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1 INTRODUCTION

A nuclear power reactor building consists of reinforced concrete shear 
walls which are heavily reinforced and bearing the axial stress. Some 
experimental studies related to these heavily reinforced concrete shear 
walls have been carried out in this decade and the load-deflection 
characteristics have been made clear on, but have not been quantita­
tively estimated because the experimental data are not enough.

In this paper, the authors wish to introduce the outline of this ex­
perimental study and the load-deflection characteristics by the experi­
mental and analytical studies on heavily reinforced concrete shear walls.

2 SPECIMENS AND PARAMETERS

The contents of twenty seven specimens are shown in Table 1. The speci­
mens employed in this study are the single storied and single bay shear 
walls. They consist of the shear wall of 8cm in thickness, the rectangu­
lar girder of 30cm x 30cm on the shear wall and the rectangular columns 
30cm x 30cm at the both sides of the shear wall. The span length of 
shear wall is 200cm and its height varies depending on shear span length 
ratio. The shape of typical specimen is shown in Fig. 1.

The following four parameters are employed as those will effectively 
contribute to the load-deflection characteristics of concrete shear 
walls

(1) Reinforcement ratio of shear wall ; from 0% to 2.8%
(2) Axial stress ; 0.0, 20.0 and 40.0kg/cm2
(3) Shear span length ratio ; 0.4,0.6 and 0.8
(4) Compressive strength of concrete ; 240 and 360kg/cm2

Table 1 Specimens
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3 LOADING AND MEASUREMENT SYSTEM

The loading devices are shown in Fig. 2. The computer controlled actu­
ators with servo-mechanism are applied to this experimental study. As 
the horizontal loading, the alternately cyclic loading schedule pre­
viously prepared as the files in the computer are applied. The axial 
stress is kept as the constant value uniformly distributed over the 
cross sectional area of the shear wall and columns by the actuator.

The displacements and deformations of specimens and the strains of 
reinforcing bars and of surface of concrete are automatically aquired 
and stored in the computer system.

4 RESULTS AND DISCUSSIONS

The examples of load-deflection characteristics and crack distribution 
at final stage of specimen are shown in Fig. 3 and 4, respectively.

The shear crack on shear wall occurs first at the point of around 
(0.16~ 0.48)x10“3rad. of story drifts defined as the ratio of the hori­
zontal displacement to the height. As the load or the horizontal dis­
placement increases, a number of new shear cracks on shear wall and new 
cracks due to flexure and shear on columns occur and the cracks occured 
at the previous loading grow in size. Finally, the diagonal shear com­
pression failure for poorly reinforced concrete shear walls and the 
sliding shear failure for heavily reinforced concrete shear walls occur 
as shown in Fig. 4(a) and 4(b), respectively.

VKw) 
&‘r ‘ HKW).

Reaction
g,

BSC) 
stoI

StW)

Actuator

—1

Testing floor

Actuate

Rubb r mat Actuator _ 20

Reaction 
wall

-8.0 -6.0 20

SCW)
20

HY BSIC)

-C(C)

DISP. (MM)

4.0 6.0 8.0
R (x10-3)

P=2.0% 
a 0=20kg/cm2

J N/GD-0.6

—

Q

&

Fig. 2 Loading devices Fig. 3 Load-deflection 
characteristics

Pw=0.3%, 00=20kg/cu2 ,N/QD=0.6,R=8X io-»

(a) poorly reinforced specimen (b)

Fig. 4 Crack distribution at

SSHs
P=2.0%, a 0=20kg/cu2 ,M/QD=0.6,R=8X 10-3

heavily reinforced specimen 

final stage

&

544



The effect on the maximum shear strength by the reinforcements of 
shear walls is obtained as shown in Fig. 5. This effect is expressed by 
PwGy/2 as shown by solid line in Fig. 5, in which PwCy is less than 
6.0/Fc(Fc; Compressive strength of concrete). This tendency is also 
obtained by analytical study used the non-linear finite element method 
as shown by dotted line in Fig. 5.

The effect on the maximum shear strength by axial stress is obtained 
as shown in Fig. 6. This effect is evaluated that the whole value of 
axial stress contributes to the maximum shear strength of shear walls 
without that the longitudinal bars of column and reinforcing bars of 
shear wall do not reach to yield stress. This effect is also obtained 
by the analytical study.

The tendency that the smaller shear span length ratio, the larger 
maximum shear strength, is obtained and this tendency is expressed by 
solid line as shown in Fig. 7. The inclination angle by this experi­
mental study is represented by 4M/QD(M/QD; Shear span length ratio). 
This inclination angle closely agree with them obtained by the 
analytical study.

