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Reinforced concrete beam-column joints using steel plates

(Reinforced concrete frame structures with less damage for large earthquake
using joint strengthening by steel plates)

Shuichi UEHARA *'and Yutaka MATSUMOTO*!

Abstract

In the paper, we propose reinforced concrete frame-structures that incur only minor damage from large
earthquakes. Plastic-hinge relocation is used in such structures. We tested two specimens of sub-frame structures to
study the new method. One is constructed in the conventional way and the other is constructed using the new method,
which employs relocated plastic hinges and steel plates to strengthen the beam-column joint as proposed by one of the
authors. The two specimens were loaded cyclically in the same way. The specimen created using the new method failed
in a weld at the top of the column at deflection angle 3.5%. However, the results also show that this specimen has double
the strength of conventional specimen and that failure of the beam-column joints can be avoided with this specimen.
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Load Conventional

(1)3 direction slits
(2)Large deformation
(3)Damage of nonstructural element

Earthquake response spectrum

Test in 2014 by Fukuyama et al.
(1)Use of slit and sleeve wall
(2)Larger horizontal strength,
C0:0.4

Horizontal strength

Test in 2015 by Fukuyama et al.

| ()Use of sleeve wall, waist-high
Story  deformation \ partition wall and hanging partition
W angle | wall

(2)Larger  horizontal  strength,
Residual deformation Co=0.55

Fig.1 Damage control design method proposed by Fukuyama et al. and the method by authors
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Fig.2 Plastic hinge location to double horizontal
strength of portal frame

Fig. 3 Plastic hinge location to double horizontal
strength of multi-layer multi span frame
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Table 1 Properties of specimens

. Name of .
Specimens . Properties
specimens
No. 1 201717 3 No relocation (standard)

specimen

Specimen of double horizontal
No. 2 201917 1 strength using steel plates of
9 mm thick in the joint
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Table 2 Mechanical propertires of specimen No. 1

Yield point Tensile Compressive Young's
. Name of
Materials Use bars stress strength strength modulus
(MPa) (MPa) (MPa) (GPa)
Re-bars of D13 355 5292 _ 199
column
Steel Re-bars of D10 357 504 - 195
beam
Stirrups and ©3.2 226 355 - 206
hoops
Concrete - - - - 19.8 26.0
Table 3 Mechanical propertires of specimen No. 2
Name of Yield point Tensile Compressive Young's
Materials Use bars stress strength strength modulus
(MPa) (MPa) (MPa) (GPa)
Steel Re-bars of D13 394 561 208
column
Re-bars of D10 363 527 194
beam
Stirrups and 6 365 594 177
hoops
Steel plate t=9 371 454 - -
Concrete - - - - 34 27.8
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Fig.4 Specimen No. 1
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Fig.5 Specimen No. 2
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Fig. 6 Loading and measuring apparatus
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Loading apparatus and specimen No. 2
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(a) Specimen No. 1% (b) Specimen No. 2

Fig.7 Horizontal load and story deflection angle relationship
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Fig.8 Horizontal load and strain relationship of re-bars in beams of specimen No. 2
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Fig.9 Horizontal load and strain relationship of
re-bars in columns of specimen No. 2
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Fig. 11 Horizontal load and shear strain relationship of the joints
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(a) Specimen No. 1% (b) Specimen No. 2

Photo 2 Crack of the joints after test

Photo 3 Crack of east beam of No. 2 after test Photo4 Failure at column top of No. 2

5. EREROZEE

RIS ARHHEAER R 2R Y. CORIIRT LI, eryyar—ra r CRETEIHEmIZ LY,
ABRA No. 2 Tld, BETME LA 2 RES LTI ENRTELI LS. FIZIE FEEHEAREHEMEIL
4. 4415, HEMALE LA TIREERTRMEIX2. 80F%, KCFISEERMEI2. 026, HAME AN RIS 5225, 21,
JSAVERIZ 9mm HiRE 2 AN D Z L2 XY, BETREIIRIEIC AT, a2 B < &[RRI KA 51
EEPTETNLI LDV DRSD.



—116— i > 7 ) — b SRR AT R O FEHLICE T A W5
Table 4 Comparison of horizontal strength
No. of Maximum horizontal load (kN)
0.0
. Calc. (1)/ Calc. (1)/ | Observed/ | Observed /
specimens
D Calculated (1) | Calculated (2) | Calculated (3) | Observed Cale. ) Cale. 3) Cale. ) Cale. (3)
No. 1 92.7 57.2 - 64. 6 1.62 - 1.13 -
No. 2 411 165 117 131 2.49 3.52 0.79 1.12

(1)Horizontal strength of shear failure of the joint panel calculated by the equation proposed in Ref (4). Safety factor 1/0.85 is removed. Steel
plate is considered for specimen No. 2.

(2)Horizontal strength of flexural strength of beams at column face calculated by the conventional simple equation (=09 a:0,-d).

(3)Horizontal strength of flexural strength of beams at plastic-hinge relocated sections calculated by the conventional simple equation (=0.9
0,+d).
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