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/] ABSTRACT /

In this paper, the a static experiment of on two reinforced concrete (RC) frame sub-assemblages was conducted to evaluate the seismic
behaviors of existing RC frames that were not designed to support a seismic load. The specimens were a one span and actual-sized. One
of them had two columns with the same stiffness, but the other had two columns with different stiffness values. As Regarding the test
results, lots of many cracks occurred on the surfaces of the columns and beam-column joints for the two specimens, but the cover concrete
splitting hardly occurred was minimal until the test ends. In the case of the specimen with the same stiffness offor the two columns, the
flexural collapse of the left-side column occurred. However, in the case of the specimen with different stiffness values for of the two
columns, the beam-column joint finally collapsed, even though the shear strength of the joint was designed to be strong enough to support
the lateral collapse load. The nonlinear Nonlinear static analysis of the two specimens was also conducted using the uniaxial spring model,
and the analytical results successfully simulated the nonlinear behaviour of the specimens in accordance with the test results.

Key words: Reinforced concrete, Non-seismic details, Seismic behaviour, Beam-column joint
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Table 1. Structural types and numbers
Structural | Frame(1st Story? + Frame + Wall Wall 3. Jélglj“&
Type Wall(Upper Stories)
Num. of Buildg. 44 6 6
3.1 A=A THe
Table 2. Material properties
T AEAEEY A= WRAAATE 2Y =] 0141 1980 HThF-E
Yield strength (MPa) - . o e . -
Compressive strength of — 9 1990\t Zuto]] A AX = om, thrlgrt 3% ofsle] A& A2Ea
concrete (MPa) Longitudinal Transverse AEZ W 2AHZ 712 Eo|th B = HoAL o] Zo|A] EH 02 AR
reinforcement reinforcement =R R AR AEE = I Tl e S BCAS
15-24 240 or 400 240 Fig. 19| T SN A|E A AXET, Specimen dorm. A)I}F 41 ot
(tne majority was 18 or 21) (A BolsE Specimen apt. B)| ste] 215150l Hepeh Al

Table 3. Structural properties of vertical members

Columns Walls
Depth | Width Tepsne Iongltudlngl Transverse Space of transverse Axial Shear Tepsne Iong|tud|n§I Transverse
(mm) (mm) reinforcement ratio | reinforcement reinforcement (mm) stress span reinforcement ratio | reinforcement
(%) ratio (%) (MPa) ratio (%) ratio (%)
0.20 ~ 1.40 0.08~0.23 0.20 ~ 14.00 [5.00 ~ 9.00 0.40 ~ 1.00 0.25 ~1.05
400 | 400 (0.68) (0.13) larger than 300 (3.17) (6.32) (0.73) (0.55)

The values of parenthesis mean averages.
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Fig. 1. Subject buildings

(b) Specimen apt. B
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Table 4. Section properties of specimens

HIWEILME IRz 71Z2 M5 222

Specimen Dorm, A Apt. B
Members Column Beam Column Beam
: ’ 600 X 300 mm
Section (Width X Depth) 400 X 400 mm 350 X 350 mm 300 X 600 mm 250 X 450 mm
Upper part 4-D22 Upper part 3-D22
Longitudinal reinforcement 6—D16 pper P 8-D19 pper p
Lowe part 2—-D22 Lower part 2—-D22
Transverse reinforcement D10@300 D10@250 D10@250 D10@250
Steel type SD400 SD400
Axil load - - - -
Beam—column capacity ratio? 2.01 1.61(Left) / 0.86 (Right, 1.162)

*1) Beam-column capacity ratio : the ratio of maximum bending moment in beam to maximum bending moment in column at the center of beam-column joint

*2) Column-beam capacity ratio : the ratio of maximum bending moment in column to maximum bending moment in beam at the center of beam-column joint
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(b) Specimen apt. B

Fig. 2. Frame specimens (unit: mm)
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Table 5. Concrete properties

Age Compressive Tensile strength | Elastic modulus
(Day)| strength (MPa) (MPa) (MPa)
31 20.2 2.0 21,000
42 214 2.2 18,000

Table 6. Steel properties

Type Yield strength | Tensile strength | Elastic modulus
(MPa) (MPa) (MPa)
HD6 617.6 700.6 206,000
HD16 461.3 553.2 177,000
HD19 437.7 653.3 156,000
HD22 541.0 620.0 146,000
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(b) Specimen apt. B

Fig. 3. Test set-up
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Fig. 4. Loading history

Fig. 5. Strain guage locations
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Fig. 6. Crack occurrence
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(a) Specimen dorm. A (No. 4 of Fig. 5)
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(b) Specimen apt. B (No. 1 and No. 3 of Fig. 5)

Fig. 7. Relationship between lateral load and column strain
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Fig. 8. Relationship between lateral force and displacement
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(b) Specimen apt. B

Fig. 9. Damage in beam-column joint
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Table 7. Strength of beam-column joint

Specimen Vi (kN) V; (kN) s
Dorm. A 429 208 2.05
Left joint 250 157 1.59

Apt. B
Right joint 250 164 1.52

Table 8. Comparison of maximum shear force

Specimen | Calculation(kN) | Test(kN) | Test/ Calculation
Dorm. A 136.1 142.2 1.04
Apt. B 268.8 224.6 0.84
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Table 10. Coefficients of hysteresis models

Beam Column
Sprin Axial
pring Flexural Flexural
Compress | Tensile

a 0.2 0.16 0 0.5
Vi 0.001 0.001 0 0.001

Stiffness Vs - 0.001 -

é 0.7 1.0 -

Fy-Fp¥Dg-Dr) I'e 1.0 0.1 -

*7

NN @y PO, Dp) Strengh | & | - 0.05 -

degradation | , - 0.2 -

(c) Axial spring (column) Py - 0.3 -

Pinching
Fig. 11. Hysteresis models A - 0.5 -
Table 9. Structural properties of members
Beam Column
) Flexural spring Flexural spring Axial spring
Specimen
Moment (kN - m) Moment (kN - m) Axial force (kN)
Ky (E/, KN - mm?2) Ky (El, KN - mm?) Ky (EA, kN)
FC FY FC FY FY— FY+
Dorm. A 1.02 X 105 35 227 448 X 104 21 93 3.36 X 106 320 2,747
2.83 X 104 18 100
Apt. B 2.89 X 104 16 176 3.78 X 106 360 3,090
1.13 X 105 36 214

*E : elastic modulus, | : moment of inertia of area, A : section area, K, : elastic stiffness
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