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ABSTRACT This study was conducted to experimentally investigate the seismic retrofitting performance of non-ductile reinforced
concrete (RC) frames by introducing engineered cementitious composite (ECC) wing panel elements. Non-ductile RC frame tested in
this study were designed and detailed for gravity loads with insufficient or no consideration to lateral loads. Therefore, Non-ductile

RC frame were not satisfied on present seismic code requirements. The precast ECC wing panels were used to improve the seismic

structural performance of existing non-ductile RC frame. A series of experiments were carried out to evaluate the structural
performance of ECC wing panel elements alone a non-ductile RC frame strengthened by adding ECC panel elements. Failure pattern,
strength, stiffness and energy dissipation characteristics of specimens were evaluated based on the test results. The test results show
that both lateral strength and stiffness were significantly improved in specimen strengthened than non-ductile RC frame. It is noted
that ECC wing wall elements application on non-ductile RC frame can be effective alternative on seismic retrofit of non-ductile

building.

Keywords : Engineered Cementitious Composite (ECC), wing panel elements, non-ductile RC frame, seismic performance,

strength
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Fig. 1 Reinforcement detail and configuration of specimens
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(a) 2 side connection

Fig. 2 Connection plan of specimens
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Table 3 Mixture proportions of ECC

Table 1 Summaries of specimen

Specimen f.. (MPa) l, Xh, xt, (mm)
W250-2
EssTe— 50 25088070
W250-3
RBF 21 -
Wing | RC .
W250.3.RBF| Wall | frame Wing Wall Column
50 21 | 25088070 |200x200x<900

Table 2 Mechanical properties of PVA fiber

. . Tensile | Elastic
Density | Length | Diameter | Aspect strength |modulus

Fiber (¢g/em’)| (mm) | (pm) | ratio (MPa) | (GPa)

PVA| 130 12 39 307 1,600 40

Tensile strength(MPa)
[
©

Strain(%)

Fig. 3 Tensile strength-strain curve of ECC
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Table 4 Mechanical properties of ECC

Compression Flexure Tension
C . Strain in . Deflection at| .. . .
emef{t Compressive maximum Elastic Flexural flexural First-crack Tensile Strain at
composite|  strength compressive modulus strength strength strength strength peak
0,
(MPa) strength (%) (MPa) (mm) (MPa) (MPa) (%)
ECC 553 5.02 20,553.5 3.57 2.17 4.53 3.05
(£2.17) (£0.39) (£0.62) (£3.74) (£1.33) (£0.06) (£0.09) (£0.38)
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(a) Test setup of wing wall panel elements

Fig. 4 Test setup of specimen
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(c) RBF

Fig. 5 Crack pattern of specimens at failure
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Fig. 6 Load-displacement hysteresis curve of specimens

Ak GE S B3 W250-3-RBF A3 A9 7
354 24 KNO.Z Yegton, Huoshs Ol
A AsS eI o] dE o4 B
Lo}ﬂl 3 Zow k)

L o f
2 b

A7y 2 Hakyd w2s50-2 AdA| Hrh = 1 b}EP* : EE
st ECCol o= A st QP‘%M] UrE‘rkk%tﬂ, °]

/\L/q],e_
7“* d A 0}7} ERRETE
7% TSN <>ﬂ ZAYET} &4 o]

wAst 7“* Aets vERA Ao ket x| ECC
d o] HAkE W250-3-RBF A A 739 vl z17dA
S ZH= RBF 284 Bt 34 Ashg2 327 JeRRTh
1* Table 59 YERY S %0] W250-3RBF A& A2 %7]

il

7ol RBF AgA| Bup oF 3uf Hx A4 vebst e,
olof whe} 27| o7 Fardsto] YehslS W Ast
o] IA vehd Ao w AT T3k RS 39S A
3 240] 27) Wl Ago] WAl wet Bx v I
Me Q28] EAfo] A wAdsto] A As) gho] o &
Aoz Wk v, A 3% ol F BN A%
o7 AAAR AstEs UERH ZoR Hol did K
7ol BIURIAIE 2t el e S '
5 Hojgt Aoz weHr

546 | =232 ESE| =28 M27H A5= (2015)

Displacement (mm)

-45 -36 -27 -18 -9 0 9 18 27 36 45
500
RBF
400 - Poax = 225.17 kN
300 | Omar = 12.06 mm
—Poex = 203.74kN
200
Z
2100 - Y
=
=
= 0
E
s100 | SET AN
=]
= W250-3-RBF
200 e e e | Ponax = 354.24 kN
300 e ALY L Bpax = 1242 mm
—Po = 335.51 kN
e L s S B S B —6max = 13.68 mm
_500 1 L 1
S 4 3 -2 41 0 1 2 3 4 5
Story drift (%0)
(b) RBF and W250-3-RBF
——RBF .
| =<=w2s02 B | [y =
— || =0= w2503 -osmkl----- i
= || =o—w2503-RBF |
=
= A N S A S
2
L R S S S
o
e
? ________________________
o
w
S
[=
£l
@

-3.5 -3-25-2-15-1-050 05 1 15 2 25 3 35

Story drift (%)

Fig. 7 Cyclic stiffness degradation

Table 5 Stiffness property of all specimens

.. Stiffness at| Stiffness reduction
Initial . . s
i maximum | ratio between initial
stiffness :
(kN/mm) load and maximum load
(kKN/mm) (%)
W250-2 31.8 6.7 79.1
W250-3 64 10.4 83.7
RBF 61.1 18.7 69.5
W250-3-RBF| 185.3 28.5 84.6
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Fig. 8 Accumulated energy dissipation capacities
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