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Abstract; In order io make use of the load-carrying capacity reasonably and moderately, the concept of
serviceability bearing capacity is introduced in this paper. Based on the reliability analysis method, com-
bing the result of appearance investment of existing highway sub-health bridge with load test and FE anal-
ysis, further, consider random factors such as carrying load and corrosion of reinforcement, take the

crack width of concrete beam as generalized resisiance force, the reliability analysis method of the ser-

viceability capacity of sub-health highway concrete beam bridge is discussed, and the corresponding ve-
hicular load limit method is put forward. The research result of this paper can be used to provide the aca-
demic reference for reasonable and scientific usage of sub-health highway bridges.
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Fig. 1 The relationship of serviceability carrying capacity,
limit carrying capacity and normal serviceability

carrying capacity of bridge

SNVt RS R FH AR B0 O A S B S AR, B
FIRIR BT AR . BPRHRRE . SURARSF BT
WESH S, NEZIREMA ISR E . 2
G R RAAL . RS R EE X
AHEREI RN, ERT, 5B TRTARRSLRIR
DURASSE . (G EAMTE L R Pl 45 - BOk
R LA AR F AR BT, (BRI 7 T M L 2
T 5 JEAS I R R X R BT R, 15 AR AT {5
FEWARRES N . ST REEH B R B AE JIARBRAR
A6 F AR ERBE AR L, (TR B AE I B 380
YR U S AT IR AR 1

2 MPARERRAT AR S B T SR R Ay

XFIER BT IERY4E, [HiBEs R iR
LIFRE,  H A TR LML A TE R R R R
IRAS IR R P A AR BRIR BE L AR 5, BRI
TEIN B RO P, BRI — R BT RE
LA FOYRTBOARROUAN IS N ER, T SO
b S RS DI B8 RN AT 7R A -

Z(t) = R(t) - 5(1) (1)
K, R (1) o B2 AT SRS 1E AL
01, CIRGEMBREE | REETIE . WIBESE; S (¢) H
b FF 220 AT 2 AR B2 AL AT A FHA ST,
B BOWRES, HZ (1) >O0RFRHELAR



a4 IR AR (H AP

548 %

(1) RFHRBIBLS (¢), BMabT A FeRA, B
PR FREATT Rl A 6 PR AR IR ARG 7 SR, g S2 0k
SASHE—HEM; K2 (1) <0 WFRHNR
(1) /NFREENL S (1), LEALTRECRTS,
AN R TR ERE I BRI BURAS S —
BEAs B Z (1) =0 WFRRGI R (1) FTH
HELNL S (¢), SSRGS 2GR ERE ST I EDR,
Ve R S TR X T B B P T SE R AR B FTR
B=&(Py) =@ (1-P) =

@' |1 - fmf(Z)dZ' (2)

s Py S ATAEAESR, £ (2) 53 2 32
W, P, A
1A B SRR 10 XA R A
BEYVIER, T SURHRAUN S WREBLIEE, 31 AKDH
ORI AT A, %5 R A S TG EAT
sz, P, BTN A
Pr= [ (242 = [ [ (D fi)An(ros) drds
(3)
b S () 9 R MR RSG S () H S
MBI EEG Ao () WHBLMBEYL A PR
SR, B A B R 5 R DR
JCAAERTERE IR, T R W B DL
BUHIPE, FRUASCKL) R VERBEIBEHLEAE, T
Pr= [ fils)An(s)ds (4)
T U I, 5 SR,
AT I B LI SR
0 O0=ss<r
(s =r)/(r, = 1))
1 r, <

st (5) AR (4), i
Py= [ £()A(s)ds =

AR(S) =

r<s<sr(5)

[[F=H @ [ Las ()
3 WBRIREE LR LB
G T LR W SR PR AT 0
T PR, 23R G, T 0
W, R SR AAE T OV, BT
B R A BB PR B O FLlk
NEZE WS HARIF IR LRI, M3k
BELE K /N T B H T 7R B8 7 K, 3
RS BEABIF 9T 7 7 HEOR £ 7 2 1 7R

TS RBETEE R B SE R o A8 SCRATRBE - 22 A )
I K 1 5% T B VR Sy AR 2 TR E = 22 AR Y
ST XU R, REETEE W, Al (0
A 5 TR 4 - % TN YR B b M U T R Y )
(JTG D62 -2004) #EARTES, B,
st
Wm = C,G,G, E(é‘g—%—;) (7
A+ A,
P = bhy + (b, — b)h, (8)
A, C MEIRETETR AL, SemM N 1.4,
WA 1.05 €, =1+0.5 (N/N,), RfEfK
WISN R AR, N, AN, 430 R 4 S R
HAEFEEARN H AT E N IE; C A 54
ZHEFRERMARE, M AMATREE 52 T
it €, =1.15, HEREWHEC, =1.0; o, N
B H15 d NN RN AR ELAR ;s p YN 52 RIS
BLRis b, MIQUEZ R TR h, N ZhIR R
B
FRF RSN, A SCAUSORE 0 e TR i L 3t X 3
BERDM R TEREE ) BT, ARG M BN BB i
R KR WELAER AR ASEASE, AR
FE BRI P AR RE A B R
4

b PR TR G L B AT S R R
S

S0 VR A T S, BB
BEREI B R L, IR A
IR . TR IR EREE . S5H T 280, JR%E
AR B, BT R E RS AR
BRKIFENERREYE, WSEA A E A
EWNERIT LD A, & S8 SE
SRARAERAR R A, R BT, A S
L0 A5 5 R ) S LA i
4.1 FEYEEE 3

