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Abstract; In order to reveal the torsional action mechanism of PC composite box girder with corrugated
steel webs, the section torque distribution and torsional deformation compatibility condition were ana-
lyzed according to the thin-walled structure theory. The USTMT model was used to calculate the whole
torsional process of PC composite box girders with corrugated steel webs. Based on this model, the con-
crete compressive strength, the thickness and yield strength of corrugated steel webs, the initial force of
prestressed tendons, and the strength ratio of the reinforcement were analyzed. The results show that it
is reasonable to take the same torsional curvature of concrete slab and steel web as the deformation com-
patibility condition in PC composite box girders with corrugated steel webs. The cracking torque, yield
torque and ultimate torque develop with the increase of the concrete cube compressive strength, but the
torque carried by corrugated steel webs is almost unchanged. The thickness of corrugated steel webs has

little effect on the torque carried by concrete slabs, but increases the torque carried by corrugated steel
webs. The yield strength f;

wy

of corrugated steel webs has little effect on the cracking torque and the ulti-
mate torque carried by concrete slabs, but it increases the yield torque and the ultimate torque carried
by corrugated steel webs. The higher the concrete strength, the higher the strength grade of steel that

can make the corrugated steel web yield. The ultimate torque increases with the increase of the ratio of
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the strength of the reinforcement, and there is a sensitive region to &. At the same time, it increases li-

nearly with the increase of the initial prestress of the tendons, but the increase rate is small, especially

for the torque carried by corrugated steel webs.

Key words: composite box girder; corrugated steel web; torsion; torsional ultimate resistant; whole

process analysis
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Fig. 1 Box composite girder with corrugated steel webs under pure torque



18 Wodb TR R ol (A R OB 2 R

2023 4F

HIIEL 1(h) Al T, € T B A X ff 2 R H Rl 73
A DX« A3 P R O Al B O AL R TR A,
AL AN AR Y T B AR A, H A, =
Ao, =/4=b(h=1,)/2, M (1) 1T75 .
T=q2=q(24, + 24, )=24,,qg +24,,q=T, +T,

(2)
WA T T AR o pi Bt 0 K 2 1
A T, MPIE WK 2 B0 T, 2, HA,
T, =2A,q = 24,71, (3)
T, =24,,q =24A,,7,t, (4)
Afror, MIREE LA BT R J7, MPa; 7, S 4K
JEAR YN T3, MPa.,

1.2 RERTRFIEFRERN TR A G2

H AT ¢ T2 & G702 2o 78 v 4 Al R R 6
AT R S R A IR R L. (1) BY AR
MR 5 (2) HLR AR, FEASF] A9 SCRik H, Mo 457
PR TE SV P B B AR B R A8 A [R) 5 T B Ao
ISP B B AR (], 98 M B B 59 1 22 A 7] ; Ko
ZEU0) et AR I A R YA B A
[ ; Shen 2511 T S 76 31 [ B B 1 78 4[], 98
P B B R AR A

W2 77 VA, 76 A L% v, i S I B
(BT T3 A0 A A, AR M I B 2 7R TR
BT R g, = 7.0, =Gy 1, (y, FHIREE AR
AT AR ), TR AR BB 10 g, = T, =
Gyt (Cy, HWIEREY AR ) | BIRAFTE g, = ¢, (2
P TR W R 1 A g R 2 0 B DDA £ 240 N AH
A, FABE W 34 A By W AR A A5, PR AR SC DA
AR FNR BE 4 A 0 HH ZR A [7) hy S50, R =38 1 AR
VIS WS X s T

FEVREE - ARCFN A0 R A AR W] %) B iy L v RE
R — A m MM A # w(z,s) ATER
RF

u(z,s) =uy,(z,0) + Ji)yds —0'(z)j;p(s)ds(5)

o u(2,0) FBUPERIR SN AFE, m; 0(2)

LA, (0) , 0'(2) FEIHIR s p(s) A

AR O A REAE — SR VTR R R m,
WAy s BEATE RS A

byds =0' () §p(s)ds =0’ ()2 (6)
il

r_ §’Yds _ ')/w(h - t(l) + ’Yl,b

0
Q AOu‘ + AOL’

(7)

