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Behaviour of Hybrid Beam-Columns under Cyclic Loading
Comportement de montants hybrides soumis a des flexions cycliques

Verhalten von hybriden Stahlstitzen unter zyklischer Biegebeanspruchung

M. YAMADA B. TSUJI
Prof. Prof.
Faculty of Engineering, Kobe University
Kobe, Japan

1. INTRODUCTION

The cyclic bending deformation behavior of the wide flange section was
discussed by the senior auther(1l),(2), and it was clarified that the cyclic
bending moment-curvature relationship under the constant axial force asymptotes
to the relationship of the pure bending due to the strain hardening effect.
The cyclic bending behavior of the hybrid member is discussed here.

2.ANALYSIS
2.1. Analytical Model

A wide flange section is simplified into a three points model(2) such as
shown in Fig.l. The area of the web is k times the one of the flange. The
yield stress oy, of the web is p times the yield stress oyf of the flange.
The stress-strain relationship of the material is tri-linear type such as shown
in Fig.2. In general, with the increase of the yield stress oy, the yield
ratio Z=oy/opax increases and the strain hardening coefficient u=Eg¢/E decreases.
Fig.3 shows the relationship between the yield ratio ¢ or the strain hardening

coefficient p and the yield stress Oy . Indicating the stresses of each point
as 83=0i/0iy(i=1,2,3), ¢ $
the axial force N=nNy L { A A a8t o ssw o
and the bending moment ’ - o,
M=mMy are obtained as (1w |H? KAOQ |h I P A
follows:
N _ t:::::%' A i
n=01+;§;§k02 B "
o Fig.l Three Points Modelaq_ Ny laoar
m=21-93 /A
2 ow» fop
The stresses of each 5 - ~o 1464
point are obtained by " o] ® /SN
summation of the elastic , |Ates ¢ /P pri/c200e50) {006
stress and the residual &yl & 05| - =
stress such as shown in i, ) X Oy (thom®)
Fig.4, and are A ) 0 40 50
represented as follows: -Omax |

Fig.3 Yield Ratio ¢ and
Fig.2 o - ¢ Relationship Strain Hard. Coeff. u
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01=(2+pk)/ (2+k)n+m+¢
G9=(2+pk)/p (2+k)n-2&/pk
03=(2+pk)/(24k)n-m+§

where £ is a parameter indicating
the magnitude of the residual stress.
The yield conditions of each point
are as follows:

aj-2<0j<aq
-1/¢i<6i<1/¢§

where @; shows the subsequent yield
stress.
The broken line shows the envelope of
the yield polygon and a stress point
can not go out of this range.

2.2. Bending Moment-Curvature
Relationship
Fig.6 shows the bending moment-
curvature relationship under the
constant axial force of N=0.5Ny.
Four types of the cross section

Fig.5 shows the yield polygon.
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Fig.5 Yield Conditions

Table 1 Types of Members

computed are shown in Table 1.

Figs.(a) and (b) correspond to the
homogeneous members using a mild

steel and a high strength steel,
and Figs.(c) and (d) to the hybrid
member using a high strength steel

as the flange and the web, respec-

tively. In each case, the

relationships converge to the
steady state loop at the three or

Type oyf(t/cmz) oyw(t/cmz)

Homogeneous A 3.0 3.0
Member B 5.0 5.0
Hybrid C 5.0 3.0
Member D 3.0 5.0
Oy(t/(‘.mz) U:Est/E C=Oy/0max

3.0 1/110 0.64

5.0 1/150 0.80

four cycles.

