SIEXEITYR| =2E 233 1% (T3 H127%)
2019 13

ISSN 1226—525X [ elSSN 2234-1099
EESK J Earthquake Eng Vol. 23 No. 1, 43-54
https://doi.org/10.5000/EESK.2019.23.1.043

TAE EUEE AT BageAER B v

4 Aazaze gz A

12 %7 A

-

Full-Scale Shaker Testing of Non-Ductile RC Frame Structure
Retrofitted Using High-Strength Near Surface Mounted Rebars and

Carbon FRP Sheets

Mx|g" . MZ42* - Wright, Timothy R.Y
Shin, Jiuk" - Jeon, Jong-Su?* - Wright, Timothy R.?)

ISR FoEIRE S

AMOITLQY (BN, JOLECStn E2Zstn Zma(ZaHEAL YAxis Group, Solutions Consultant(PhD)

Senior Researcher(PhD), Department of Building and Urban Research, Korea Institute of Civil Engineering and Building Technology, I pssistant
Professor(PhD), Department of Civil Engineering, Andong National University, ®Solutions Consultant(PhD), Axis Group

/] ABSTRACT /

Existing reinforced concrete frame buildings designed for only gravity loads have been seismically vulnerable due to their inadequate
column detailing. The seismic vulnerabilities can be mitigated by the application of a column retrofit technique, which combines
high-strength near surface mounted bars with a fiber reinforced polymer wrapping system. This study presents the full-scale shaker testing
of a non-ductile frame structure retrofitted using the combined retrofit system. The full-scale dynamic testing was performed to measure
realistic dynamic responses and to investigate the effectiveness of the retrofit system through the comparison of the measured responses
between as-built and retrofitted test frames. Experimental results demonstrated that the retrofit system reduced the dynamic responses
without any significant damage on the columns because it improved flexural, shear and lap-splice resisting capacities. In addition, the
retrofit system contributed to changing a damage mechanism from a soft-story mechanism (column-sidesway mechanism) to a
mixed-damage mechanism, which was commonly found in reinforced concrete buildings with strong-column weak-beam system.

Key words: Full-scale shaker testing, Non-ductile reinforced concrete frame, High-strength near surface mounted bars, Fiber-reinforced

polymer wrapping system
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Fig. 4. Full-scale test specimen detail (unit: mm)

Table 1. Material properties of NSM-FRP retrofitted test frame

Material Location/rebar type |Strength (MPa)
Column 314
Concrete

Beam/slab 26.5
Test frame Column tie - D10 520

material
Steel Column rebar - D25 541
Beam rebar - D19 445
High-strength | Column NSM bar - D16 827
Retrofit steel Column NSM bar - D19 827
materials Epoxy*  |Column embedment 43.4
FRP sheet* |Column retrofit 986

* Epoxy tensile strength (Hilti HIT-RE 500 SD)
** FRP tensile strength corresponds to 0.01 ultimate strain
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Table 2. Loading sequence

Specimen type Forced Target
Hoading vibration shaker
type |\ puirt | NSM- FRP tvpe |displacement
FRP | jacket P (mm)
E-1 E-1 E-1 25
E2 E2 B2 | to40mr |
E3 E-3 E3 Centro 102
Phase 1 - -
E-4 E-4 E-4 |earthquake 152
E5 E5 E5 ® 203
E-6 E-6 None 254
S-1 S-1 S-1  |SingleSine| 102
S-2 S-2 S-2 Pulse(S) 203
Phase 2 |— 3 S3 305
ase S
None U* S4 unble 406
N Sine
None None U Pulse(S) L
U None None 610

* Ultimate loading sequence for each test frame
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Fig. 7. Sensor configuration at C22-C32 & B12-B13 (unit: mm)
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Table 3. Drift and rotation-based damage levels [25, 33]

Rotational limit (rad)

Damage level Drift limit
(%) Column Beam
Immediate Occupancy (10) =10 =< 0.005 =< 0.005
Life Safety (LS) <20 < 0.027 < 0.020
Collapse Prevention (CP) =40 = 0.034 = 0.030
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