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Abstract

To address the flexural performance degradation and structural safety assessment of Q370gD high-
strength steel box girders under corrosive environments, this paper presents a time-dependent re-
liability study based on probabilistic statistics. First, the coupling mechanism of corrosion-induced
cross-sectional geometric loss and deterioration of material mechanical properties is thoroughly
analyzed. A resistance degradation model considering the time-varying elastic modulus is estab-
lished, and the statistical characteristics of uncertainties in material properties, geometric param-
eters, and calculation models are determined. Then, using the Daojiaohe Bridge as a case study, the
JC method (checking point method) is employed to calculate the time-dependent flexural reliability
index of the steel box girder over a 100-year design service life. The results show that the reliability
index of the steel box girder decreases nonlinearly with increasing corrosion time, from an initial
value of 6.854 to 4.892 after 100 years, but remains above the target reliability index for the first-
class safety level of highway bridges, indicating sufficient safety throughout the service life. Finally,
parametric sensitivity analysis reveals that the uncertainty in the calculation model has the greatest
impact on reliability, followed by load effects, while variabilities in material and geometric param-
eters have relatively minor effects. The findings provide a theoretical basis for maintenance deci-
sion-making and life prediction of existing high-strength steel bridges.
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Figure 1. Cross-section of the steel box girder of the main bridge of Daojiao River Bridge
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Figure 2. Standard sectional drawing
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Table 1. Statistical parameters of the performance uncertainty parameters for Q370gD high-strength steel

%2 1. Q370qD SR E MM A HEESHSITEH
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Table 2. Statistical analysis of uncertainty in calculation models for steel structures
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Table 3. Statistical parameters of resistance uncertainty for corroded Q370gD high-strength steel box girders
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Q370gD 1.1406 1.1406Rk 0.1875Rk 0.1644
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Table 4. Flexural reliability indices of steel box girders under different corrosion years
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JE AR /4 0 20 40 60 80 100 120
B 6.854 6.361 5.972 5.348 5.036 4.892 4.586
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Figure 3. Flexural reliability indices of steel box girders under different corrosion
years
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(1) A I 2525 A S5
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U, = 4 'UKA,U2= M ,UKM’UB: P ,UKP’U4=S Mg 31)
Ok, O%,, Ok, oy
(2) ViResREAL
FEFRUHE RS H, DIfesR# Z 5 AR T U IR
g(U)=(ux, +Uoy, )-(1e, +Usoy, ) (1, +Uso, )- R, [ DOV ()]~ (5 +U,05) (32)

(3) UM RS
HUBE 8 o 72 SON T AR BT LA AL S GBI 1) . B BRI PR Vg (U) B

) 8_g2 dg 2 dg 2 og 2
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b, B0 8w S 0T I BE SIE N RIS (DL U, )

aa_lg/ =0k, Ky - Kp - R, [DOV(t)} (34)
B4, i AN E R BUR I R o, THEA R
og
ouU.
S 3
“ T e ) e

4) g s TR
Bt BidHES, THEAS RS R AR T RS EURTE R, RARSR LK 5.

Table 5. Sensitivity coefficients of various parameters under different corrosion times

5. NEGUHETE T &S HHBURME R

JE AR IR o4 A a2 a3 a4
20 0.104 0.333 0.855 0.384
40 0.104 0.331 0.850 0.397
60 0.103 0.329 0.846 0.406
80 0.102 0.328 0.840 0.418
100 0.102 0.326 0.837 0.427
120 0.101 0.325 0.834 0.435

THEEERERN], SRR Q370gD WA RIS PSRRI IS MRL B HE 7 46 28 9 tH SRR CAN A 28
P (o) > FTERUN (aa) > FPRMEREAHIE M (02) > JUITSEARENE (0n)s Hor TR AN E VE N i
OFEIRAER, SURME RBUIGAYERE 0.834~0.855 HUmEL, fif S0 SONE IR R0 B RS Pt R n 2 9248 b T
o TIAPRLS T LTS BN E 1R I 2 g5 H /NI R R, 25 2 MUk R 807 47 i A S N R AR
O EE R R R R E -

6. MAMERBHMEIE

NTORASCRTSR HH 25 R AR - TUDOCE B0 1 & 00 I 2B (X (3) 5 A (®) oA 2 W8 1) TRERS
&, ARERM AT RRAANFG R vl B, R FE AT X BRI IR, R R ZERIR S
&

