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Stochastic Analysis of Durability of 70 m Box Girder Structure of Hangzhou Bay Bridge
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Abstract: Based on the characteristics of structural design, material, corrosiveness of service environment of 70 m
box girder structure of Hangzhou Bay Bridge and the site detection results of ncrete cover thickness, initial
concentration and diffusion coefficient of chloride ions, the stochastic characters of durability influencing factors
such as concrete cover thickness, initial concentration and critical concentration of chloride ions, chloride ions
diffusion coefficient in concrete, and structural surface cncentration of chloride ions were analysed and the
statistical distribution characteristics were determined. Through Monte Carlo stochastic simulation, the approximate
probability density distribution of service life of 70 m PC box girder was obtained. The log-nomal distribution
charader of the structure was determined by hypothesis testing. The values of designed service life of box girder
under different reliability index were given.

Key words: bridge engineering; service life; stochastic analysis; structural durability

) 70m

70 m

: 20081017
( 50808005) ; (2006BAJ27B04) ;
( YO60306000007022)
(1970- )., ., , , , . (zhw _99@ 163. com)



26

60
, 100 a 70 m s
s Lo
1
22
R Fick s
( -5
Ci= (Cs— Co)| 1- e C 1
) pH ( 0) e 2 m + Co, (1)
N N 19 %Q ’ CA’ X 5 Cs
55% ; Co s d ; erf ,
(1] 2
7 erf = J%[J:;e_ “dt
1. 25ke/m’, 10.8 ¢/kg,  pH> 8 t x Cx
CENa : Cor )
, 10 X tos
-2
kg/m3 _ x_2|: 1 Cs— Ccri|
0= gpl | el co (2)
2 70m 70m
21 70 m > X a
D) B T: 10
1 Tuutti? 3 70m
, 70 m
, 10 Fick R Cs Cy Co
D a
T :
. B A B "E ’
¥ —>| )i
Ein l Inh
13 ] | o
PR I B f’f?
CO, CI- ‘ 'EE 7
I g
fo h AR I i)
1 Tuutti
Fig 1 Tuutti corrosion damage mode 31 a
3 131,
; C )

GB/T 50283 199! ,



9 s 70 m 61
a , 1 (8 )
L=1.0178, o= 0.049 6 Tab 1 The required chloride ion diffusivity resistance in
70 m ! concrete ( 8 weeks age)
’ (6] ’ D E F D-F
’ /
2.5 2.0 1.5 1.5
( )’ (x 107 PZm>s 1
/C <1000 < 800 < 500 < 500
4 2 70 m

2

Mo= 1.032'5, o= 0.090 1
32 Co

70 m
0. 06%'°!

0. 006% ~ 0. 008%

Co

33 D

Lol 2 267 T0m

(RCM )
12

70 m

Tab 2 Site detection results of chloride ion diffusion
coeffident o 70 m box grder structure

/ /
(% 107 2nes™ 1) (x 107 Zm2e s 1)

267 0&11 0. 0821 0.097 6

, 2 K-S

CER

06 07 08 09 10 1l
W T ARR/ (X102 m? 5T

2
Fig 2 Approximate probability density distribution of

chloride ion diffusion coefficents

0.999 -
0997 | iy
0.99 F +
098 F +$¢++
0.95 f A
0.90 F
% 075}
=
0.50 F
025 f
0.10 f
0.05 |
0.02 + f
0.01 f
0.003 l . ] . . ]
0.001
g 2 I 0 I 2 3
el
3

Fig 3 Verification of chloride ion diffusion coefficient
distribution after normalization

