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1. INTRODUCTION

The response analysis of RC structures under dynamic biaxial bending moment has

been of interest for many researchers ! 20 ., However, analytical approaches have not
been conducted successful because they involve so many suppositions and because the
experimental results are not easy to obtain under the dynamic biaxial bending
condition. This paper discusses the application of plastic theory to the response
analysis of RC column under biaxial bending. The column modeling is based on the
ellipses criterion due to the theory of plasticity applied to the P-A relationships
and extended to the fracture range.

2. COLUMN MODELING

The modeling is established
considering the cantilever column with
the mass M located on the top of the
column. In order to express the column
stiffness in the X-Y ©plane, the
stiffnesses in the +two principal
directions (xK,yK) are taken and
combined with interaction. The damping
coefficients(xC,yC) are treated
independently. The torsional stiffness
is neglected because it becomes very
small once cracks initiate. The
modeling is illustrated in Fig. 1.

The restoring force characteristics
of the column are expressed in the

quadrilinear degrading stiffness
system for each principal direction
(Fig. 2). The ellipses criterion is,
then, introduced to  express the

different range of column stiffness
in the X-Y ©plane (Fig. 3). The
formulation of the columm stiffness

§ Fig. 3 Ellipses

teri
under the biaxial bending is the 5'"% criterion
important part of this paper. Up to the Fig. 2 Quadrilinear
yield range the Takizawa’s approach 1 is degrading stiffness

adopted wusing the P-§ relationship
instead of the M-¢ relationship.
Namely, the Von Mieses’s flow rule is applied for determining the stiffness, and the
Ziegler’s hardening rule for the expansion of the yield range. In order to extend
the stiffness system into the strain softening range(fracture range), the ellipse
criterion is assumed even for the deflection space.

The equation of the motion is, then, established as a nonlinear system and
resolved by the linear acceleration step by step method as follows:

[M] {al} +[C] {a0G}+[K]{au}=-[M] {alg) (1)
where
_iM 0 . Ixc o o XK O .
[M]-{O M] ; m-[o yc} ,[K]-[O YKJ,
{ n}_'Aﬁx (AU} = Adxl < (Au)= Aux . (atig} =ali cos e‘
ad —1Aﬁy} ; (60 "iAﬁy s (Au -iAuy} ; {alig) =alg {S.m 6
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The stiffness matrix [K] 1is formulated according to the range of column
gstiffness.
For the elastic range

[K]:[Ke]=[xge

For the crack range

0

yKe] {No interaction for biaxial bending)

(N} {Ne) T

ey T( kel 1-rke1™ ) "Ny

For the yield range

(K] L=[Ke] ™}

e} {Ney” X oyt
ey T (ke kel ) Loy vy T 1By - 1e1 ™) T )
For the fracture range

1K) =iKe) !

T
[K] = [Yield range stiffness] - T {G) {G}) 1
( [Ky]l + [Kf] )
in which {Nc} = Normal vector to the crack ellipse ;{Ny} = Normal vector to the yield

ellipse and {G] = Normal vector to the displacement ellipse.

3. COMPARISON OF ANALYTICAL RESULTS WITH EXPERIMENTAL RESULTS

One of the previous experimental results 3) 4) is picked up for examining the
proposed model. The dimension of the column specimen is 4 cm x 6 cm x 30 cm with
four D2 bars. The quadrilinear degrading stiffness for each principal direction is
obtained by the static loading E .
test of the specimen. Fig. 4 x‘p eriment
shows both the experimental and ¢=30 “Rx & §=30° “ Ry g
the analytical results of the
force—-deflection relationship of
the column at the mass point in
the both X and Y direction,
where the ground excitation is
applied at the 30 degree from
the X direction.

4. CONCLUSIONS

From the results the
followings are concluded.
1) The response model of RC  g=3¢' wRx & 9=30° wRy &
colums is extended into the “ ™
biaxial bending with the strain u

softening effects. u
2) The comparison with %\ Ux @ ? Uy
experimental results may not be 4 <3 % T s ST aa ﬂ%\’ e y’

Analysis

\

3

gatisfactory, because the
experimental technique is not
adequate enough to examine the
analytical resulis.

s 4 4
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