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EXPERIMENTAL STUDY ON ULTIMATE STRENGTH OF PLATE GIRDERS WITH UNSYMMETRICAL CROSS-SECTION

=Lk & AH F=* fEH
By Ichizou MIKAMI, Taizou KIMURA, and Koichi TOKUDA

Six welded plate girder models with unsymmetrical cross-section were
tested to examine the behaviour and strength on the ultimate state. These
models were made of structural steel (SS41). The two models were designed
to discuss the girder collapse due to torsional buckling of compression
flange. The four models were used to estimate the relation between the
girder collapse and the so-called vertical buckling of compression flange.

An approximate method for predicting the ultimate strength of the plate
girders with unsymmetrical cross-section and/or multi-stiffened web is
proposed, It is found that the present method has a good agreement with the
some results from the present and other tests,
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Fig. 1  Girder models with one testing panel
Table 1 Dimensions of testing girder models
Model C Cl VB VB1 VB2 vC
Span L (wm) 5538.0 5594.3 5591.0 5597.0 5591.0 5598.0
Web length 2 (mm) T47.1 783.7 797.9 797.0 741.3 798.5
Web depth B (m) 1.0 903.2 1002.0 1001.0 29.0 1001.0
Web thickness t. (Om) 4.5 4.5 2.1 2.1 2.1 2.2
Compression flange width byc (mm) 190.0 190.0 120.0 183.0 169.3 120.0
Compression flange thickness t¢c (mm) 6.08 6.4 10.25 6.63 4.62 10.35
Tension flange width by Gm) 190.0 19.3 130.8 190.2 168.0 130.0
Tension flange thickness t ¢y (ww 10.38 14.50 13.80 9.57 6.43 13.87
d (m 1799.7 1794.8 2244, 2119.1 2112.7 16%.4
4’ (m) 2800.7 2197.4 — — - 2793.4
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Table 2 Non-dimensional parameters

Model o Ccl1 VB VB1 VB2 vC
a/B 0.829 0.834 0.7% 0.7% 0.831 0.798
B/t 200 201 477 4m 428 455
bre/ 2t | 15.63 15.22 5.8 14.25 18.32 5.80
At/ A 0.285 0.292 0.585 0.59% 0.414 0.564
Aer/ A 0.4% 0.711 0.88 0.866 0.576 0.819
B. /B 0.557 0.605 0.556 0.555 0.541 0.553
¢ -0.7% | —064 {—-079 [—082 |—0.80 ;—0.88

Table 3 Results of standard material testing

Model &} Cl1 VB VB1 VB2 vC

Yield stress Web plate 2613 2673 2653 2197 2197 2653
oy Compression flange 2921 2921 2648 2932 2955 2648
(kef/cm®) Tension flange 2648 2153 2848 270 2032 2848
Young’s modulus | Web plate 2.10 2.10 2.06 2.13 2.13 2.06
E Compression flange 2.07 2.00 2.08 2.07 2.06 2.08
(X10%kef/cm®) | Tension flange 2.08 2.08 2.10 2.08 2.07 2.10
Poisson’s ratio | Web plate 0.28 0.28 0.28 0.28 0.28 0.28
u Compression flange 0.8 0.28 0.28 0.29 0.29 0.28
Tension flange 0.28 0.28 0.28 0.29 0.29 0.28

Table 4 Initial deflections on each web panel

Model C Cl VB VB1 VB2 vC

Wo, max (m) 1.83 4.2 4.4 4.79 1.53 3.1
Wo,max /B | 1/553 1./215 1./2% 1./210 1./118 1./210
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Fig. 3 Distributions of web deflection
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Fig. 4 Residual deflections on each web panel tested
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Stitt.
stitt.
stitt
Stift.

3.3 EW75vIoUTs

Fig, 6 ICEME7 5 v Y OHEAROREIF O FADHOERbDERT. JDOFTHESideA LSideBD
AEOVTAOFEEERER - T\ B, EBHC, Cl, VBL, VB2 T, OFAMNHEOHME &bIIHAT S
M, BBIGELEZELARRBRRREITFNEALTVWASDT, FEERERChEETHLELEELONS,
TR U TERIGVE, VTR, RETFEEABRCERL TW 30 THERRERh ChEBE TR WESE
Zoh3,

3.4 BROVIS
Fig, 7 KBRS E S ITMAROBEOF40OHOERLLOZRT. CORMOHoMT LS T, HRA
BET3E, EMESOBIREDC,LS, PUBMONENFRD 7 7 v VHIEBEIL TV 5.

