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Reinforced Concrete Frame Structures with Less Damage
for Large Earthquake Using Joint Strengthening by Steel Plates
(In the case using high strength steel bars)

Shuichi UEHARA*' and Yutaka MATSUMOTO™*!

Abstract
In this study,reinforced concrete frame structures that sustain only minor damage during a big earthquake are
proposed. A plastic hinge relocation mechanism using high strength steel bars is used in the structure. Two specimens of
sub-frame structure were used to study the new method. One is conventionally constructed and the other is constructed
by a new method developed by one of the authors that involves the relocation of a plastic hinge and strengthening the
beam-column joint with steel plates. Two specimens were cyclically loaded in the same way. Two specimen show the
specimen by the new method has twice the strength and twice the elastic range. Additionally, it is possible to avoid the

failure of the beam-column joints.
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Table 1 Properties of specimens

Specimens | Name of specimens Properties

No. 1 20201J1 No relocation (standard) specimen

Specimen of double horizontal strength by

No.2 2020114 plastic hinge relocation

Table 2 Mechanical propertires of specimen No.l

Material U Name of bar Yield point Tensile strength | Compressive strength | Young's modulus
arerials s¢ AMEOLBAS | iress (MPa) (MPa) (MPa) (MPa)
Re-bars of D13 378 453 1.95% 10°
columns
Re-bars of D10 361 489 1.90x 10°
beam
Stirrups D6 430 521 1.90x 107
and hoops
Steel High
strength S10 1388 1464 2.00x10°
rebars
Re-bars for D13 378 453 1.95% 10°
lap joint
Steel Checkered 350 452
plates steel plate
No. 1 20201]1 36.8 2.93x 10"
Concrete
No. 2 20201]4 36.8 2.31x10"
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Fig.1 Specimen No. 1
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Fig. 2 Specimen No. 2

Fig. 3 Steel plate in specimen No. 2
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Fig.5 Location of strain gauges in specimen No. 2
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Fig.6 Horizontal load and story deflection angle relationship
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Fig.7 Envelope of horizontal load and story deflection angle relationship
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Fig.8 Horizontal Load and strain of high strength beam bar at column face of secimen No. 2
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Fig.9 Horizontal Load and strain of normal strength beam bar D10 at HR of secimen No. 2
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(a) Specimen No. 1

(b) Specimen No. 2

Photo1 Cracks of specimens after test
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Table 3 Comparison of horizontal strength

Maximum horizontal load (kN)

Calc. (1)/ Calc. (1)/ | Observed/ | Observed/
Calc. (2) Calc. (3) Calc. (2) Calc. (3)

No. 1 144 46.3 - 53.6 3.11 - 1.16 -
No.2 220 178 92.4 105 1.23 2.38 0.59 1.13

(1)Horizontal strength of shear failure of the joint panel calculated by the equation proposed in Ref (3). 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 (=0.9a, g, d).

(3)Horizontal strength of flexural strength of beams at plastic-hinge relocated sections calculated by the conventional simple equation (=09,
0, d).

No. of
specimens | Calculated (1) | Calculated (2) | Calculated (3) | Observed
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