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Abstract: To study the shear mechanical properties of bolted steel girders with trapezoidal corrugated webs, a total of six bolted
steel girders with trapezoidal corrugated webs were designed and manufactured. The steel girder specimens were
tested under shear loading. The test results show that all the girder specimens experienced shear buckling failure, and
the critical shear buckling loads of the corrugated webs and the shear resistances of the tested girder specimens were
obtained. Considering the material nonlinearity, geometric nonlinearity and geometric initial inperfections, the finite
element model of bolted steel girders with trapezoidal corrugated webs was established, and compared with the shear
test results of steel girders, verifying the accuracy of the established finite element model. Parametric studies were
further conducted to evaluate the influences of the key factors including corrugated web height and thickness,
corrugation width and bolt spacing on the shear capacity of steel girders. Based on the obtained test results, 76
generated numerical results and the existing calculation methods for predicting the shear capacity of welded steel
girders with trapezoidal corrugated webs, the modified formulas accounting for the shear contributions from the T-
section flange, were proposed for calculating the shear capacity of bolted steel girders with trapezoidal corrugated

webs.
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Fig.1 Composition of bolted steel girder with

trapezoidal corrugated webs
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Table 1 Measured average geometric dimensions of specimens mm
KA D RART hy h, H 2 l, L
b d q §

VS1-500 496.0 666.0 1690.0 103.0 1 896.0
VS1-600 145.0 25.0 340.0 364.0 66.0 596.0 765.0 1692.0 106.0 1903.0
VS1-700 696.0 863.0 1696.0 105.0 1905.0
VS2-500 496.0 663.0 1426.0 134.0 1693.0
VS2-600 100.0 20.0 240.0 260.0 61.0 596.0 760.0 1433.0 131.0 1694.0
VS2-700 696.0 861.0 1426.0 133.0 1693.0
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Fig. 2 Geometric shape of steel girder specimens
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Table 2 Material properties of steel girder specimens

AR G ER AL E,/MPa o,/MPa c./MPa ,/0, y A%
T AR HE % 205 700 355.7 0.020 33 506.9 0.70 0.282 28.2
m 202 600 298.7 0.016 15 486.8 0.61 0.274 31.8
T IR AR 203 700 295.9 0.012 13 390.2 0.76 0.285 39.1
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Fig. 3 Test setup
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Fig. 4 Arrangement of measurement

points of specimens

2 ZERIGERDWH
21 REWK
T 0 4 22 IH 6 MR ISR 3% 45 B TE U a0 R AR AN 8 3 1



5 23

UG I D S M AR A 2 32 09 98 5 o0 57

{1 ke IR A 249 O AR B V11 e ot e IR, 4 52 3 119 2R OB
BWME S PR o BIE RSO ARAE B V) 32 T AR T B A2 IR
FEBIY N S IR < R AR BT D - M B i AR T R
B BEs ith A2 T |- i B A AR A B 5 U1 I il B 5 M B IR
B T S S AR TE o P AT 0 SR ) MR X e Ak 4 R
S Az WY B, 3 W R 5 5 A D R A 3 e X B O 90 £
ARG B T AT Lo il T R 9 B D SO AR A
TEHE AR AT T FT R LLTH BR T 0, a0 A A 3 08 R4 2
H AR HE U1 1AL BT R R Ja A R (R SR )

a) VS1-500

¢) VS1-700
5 KHEERBES

Fig.5 Failure modes of specimens

f) VS2-700

22 WMBZHEE NS

P AR Bl 2 A0 for 2% P IR DA 2 45 2R AR E A BT v, 4
il T BRI 8Y ) V5 R AR T O 1 56 R £ an 5] 6
JiR o 4532 35 IR 0 A5 2 1 0 2 R W fof 2 P, PR DL 215
PN Z B RE SV, po IR LT R 1R B A2 5T R 2K
71 B8 A W SCIE AR R B IR B R R Ko, vS2
A R 0 A7 BT R 3 8 VST AR B A 1 32 5 7R
BT B R T AR 1 Ak ) BT AR 1A A B A
B, T AR B B B, Ak i) B T AR et K P BT ARG 19T
11 A2 SR8 F7 59 T 5 W 4L 19 S E A AR RE o Bl
o 2278 T W R S 34 T, R 1) BT AR 114 28 T Al T
W5 #a T A A I, B AT Bl Bt 2 3 A A B A

BEAh 2R F I B0 AR 45 4 F R BILFE ) (CECS 291
201 1)1 g 8 2B A R AR 1Y 52 BT R 2 0,
i A 11 e A 5 32 43 S0 BB A 3K 6 7 S 355.7 MPa #l
295.9 MPa, ¥ Z 5 & & it 5B vV, SR E R v, i
T s 5 RN L 3. MR 345 Rl , X F vsS14]
KPR, e A 2B A5 20 9 2 5 2R 3 1 94K Tl 56
R IR V, V2 BFRIE R 0.76, R B AL
THE S AT R A 57 L F 0 VS T 2H K i A 1 32 8 R 48
F1 5 MR F VS2 20 K WA A, BT 2 T A 2 A9 A7 B K