3.5 FRNEONE
ERHTORE LOBTHMOMEE, 0FAHOEMES SEE SN HMEE 2HET 5 ETable 5 DX i
N5 FBELS—BLTVWAIENDMS. 2L, EEEETHORECHLTRDLEDTHS.

— 253~



j 80
Side & | | Sice B
60 - S
. ; Sige A
o~ 40-
| o t
| | X 20-
: X - : %
‘ " E o : s
j K Il
[ +— i ’,' i
L 9@ -20- ;
| \
-40+- x
| Model VB ' Model VB!
-300! ' : -60 - : : ‘ .
b Location e Location p
= ati = =
3 n n
200( 200. ]
.. A,
ety . 150
e i o e |
2 - N L ¥ 100 -
=) A N o
% -200 \Q\ / X s0r
c i \ / g oL
2 -400 \ /./ 2 l
- +
@ 3 N o —5ofr
-600 | Y Y N\
k -100+ 1 1% W
I Model VB2 i | Model VC
-800" - : . : — -150 b 3
. i - - . b
b Location = = Location b3
b [ P I
Fig. 6 Distributions of plate-bending strains in longitudinal direction on each compression flange
Compression
flange | podel vB rMOdel VB! [ Model VB2 |
L % Side A |
s i o
prag 1
o
[S]
(o]
2 L
Tenslon
flange [ ___, Lol ) ! N T W WS W | S W SR T W SN W S
-40 -20 0 20 40 60 B0 -30 -0 0 10 20 -20 -0 0 10 20
. -4
Strain (x10™) Strain (X107 Strain (x107™)
Fig. 7 Distributions of membrane strains in longitudinal direction on each web panel
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tebh & EVOTLORAEBPRANEREL S LT, ERITVB, VTREME7 5 v VorkERE (Fig. 8) ,
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3.7 FERTEEOKRERE Table 5 Distance of neutral axis from compression lange
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3 Boht.
& RIS IRER AT D1 Model | Measured | Designed Ratio
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4, 75 v VEEEBEICET 3ER
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Table 6 Experimental resulls of web buckling and ultimite strength
Pcr Pnax Mnax Vnax M‘{f Mp VP anx Mnlx Vnax
Model
(tf) () (tf - m () tfem | (tf-m (tf) Mye Msp Ve
C 29~ 32 35.70 4.02 17.86 49.68 53.10 62.57 0.886 0.758 0.285
Cl1 28~ 32 35.10 43.2%6 17.55 54.00 61.46 62.72 0.801 0.704 0.280
VB 11~ 18 19.90 44.67 = 45.32 48.28 — 0.986 0.925 o=
VB1 g~11 19.20 40.69 — 47.86 .23 — 0.850 0.810 —
VB2 5~ 17 9.52 20.11 = 30.28 31.20 — 0.664 0.645 —
vC 4~ 6 29.00 34.70 14.47 46.22 49.26 33.78 0.751 0.704 0.429

Fig. 8  Top view of collapsed Model VB

Fig. 9
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Table 7 Theoretical and experimental ultimte strength
Theoretical Experimental
Mo d e 1 MuLt VuLt B E PMBX Mmax Vmax Mmax Vmax Lex
(tf - m) (N (0 (tf - m) (th) Mutt Ve L
C 38.59 31.58 | 0.707 ) 0.111 ! 35.70 44.02 17.86 1.141 0.475 1.149
C1 40.86 3.8 | 0.704 0.111] 35.10 43.2% 17.55 1.059 0.452 1.067
VB 9.17 — 1.0 — 18.90 44.67 — 1.141 — 1.141
VB1 35.20 — 1.0 — 18.20 40.69 - 1.156 — 1.156
VB2 18.74 — 1.0 - 9.52 2.1 — 1.073 — 1.073
vC 40.06 17.76 { 0.680 | 0.121 | 23.00 34.70 14.47 0.866 0.815 1.001
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Comparison of theoretical ultimate strength with test resulis
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