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Seismic Retrofitting for Existing R/C Buildings
Using Buckling-Restrained Tube-in-Tube Energy Dissipative Braces
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Abstract:

A New method of seismic retrofitting for existing R/C buildings is proposed by which energy dissipative braces are attached
to the building exterior. Followings are results of the experiment; (1) The method shows better damping effect. The torsional
deformation at the beam end has a large effect on the seismic performance. (2) An effective factor for local torsional

deformation is specified by identifying failure mode at the beam end. An evaluation formula for the connecting beam is verified

by the experimental result. Finally, prediction model the required strength of the braces is proposed.
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Table 1 List of member sections

Specimen Girder bending Column bending
yielding, Gb yielding, Cb
il il
Beam section
M, (kN - m) 69.6 224
0, (kN - m) 97.6 249
bXD 200 X 300 250 X 500

Top/bottom side

6-D19 (SD295)

6-D25 (SD345)

reinforcement
N N
L 3000 ) 00, Rib reinforcement D6 at 100 (SD295) D6 at 100 (SD345)
s Beam = P, (%) 0.48 038
6 e — “SHEHHFHHAT ol Column section
- ;
_ | Column =2 M, (kN - m) 217 E 139
S —| 6-D25 (SD343) - 0, (kN) 250 ] 246
s —1| D6 at 100 (SD295)
0 P2 0.08% bxD 400 X 400 350 X 350
RC base =
- - Tamige Main reinforcement 8-D22 (SD345) 6-D22 (SD345)
2 L Hoop reinforcement | D6 at 100 (SD295) D6 at 50 (SD295)
| 4000 \ 300 P,, (%) 0.32 0.55
unit: mm

Fig.2 Example of arrangement of reinforcing bars in specimen

1 384 (crevice center-to-center distance)

1 100 (length of axial yielding tube)

Crevice: ¢30 (KTC880)

Square die: ¢99.2 (SM490 equivalent)

Core die (S45C)

Stiffening tube: ¢85.0 X 5.0 (SKTM 13A)

Axial yielding tube: ¢99.2 X 4.0 (low YS steel tube)

Threaded section

Fig.3 Configuration of energy dissipative brace

M,: Ultimate bending strength, Q,: Ultimate shear strength,
b X D: Width X height
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Fig.6 Q-R relationship in respective specimens
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Fig.9 Configuration of specimen

Table 2 List of member specimens

PC18-45 PCI18-D10
200 mm X 300 mm

Specimen

RC Section
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reinforcing bars
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Table 3 Test results

Concrete strength F, = 18 N/mm?
Diameter of PC bar P17

Initial axial tensioning 100 kN

Cotter type 45 D10
Grout thickness 28 mm 18 mm

Brace

STK400
P114.3 X 8.6 /

Anchor plate

«:{> Positive side

in loading/
displacement

Specimen

Fig.10 Specimen and loading device
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Experimental value
Specimen Yield strength of Maximum strength
main reinforcement | pogitive side Negative side
(kN) (kN) (kN)
PC18-45 66.5 88.7 332.6
PC18-D10 65.2 97.0 178.8

Photo 1 Torsional deformation at beam end
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(b) PC18-D10

Fig.11 Ng-0. relationship in respective specimens
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Table 4 Comparison of torsion strength

Estimated value Experimental value
Specimen | 1 T, | T, | 6Oy | Tep | Na
(kN'm) | (kN'm) | (kN) | (kN'm) | (kN)
PC18-45 2.9 9.3 12.8 83.2 13.6 88.7
PC18-D10 | 2.9 9.2 12.6 82.3 14.9 97.0
Gb 7.7 9.1 242 157.7 30.2 196.6
Cb 7.2 25.5 64.1 417.8 31.7 206.5
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Fig.12 Concept of design
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