B A B TR AR A —BEE TR A
HEBIPRE (EWEERE) . —RIBFRAR
ZFREYLS A TGN TR, B
i|BRK i N ARyt 4| L

Fo(x) = expl-exp(~ (v —a)/B)}  (9)
Kb o F B AR, HBRBRMEIh: &=
126. 1763, =28.9317,

PAEIEATIRAS T (02 BRI T kst
Weibull i T4, 70 B0 5 W Py 1 58 K (1 40 A
N Weilbull 2377 .

Fp(x) = exp| - exp(~ (x/m)") ]

x=0 (10)



5

X RIRAE; WARRR S RS 1 20 IR BT 435

o Fm R R R A48 7 =343.179
2, m=12.226 3,
4.2 SR
TRBELANEIF &5 | RN AT . R
K RBELIAIFRL., (RIPZIE%E . B SIREE L
BB FREE D T e o SR T bl A B sk g eR )
W, = 2.35P,,D,(R/K2).

WR = (R+c-Ki)* - (R+c-KA\)T.
R+c—-K.t
R

W, =W, + 1. 1T3Py,Dy(t -1,)(t =1t,)
:EEEP, Kc = KelKeiKl(zi;’f‘i“g
ck

W, = 1.204R(1 + ¢/R)*® x 107,

arccos (1, <t

~2. 74) Lty = /K,

D, = 0. 011(5’2];& ~0.44) .

A, K, iR GE LRl R % £, R IR BE L T 5
BERRUEN; K, DR R R K, % AR
A K SR IRAPIE R R 0, 9 kT AR
6] ¢ FIREE L PRAPRIEIE ;s Py 28 SAANE
KT 65% MR s W, R B £ PRdr 2 I 340 1 45
Wil s Dy NRSTEREEL T HURE

5 Bk RARAS DT S TR

VE R SR 2803580 8L 1 ST i e 2 B 2 XA e
BEETTE W, R — BN &, BAERT Xh
W BREE TR W, VG At . EW A
W, FIRRIEDRABENL T S B 00 5 R e, T RAIE
B RRE 22 AT SR e (PR B A A BRUIR A5 AR PT 2R 7R 2

Z= LW, 1= W (11)

S FEE AR R R SO e T RS R
HL=16m, BE 1.0 m, H% 8 m, PAN "4,
BB SR NIRE -20 F, ZFEBE 30 &
i, MTHELTBAMEERS, T HIREIT
2, RBELRYERTE . WA E, R
FAVERBE 7N 1 2 R 50T 225K, (H i R A BB e
Wr, AR dIA R Rt — b R R 2 4
BE, R AETE s K FEHARBE Ty, @UOZNE
BT AT IR BT o A0 il — B AT RAS e
LB ATARAS T B G 2 VB T B S 35 25
T R B o 8 A 2 20043 4 S s
WrARI G, T 4 TE R e S R
0.19 ~0. 28 mm,

BESTIRAR A BRITAETY, o Sckt o s S
BB BEYL A T B T, 18
HLA 7 30 4 5 W) S AR AR I B e R, Ik |
TN FURTH BEHLA 8 E F IR S E R R AT
B, 2 BInE 2 f 3 7R o SR 1 AT ATERFFIET TR
BT, RFTBITA RGN, 8RR
60 v, TEEEBITIRE AR N 0.72 ~
0.89, REMERN 40. 1% ~30.2% , 7] W, 7E 48 2,
WERIBEIRAS, A TR AR AR, T AE BT
B, BIR 20 AR, HATEEREON 1.23 ~1.40,
FHRLRY KB R Ny 21. 3% ~16.7% , {LHAHIE
i PR BE 0 © okl R BT A HEER s Y
BORTESRE D 20 t, IR RP S BHHIE BAF IR -
15 gy, TERRIBERET RSB HR 0 1. 61
~1.73, MR RBMERN 0.9% ~2.1% , LW
SRR , T8 RS TIRAE TR % 2l
FHRER 2V B OREE, BT TR T, AT R
T SEVF AT Y B R BB TR 20 G,

R B AT BIRAL A TS BLARAT B 6 % A
Table 1 The relationship of of vehicle load limit
and reliability index g

