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A Study on Improvement of Seismic Performance of
High Strength Reinforced Concrete Interior Beam-Column Joints
using High Ductile Fiber-Reinforced Mortar

Gee-Joo Ha" and Kun-Ho Hong"™
YSchool of Architecture, Kyungil University, Kyeongsan 712-701, Korea

ABSTRACT In this study, experimental research was carried out to evaluate and improve the constructability and seismic per-
formance of high strength R/C interior beam-column joints regions, with or without the shear reinforcement, using high ductile
fiber-reinforced mortar. Six specimens of retrofitted the beam-column joint regions using high ductile fiber-reinforced mortar are
constructed and tested for their retrofit performances. Specimens designed by retrofitting the interior beam-column joint regions
(IINS series) of existing reinforced concrete building showed a stable mode of failure and an increase in load-carrying capacity
due to the enhancement of crack dispersion by fiber bridging from using new high ductile materials for retrofitting. Specimens of
IINS series, designed by the retrofitting of high ductile fiber-reinforced mortar in beam-column joint regions increased its max-
imum load carrying capacity by 96~102.8% and its energy dissipation capacity by 0.99~1.11 folds when compared to standard

specimen of SIJC with a displacement ductility of 5.

Keywords : high ductile fiber-reinforced mortar, seismic performance, interior beam-column joint, cyclic loads, shear reinforcement

7€ Z3AYE F2E TAHE =53 42 12
= Aes AR AsA7IAl =M, AAs FAH
g5 AAEHA] dethd gdel g el 9sie] A7)
o g2 FHE =93l mE TxE &4 FAYE
T2E A Aztet dHlE F 4 Aok 53], F
] Az Nzl Frhel taEo], 7ES] =93l

TEE HIIZAYE &) HAF sofual e Aotk
kA, SlA s 71E F2EIAE FRE T
B R kA F EAIZE A7 Ee] Ve F2EAYE

*Corresponding author E-mail : nmax7973@nate.com
Received October 4, 2012, Revised November 1, 2012,

Accepted November 5, 2012
(©2012 by Korea Concrete Institute

TaEe] fARY, AN L Bk, WP - BT
of thatel skt BAGANA Be HH A7} A
AR ESIE B

TaREE A% ¥ B2 7B /MY 9 AHgH
t AEAREN 4SPE BT, AN R BPY 5
of W e 42 AT Yot APYE 2 9

A AME ARe) PHURE U
=Bl )Y F7HA7

FEGAEA DG A7} F9] watohlet F
g o

lo, v
E
ot
olr
B
:11,

ik
i[rl
™
o?‘:',
2 o\
o
=
<
c
=
0
oy
ojf
rlo
>
=

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 753



A7 2= A

o] Ao E 1F HITIAYE AFE] Al
H e Az v WRe dovle wEFTEse
g o Bob VA ol SRR v FH
YL WHF BIlE HERE e Han 999
Ao §57 2 aMF SRREEEs] By
Fol WE T WY, d45d, FAFH 2 |
g Bristaat @ &, ols E4ste] 71E 3
SEAYE 729 WIT HAAE BRE, IR
& AATES 9% N1ZAEE AFEH, old wE A
=0 2Tk AN 9 Ad7ee] AR 7
ofsfaral gt

o o
jun
it
o
il
f
f
ol
ol

=
2
_0|L
Rl
N

>,

2
42
N
it

I of
L3
o iy
R

™o
M
=
™
oX,
O
o
oz
o
o
o
=
il
Mo
b off
ol
e
X,
=
ol
tlo
)

Table 1 Design parameters of test specimen

Specimen Main objectives and design parameters

SIJM | - Evaluation of structural performance ACI building
code 318M-08 and ASCE-ACI 352 recommenda-

Sue tion (monotonic loading, cyclic loading)

IINS* |-No the shear reinforcement within joint region

-No the shear reinforcement within joint region

IINS*P .. .
11 _PVA 1.0% content of joint region

INS*P - No the shear reinforcement within joint region
131 PVA 1.5% content of joint region

