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Synopsis :

This paper describes an experimental research on the ultimate strength of hybrid plate
girders. It has customarily been considered that the use of high strength steel for a
compression flange of a plate girder is, not appropriate so far as the present design
specification governs, under which the buckling strength of a plate girder is defined to
be the function of its elastic rigidity. The compression flange of a plate girder is however,
much more rigid in terms or buckling compared to that of a single plate, because the
former is constrained with a continuous web. The previous study on plate girders
worked in 1968 at Osaka University gives us an indication that the ultimate strength of
plate girders under pure bending moment is governed by the yield strength of their
compression flanges. This fact has led us to suppose that there might be a more rational
design method, using high strength steels for main members of girders, and to make a
plan of a more extensive research on hybrid plate girders with flanges of RIVER TEN 58
(SMA58) and web plates of RIVER TEN 50A (SMA 50A), of atmospheric corrosion
resisting steel both. The specific emphasis among subjects was put on the following
points, i.e., (1) the influence of slenderness ratio of web plate hybrid plate girders upon
their ultimate strength, (2) the influence due to the variety of material properties,
rigidity and flange shapes upon their ultimate strength, (3) the behavior of compression
flanges with the various shapes of hybrid plate girders, and (4) the influence of
horizontal stiffeners upon the deformations and stress distributions of web plates, and

also upon the ultimate strength of girders. Remarkable phenomena observed through



the study are as follows: (1) the collapse of the hybrid plate girders occur more suddenly
than that of homogeneous plate girders, (2) application of triangular shapes for
compression flanges increase not only the rigidity of flanges themselves but their
ultimate strength, (3) the initial deformation of a web plate, when its ratio with panel or
height is less than 1/150, shows no deffective influence upon the ultimate strength of
plate girders, (4) in case there are no longitudinal stiffeners, redistribution of stress on
compression zone is similar to that of homogeneous girders, (5) the effective height of
web plate with longitudinal stiffeners under bending moment is taller than without
them, and (6) the flanges of hybrid plate girders, with B more than 200, bring forth the
locally plastic buckling even it c/d (ratio of flange width over its thickness) is less than

eight and a half.

(c)JFE Steel Corporation, 2003
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Synopsis :

This paper describes an experimental research eon the ullimate strength of hybrid plate girders. It
has customarily been considered that the use of high strength stee] for a compression flange of a
plate girder is not appropriate so far as lhe present design specification governs, under which the
buckling strength of a plate girder is defined to be the function of its elastic rigidity. Thg comp-
ression flange of a plate girder is, however, much more rigid in terms or buckling compared to that
of a single plate, because the former is consirained with a continuous web.

The previous study on plate girders worked in 1968 at Osaka University gives us an indication
that the ullimate strength of plate girders under pure bending moment is governed by the yield
strength of their compression Hanges. This fact has led us to suppose that there might be a more
rational design method, using high strength steels for main members of girders, and to make a plan
of a more extensive ressarch on hybrid plate girders with fanges of RIVER TEN 58 {SMAS8B) and wsb
plates of RIVER TEN 50A {SMA 50A), of atmospheric corrosion resisting steel both.

The specific emphasis among subjects was put on the following points, i.e., (1) the influence of
slenderness ratio of web plate hybrid plate girders upon their ultimate strength, (2) the iniluence due
to the variety of material properties, rigidity and ilange shapes upon their ultimate strength, (3) the
behavior of compression [langes wilh the various shapes of hybrid plate girders, and (4] the influence
of horizontal stiffeners upon the deformations and stress distributions of web plates, and alsc upon the
ultimate strength of girders.

Remarkable phenomena observed through the study are as follows:

(1) the collapse of the hybrid plate girders occur more suddenly than that of homogeneous plale
girders, (2} application of triangular shapes for compression flanges increase not only the rigidity of
flanges themselves but their ultimate strength, (3) the initial deformation of a web plate, when its ratic
with panel or height is less than 1/150, shows no deflective influence upon the ultimate strength
of plate girders, [4) in case there are no longitudinal stiffeners, redistribution of stress on compression
zone iz similar to that of homogeneous girders, (5 the effective height of web plate with longitudinal
stiffeners under bending moment is taller than without them, and 6} the ilanges of hybrid plate
girders, with § more than 200, bring forih locally plastic buckling even it ¢/d (ratio of flange width

aver its thickness) is less than eight and a hall.
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Table 1 Plate glrder brldges vuth long 5pan

" Name
Type ‘ of
_ B bridge
Simple plate Harlem river
girder
Simple compuosite Nihnn bashi
girder i
Highway
Continuous e 1o v e
composite girder | | Nagara-gawa
bridges
Continuous
plate girder
: " Save
]
N |
Simple plate :
wirder Showa-dori
Continuous Fuiiegawa
plate girder JImgaws
Railway
Mosel
bridges |
; [[orchheimer
Britannia

Site

New yvork

Fukushima

nref.

i Miye pref.
Biwakn-ohashi Shiga pref.

Belgrade

Sobu-line

Tokaido-hne

Germany

Britain

— 20 —

bpan

(m}

101

50.

64.

140

261

45.

