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Analysis of shear behavior for curved girders with rectangular
grouted tubular flange and corrugated web
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Abstract: To investigate the shear behavior of a new curved girder with a rectangular grouted tubular flange and
corrugated web (CG-RGTF-CW), four reduced-scale specimens, including one straight girder and three curved
girders, were designed and fabricated for shear bearing capacity tests. Through these tests, data on buckling
modes, ultimate loads, load-strain curves and load-displacement curves of all specimens were obtained. The test
results show that the corrugated webs of both the curved girder with small curvature and the straight girder
exhibited similar failure modes. Interestingly, the density of the corrugated web influenced the buckling mode of
the curved girder. To further investigate the shear behavior of these new girders, a finite element (FE) model was
constructed. The reliability of the FE model was verified using experimental results. Using the presented FE
model, the effects of several parameters on shear behavior were examined. These parameters included corrugated
web thickness, girder curvature, folded sub-plate width, corrugation angle, depth of inclined fold and web

constraints. The results show that girder curvature has minimal effect on the shear buckling performance of the
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corrugated web, while the web height-to-thickness ratio has remarkable influence on the buckling modes of the
corrugated web and the shear bearing capacity of the new girder. Additionally, the rectangular grouted tubular
flange exhibited robust web restraint capabilities, contributing to shared shear force absorption with the web.

Keywords: curved girder; corrugated web; rectangular grouted tubular flange; shear strength
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Table 1 Geometric dimensions of specimens

G WL RA)
a/mm h,/mm t,/mm b, xh, %t /mm b, xt./mm
ErRE b/mm d/mm al(®)
ST-G1 2160 708 2 160x80x%2.5 160x12 150 120 45
CT-G1 2160 708 2 160x80x%2.5 160x12 150 120 45
CT-G2 2160 708 2 160x80x%2.5 160x12 70 50 31
CT-G3 2160 708 2 160x80x2.5 160x12 116 100 20
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Fig. 1 Sketch of specimens’ geometric dimension
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Table 2 Mechanical properties of steels

f/mm £, /MPa f./MPa e /% E. /GPa
2 383.7 517 22 211
3 365.1 489.6 18 203
12 3203 4213 20 208
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Fig.2 Testloading device Fig.3 Testloading diagram
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Fig. 4 Initial geometric imperfections of specimens
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Fig. 14 Comparison of failure modes between test and FE for four specimens



32

TR KFFR

% 46 %

500 -

400 |-

300 +

FFER/AN

200

100 -

700
600
500 -
400

300 +

FIER/AN

200 -

100 |

500
400
Zz 300
=)
s
£ 200
—o— ST-G1ik K 100 —— CT-G1iX %
—— ST-G1A BRIt —— CT-G1A Rt
5 10 15 20 0 4 8 12 16
i fmm PiA%/mm
(a)ST-G1 (b)CT-G1
—— ST-G2iXH: 600 —— ST-G3iRL

—— ST-G24 Rt
500

400

300

TR /AN

200

100

1 1 |

—— ST-G3H Bt

10 15 20

4 8 12 16 0
P /mm A fmm
(c¢)CT-G2 (d)CT-G3
B 15 RS FEFHMABMEX L

Fig. 15 Comparison of load-displacement curves between the test and FE results
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Table 3 Comparison of the ultimate capacity between FE and test results

A F L/ kN A BROT I BT fE/ kN A BRI BT IR 22 /%
ST-G1 473.89 474.27 0.08
CT-G1 457.83 460.41 0.56
CT-G2 564.25 606.41 7.47
CT-G3 512.05 518.37 1.23

4 SHELHN

it — 5 AN ) B 506 CG-RGTE-CW it 85 14 BE A9 52 1, SR 3 H A9 BROCHE R k47 T S 800 . AR
P SCHR [257100 2 5030 B A, 0 i 7 il R, BE R TR L A /e, DRSBTS b, IS AR o, I SUIR BE b RIS AR
R A HE S H CG-RGTF-CW HiL B PERE I 52 . S 8050 M R 19 CG-RGTF-CW £ B JE A R SF 4k 4

BoR

x4 BEERILAR

Table 4 Basic geometric dimensions of models

WL RAF
a/mm h, /mm ¢t /mm b.xh, <t /mm b.xt.,/mm
b/mm d/mm al/(°)
2400 700 2 160x60%2.5 160x12 80 70 30

4.1 HMER(Z)WFm

th A28z f it Ry 2 iR B, th U 3) R RN, A o MBS R R Z MR APAR o N IEAREE v
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Fig. 16 Stress distribution with different curvatures
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Fig. 17 Load-displacement curves with different curvatures Fig.18 Diagram of model deflection
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Fig. 19 Buckling modes with different corrugation lengths

350
300
250

200

/KN

100

50 - / —=—b/h,=0.04 —o— b/h,=0.07 —a— b/h =0.11
—v—b/h,=0.14 —e— b/h,=0.18 —e— b/h,=0.32

0 4 8 12 16
P /mm

20 AEbHEBE T -GIF B2

Fig. 20 Load-displacement curves with different corrugation lengths
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Fig. 21 Load-displacement curves with different corrugation angles
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Fig. 22 Buckling modes with different corrugation angles
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Fig. 23 Load-displacement curves with different &/t ratios
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Fig. 25 Buckling modes with different corrugation depths



% 10 9 TR LVE RS SRR RS ok SO AR R R MR AT 37

& 26 F ) a7 28— B% 1l 2k 26 B, MR O A R B U0 il A AR BIR R AR ok . MR AR A AR SR R BT U0 il s
HEE ST BE h /e, 36N 2 /S

30 [—e—h,/t,=11.58 —&— h.Jt,=20.26

300 | —¥— 1/6.=28.92 —4—h,/1,=34.68 —&—h,/1,=63.63

250 -
200 +

150 +

TrER/KN

100 -

50 +

i /mm
B 26 AR[E A EEETE-CH ML

Fig. 26 Load-displacement curves with different corrugation depths
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Table 5 Critical shear stress of the corrugated web with different constraints

%5 z h, /mm £, /mm ht, 7, /MPa 7, /MPa CG-RCETF-CW/z,, ,
1 125 400 2 200 570.65 59431 1.28
2 125 700 2 350 489.76 505.28 1.23
3 125 800 2 400 460.93 472.86 1.22
4 125 1000 2 500 420.8 428.55 1.21
5 125 1200 2 600 395.87 401.49 1.20
6 0 700 2 350 495.49 510.85 1.23
7 152 700 2 350 489.76 505.28 1.23
8 196 700 2 350 486.22 501.84 1.24
9 275 700 2 350 482.26 497.96 1.24
10 458 700 2 350 472.97 488.67 1.24
11 125 700 1 700 170.44 170.76 1.34
12 125 700 1.5 466 337.67 349.8 1.31
13 125 700 2 350 489.76 505.28 1.23
14 125 700 3 233 815.58 837.36 1.17

15 125 700 3.5 200 991.83 1016.89 1.15
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