In the case of type A and D, the relationships converge to those

of the pure bending due to the strain hardening effect, whereas in the case of
type B and C, the loops converge to the steady state ones, the maximum bending
capacity of which is somewhat smaller than that of the former case, due to the
fully plastic state of the web and the compression flange.
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(a) Type A (b) Type B (c) Type C (d) Type D

Fig.6 Bending Moment-Curvature Relationship

2.3. Load-Deformation Relationship

Fig.7 shows the lateral load-deflection relationship of the column, the
slendreness ratio of which is 25, under the constant axial load of N=0.5N,.
Alternately repeated horizontal force P=pPy is applied at the constant lateral
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Fig.7 Load-Deformation Relationship
sway rotation angle of R=:0.01. Figs.(a) and (b) correspond to the homogeneous
member and Figs.(c) and (d) correspond to the hybrid one. In the case of the

columns having a mild steel flange (type A and D), the load-deflection relation-
ships converge to the steady state loop at the few cycles because of the small
yield ratio (£=0.64) and of the large strain hardening coefficient (u=1/110).
The relationships of type B and C columns having high strength steel flange
converge to the steady state loop at 17 and 13 cycles,respectively.

2.4. Variation of Maximum Strength P

and Accumulated Plastic

Strain

Fig.8 shows the relationship
between the maximum strength and
the number of cycles. The abscissa
W shows the number of half cycles.
The maximum strength increases with
the number of cycles. The
strength of the hybrid member using
a high strength steel as the web
(type D) is the largest and using
a mild steel as the web is the
smallest. Convergence to the
steady state loop is rapid in the
case of the member having mild
steel flange. Fig.9 shows the
variation of the accumulated plastic
strain of the web. The accu-
mulated plastic strain induced is
large in the case of a hybrid
member using the mild steel web,
and small in the case of the member
using high strength steel web.
In some cases, the plastic strain Fig.9 Accumulated Plastic Strain
increases with the number of cycles
even after the maximum strength converges to the steady state value.

3.CONCLUDING REMARKES

Elastic plastic behavior of the wide flange columns with homogeneous
and hybrid sections was discussed. In the case of the members having high
strength steel with large yield ratio and small strain hardening coefficient,
the increase in the strength under the cyclic loading is relatively small.
The hybrid member having a mild steel web shows a relatively small increment
in the strength under the cyclic loading and induces the large amount of
accumulated plastic strain in the web even under the small axial force range.
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On the other hand, the hybrid member having a high strength steel web shows
a relatively large increment in the strength and induces relatively small
amount of plastic strain in the web.
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SUMMARY

Elasto-plastic cyclic bending deformation behaviour of the hybrid members is
discussed assuming a wide flange section as a three points model and stress-
strain relationship as tri-linear type. In the case of the hybrid member, the
increase in the strength under the cyclic loading are larger and the amount of
the accumulated plastic strains are smaller for the member with weaker flange
than with weaker web. The limiting axial force level within which the bending
resistance of the column asymptotes to that of pure bending is lower for the
weaker web member.

RESUME

Les auteurs présentent le comportement élasto-plastique d'éléments hybrides
soumis a des flexions cycliques; ils remplacent le profilé & larges ailes étu-
dié par un mcdéle a trois surfaces et admettent une relation contraintes-allon-
gements du type trilinéaire. Pour des éléments hybrides possédant un &me en acier
4 haute résistance, l'augmentation de résistance sous charges cycligques est plus
élevée et la qguantité de déformations plastiques accumulées, plus faible que
pour une &me en acier doux. L'effort normal limite permettant asymptotiquement un

moment de ruine égal & celui correspondant & la flexion pure est moins élevé
lorsque 1l'dme est en acier doux.

ZUSABMMENFASSUNG

Das elasto-plastische Biegeverformungsverhalten einer zyklisch beanspruchten
hybriden Stahlstltze ist unter der Annahme eines drei Punkt-Modelles des Breitflansc
Querschnittes und einer tri-linearen Vereinfachung der 9 - & -Beziehung untersucht.
Im Fall von hybriden Stahlstitzen mit schwdcherem Flansch ist der Zuwachs des
Widerstandes grdsser und die Verzerrungsakkumulation kleiner als fiir Querschnitte
mit schwédcherem Steg. Der Grenzwert des Normalkraftniveaus, fiir das der Biege-
widerstand mit demjenigen unter reiner Biegung asymptotisch lbereinstimmt, ist
niedriger fuir einen Querschnitt mit schwacherem Steg.
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