IINS*P, , -No the shear reinforcement within joint region

-PVA 2.0% content of joint region
S: Standard, I: Interior, J: Joint, M: Monotonic, C: Cyclic, N: No,
S*: Shear reinforcement, P: PVA
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Fig. 1 Details of test specimen (unit: mm)



Table 2 Material properties of reinforcing bar 9] UTMLO. g dursk ¢t&=71e A)F S slgomn =37
Bar size fy (MPa) o, (MPa) E; (MPa) E 45 47 e sAAel AdAded digt 3
D19 411 640 2.01x10° T%k0] 3L Table 49} 7Et}
D10 455 636 1.95x10°
223 JOIEMRPVA ST EE=
Table 3 Mix proportion of concrete o] Ao ALEE A& Fig. 29 7ol theks A
C0$E;zive wic| s Mix proportion (kg/m’) Stump jo)d ; :j A :q] :] AP Esfo] EAA, A .g';/\g, sk
e || ¢ [ w s | a |aD|@m) 3 L;f ? KAF PVA(po vinyl algohol) N REC15
& AAsHAT AHEE Ao =813l A4S Table 5
42 29.0142.9| 530 | 154 | 738 | 958 | 5.3 | 120 o UFERA u}e} 73 Wi E= Table 6*]' 7 AR %
: W= AMEZE F AT E AREHIAL 2l B
Table 4 Test result of concrete strength (unit: MPa) =7} 110 imel FHAFS AFEEFR o Agel el
Age (day) 7 14 28 BALS 9Jete] 712 EAA 7154A|(PCSP)2t A E 2=
Jfox (MPa) 30.62 34.14 45.5 Ba A7 (HPMCO)E E3A15 A8kt ZAAE 2
zelEn ge e o AgatRct.

3 o] ARA) AR Bel AR E4S wofals] 9
ke KS B 0801(F&AE 1A )l w2t A 238X x| * AEYY
A ADstel KS B 08029 B QA A
of met AL shlew A= Table 29 2t o] Ao AA HAEFH AF AdA717] # ZA
£ Fig. 33 At 3= AE3E YR 2o)s 3
222232 Fr APAE WY, 2EF THYL ol §dte] 7
ZAYEe Q74 E Al B AdE ARE 1Y g ¥ 7% shdell A4 60mm 7ES AMESt] 37
sto] v Al Hlow FAES] wigE= Table 334 HES ekl BHo| Fdole Jool 3)d v
2o 72 APAe F32E BHEA A4S E AP ¥ YAYUE= QA2 A2t
AAE ALY dSAE APE AT FAA= e ASFAYE YR BUls JEE AsE 9
KS F 24059 uw}z} ¢100><2OO mm %EE AHE-3fed 37H
o rol 2t 3% 2584 Brhdstel AFate
AN 2897HA FEFA AT 225 1000 MPa %%k
Fig. 2 Materials type of PVA fiber
Table 5 Material properties of PVA fiber Fig. 3 Test setup of test specimen
- - -
Diameter | Length Nominal Elongation |Oiling agent| oungs
(um) (mm) strength %) content (%) modulus
a (MPa) (GPa)
39 12 1,620 6 0.8 38.9
Table 6 Mix proportion of ECC
. PVA
Material | Cement | Sand | Slag | Water |PCSP| HPMC fiber
. 1.0
Weight 100 Lo [ 25 | 48 | 3 | 03 | 15
ratio (%)
2.0
Note) All number are mass ratios of cement weight, but fiber is volume
ratio. PCSP: Polycarboxylate Superplasticizer. HPMC: Hydroxypro-
pylmethyl-cellulose Fig. 4 Loading history
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Fig. 5 Load-displacement relationship of each test specimen
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Fig. 6 Crack pattern of each test specimen

Fig. 7 Calculation of stiffness

Fig. 8 Comparison of stiffness for each specimen at various
cycle
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Fig. 9 Maximum load carried by each specimen at various
displacement ductilities
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Fig. 10 Comparison of energy dissipation capacity for each
specimen at various displacement ductilities

Fig. 11 Comparison of cumulative energy dissipation capacity
for each specimen at various displacement ductilities
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Fig. 12 Comparison of cumulative energy dissipation capacity
for each specimen at various displacement ductilities
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