2



62

26
2 2 2 CS
[9]
, I~ 3 a s ,
, D )
3 a )
4 | ™ s 10 a
Dux| —34 1 <3
t X 365 (5)
D(t)= e | m , (3) o
Dy x| —o = t Ce= alt, 5
#7211 x 365 >3 ()
, a
,m , m= 0. 6%
34 Ce [12]
CECS 220: 2007
’ , 3
3
’ Tah 3 Structural surface concentration of chloride
’ ion at tidal zone and waves splash zone
J et/ MPa 40 30 25 20
’ CJ (kg m™3) 8.1 10.8 129 150
D) 3 10 a
Co= X(x1, x2, --yxi), (4)
s Xi
[11,13]
0.35%~ 1% 36 70m
70 m , 70 m
, 0. 4%
, = 0.35%, 0= 4
0.05%, ( ) (1 4
, Tab 4 Statistical distribution characters of
, , influencing factors on service life
al mm N(41.3,3 72)
’ 70m Cyf (kgrm™?) N (0 032, 0 002 6)
D/ (10" Ym2 s 1) N(0. 841 1,0 082 1)
€,/ (keg* mr 3) N (1.65,0 24)
35 Cs C/(kgm™ ) N (5.4,0.316)
: L 4 d ;2

10 a



63

9 l 70 m
, 70 m to
, Monte Carlo s 70 m s
tO ’
4 4 : to
’ 4
0.0124
0.010 70 m
().()()Nj ’
! 4
% 0.006 ’
= h a Co D
B 0.004
i Cq Cs
0.002
i s 70 m
0.000 4 S
0 100 200 300 400 500 600 ’
iR AR /a ,
4
Fig 4 Approximate probability density distribution of
structurd service life References:
K-S 70 m [1] , ,
to , LOGN LI - ;
(49405, 0.2877) 206, 23 (7): 82- 86
, ZHAO Shangchuan, GONG Jinxin, SHUI Jinferg. Probability Anat
0
5 ysis of Durability for Exiging Reinforced Concrete Bridge in Chlo-
’ ride Enviormert [J] . Joumal of Highway and Transportation Re-
ﬁi search and Development, 2006,23(7) : 82— &.
0.999
Ug);é C [2] TUUTTI K. Corrosin of Steel in Concrete [ R] . Stockholm:
((;éa - Svedish Cement and Concrete Research Institute, 1982
5 075 |- 3 , , .
= 0.50 [ ]
()"K 1 - , 2005, 35 (382): 1- 4
P)(I)lﬁ] - 7ZHAO Zhuo, MA Yali, LI Feng Phasemodel of Cormsion Rate
?,?)71 e of Steel Bar under Chloride Fnvironment [ J] . Industrial Cons e
0001 Cf tion, 2006, 35 (38): 1- 4
P ! | I I ! |
302 a0 1 2 3 L4 ’ '
B [J]. ,2000, 30(11): 1- 4
ZHANG Defeng, LV Zhitao. The Research Satus and Charac-
5 teristics of Modern Pre-stressed Concrete Structures on Durabil
Fig 5 Verification of structural service life ty [J] - Industrial Construction, 2000, 30 (11): 1-4
distribution after normalization [5] ,
95%, D= 5%, GB/T 502831999
B= 1. 645 [S] - : , 1999.
’ P. R. China General Administration of Quality Supervision,
Ty= 90 a; 90%, . - . .
P. R. China Minisry of Construction. GB/T 50283-1999 Unified
pi= 10%, B= 1. 288, Standard for Reliability Design of Highway Engineering Struc-
Tx= 100 a tures [ S] . Beijing: China Planning Press, 1999.

( 69 )



69

LIl ;
2009, 26 (2): 60— 67.
WANG Ying, LI Zhaoxia, CHAN T H T, et al Preliminary
Investigation of Synthetic Fatigue Evaluaton Method for Box
shaped Steel Tssed Girder of Long-span Suspension Bridge
[J] - Journa of Higlway and Transportation Research and De-

[ 6]

[7]

2004, 19 (4): 35- 37

WONG K Y. Structural Identification of Tsing Ma Bridge [J] -
Transaction of the Hong Kong Institute of Engineers, 2003, 10
(1): 38- 47