BERIBT — BT
BRE Sk I HVE e . e
FEA A ARAS AT 5 RIS EE
/DL B CIES S . .
EFE R IR
60 ' 0.72 ~0.89 0.85~0.92
55 V5 - #4820 0.80 ~0.91 0.91 ~1.02
30 V& =20 1.23 ~1.40 1.43 ~1.52
20 & -15 1.61 ~1.73 1.75 ~1.86
15 75 - 10 1.87 ~1.99 1.90 ~2.06
0.03 —
0.025
0.02}
#0015
b
0.01}
0.005
oL i . ,
0 20 300 400 500 600
R KN

K2 FERERRETTE
Fig. 2 Frequency histogram of vehicle weight



46 IR (B ARB2ER)

548 &

0.2 T T T T T
0.181
0.161
0.14F
0.121

o0t
L
0.08 1
0.06
0.04F
0.02 B

2 4 6 8 10 12 14 16
K /m

B3 HERPRETHE
Fig. 3 Frequency histogram of vehicle length

6 %

(1) 23T LA S S il e 18 5 = 2 =X fi Y

BB S Y, BIZRBETERAR R X, M BEL

TR BN AT RV S R LA B, ST T DA

PR R SR (0 S PR T AR BEARLRY , 4R T WA R
Bt L BRI BRI 1, S A B R 14 TS JE (5
FRERAL T — 250 R

(2) MEARRRE N R U5 e B U Y 0 P A B
TR E AT QR BGE TE RO S e, WAL A
5 I RS 1 B M 1 B R 2 )
HIG , W AETEIEAE T S 45 AR SR FH 7R 38
BB AT S BERE AR -5 SR AU S AT 1 S R IR B

(3) BRFHE, SO L ZSE 1) 58 1
JoNBUST, NREERE WE, AT, SR
B S 9 AT SR O NI RN 5 &, X0 T LR
PPl il R L S e o R A Ry ) S
WARRAEEN, EERTERE T RITTT @
bt S SR DRI SR AN 1) 88 14 7 0 L T o B XA A 4
PR BE SR FRARZS L5 B0 o

BT

(1] SRR, X3 2. 0ol 4 B0 07 4 e AR 32 [0 ). 7 22,
2008,26(6) :80 - 83.

ZHANG Junping, LIU Airong. How to rescue sub-health

bridge[ J]. Bridge, 2008, 26(6) ;80 - 83.
(2] RN BUATE A TR e+ AT FR 2 e 9% [ D]
TN A, 2008. ‘

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

(11]

SREA, F . WO A 1R B A R AR AR A A
JTELT]. o E A AR, 2006,19(2) 149 - 55.
ZHANG Jianren, WANG Lei. Estimated approach to car-
rying capacity of existing reinforced concrete bridge mem-
ber[J]. China Journal of Highway and Transport, 2006,
19(2) :49 -55.
KA, AL PUA R BT 4 B 2 A B A )5 B 4y
[J]. T2 52 ,2005,22(4) :90 - 95.
ZHANG Jianren, QIN Quan. Time dependent reliability
analysis of existing concrete bridges[ J]. Engineering Me-
chanics, 2005,22(4) :90 -95.
BRI, S B IE B A AR RORAS T RSt - 254
PFATSE BE WY 20 0 07 1k [T 8RR 22 224k, 2002, 36
(6) :674 -679.
ZHAO Yuxi, JIN Weiliang. Methods of reliability based
on serviceability limited state for concrete structural mem-
bers[J]. Journal of Zhejiang University, 2002,36(6) ;
674 - 679.
B, B . WA A 9 U5 kA R I AR R
SR EEE 77k [T]. PRI TR, 2003, 28
(11):19 =22.
YU Zhitao, HAN Dajian. Methods of reliability analysis
on serviceability limited state for existing reinforced con-
crete bridges [ J]. Gentral South Highway Engineering,
2003,28(11):19 -22.
RS , 25 5t TRBE L 45 1 IE AR PR A 7] 5
BEREME 2R 447 [ )] R 3 TR %44, 1990, 30
(2):177 - 184.
ZHAO Guofan, LI Yungui. Fuzzy probability analysis of
reliability at serviceability limit states of reinforced con-
crete structures. Journal of Dalian University of Technolo-
gy, 1990,30(2) :177 - 184.
. BT BRI 0 AT AR B AR ST DTk [ D]
J7INIRE: ,2009.
A BRSP4 RS g % T 3 TR R R I TR (JTG
D62 ~2004) [ S]. Jba: AFRBCIHE ikt ,2004.
F M. TE BRI | AT M 5 5 A
[M]. o K F K H ) R , 2006.
R, X 2%, SR M. S0 Ak i R 1 AT AR A A
ATREBEAHTLT]. N R 24R ,2009,8(4) 170 - 74.
ZHANG Junping, LIU Airong. Analysis on the reliabili-
ty of the operating load limit of sub-health beam bridges
[J]. Journal of Guangzhou University, 2009 ,8 (4 ) .70
-74.