6.1. HIRUEIESALIE

56 VIE B R 1] SCHR 1 6] e PR S N A s o AR — R A7 SN A A
HEAT T AN FIRR L (K3 50 I A B, I3 1 DY 5 25 KBS T BRBR U AR M R RS HE
WAL 250 mm, BEAE 150 mm,  FLGJE L5 IR 20 JE Dl 7 A AN R R FE F BT LA R 6 (o, Y L R
0%ZE 20%). HIAGHIMS S IRDEIE £, =314 MPa , SEYERIE E, = 206 GPa

BRSNS LE, K SCHR[16] & KB AR FE (AR R 2 g, )+ SRV 2R et DA A A 27
FITRIE Mo . M7 iCR T 6. 5 TR %

€= (M= =M ) M x100% (36)
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Table 6. Comparison between model predicted values and experimental values

6. HEFUNESRIEERTE

WS EERURREG%)  SEHEKNmM) S UTEAKNT)  R%E(%)  ASCRB(KNm) R (%)
S-0 0.0 482 482 0.0 482 0.0
S-1 3.5 46.5 46.1 -0.9 46.8 +0.6
S-2 7.2 443 432 25 4.5 +0.5
S-3 11.8 41.6 39.8 -43 419 +0.7
S-4 16.5 38.5 36.0 -6.5 38.7 +0.5
S-5 20.1 35.2 324 -8.0 35.4 +0.6
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Figure 4. Scatter plot comparing model-predicted bending moments with experi-
mental bending moments

B 4. HENERES RSB < E

6.2. LLRH

M 6 FE 4 AT AT H
(1) FG U RY R G MG A 7 Bk 7 B TR DR P IR, A GEBE L 1) 67 1] 452 22 M —0.9% 15 8T 47 K
£-8.0%, ZEILH G P OR T R 3 o X PR R Z A Y 20 T o L BN A e A o R X 4 T A A 1 52 R
TEARE TR, S BOR SR 2 A8 2 A TR -
(2) ASCWEFBRGRE BA SAEEE: TR LU T, AR SCRE T i 22 35 fRFFE£1.0% LA, H.
T R E . X R GINRIBAEIER T 4, (¢) A 80MsE T 1% G B R 2O A 5 A T = A 1 R 4t
Wz, FHMESRBEEEYE .
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(3) RIS A () BB T LS : g, = 20% I, ARG R TIN 3k F) T PR &S 32.4/48.2 = 32.8%,
T A SCAE RS R B4 35.4/48.2=26.6%, SEZ RFEZ 35.2/482=27.0%. 1] WAEGAAIZ KT J6 i i 47
TSI, T A SO B s T S FriB AL

7. &

ASCUUE ML T H Q370qD s AR AW FUXT B, FE S0 AT B PRt HU S e ) S M HILER ) B Atk L
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BT TR S 00T EEPIRERT
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SEVCF IR I AR AT SRR AR . THEE SRR BEE R AR RN, AR RIS W SR AR R AR
LRIE RIS . FERAHI0 F), WIEEFRIR N 6.854; TEMRAINIA (100 4F), FIEEfEAR FFEZE 4.892. R
FAEFEA TR, (HAE 100 SEN, AZIBPRIRA R T AR — P2 55 R B AR 546405 3.7, BHTIZM
AR IR W e 56 AF T RENB I AL 45 40 22 I KR

R 1 SN T HE R ) T SRR R 3R TR JC VAT T S BEAL A R TSR SR AR A BRI R L
ZERNIR: S-S AT R B REEE R B MRUCON: THEARRAAENE > Frdn > MoRHEBEAE
P> JUISHAEM . Horb, HHERAENE(K, ) I BUEYE SR80 K2 0.84), il H AT TH AR
TR B AR IR 22 TG 45 ARG LM iR EER . T U S BRI RE (BB E AT BN, 2RI
DURNE NG T 2T, XS N AL Ve G54 P SR B (MR Ak T ] F2 v

25 BRTIR, ASCESLIIE R T 2 RIAE T Q370qD miANAR AL A A dn N 1 2 Ak, [l
TR HAE S SRR 4P 1Pl b, NI RORTEPT I TSR BB 1E A AN 3R 32 AE
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