(D] . : , 2003.

velopment, 2009, 26 (2): 60- 67. 7ZHOU Taiquan. Analysis of Local Hot Stress and Simulation of
[ 3] , s Fatigne Damage Accumulative Course of Bridge Members
[J - , 2008, 25 [ D] . Nanjing: Southeast University, 2003.
(D: 74- 78 [ 8] WONG K Y. Instrumentation and Health Monitoring of Cable
LI Ying, HUANG Qiao, SUN Y ongming. Finite Element Analysis supported Bridges [J] . Structural Contwol and Health Monitor-
of Outplane Distortion Induced Fatigue of Welded Steel Bridge ing, 2004, 11: 91- 124
Web [J] . Journal of Highway and Transportation Research and [9] TSAKOPOULOS P A, FISHER J W. Fult scale Fatigue Tests of
Development, 2008, 25 (1): 74- 78 Steel Othoiropic Decks for the Williamsburg Bridge [ J] . Jour
[ 4] s s nal of Bridge Engineering, 2003, 10 (2): 332- 333
[ - , 2003 (3): 24— 27. [ 10] [M] . : :
XIONG Jianmin, YE Yong, YU Tianqing. Evaluation of Fa 2002: 7- 31.
tigue Life of Orthotropic Steel Deck Plates [J] . World Bridge, LI Zhaoxia Damage M echanics and lIis Application [M] . Bet
2003 (3): 24— 27. jing: Science Press, 2002: 7- 31
[5] . . [ 11] [D] -
[J] - , 2004, 19 (4): 35- 37 , 2006
XU Jun, CHEN Weizhen, TAN Jinhua. Fatigue Life Reliabil+ LI Rong. Research on Prediction of Fatigue Life of Welding
ty Analysis of Ganjiang River Bridge [ J] - Steel Construction, Conformation [ D] . Nanjing: Southeast University, 2006.
( 63 ) Concrete Structures [ D] . Beijing: Beijing Universiy of Technolo-
[6] gy, 0.
[R] - : , [ 10] . LJ -
2003. , 2006, 2 (142): 20- 26
Hangzhou Bay Bridge Engineering Headquatters Guide to Con- LIU Bingjing. Probabilistic Performance Based Service Life De-
crete Structure Durability Design of Hangzhou Bay Bridge sign [ J] . China Hatbour Engineering, 2006, 2 ( 142):
[R] . Ningbo: Hangzhou Bay Bridge Engineering Headquar- 20~ 26.
ters, 2003. [ 11] CHRISTENSEN P T. Modeling of the Deterioration of Reinforced
[7] , Concrete Structures [ R] . Denmark: Aalborg University,
M] . : , 2006 2001
7ZHAO Zhuo, JIANG Xiaodong The Durabiliy Monioring & D+ [ 12] . CECS 220: 2007
agnosis of Corroded Concrete Structures [M] . Zhengzhou: Yellow [S] - : )
River Hydraulic Press, 2006. 2007
[ 8] s s 50 m China Association for Engineering Constmuction Stand ardization.
C50 [J] - , CECS 220: 2007 Standard for Durability Assessment of Con-
2006 (200) : 69— 72 crete Structures [ S| . Beijing: China Architecture & Building
CAI Yizhi, WANG Wemxue, BO Xiangzhao. Sudy on the Con- Press, 2007.
crete Formulation of C50 Durable Concrete of Box Beam Used i [ 13] )
Oceanic Condition of the Box Beam of the Hangzhou bay Bridge [J] - , 2007, 38 (5): 630- 635.
[]] - Concrete, 2006 (200): - 72 MA Yali, ZHANG Ailin. Probabilistic Model of Corrosion Init+
[9] ation Time of Steel Bar in Concrete Structure [ J] . Journal of

(D] . : , 2005,
MA Yali Reliability Based Durable Life Prediction of Reinforced

Hydraulic Engineering, 2007, 38 (5): 630- 635



