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(b) After corrugated steel web yielding
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Fig. 1 Distribution of shear stress on cross section
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Fig. 2 Flow chart of solution
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Fig. 3 Torque-twist curve
300 = ik [13] 554 >0
380F —=— ARG
RS o —
g 3701 ;
Z 360} < 1s0f
350 3 100 AT EI P TR T AR
Jmi-\: A
= 340t E /
I — = 501 —— SCHR [13] TR
20 o . A ! A .+zlg.ja+%:.ﬁ )
39404142 4344454647 4849 50 5.1 0 4 0.5 0.6 0.7 0.8 ‘0.9 1.0 1.1
B EE /mm JEARUEE /mm
el 4 A e SR s %o L (] B 5 MR MR X L
Fig. 4 Comparison of calculated values at thicker web Fig. 5 Comparison of calculated values at thinner web

I LA AR BT HL 98 V% 2 i TR PR L
9, MIE S Hrl LI e AR BGIE  i Nie 7k
T BB B LA SOk H B E 2R 2, oAb
TEFOKFLLT X ARG H WF A RHATT

6 % it

A% S i FRAE AT A8 R T SCHRC 11,13 3
FRUAEAE (5 Jo R Pk o AR 0% I8 AR JSE B A C e, =1, 5
mmm) 414 4 2 1 B BR 1L 3 K T 9 90 1A R IR
HUAE T 290 5410 1.5 ) ik e g 3 T
T 2L A6 8 TR AR 159 1) 3 46 7 £ B 3 37 08 2 16 i
(005 T T e T 90 M8 A Ak T R I 0 K i IR
RS TS B, 43 S S T B I S 5 0 1
ST AR, eSS T LA E - I T 4R R S ST
IF B % 1 T A [ 52 T ) % 04T R % A R
IF) 4 R 800

AR SRR (1 MRS 3 T 4 AR fE 44T
5 1R R 3 B R 11 B0 . 9 R AR 47 1 fe 24 0

HE M AR B AR TS PR LA S 1 LT LR .
AR R SCHY BE 73 B ik 5 5 22 19 15 A 5 ok it —
A BB

S % 3L ik (References) :

(1] REK. RAIZ.Z B, F LSRR AESTRE S
WAERT MBS ARBAR[]] KT EFIR,
2004, 37 (11): 50-55. ( SONG Jian-yong. ZHANG
Shu-ren, WANG Tong, et al. A theorectical analysis
and experimental study of the flexural behavior of ex-
ternally prestressed composite beam with corrugated
steel webs [J]. China Civil Engineering Journal,
2004,37(11) :50-55. (in Chinese))

Fade NEF.E FRBMMM PC AL A ER
TAREANAERERXBHRL[]]. T8 HF,2009,26
(7):89-96. (LI Li-feng, LIU Zhi-cai, WANG Fang.

Theoretical and experimental research on the flexural

(2]

behavior of external prestressed composite beam with
corrugated webs [ J]. Engineering Mechanics, 2009,
26(7) :89-96. (in Chinese))

(3] K, T B.RSMERMAESHEHRAF LR



142 it ' 4 % ¥ #® %30%

RILK BE R [T]. 40 % M5, 2010, 25 (140) : 1-6. nal,2000,97(6) :849-859.

(JIANG Ke-bin, DING Yong. The status quo and [12] Mo Y L,Fan Y L. Torsional design of hybrid concrete

development of research for composite box-girder box girders [ J]. Jowrnal of Bridge Engineering,

with corrugated webs[J]. Steel Construction,2010,25 2006,11(3) :329-339.

(140):1-6. (in Chinese)) [13] & E,E . RBMEM PC A& M L skimitik
[4] Demetres Briassoulis. Equivalent orthotropic proper- wEAEL AT [J]. P E AR S IR, 2007,20(5):71-

ties of corrugated sheets [J]. Computers and Struc- 77. (NIE Jian-guo. TANG Liang. Nonlinear analysis

tures,1986,23(2):129-138. of pure torsion property for prestressed concrete com-
[5] Mohamed Elgaaly, Anand Seshadri, Robert Hamil- posite box girders with corrugated steel webs [J].

ton. Bending strength of steel beams with corrugated China Jowrnal of Highway and Transport,2007,20

webs[J]. Jowrnal of Structural Engineering, 1997, (5):71-77. (in Chinese))

