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EXPERIMENTAL STUDY ON BUCKLING AND ULTIMATE STRENGTH OF CURVED
GIRDERS SUBJECTED TO COMBINED LOADS OF BENDING AND SHEAR
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By Hiroshi NAKAI Toshiyuki KITADA and Ryoichi OHMINAMI

This paper reports the test results of twelve curved model girders subjected to the

combined loads of bending and shear by changing radii of curvature, aspect ratio and

slenderness ratio of web plates as well as stiffness of longitudinal stiffeners. Through

the collapse tests, buckling and ultimate strength of curved girders are investigated as

the interaction curves of bending and shear. For the ultimate strength, two interaction

curves are proposed, i.e. one is a theoretical curve taking accounts of the reduction of

ultimate strength for bending due to warping stresses on the curved flange plates and

the other is experimental one based upon our past test researches on pure bending and

pure shear,
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Fig.1 Detail of Test Girder (girder No, 2).
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Table1 Dimension of Test Girders,
R Flange Plate ( m ) i tudinal

Radivs Vieb Panel ( mm ) Toper Fy— )

Girder Span Curvature | Width Height Thick- Thick- Thick- Thick-
No L R ness Width ness Width ness Width ness
(m ) (mm ) a by, Ty bg, e be 1 | P | ta

1 1,975.0 e 400.2 799.7 4.26 179.2 12.03 179.3 12.37

2 1,973.5 10,341 399.2 799.8 4.26 179.8 12.22 180.2 12,03 | —— —
3 2,172.3 9,988 800.9 800.8 4.51 180.7 11.71 180.9 11.81 | —— _—
4 1,240.0 _— 400.5 799.0 4.26 179.5 11.97 179.8 11.83 | —— —_—
5 1,240.0 10,459 402.8 799.5 4.26 180.0 11.97 179.7 12.33 | —— —_
6 1,440.0 10,241 800.8 80L.0 4,51 181.2 11.80 180.9 11.90 {| — —

7 2,404.8 —_ 400.8 798.8 3.08 179.7 12.30 179.8 12.20 40.5 8.95

8 2,405.0 10,579 401.7 799.3 3.08 179.8 12.17 179.5 11.82 40.3 $.00

9 2,402.0 9,800 400.6 799.9 3.23 180.6 11.99 180.4 11.98 33.1 3.23
10 1,455.0 _— 400.3 799.2 3.08 179.7 12.18 179.8 12.15 38.3 9.00
11 1,454.8 10,469 401.7 798.8 3.08 180.2 12.10 180.2 12.13 40.2 9.07
12 1,455.0 9,797 400.6 800.1 3.23 181.3 11.82 180.9 11.81 | 32.6 3.23
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Table2 Yield Point g, of Steel

Material,
Yield Point ( Mpa )
Girder "pyonge | Veb |L-Stiff. Span L

No. cyf Uyw Gysl
1 334 307 —

2 334 307 -—

3 352 293 —_—

4 334 307 —_—

5 334 307 —

6 352 293 -

7 334 306 335

8 334 306 335

9 352 294 294
10 334 306 335
11 334 306 335
12 352 294 294
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Fig.2 Loading and Support Conditions of Test Girders.

Fig.3 Analytical Model
of Test Girders.
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Table3 Out-of-plane Displacement P(KN)
Modes in Web Panel.
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Fig.4 Out-of-plane Displacements
é in Web Panel.
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Fig.5 Load-Strain Curves in Web
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Fig.6 Load-Axial Strain Curves in Compression Flange.
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En(x10%)
Girder No, 11

(b)

Fig.7 Load-Axial Strain Curves in Longitudinal Stiffener.
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Table 4 Buckling Stress-resultants in Web panel.

Analytical
Test Result(@) Result (D) ratio /@
Girde: ; . it v M
No. Detail of Test Girder - Ver Mo Vero | Mero or cr Eq. (3)
o | am |eam] e ewm | Veo | Moo
3 MS10(1.0-178-15-0-0.9) 158 111 163 199 201 0.558 0.812 0.985
6 MS10(1.0-178-15-0-1.8) 166 163 120 199 206 0.820 0.584 1.027
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O;Experimental results
1.0
\ No.6
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Fig.9 Interaction Curve of Web Buckling,
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Fig.10 Interaction Curves between V,/V, and
M./M, by BS5400 Part 3%
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Uiy E—- 2 b M, DELHEBEOHRLTH
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(2) MR8

Table 5 IZ/R U 12 REBRITD Vu/V, B LD Mu/M, D
H%Z T & AN E OEEHRE LTEDbT &, Fig.10
DEIITBB. F, ATy I IEBRER
H& DR s(=y(V/ V.S +HM/M,)) Offiz Table5
IWRY. SEBROKRBEEE L, 0O s BEIC &Y
FT5&, UFOL» aBFsSBnohs.

@D TANRZ M a/hy,=1.0D No.3, No.6#jig,

Table5 Ultimate Strength and Safety Factor of Test Girders.

. Allowable
Girder Test Result (D gas‘lx)l?cél Ratlo O/Q Foe | et
No. Detail of Test Girder Pu V‘_1 M“ Vp MP Vu Mu " V‘a L
@ | |ew | e [evw | % % w | Va

1 MS00(0.5-178-15-0-0.9) 586 428 661 603 794 0.710 0.883 1.095 143 2.99

2 MS10(0.5-178-15-0-0.9) 570 420 645 603 793 0.696 0.814 1.071 143 2.94

3 MS10(1.0-178-15-0-0.9) 526 350 552 611 811 0.573 0.681 0.890 117 3.00

4 MSo00(0.5-178-15-0-1.8) 535 569 (74 603 779 0.943 0.570 1.102 234 2.43

5 MS10(0.5-178-15-0-1.8) 517 554 430 603 793 0.918 0.543 1.067 236 2.34

6 MS10(1.0-178-15-0-1.8) 460 436 345 611 817 0.713 0.423 0.829 144 3.03

7 MSo0(0.5-250-15-5-0.9) 525 332 642 434 738 0.764 0.870 1.158 108 3.08

8 MS10(0.5-250-15-5-0.9) 515 316 627 435 726 0.727 0.864 1.129 120 2.64

9 MS10(0.5-250-15-1-0.9) 523 323 642 439 761 0.736 0.831 1.110 121 2.68
10 MS00(0.5-250-15-5-1.8) 443 412 415 435 735 0.948 0.565 1.104 135 3.04
11 MS10(0.5-250-15-5-1.8) 444 410 417 434 733 0.945 0.569 1.103 134 3.06
12 MS10(0.5-250-15-1-1.8) 445 418 420 439 755 0.954 0.556 1.104 153 2.7

*) s= [ (VO M M)
u p P
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