250
200 |
150 |
< /
< / — VS2-700
=100 Hf: — VS2-600
| — VS2-500
soll -=- VS1-700
--- VS1-600
[ -~~~ VS1-500
0 6 12 18 24 30

0/ mm
6 SWRXGLN-EmEH Lk
Fig. 6 Shear force-vertical deformation curves

of steel girder specimens
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Table 3 Experimental and calculation results of shear

capacity of steel girder specimens

Vu,'r/ Vu,c/ Ve VCr,T/ Tcr,T/ Tcr.c/ Ter,c

LEURCR NN V.r kN MPa MPa 7.
VS1-500 1357 10142 0.75 652 72.8 72.7 1.00
VS1-600 160.8 121.11 0.75 964 89.3 88.9 1.00
VS1-700 179.7 139.81 0.78 140.4 112.1 109.8 0.98
VS2-500 176.6 170.17 0.96 0.6 89.9 89.8 1.00
VS2-600 201.2 203.06 1.01 98.2 91.7 91.3 1.00

VS2-700 213.9 235.51 1.10 116.3 93.0 91.9 0.99
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Fig. 7 Shear force-principal strain curves
of specimen VS1-500
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Table 4 Comparison between FE simulation and

shear test results

AR5 R

RKIEER

o Vire  Oure
BEBET v/ o/ V! b/ V., 6.,
kN mm kN mm
VS1-500 135.6  5.23  135.6  5.52 1.00 1.06
VS1-600 160.8  4.06 168.2  2.19 1.05 0.54
VS1-700  179.7  3.86 178.0 4.26  0.99 1.10
VS2-500  176.6  9.59  184.6  4.97 1.05  0.52
VS2-600 201.2  9.06 192.6 2.10  0.96  0.23
VS2-700 2139  6.86 210.3 3.79  0.98  0.55

3.2 SHHMH

I 56 F o A (A A T T R S 8 B, TR
0 AT T B 2 g 3 1 VS1-500 Y 4 B AL, 2 80l b=
500 mm. #£,=2.0 mm, 6=100 mm. d=25 mm. ¢=
240 mm . s=260 mm . h,=20 mm. 4528 kR 5
JE AR 5 B A, (500~1 200 mm) JE AR B 7,(1.0~3.0 mm)
W BT FE b(92~132 mim ) bz WR A a] 5 X} 35k 8008 A B0 9L 52
YR T B R

A B A S Y 6 B S R R BE Ol 345 MPa . % B i 9
P BE AL (4 = 7 2k A B (6] =345.6 MPa, g, =0;0,=
410.0 MPa, ¢,,=0.008 5;0;=>537.0 MPa, g,,—0.142 7) ,
E 206 GPa, A vl 0.3,

Tk ok B8 Bl R [ A I 2 M AR @ B Ay e 500 mm
600 mm 700 mm .800 mm.900 mm .1 000 mm .1 100 mm
F11 200 mm, DABIF 5 B8 A 55 B 0 52 ) o JF R R A (R 1
A3 T AT LAAS A R 04 3 55 U1 iRz g 7 A5 D) il A
A, 85 R I AT A R R 1 R AR 38 A R R e il il
ik T AT L A DR A O U 0 M B 2 B AR AR 3R 1Y
k. A BRICI M 15 210 7.-hy /2, BHEE IR 10 fF 2%, ] )
F 224 0B i JE R A 250 38 i 2= 600 A, sk 5 U1 J il
JITRET 36%.

W s AR JE E A iy 1.0 mm . 1.5 mm . 2.0 mm.,
2.5 mm 1 3.0 mm, @7 NP A R TR, JEAT R AR (R E
it 43 B AT AR BUAS [ A JE A S an & 11 frs . AT LA
AR B S 3.0 mm B, 5 R A 1.5 mm Al L, I8 AR
oy v 3 Y B 04 R, L ot A S O R BT U0 J it A A Sk
BT R . 124 M T ARG SRR Voo
M4k, v DL B 1 A S 2 1% 38, B R 1) 32 BY R 38 )
GIIERTE SN,

Sk /N G B % R I A e DR e LAk 1 1 T R R sk
TN, BB AR — f SR FH 45 D) BB HE A, i ol A8 P S0 TR BE b o HLEE
SR B R, DT S MR A HE B () 8 R A AR Ak . A

500
450 b "
£ 400 |
350 +

300 -

250 1 1 L L J
200 300 400 500 600 700

hw / tw

E10 AEERSELRNREEY it EE(4,=2.0 mm)
Fig. 10 Calculated results of z,, of steel girders with
different web height to thickness ratios (¢,=2. 0 mm)

a) t,=1.5 mm b) 7,=3.0 mm
11 EWHREEH1.5 mm 3. 0 mm Bt
SR AT LE

Fig. 11

with web thicknesses of 1. 5 mm and 3. 0 mm

Comparison of buckling modes of steel girders
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Fig. 12 Shear force-vertical deformation curves of

steel girders with different web thicknesses
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Fig. 13 Shear force-vertical deformation curves of steel

girders with different corrugation widths and bolt spacings
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