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Va

Lateral Buckling of Welded Beams and Girders in HT 80 Steel
Déversement de poutres soudées en acier HT 80

Kippen von geschweissten Balken aus HT 80 Stahl

YUHSHI FUKUMQOTO
Professor of Civil Engineering
Nagoya University
Nagoya, Japan

1. INTRODUCTION

Lateral instability of compression flange has been one of the important
limit state criteria for the determination of the ultimate bending strength of
flexural members when the compression flange is not restrained enough against
lateral deflection. The author has shown the results of the investigation on )5
the ultimate strength of beams with lateral bracing at the intermediate point
and without any lateral supports in between3b%b5%rom theory and test.

This paper briefly describes the lateral buckling tests)on welded beams
and girders with steels of SM 50 and quenched and tempered HT 80 (nominal yield
stresses 0_= 3200kg/cm® and 7000kg/cm®, respectively), and the initial imper-
fections stich as welding residual stresses and initial deformations are
discussed with the test results. The comparisons are also made between theory
and test.

2. THE TEST SPECIMEN

No lateral bracings are provided except at the both ends of the specimen
where the loading beams with heavy box cross section are connected using high
strength bolts. The end condition of the specimen is thus clamped laterally
and torsionally at the both ends. The test setup is shown in Fig. 1.

The detailed nominal dimension of the beam-type specimens are given in
Table 1(a). The beam types are of 25cm or 30cm in beam height with the span
length ranging from 2.5m to 4.5m. Total number of beam specimens is thrity-six
of which

SM 50 : twenty-one including nine annealed beams, and

HT 80 : fifteen including three annealed beams.
Table 1(b) shows for the plate girders of 80cm or 100cm in height with the span
length ranging from 2.8m to 4.0m. Number of sub-panels in web is two for G-D
and the others have three sub-panels.
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The specimens are tested under uniform bending and under moment gradient
with the end moment ratio of 0.5.

3. INITIAL IMPERFECTIONS

After the test specimen is set in the position for testing and just prior
to loading, the initial imperfections are measured in flanges and web plates.
Table 2 summarizes the maximum lateral deflections of the compression flange
Gu and tension flange 6y at the span center. Effective length of the specimens
against lateral buckling becomes Le = L/2 (L=length of the specimen) under
uniform bending since the clamped énd condition is met at the connections of
the specimens and the loading beams.

4, WELDING AND ANNEALING DATA
Welding data for HT 80 steel specimens are as follows ;

For beams : Manual welding with 5mm¢ electrode (YAWATA L80). 180 - 230 amp.
current and preheating at 120%¢.

For girders : Manual welding with 4mm$ electrode (KAWASAKI KS116, B-1).
165 - 175 amp. current and preheating at 120%¢.

Annealing conditions are set for relieving the welding residual stress as
shown in Fig. 2.

5. THE TEST RESULTS
a) Tension Coupon Test

Test coupons with 20cm gage length for SM 50 and with 5cm gage length for
HT 80 are cut out from the flange and web plates. The averaged values of static
yield stress are listed below.

SM 50 : 3428 kg/cm?

Bea‘“s{ﬁr 80 : 7841 "

Girders{SM 50 : 3810 kg/cm? ( 8mm) and 3236 kg/cm® (10mm)
HT 80 : 7850 " (10mm) and 6610 " ( 6mm)

b) Lateral Buckling Test

Figs 3a and 3b show the load-deflection curves of a beam and a girder in
HT 80, respectively, in which B = angle of rotation of the compression flange,
u, and u, = lateral deflection of lower and upper flanges and v = vertical
deflection at the span center. At the early stage of loading, the lateral and
torsional deformations of the girder flanges are observed together with the
buckled patterns in each web panel. Lateral deflection of the compression
flange at failure is influenced considerably by the direction of the buckled
deformation of the web in bending.

A summary of test results with the reference loads is listed in Table 3.

Fig. 4 shows a)presentation of the test points plotted on the o__ -
(rx/r Y(L /d) axes®, in which r_ and r_ are the radil of gyration of cross
settidn about x and y axes, respectivegy and d = the beam height. The test
points for HT 80 indicate less scatter and the reduction of lateral buckling
strength becomes less for HT 80 specimens compared with SM 50 specimens in the
inelastic range.
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Fig. 5 shows another presentation of the test points plotted for beam-
type specimens on the 0 __/o_ - (L_/r )/(L_/r_) . axes, Non-dimensionalized
slenderness ratio A is takef in the stcigsaywﬁéregéc(L /r.) 1 . 1is the
slenderness ratio at which the elastic lateral bucklingest¥egsareaghes to the
yield point, that is, o= 0O_.
The maximum experimentaf mombnts M are non-dimensionalized by the yield moment
M . In order to clarify the effect of residual stress distributions on the
lgteral buckling strength of steel beams, the comparisons are made between the
annealed beams and the as-weld beams having the same sizes. Twelve pairs of
specimens are tested and by taking the strength ratios Manneale /™M eld for
each pair, it is obtained that the average strength gains are og 1327 ¥6r annealed
beams compared to the as-weld beams for SM 50 and 6% for HT 80 steel. It may
be concluded that the welding residual stress distributions may reduce the
lateral buckling strength for about 11% average for SM 50 and 67% average for
HT 80 against the beams without residual stresses. Experimental findings may
prove that the residual stress effect upon the lateral buckling strength becomes
less with the higher yield strength steel.

