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/] ABSTRACT /

In this study, shaking table test was carried out to evaluate the seismic behavior and performance of low-rise reinforced concrete (RC) piloti
structures with and without retrofit. The specimens were designed considering the characteristics of existing building with pilotis such as
natural period, distribution factor of strength and stiffness between columns and core wall on the first soft story. The test for the non-retrofit
specimen showed that damage was concentrated on the stiffer member on the same floor as the core wall failed by shear fracture whereas
columns experienced slight flexural cracks. Considering the failure mode of the non-retrofit specimen, the retrofit method using steel rod
damper was presented for improving the seismic performance of piloti structures. The results of the test for retrofit specimen revealed that
the retrofit method was effective for controlling the damage as the main RC structural members were not destroyed and most of input

energy was dissipated by hysteretic behavior of the damper.
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Fig. 1. Distribution ratio of column to core wall
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(a) 1" floor plan

Fig. 2. Structural plan of prototype building

Table 1. Characteristics of prototype and specimen

(b) Upper stories plan

Shear Strength

Lateral Stiffness

Ratio . Period
(Column : Core Ratio (sec)
Wall) (Column : Core Wall)
Prototype 0.75:0.25 0.32:0.68 0.18
Specimen 0.73:0.27 0.35:0.65 0.17
3680

4100

1600

3100

2200

(a) Plan(1st floor)

Fig. 3. Specimen(Unit:mm)

Table 2. Details of section

(b) Elevation-front

Loc. Size(mm) Reinforcement Details
Column - 300x180 Long. : 8EA-D13 / Hoop : D6@200
Core | THK. 80 (Double) | Vert. : D6@150 / Horiz. : D4@100
el 2F THK. 80 (Single) | Vert. : D6@150 / Horiz. : D4@100
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Fig. 5. Retrofit specimen
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Table 3. Expected performance of specimens

Table 6. Intensity of the excitation

N" | Non—Retrofit Retrofit
Strength Core Wall 1 38.7 38.7
(kN) Damper 8 - 18.7
Total Strength(kN) 1415 287.5
Elastic Column 4 5.3 53
Stiffness Core Wall 1 39.6 39.6
(kN°mm) Damper 8 - 17.3
Total Stiffness(kN-mm) 61.1 199.2
) Flexure of )
Failure Mode Core Wall Yield of Damper

N’ : number of each member
Yield strength and elastic stiffness are values for 1 of each member.

Table 4. Characteristics of concrete

Compression Strength(MPa) Tensile Strength (MPa)

24.9 22

Table 5. Characteristics of steels

Yield Strength Sngj';fh Modulus of
(MPa) (MPa) Elasticity(MPa)
D4 362 519 1.92x10°
D6 429 636 1.94x10°
D10 385 527 1.67x10°
D13 404 505 1.76x10°
D18 441 600 2.06x10°
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Test Scale PGA Ve Non— Retrofit
Step (%) |(cm/sec®)| (cm/sec) | Retrofit
1 10 35 5.1 O O
2 50 176 25.3 O O
3 100 351 50.6 O O
4 120 421 60.7 O O
5 150 526 75.9 O O
6 180 632 91.1 - O
7 200 702 101.2 - O
8 220 772 111.3 - O
VE : equivalent velocity of input energy[12]
Steel Plate Is
Mass Concrete
(% [))
< LVDT

QO Accelerometer

Excitatiop

(> Strain Guage

Fig. 6. Set-up and measurement location
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(a) Core wall at step 5 (b) Column at step 5

Fig. 7 Damage of the non-retrofit specimen
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(b) Core wall at step 8

(d) Damper at step 8

(c) Column at step 8

Fig. 8. Damage of the retrofit specimen
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Fig. 10. Time-history of acceleration response
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Fig. 11. Peak response acceleration
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Fig. 12. Ratio of acceleration response to input excitation

Table 7. Peak response acceleration at each step

Test | Scale Non—Retrofit Retrofit
Step | (%) Loc. Acc.(g) | Ratio* | Acc.(g) Ratio*

Base 0.07 - 0.06 -
1 10 2F 0.09 1.32 0.08 1.31
RF 0.11 1.56 0.09 1.51

Base 0.25 - 0.22 -
2 50 2F 0.33 1.32 0.31 1.43
RF 0.34 1.40 0.34 1.59

Base 0.44 - 0.34 -
3 100 2F 0.62 1.40 0.71 2.07
RF 0.66 1.50 0.75 217

Base 0.47 - 0.40 -
4 120 2F 0.77 1.62 0.83 2.07
RF 0.79 1.66 0.86 214

Base 0.56 - 0.48 -
5 150 2F 0.95 1.70 0.99 2.05
RF 1.01 1.79 1.00 2.07

Base - - 0.53 -
6 180 2F - - 1.13 214
RF - - 1.16 219

Base - - 0.57 -
7 200 2F - - 1.17 2.04
RF - - 1.26 2.21

Base - - 0.60 -
8 220 2F - - 1.14 1.90
RF - - 1.18 1.96

* Amplification ratio of floor acceleration to input excitation.



Table 8. Peak response displacement and IDR at each step

Test | Scale Non—Retrofit Retrofit
| Loc. = ; . g
Step | (%) disp.(mm)| IDR (%) |disp.(mm)| IDR (%)
; 10 2F 0.88 0.04 1.73 0.08
RF 1.52 0.04 1.07 0.05
2F 4.18 0.19 10.43 0.42
2 50
RF 4.10 0.13 5.84 0.35
2F 8.12 0.36 10.01 0.45
3 100
RF 11.82 0.34 10.08 0.35
2F 11.12 0.50 11.97 0.54
4 120
RF 15.72 0.38 13.23 0.41
2F 36.21 1.62 16.57 0.74
5 150
RF 39.88 0.35 17.74 0.39
2F - - 26.24 1.17
6 180
RF - - 23.20 0.65
2F - - 36.17 1.62
7 200
RF - - 38.72 0.72
2F - - 64.93 2.91
8 220
RF - - 65.11 0.54
*IDR : Inter-story Drift Ratio
2 10
= l Non-Retrofit —Retrofit
5
5 0
K
5 - b
3 | Nl l | |
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0 10 20 30
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(b) EI-Centro NS 150% (Step 5)
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Fig. 13. Time-history of displacement response
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Table 9. Residual displacement of retrofit specimen(Unit : mm)

Excitation Damper Column

Step | Scale |Residual | Accumulated | Residual | Accumulated

(%) Residual Residual
1 10 0.00 0.0 0.07 0.07
2 50 -0.02 0.02 -0.02 0.09
3 100 0.01 0.03 -0.06 0.14
4 120 0.00 0.04 -0.12 0.27
5 150 0.06 0.10 0.09 0.36
6 180 0.41 0.51 0.20 0.56
7 200 1.43 1.94 0.44 1.00
8 220 3.26 5.20 0.72 1.71
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(b) Failure at joint

(a) Pull-out of anchor bolts

Fig. 22 Damage of joint for retrofit specimen
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