The maximum shear strength obtained by the experimental and analytical 
studies, normalized by /Fc, is shown in Fig. 8. Comparing the results 
in dotted circles, the effect on the maximum shear strength of shear 
wall by compressive strength of concrete is evaluated by the normaliza­
tion with JFc.
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5 ESTIMATION OF THE MAXIMUM SHEAR STRENGTH

The estimation of the maximum shear strength of shear walls is assumed 
to be expressed by following equations (Chiba et al. 1935), that is, 
the maximum shear strength (du) is estimated as the sum of the shear 
capacites carried by concrete(lc) and by reinforcement of shear wall 
(Us), and the effect by axial stress(lo).

t(1) cQu = cTu • D , cTu = Tc + Is + Io

(2) I c = 2.7 JF. ( 1.9 - 1.5 M/QD )

(3) is = puOy / 2 , io = Co

in which t ; Thickness of shear wall
D ; Span length of shear wall 
puOy s 6. OFc (Pw s 2.4%)
Co = 0 A 40kg/cm2 , M/QD = 0.4 % 0.8
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be one of the available equations to 
of shear wall.

To investigate the adequacy of 
the maximum shear strength esti­
mated by eq.(1), the maximum 
shear strength( du) obtained by 
eq.(1) and the experimental study 
(elu) are compared in Fig. 9, in 
which the mark of • indicates 
the results of this study and © 
shows the results of the experi­
mental study carried out by the 
other researchers in Japan, du 
closely agree with elu and almost 
of the experimental data adopted 
in this paper are included in 
±20% of du . The average values 
and standard deviations of 
du/du are 1.04, 0.08 in this 
experimental study and 1.01,0.18 
for all data applied in this 
paper, respectively.

The eq.(1) is anticipated to 
predict the maximum shear strength
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6 LOAD-DEFLECTION CHARACTERISTICS

The shear deformations (J) at the maximum shear strength obtained by 
this experimental study are shown in Fig. 10 .and the average value and 
standard deviation of them is 4.8x1 0-3rad. , 0.6x10-3rad., respectively.

The skeleton curves on the shear deformation obtained by this experi­
mental study are shown in Fig. 11. In this figure, the skeleton curves 
are expressed as the non-dimensional ones which are normalized by the 
maximum shear strength and the shear deformations at the maximum shear 
strength, and the non-dimensional skeleton curves are modeled to the 
tri-linear type as shown by solid line in Fig. 11. The first point is 
given by the coordinate of (0.075,0.3) and the second, (0.5,0.8). The 
first point represents the point which two or three shear cracks occur 
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on heavily reinforced concrete shear walls or a diagonal shear crack on 
poorly reinforced concrete shear walls. The second point represents 
that the partial compressive failure occurs on shear walls or the ver­
tical reinforcing bar at central parts of shear walls reaches to yield 
stress. The skeleton curve obtained by this experimental study and the 
modeled one are compared in Fig. 12. This modeled skeleton curve simu­
lates the skeleton curve of the shear deformation by this experimental 
study.

The hysteresis loops for shear deformation obtained by this experi­
mental study are modeled by the following non-dimensional cubic 
equation.

(4) Y (1-B)X3+ AX2 + BX i A

in which A = 3S/8 (S; Area of hysteresis loop) 
B ; Inclination angle to Y axis

The values of S and B obtained by this experimental study are shown in 
Fig. 13 and 14, respectively. The mean value of S and B are evaluated 
as follows by method of least square and the values of S and B vary 
widely around these mean values.

<3 R series
A fc series
+ M/QD series
x F series
• R series T : shear deforestion

— Result# of Experiment 

Tri-linear Type

4.8 T (X10-’rad.) 0.075 0. 5 DS/DSMAX
2.0 4.0 6.0 8.0 10.0

Fig. 10 Shear deformations at 
the maximum shear strength

0. 2 0.4 0.6 0- 8 1.0

Fig. 11 Normalized skeleton 
curves

Pw=2.0% 
a 0=20kg/cn2
N/QD-0.6

- ------- Result

he
q 

(e
qu

iv
al

en
t d

am
pi

ng
 ra

tio
)

2.
0 

4.
0 

6.
0 

8.
0 

10
.0

 2
1 ' 

...
...

...
....

...
...

...
...

...
...

...
...

...
...

...
5

S 
(n

or
m

al
 iz

ed
 a

re
a)

0.
2 

0.
4 

0.
6 

0-
8

X 6,= o kg/om2 
O o= 20 kg/ci2 

x o,= 40 kg/em2

+ Og= 20 kg/cm2

Fc*360kg/cn2

Fc=240kg/cm?

(by method of least square)

S = 0.24 + 16.0 X 7

@r : shear def o mat ion 

; (r $ 4.8X10-3rad.)

0.2 0. 4 0. 6 0. 8 1.0
DS/DSMAX

Fig. 12 Comparison of 
skeletons by experimental 
and modeling

8. 0

Fig. 13 Relationships between h , 
S and

547



(5) S = 0.24 + 16.0 x (

(6) B = 0.60 - 76.0 x V + O.OlOo

The hysteresis loops calculated by eq. (4) and obtained by the experiment 
are compared in Fig. 15. The hysteresis loop calculated with S and B 
closely simulates the experimental one.

In this paper, the tri-linear model and the calculated loop by non- 
dimensional cubic equation are proposed as the models to estimate the 
skeleton curve and the hysteresis loop, respectively.
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in this study and the many effective results related to the load­
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