6. COMPARISONS OF THEORY AND TEST
a) Inelastic Lateral Buckling Strength

Inelastic lateral buckling strength under uniform moment is determined for
the arbitrary residual stress patterns using the ?umerical iteration technique
for computing the cross sectional properties.S) 7 In Table 4 the calculated
ideal critical elastic moment and inelastic moment M__ for the two different
residual stress patterns (A) and (B) are given for girdgg—type specimens,

Fig. 6 shows the theoretical results using the residual stress patterns 1 and
2 (o = 0.30_inset in Fig. 6) are compared with the test points for the as-
weld"Snd annedled A-type beams >

b) Ultimate Bending Strength

Since the inelastic lateral buckling resistance is furnished mostly by the
compression flange, the lateral buckling strength becomes very close to that of
a column whose effective cross section is composed of the compression flange and
one-sixth of the web®. In this analysis the ultimate bending strength of
members with initial imperfections such as residual stresses and lateral
deflection of the compression flange is determined by the beam-column concept
using the numerical integration technique®. The residual stress patterns used
for this analysis is shown in Table 4 as patterns (C) and (D).

In Fig. 5 the ultimate bending strength curves obtained by the beam-column
concept are given for the D-type and C-type beams with the initial lateral
deflection u_ = L /1000 and with and without residual stress pattern (C).
Ultimate benging Strength curves for the residual stress patterns (C) with, 0_ =
0.30_ and initial lateral deflection u_ = L_/1000 may explain the lower bound" €
esti%ate against the plotted test resu?ts. In table 4 the numerical results by
the beam-column approach are also given for the plate girders G-A~G-G.
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Table 1(a) Dimenswns of test beams
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Table 1(b) Dimensions of tewt girders
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Table 2 Initial imperfections of flanges

Test Beams | Upper flange | Lower ﬂmn

a0d Girders| 4y (mm)“ % (mm dulL. 4L
A0 | o [ [ 0
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B-1-0 3 8 11 9% 1 30
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B-3-1 0 6 0 1/ 5
C-1-0 1.5 1.5 11970 17197
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Table 3 Summary of reference and experimental loads

Table 4 Comparison of theory and test for girders
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SUMMARY

This report presents the results of an extensive experimental investi-
gation into the behaviour and strength of flexural members with high strength
steels which are failed by lateral buckling. A total thirty-six beam-type and
seven girder-type members is tested under uniform moment and moment gradient.
Test results of as-weld and annealed specimes are compared with the inelastic
lateral buckling theory with the specified residual stress patterns and also
with the beam-column apprcach to ultimate bending strength using the effec-
tive compressive section with initial imperfections.

RESUME

Ce rapport présente les résultats d'essais détaillés sur le comportement
de la résistance d'éléments en acier & haute résistance soumis & la flexion,
et qui ont été détruits par déversement. Les essais de spécimens soudés et
recuits ont été comparés selon la théorie du déversement, en fonction des
contraintes résiduelles, ainsi que selon l'approche "poutres-colonnes" pour
le moment fléchissant de rupture, considérant la section effectivement
comprimée avec des imperfections initiales.

ZUSAMMENFASSUNG

Dieser Bericht enthdlt die Resultate einer ausfihrlichen experimentellen
Untersuchung Uber das Verhalten und die Tragfdhigkeit von Biegetrdgern aus
hochfesten St&hlen, die durch Kippen zerstdrt wurden. Eine Gesamtheit von
36 Trégertypen und 7 Balkentrdgern wurden unter konstanten, linear verlau-
fenden Biegemomenten getestet. Testresultate von geschweissten und spannungs-
arm geglihten Proben wurden mit der unelastischen Kipptheorie und den be-
zeichnenden Eigenspannungsverteilungen und ebenso mit einer N&herungsunter-
suchung als exzentrischem Knicken verglichen, indem die effektiv zusammen-
drickenden Abschnitte mit anfi&nglichen Imperfektionen verwendet werden.
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