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Performance of Seismic Retrofit According to the Stiffness and

Strength Ratios of Steel Damper to Reinforced Concrete Frame

oz . oas! . olu5"
Baek, Eun Lim"* - Oh, Sang Hoon" - Lee, Sang Ho"
R AZSstat

1)Department of Architectural Engineering, Pusan National University

/] ABSTRACT /

The purpose of this study is to evaluate the effectiveness of the seismic retrofit performance for a reinforced concrete structure with steel
damper. The nonlinear static analysis of the RC frame specimens with and without retrofit using the steel damper was conducted and the
reliability of the analysis was verified by comparing the analysis and test results. Using this analysis model and method, additional
nonlinear analysis was conducted considering varying stiffness and strength ratios between RC frame and steel damper and the failure
mode of RC frame. As the result of the study, the total absorbed energy increased and the damage of RC frame was reduced as stiffness
and strength ratios increased. The seismic retrofit performance, evaluated by means of the yield strength, increasing ratio of the absorbed
energy and damage of the frame, increased linear proportionally with the increase of the strength ratio. In addition, the seismic retrofit
performance was stable for stiffness ratios larger than 4~5. The energy absorption capacity of the frame governed by shear failure was

better than that of the frame governed by flexure failure.

Key words: Reinforced Concrete Frame, Steel Damper, Seismic Retrofit Performance, Nonlinear Analysis
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(b) Retrofitted frame

(a) Steel damper system

Fig. 1. Specimens(unit:mm)
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Fig. 2. Analysis models of specimens
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Fig. 3. Hysteresis model of steel damper system
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Table 1. Properties of skeleton curve for steel damper system

Yield strength(kN)|Yield displacement(mm)|Tensil strength(kN)
201 0.468 270
2nd Stiffness

Initial stiffness 1st Stiffness degradation

(kN -mm) ratio(a) degradation ratio([3)
3.86x104 0.08 0.019
800

L
=
(=]

Load(kN)
[=]

-400

-800

Displacement(mm)

Fig. 4. Load-displacement relationship of the damper
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Fig. 5. Skeleton curve of the damper and stiffness degradation
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Fig. 6. Hysteresis models
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Table 2. Comparisons between analysis and test result

Specimen Ki(kN/mm) Py(kN) Pm(kN)

Steel damper test 96 247 487
system analysis 175(1.82) 294(1.19) 671(1.38)

Non-retrofit test 10 106 142
frame analysis 34(3.40) 125(1.18) 132(0.93)

test 148 380 494

Retrofit frame

analysis 187(1.26) 366(0.96) 566(1.15)

* The value within mark () is the ratio of analysis to test.
* Ki : initial stiffness, Py : Yield strength,
Pm : maximum strength
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Fig. 7. Load-displacement relationship

ek, 715:9] 5 AT-S QI 0|5 QgEl FAA YAt
2ol AT HYaA Qo] ukEleto] ofgt oS A
814 4tk Fig. 6] (d) 2. B 715~ B M 2ol BARH I
2ke nefsto] BAhe] 1A oA 14DD:A] Zol)uiE A
91373 *I(Rigid Zone) = ABlick. 3121¥19] 49, 9 715 ]



6.0E+04 120
£
= 3.0E+04 60
2 3
é =
E g
£ 0.0E+00 5 0
z =
=
F -30E+04 7= 60
B
g
=

6 0E+04 -120

4% 0% 2% 4%
Rotational Angle
(a) Damage of the non-retrofitted frame (b) Flexural behavior

-20

-10 0 10 20

Shear Deformation{mm)

(c) Shear behavior

Fig. 8. Damage of the non-retrofitted frame and hysteresis behavior of the column model
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Fig. 9. Crack pattern and shear behavior of the members for retrofitted frame
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Fig. 10. Structural plan of prototype and the frame to study
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Fig. 11. Frame with retrofit(unit:mm)
(* The frame governed by flexure is the same frame except spandrel walls.)
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Table 3. Details of section of RC frame

Beam
Member Column
End Center
Size 350x450 300x450 300x450
Lonaitudinal 12-HD19 Top HD19-3EA | Top HD19-2EA
g 2-HD16 Bot. HD19-2EA | Bot. HD19-3EA
Hoop | TOP/BOLHDI0@300 |, \iniheo00 | 2-HD10@300

Center HD10 @900

- 010

O]

HIZF2|E =22 ZMHEHO 28| H WHH|ol WE WHEZ ds

Table 4. Analysis variable 1 - Failure type

Failure type Spandrel wall(height)
Frame governed by shear O (800mm)
Frame governed by flexure X
Table 5. Properties of RC frames
Type hs (mm) iPy(kN) sPy(kN) sPy / Py
Shear 1425 658 673 1.02
Flexure 1025 473 594 1.26

* hs : length of shear span=effective column length/2
y : flexural yield strength, <P, : shear yield strength

Table 6. Analysis variable 2 - Stiffness ratio(Damper/Frame)

Initial stiffness of Frame governed Frame governed
non—retrofit frame by shear by flexure

(kN/mm) 181.79 70.07

Stiffness ratio of
retrofitted frame 1121 3|4]5|6|7|8]9]10
(Damper/Frame)

Table 7. Analysis variable 3 - Strength ratio(Damper/Frame)

Frame governed
by shear

Frame governed

Yield strength of by flexure

non—retrofit frame(kN)
658 473

Strength ratio of
retrofitted frame 0.110.2/0.3/04/05/0.6/0.7/0.8/09/|1.0
(Damper/Frame)
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Fig. 12. Analysis models of frame governed by shear(unit:mm)
(* The frame governed by flexure is the same frame except rigid zone.)
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Fig. 13. Cyclic loading pattern
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Fig. 14. Load-displacement relationships of the frame governed by flexure
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Fig. 15. Load-displacement relationships of the frame governed by shear
(* Drift angle is based on the frame governed by flexure.)
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Fig. 16. Yield strength ratios of the retrofitted frame to the non-
retrofitted frame
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Fig. 17. Yield displacement ratios of the damper to columns of the
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Fig. 19. Absorbed energy ratios of the RC frame to the total retro-
fitted frame
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Fig. 20. Absorbed energy ratios according to the failure type of the
frame
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