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(b)Concrete
 

Specimen

MPa % GPa MPa
No.1 28.9 0.195 30.5 1.97
No.2 30.3 0.216 28.0 2.43

Tensile
strength

Strain at
compressive

strength

Compressive
strength

Secant
modulus

(a)  Steel
Yield Young's Yield

Bar sizestrength modulus strain
MPa GPa %

*D13 336.1 180 0.187
**D10 367.8 185 0.199

Longitudinal bar in bare column D13 429.1 179 0.239
Beam longitudinal bar D13 345.6 184 0.188

Anchorage bar D10 383.2 188 0.204
Shear reinforcing bar R6 588.7 207 0.284

Steel brace flat bar 435.3 208 0.209
* : Specimen No.1 , ** : Specimen No.2

Longitudinal bar in edge column
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14
0

60

60

90

2-R6@60 Anchorage Bar
D10@60

4-D13

H-60�60�6�6
�����������

�����������

Anchorage Bar
D10@60-Single Row

Boundary Beam 3

Boundary Beam 2

Foundation Beam 1

Boundary Beam 6

Boundary Beam 5

Foundation Beam 4

Anchorage Bar
D10@60-Single Row

80
0

84
0

1000 10001000

Column 1 Column 2 Column 3 Column 4

Boundary Beam(2,3,5,6) Foundation Beam(1,4)

22
22

2222

90

14
0

2-R6@60
2-D13

2-D13

2222

22
22

90

22
0

2-D13

2-D13

2-R6@60

22 22

22
22

14
0

140

2-R6@60
3-D13

3-D13

22 22

22
22

14
0

140

2-R6@60
2-D13

2-D13

22 22

22
22

14
0

140

3-D10

3-D10

2-R6@60

Column 1 and 4 ( common)

Pt=2.38% Pt=1.42%/ pw=1.05% / pw=1.05%

Pt=1.29% / pw=0.67% Pt=1.29% Pt=0.73% / pw=0.67%

Section

/ pw=0.67%

Section

         Column 2 and 3 (Specimen No.1)          Column 2 and 3 (Specimen No.2)
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(a E<0)

(b ;<=
>)

(c �	
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�FGH��IJKL)

Oil Jack(Axial Loading)

2
15

0

1000kN

1
66

5
H

=

ìSñ _É”50

1000kN
Oil Jack(Lateral Loading)

Steel Beam
Specimen

(a) Plan view

(b) Elevation view

15001500

No.1

RC

No.2 RC

PC RC



H=1665mm

RC

!3# ./MNOPQR�ST
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No.1 0.2%

1.4% 1.0%

215kN

No.2 0.3%

1.0% 270kN

2%

��� ������������ !"	

RC ��������
 RC

No.2 RC

1% RC

75%

RC

�#� $%&'(	

��������� ���������

(1)

: RC

(2)

: RC :
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(b) Entire flexural failure
Specimen No.2

All longitudinal bars
in R/C edge column
beside a steel brace
yielded in tention.

Compression

TensionYielding of anchorage bar

R/C edge
column

Vertical steel rim
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(a) Uplift rotation failure
Specimen No.1Compression

Tension

Uplift of the base
foundation

R/C edge column

Vertical steel rim
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Entire flexural failure
Specimen No.2

Qmax=269.8kN

Entire flexural capacity
computed without restraining
effect of boundary beams

Entire flexural capacity computed with
restraining effect of boundary beams
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Uplift rotation failure
Specimen No.1

Qmax=215.0kN

Predicted capacity
(Uplift rotation)

Predicted capacity
(Entire flexure)

Occurrence of uplift of
base foundation
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(a) No.1 (b) No.2
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(a) No.1 (b) No.2
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No.1 215.0 490.1 256.9 305.1 205.1

No.2 269.8 468.3 198.0 r246.2 [*] 0.73 [**] 0.91

[*] , [**] : Computed lateral strength of Type 3 failure without or with consideration of restraining
effect by boundary beams respectively

0.95

Yielding of
diagonal chord

in brace

Type 3[*]

failure
Type 3[**]

failure

Brace base
rotation
failure

Specimen
Measured
Strength

(kN)

Computed Strength (kN) Ratio of computed
to

measured strength
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Column 1 Column 4

Axial load

lw

MBi∑

Axial load

N Tensile force in R/C
           edge columnlw

MBi∑

(a uvwxJyzfg)

(b {6|}fg)
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(3)

, :

: : :

:

: RC

���������

(4.a)

(4.b)

, : RC

:

:

:

RC

:
1665 mm

RC

No.1

No.2



198.0 kN RC

91%

�)� *+�,-./

2001

(5)

: RC : RC 0.67%

(6)

, :

, :

(7.a)

(7.b)

(8.a)

(8.b)

, :

(9.a)

(9.b)

: :

No.1 2.96 No.2 2.38

2.70 % 1.68 % ���������

���������



Positive
Loading

Negative
Loading

Positive
Loading

Negative
Loading

R 4.18% 3.36% 3.07% 3.09%

R(average)

Computed F  index

Result
R

3.77% 3.08%
Test Result

2.70% 1.68%

2.96 2.38

Specimen No.1 Specimen No.2R : Limit
Drift
Angle
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(a) No.1

(b) No.2
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Push over

R=4%

R=2%
(Second cycle)

R=2%
(First cycle)

R=1% (Second cycle)

R=1% (First cycle)
5.6kNm
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11.9kNm

No.1

3.8 % No.2 3.1 %

No.2

2%

2%

1.68 %

�0� 1234567�,

No.2

No.1
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No.1 %
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(a) Elevation of Y2 frame

(b) Plan
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Transverse beam T1

Multi-story Steel Brace 
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Longitudinal direction

Transverse 
direction

01(23242"" ��¢@OPQ�	
��

�£¤�¥

Rotation Spring
Shear Spring

Multi-Spring

Axial Spring
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Rigid Zone

Shear Spring
Axial Spring

�

�

�

	

Rigid Zone

Soil Spring

Multi-Spring
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(a) Beam ( R : Plain bar) (b) Column  ( R : Plain bar)
Ground Second Third Roof Section dimension 450 x 500

Top 4-R25 5-R22 4-R22 3-R19 Longitudinal bar 14-R25
Bottom 4-R25 4-R22 3-R22 2-R19 Hoop 2-R9@250
Section 300 x 1100 (c)Brace

Top 4-R25 5-R22 4-R22 4-R22 Section H-200 x 200
Bottom 4-R25 2-R22 2-R22 2-R22 Flange thickness 12
Section 300 x 1100 Web thickness 8

Longitudinal
direction

Transverse
direction

Floor level

300 x 600

300 x 800

RC ��

�������� MS

N-M

RC

235 MPa

21 MPa

1995 JMA Kobe

EW NS

Newmark-

5%

��� 89-AB

����������

RC RC

1.15
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«¬Uplift of the base foundation
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yielding of transverse
foundation beam  T1

Uni-lateral loading
Bi-lateral loading

��Uplift of the base foundation
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