123(6) . 772-782. [14] Jiang K B,Ding Y,Liu Y W, et al. Calculation for tor-
[6] Mohamed Elgaaly, Anand Seshadri. Depicting the be- sion strength of prestressed concrete beams based on

havior of girders with corrugated webs up to failure fixed-angle softened truss model [J]. Applied Me-

using nonlinear finite element analysis [J]. Adwvances chanics and Materials,2011.52-54:1032-1038.

in Engineering Software,1998,29(3-6) :195-208. [15] Thomas T C Hsu.Y L Mo. Softening of concrete in
[7] Robert G Driver, Hassan H Abbas, Richard Sause. torsional members-theory and tests [J]. ACT Journal

Shear beha.vior of corrugated web bridge girders[]]. Proceedings.1985.82(3) :290-303.

lj;gzglgl of Structural Engineering. 2006, 132 (2) [16] Wang J. Constitutive Relationships of Prestressed

Concrete Membrane Elements [ D]. University of
Houston, 2006.

[17] Chyuan-Hwan Jeng, Thomas T C, Hsu. A softened
membrane model for torsion in reinforced concrete
members [ J]. Engineering Structures,2009,31:1944-
1954.

[18] Roonnie R H Zhu, Thomas T C Hsu,Jung-Yoon Lee.

Rational shear modulus for smeared-crack analysis of

[8] Jongwon Yi, Heungbae Gil, Kwangsoo Youm, et al.
Interactive shear buckling behavior of trapezoidally
corrugated steel webs [J]. Engineering Structures,
2008.,30:1659-1666.

(9] ZFxx,vtR¥E. 7 K. F. EAVEKRBREHREL
W AT S R e AT [T M R AR, 2003(6): 14,
(LI Hong-jiang, YE Jian-shu, WAN Shui, et al. Anal-
ysis and experimental study of torsion and distortion
of box girder with corrugated steel webs[]]. Bridge reinforced concrete [ J]. ACI Structural Journal,
Construction,2003(6) :1-4. (in Chinese)) 2001,98(4) : 443-450.

[10] ASor K i, %4 2, %, 3k BTG ) s [19] Thomas T C Hsu,Y L Mo. Softening of concrete in

ER R[] A RE Tk P ER, torsional members-prestressed concrete [ J]. ACI
2007,39(Sup2): 150-155. (ZHOU Xu-hong, DI Jin, Journal Proceedings,1985,82(5):603-615.

YOU Jin-lan,et al. Experimental research on torsional [20] &#&E.E &,k & WipRsg LB X H4Ramn

property of composite beam with corrugated steel BoAtLI] F4 RFFRCA KA F A, 2006,46

webs[J]. Jownal of Harbin Institute of Technology s (6):760-764. (NIE Jian-guo, TANG Liang, ZHU
2007.39(Sup2) :150-155. (in Chinese)) Lin-sen. Analysis of reinforced concrete slabs subjec-

[11] MoY L, Chyuan-Hwan Jeng, Chang Y S. Torsional ted to pure torsion[J]. Journal of Tsinghua Univer-
behavior of prestressed concrete box-girder bridges sity (Sci. & Tech.),2006,46(6):760-764. (in Chi-
with corrugated steel webs[J]. ACI Structural Jour- nese))

Analytical model for torsional strength of prestressed
concrete box-girder with corrugated steel webs

DING Yong®, JIANG Ke-bin, ZHOU Yin-zhi, YANG Jian-kui
(Engineer Institute of Engineering Corps,PLA Univ. of Sci. & Tech. ,Nanjing 210007 , China)

Abstract: An analytical model for torsional strength of prestressed concrete box-girder with corrugated
steel webs under pure torsion was deduced based on torsion theory and Fixed-Angle Softened Truss
Model. Either the shear flow remains constant or the shear strain stays equal between the web and flange
depends on the state of the corrugated steel web is in unyielding or yielding when the hybrid box-girder
is in ultimate state. The effect of locations of prestressed tendons to torsional strength of the hybrid box-
girder was also taken into consideration. The analytical model proposed in this paper was validated by
four specimens subjected to cyclic pure torque. The results show that not only the torsional strength but
also the torque-twist curve can be obtained through the analytical model developed in this paper.

Key words: corrugated steel Webs; torsional strength; pure torsion; fixed-angle softened truss model;

torque-twist curve



