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Synopsis :

An experimental study on thin-welled hybrid plate girders subjected to repeated loading
is summarized. Six large-sized hybrid plate girders fabricated with 80 kg/mm2 class
high strength steel (quenched and tempered) at a tension flange, SM-58 at a
compression flange and SS-41 at a web are tested under repeated bending. Parameters
investigated in this study are maximum stress, stress range, web slenderness ratio and
rigidity ratio of longitudinal stiffener. Test results are discussed on the observed fatigue
crack patterns according to the classification proposed by Toprac, and S-N curves for
hybrid girders are developed and compared with several previous research data.
Consequently, it is proved that the fatigue failures can be evaluated well from the crack
at the transverse stiffener-to-web fillet weld below the neutral axis and fatigue strength
at 2x10 6 cycles of these girders is 12.9kg/mm2 in stress range which is nearly equal in
strength to homogeneous girders consisting of 80kg/mm2 class high strength steel.
Moreover, a good correlation is observed in the fatigue test results between model

specimens with transverse fillet welded attachments and large-sized girder specimens.
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Synopsis:

An experimental study on thin-walled hybrid pla.fe girders subjected to repeated loading is summarized.,

Six large-sized hybrid plate girders fabricated with 80 kg/mm? class high strength steel {guenched
and tempered} at a tension flange, SM-58 at a compression flange and 55-41 at a web are tested under
repeated bending.

Parameters investigated in this study are maximum stress, stress range, web slenderness ratio and
rigidity ratio of longitudinal stifener,

Test results are discussed on the observed fatigue crack patierns according to the classification
proposed by Toprac, and 5-N curves for hybrid girders are developed and compared with several
previous research data. Consequently, it is proved that the fatigue failures can be evaluated well from
the crack at the iransverse stifener-to-web fillet weld below the neutral axis and fatigue strength at
2x10% cycles of these girders is 12.9kg/mm® in siress range which iz nearly equal in strength to
homogeneous girders consisting of 80 kg/mm?® class high strength steel. Moreover, a good correlation
is observed in the fatigue test rosults belween model specimens with transverse fillet welded attachments

and large-sized girder specimens.
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Table 2 Material properties

Chemical composition (wt%)

' Mechanical properties

‘ Thic- | B ' i lti Tensile -
Member Steel kness| : tref strength [Elonga-
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Table 3 Welding electrodes
Weld | Plate | Welding electrode | NS ! Locatin
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 sMms-sMs0 | KS-77 | D 50
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Table 4 Reference loads
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7 Moment“;)f inertia I (cm‘) [ 163 500 i_l;a}o—_‘ E;Z_S»a_ ‘ WB!;'%&)O ‘ 33400 " 36 000
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B2-L0, B2-L5 fibdirar 3l
DA VAR E N D EERAM TR D8
MygE L (B4-L 0 #Hr¢ N=104x10* [E,
B2-L5 KT N=116x10¢ ), kDo N=
116x 10* & L 08 N=123. x10* A cilaf 7 5 <
CEA L, WM L7- (Fig. 8, Fig. 9),

LAdod~ & e Btk o il BRiE R A £ &
#C Table 5 TR L 71z,

Table 5 Summary of test resuits

Typet?

| |
— Cracks) ~ . Number of
Test girder ‘ No. : Crack [Bocation cycles to crack Cr(;ka
e | : o _ -
@ ' Heat affected zone at the toe of t%le 34.1x 10 . Type 2
1 ; splice plate-to-web fillet weld for repair (67.0x 10") R
B4-L1 | o - : | - -
Heat affected zone at the toe of the 46,5 % 10° Type 1
5%
D compression flange-to-web fillet weld P
‘ Toe of the transverse stiffener-to-web 24.3 % 104
@ ) . Type 2
: fillet weld (26.0x 10Y) e
B4-L7 | s - -
Heat affected zone at the toe of the 9 - T ,
0x e
® splice plate-to-web fillet weld for repair 0 e
Toe of the transverse stiffener-to-web 218.0x 10*
) ) \ Type 2
Ba- L1 fillet weld (224, %X 109 A AARU
| [€) l Tension flange-to-web fillet weld | #” Type 3
— | S : o .
Toe of the transverse stiffener-to-web 28. 0% 10*
O . . Type 2
B3- L6 fillet weld (33.5x 10" et
2 | 4 ‘ # Type 2
S o - 1040; 10* .
B2-L0 i i i o | Type 2
L i o | (166.0% 10%) et
T " 116 6>< 10
B2-L5 1 ‘ 7 ’ Type 2
@ L (12.5% 100 -

a) Crack No. corresponds to Fig. 4~6.

b) Crack type corresponds to Fig. 10.

c) - Girder failed at this crack.

dy Maximum load was increased after 200x 10# cycies,

ey Number in parenthesis denotes number of cycles to failure.
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Type 1 crack

M

Type 2 crack ‘
| Il |

Type 3 crack
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Fig. 10 Type of fatigue cracks under
pure bending
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(3-b) FE77voWln &L b
s,