(7)) RS T B RNAR R K Y N
SR 2 ] Y G 2R PRI [ I 3 5 T R B B A
BIPER B, AR 0 =y (7)), A4 2R
U5 - A B A2 AR AN B 0 7% 22 T 1) 228 I P G
£, (8),

Y.(h —t,) +'be = (A,, +A0/> (8)

[ ) ] 453

T A )

TERE JELAN ] A BE A4 11 v, 2% BE R BE W] 1) 3k
B YR g S R AR5 R AR BRI R

R 72y JHE 2 TR T 2R B PR | VR 5 = Al
SYPIEATT A T N AR 2 AT S TR Wi 7 72

g, =& sin’a — g,c08’ (10)
g, = &,cos’a — g,sin’a (11)
v, =2(e, + &,)sinacosx (12)

e, Ml e, 05 h 0 G 1) 8005453 AR 1) 99 73 1)
SFIIRIAE e, H &, o300 A IR E R T R A 1) - 4
PR, HARFA ISR 13]

1.3 BRIHWNZHTEEHE
MRYEAEHIAEAE T IREE T AR ) ooy N
R IR PP R AR (13)—(15) 1
osin’a - ocos’a +pf, +p f, =0 (13)
o,cos’a — asin‘a +pf, =0 (14)
7, = (0, + 0,)sinacosa (15)
Koo, Moo, 43050 IR EE 1738 3= hr 3 R
1, MPasf, f, F £, 5350 g e A5 A A A TN
JI -0 1, MPasp, R 1 5 1) 1) 385 38 2 53 e
W, p, = A/ (po.ty) » A, R 38 D077 (1) 83 1A T
Hom?®, Py, A3 PO RS m, W TR T %
TERIEARAAGE Py, = 2b5p, D ¢ J5 1) 9 35 380 4 37y P
Wi p,=A,/ (1,8) A, J—HEBE 6] 5 37 14 28 T T AR
m’ s AEE NI N )R, mp,, A TRUNE ) AR A
BB o, = A, /(Po.t,) A, B0 1 53 4 6
A, m*,

2 KEWER PCHAERZHELTE
STHT

2.1 E&EEZHIXLHR

AR AR 16 ] R itAT T 2 R B aiE
M 2l A4 B e FLAE VR T A R 06 F 5, Hevp
SST1 = g AR B2 F 17, SST2 = g BAKE X3 # i
T X P G 7 5E B A2 41 4 ad R R 6 2 i, B4R



F3W a4 WO IE N PC A& 7632 1l 41 B4 i 19
800 1000
700 700 700 100 70 0 100
2 1 : | e - 18
= o o 55 e 124 68 o4 &4
88 2 || _awunk gg & ﬁﬂﬁ&ﬁ/{l 1 )
2 LA S— —. 1218 D s e - | At \—/?QI
TO0 | 0 TTO0 I\ Nécs 0] 0 T 0 TT00
600 i 1000 -
(a) SST1*EHEARTH & (b) SST2*Z A il ] (c) SMHEAR L
| #i EEH ki
oiﬁ I i f§ § ¢ ¥ ¢ [§ § § % % I i1 T % 7 % § 0 § 0§ § 0 ITTTTIWTTITI’\TTTT“‘TT = —
8 = ~\E;_ﬁﬁ 3 rER Q1711 e S| 10 PCE A&
o o, /_
FTIrrTIrrr = TT T I1T
150, " 750 B 1467 L 750 " L 150
. B 4700 C N
(d) ¥4 ROLmATE
El 2 R RS (A mm)
Fig. 2 Dimensions of test beams (unit; mm)
200
7 E160 )
%120
80
s0l /- L SSTI*
- . SST2*
ol
00 03 06 09 12 15
HE /() + m™
(a) REL A (b) TR FE [ E o (c) I RHH -

P 3 Ik Mg R H AR 4 AR

Fig. 3 Layout of the test beam and the torsional moment-curvature curve
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Fig. 5 Comparison of the torsional moment-curvature curve predicted by the USTMT model and experimental results
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Tab. 2 Comparison between the test values and USTMT model results
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Fig. 6 Relationship between the cubic compressive strength of concrete and characteristic value of torque
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