Personal Wireless
Communications. Bombay, Indien: IEEE, 1997: 288 —292.
URRL, B, 2R, S 7 MO ET B RS
M PERETPN 5 L sy (I, 2838 S5H5L, 2007, 25
(1): 66 -70.
ZANG  Zhigang,

Performance

Journal of Tongji

D. Modeling Influencing Factors in a

Satellite Communication Networks

LU Feng, LI

Evaluation

Haifeng, et al.
of Seven
(1]
Computer and Communications, 2007, 25 (1) : 66 -70.

and  Comparison

Microscopic Transportation Simulation Systems