(3-c) nmlk7 7 vwoofmEFERL 43
HHEE,

Table 5 ¢3, = @i TRHEOH YR
L7z ZF2n, BARTITHULMER - —7 1
— | O EEERES OB, BERENG
LT 2 MM LT -7, Tabled 2B %
Iow, dTolnciky T2 MRRNGE T 7
vIOOWEARE, HekolEs 2 REL
Lo Lo s, Toprac B AT - o EO i
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Measured secondary bending moments distributions



w2 M Al A

January 1974

{lemXaTHEY,

A g TORPgEY I T 1y@ﬁw%ﬁ
VENEM o B A IR L A KRB A
CEIZIDBECELEXEL A S T
Lo
Toprac SOPFFED 0 L4 ACKFEIRIH O L
A7y ¥R R IEHIERE Sum. 1L,
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bl ol
oy ik, SRR OBRRE YRR L, ETFHENRK
R HIFBMEN,  Be=2y/tw (¥ \Zb3rfl L b i
B reolig tooaBERE TtEHEIhL, #
e, MEHA B H o IR R AR A R BEA R A O AR
& LTEDMERERIC L THTEX TV,
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B0 HEEMEAHBMNL L EMbha foo F O R
H o AASHO Standard Specification for High.
way Bridges ¢ 1970, 1971 4 Interim Specifi-
cation CHMEFERFIMROFAC L L e Bk
OREEEROMAERZ L5 1RO
B+ 003), @l tAZL LS, 2oy
tit, SS4lmbirsliEAYETL v — P~
Wik, DFRMRIRILS) oy =2 400 kg/em?® %
AT D 2 kv Xy, RTFHBIM O e L DT B,
=200, AFEHAHEZHT 5L DT fun. =400 13
, AR AL S AT RER T O BRI T R
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HEHMIH A HF T 55 flim =345 8705
SR T IR 2o b BIER A & o By,
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B 4 FFNEAR TR U BIRELL - oo BB F
A &ons, B4-L 1 oA BH ET T

: 2 Along flange ] (sta penko
@ M L
£ Lo s Along stiffener ; et al
¥ Present
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% B0 N a Along flange }work
2 \o

N

A0 an
4
£ A ~
W \\\. *s e
= 30 S
= ~— s
N TTeyt——
= 20y
o —
=
e 10
[=]
bt
o
2] . L ; .

w10 104 3104

Number of eyeles to crack

Fig. 12 S5-N curve for type 1 crack

Table 6 Web slenderness ratio vs. type 1 crack

| . i -
Test girder B4--L1 B4- L7 B3-L1 B3- LG ‘I B2-L0 B2-L56
Nommal web |
. 400 400 300 300 200 200
slenderness ratio
Actual web L
. 413 413 310 310 206 206
slenderness ratio I
Eguivalent web .
. 368 355 271 261 183 176
slenderness ratic
Type 1 crack Crack | No. crack | No. crack | No. crack [ No. crack | No. rcack
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Fig,. 13 S-A curves for maximum tensile

stress vs.

crack

Table 7 Applied maximum stress and stress range of tension flange

Test girder | B4-L7| Ba L7|B3-L1

Ba~Ls‘Bz_Lo\Bz—L5

e ;
Maximum | Measured = 27.1 | 29.2 ‘ 25.6 i 35.3 ‘ 31.4 | 29.5
stress | i ‘ L o L
Tmax !
Beam ' ‘
2 "« B
(kg/mm?) theory | 2.1 2.8 278 | 35.4 ! 29.7 | 30.1
o . [ N
Stress | Measured ‘ 211§ 23.1 ‘ 1.7 | 2l.1 | 17.6 | 16.1
range . | o o B ‘
(k/i;mz‘geam '212|210‘132 213‘149 15.1
14 ) : theory . . . i . | . o.
Stress ratio £ | 5 591 0.209 0.543 o102 | 0430 0.45

(R:!fmin/ﬂmax)

Table 8 Comprlqon of fatigue data for maximum tensile strebs, Gmax

Number of cycles Toprac*"’ 7 l

) 200 % 10‘ 32 ‘

O soxwt s |
T {0?" ) e (70

Web yleld Stress, gyw V 36 o

* Gar dcnoteb the allowable stress of the flange fnr static loading

Present work

(ksi)

number of cycles to

Oumax (L kst TEHLA
Bl 7 7 v ok %
Tt
AW 6 D
HERES R4 2 A R
FTOHH W LIAEN
BRI Ouwax “C‘I'E"I‘Fﬁ%‘
B+ 5 LEHR A1
log (Nx 10~ 3)=8.73
—~3.651080max - {0)
(Fmax !
¥ ok
log (Nx107*)=6.93
—3.50 log amux - (6)
{Fenx * kg/mm?)
B), O TELERD S
SN s b ONERE R
% Fig. 13 iwm 1, K2
B, o0 2RDEHHIE

fepERLAeMBRETED
DAY A AL G
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Table 9 v~ Toprac D H7EA RS A A36 P
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Omax I

log (Nx10-)=4.89—1.56 log o ()
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Table 9 Comparison of limited stress range, op

Toprac™®

Numker of cyclea ! ! ‘ (Pre;ent work)+(Toprac)
i Eq. (9)@ i Eq. (8)@
200><1o* \ 7.0 12.9
50><1()" | 17.5 20,2
10% 10° i 21.0 : 34.2

(I Data involve Type 1, Type 2 and Type 3 crack

@ Type 1 crack only

in keg/mm®)
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