63,

490

113

140

e
— “1,_ LA

ey,

October 1970

]

2. RRESIUERBRF X

Year of
completion

1951

1962

1963

1964

1956

1955

1850

Wa i eads ko, LEF105 1,
- B2 _‘_'LE

Sh/

‘ Remarks
|
I
\
i

! Trapezoidal
hox girder

(Orthotropic
- box girder

| I

Box girder

b {vEk
Tl o D L
o T
A FT =)

uJ{q i 4

v 7



Vol.2 No.4

R ¥ R TE LR [ S OB = B0 R R £ S O e
D T

EEFo L, R S R RS e 2
AR TSR L0, 7 7, B L e D
LR e I D TR A T 2oy RV R O §l
B SR X TR A, BN TR A
AzCFev B 9 ik LT b,k FJEREINR S ©
CL, AR O BRI A
Fediz, 77 vl Bl
RS, AR RO EE & A

ATy b T e b B Ol ] DT B T SR BT

369

(b) B-1, B4, B7

ML A°200-C, B-1Hns otk Falmie 57 <,
B4, B-7 #izit 1/5 JEds S O 401 Hibli
Bk spn e, BL, BA Mol v
CRERETRETHY, B-TRIRYRTHL,

¢y B-2, B-5 B8

W2 300 T, B2 Rt AR M 20

RS oo 58 B A AR LT
#ioo tix Table 24z

A, Mkaeltic ko

C
LUFO X 9 3-0@ilaqy
A LG,

o
o000
L

(A Test panel

]

{a) B-3, B-6 . ‘T 1) Side panel
: ! my G 4 p
AL A 200 ¢, 133§ ‘ ] i = (C Support panel
o ‘ - ] © (1) Suppart
vy AR iR 7 S sy e AL =1 e .
WER 7 7 v oEAT | }T—' ! ) Suppert truss
B, B-6 HrirYRThH, i ; = e I B-_]_V} | ) Jack
_ y 11 s .
b, ACPHIE s 175 HE 3E EL [E JL jﬁ = @ Test girder
e . ) ' i {; & Frame
8 e s o I A LT i gy . .
Tl o M A LT 1750/ 1000 750_ L000__ 750 ] 1000 750 @ Load cell
’ Fig.1 Test set-up
Table 2 Cross-sectional dimensions
Flange . i ‘ |
Specimen | - e Angle | t‘giecl;{ne% !‘(mggﬁ‘g:::;“ j= b ‘ a= 7 p=3?4°f | ofd Csfds
(‘,_Omp(,rese,l()n| Tension side ) o f L
side R I N IR
] ‘ i i
B-1 20013 ‘ 20013 — ‘ (.450 — | 250 | 0.75 1.95 ‘ 7.69 | -
. ! . , ‘ |
B-2 " " ‘ - b.459 N I
B-3 P ‘ u - ‘ 0.472 BUXS ‘ B | o~ 1 156 | " l 12
\
-4 i 1 - 0456 655 247 | o0 . 195 0 w13
‘ i
B-5 " " - . 0.458 705 | 295 | w0 2.38 ‘ AT
; ! | |
B-6 200 = 10 200 % 10 ‘ 50 50 X h‘ (.465 60% 5 194 " 1.98 6,00 12
! |
B-7 7 1 " ' 6.451 655 249 oo i 198 | w 13
B-8 " ; " p 0,458 Wxs | o295 i y 24t |y 14
i | !
Unit {mm}
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Table 3 Coupon test
B etics e Seeyondt (e | Yuldnw Goloase Yedios | Tl Flongation | S8
- N o fom) | Cem?y __‘ Cem) Ity t) ‘(__l__(g_/cm?) }Qgg/cm?) ~ {em) S
A-1-1 !4.{]35)( l.2‘:)-1| 5221 i 20,03 ‘ 25.8 ! 31.5 | 4542 | fr3d ‘ 3.14 i 15.68
SMA 58 I 1-2 -1.013>(1.289! 5172 20.05 26.6 ‘ Ly | 5142 | 6129 I 3.33 | 16.61
I‘ 1-3 }4.0(]3)(1.235; 5.143 i 20,02 ‘ 27.2 | 32.1 I 5289 : 6241 | 3.28 ! 16,38
: [

|21 Boosaxo.ure 3.s6e | 20.03 ‘ o | e ‘ 5150 ‘ slaa | a2 | 167
SMA bb ‘ 2-2 l3.983><0.9?ﬂi 3.895 28,01 20.0 23.5 i 5135 | G033 | 3.09 16,44
| 23 l3,965><0.976| 3.870 ‘ 20.03 | 0.0 234 5160 | 6047 ©  2.69 | 13.43

L ‘” - ) [ - |
1 1-1 1.1.498)(0.489 0.702 1 7.63 3.60 4.40 | 5130 ! 6263 1 1.62 | 21.23
SMA 50 3-2 i1.513><0,453‘ 0.07  7.68 3,62 4.40 5120 | 223 1.56 | 20.37
‘ 3-2 I.515X0.469i 0.710 ‘ 7.60 . 3.54 ! 4.36 4984} ‘ 6141 ‘ 1.66 ‘ 21.84

- _— ’ i - i . ' ; | _— I R _
4-1 .1.503%0.602 (.904 | 7.64 4.78 5.46 H288 | 6040 ‘ 1.58 ‘ 20.68
SMA 58 i 4-2 ‘1.500)(0.601‘ 0.901 | 7.62 4_80 5.508 5327 ‘ 6171 I 1.26 16,54
i 41-3 21.513)([).6051 0.914 ‘ 7.66 £.79 5.60 5241 6127 i 1.16 ‘ 16,14
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