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Economic Analysis of a 5-Story RC OMRF Retrofitted

with Modified Epoxy Mortar for Improving Seismic Performance
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Abstract

As a reinforcement material for RC members, the modified epoxy mortar has been reported one of the superior
materials since the material can improve the load capacity and the seismic performance of the RC members. However,
there were few experimental studies and analytical research for improving seismic performance with the material. This
study is to propose an effective reinforcement plan for RC Ordinary Moment Resisting Frame (OMRF) with the
evaluation of seismic performance and economic analysis. For the objective, first, the load-deflection curve of a simple
beam specimen was compared with the analytical results. Second, a 5-story RC OMRF structure was designed only for
gravity load and the alternatives for seismic reinforcement were suggested. Third, pushover analysis was executed for
evaluation of design coefficients and seismic performance of the structures. Finally, an effective reinforcement plan was
suggested based on the results of quantity take-off and economic analysis. The findings of this study can be utilized
as the basic data when the modified epoxy mortar is applied to practice for improving the seismic performance of RC

members.
Keywords : modified epoxy mortar, seismic performance, quantity take-off, reinforced concrete, moment resisting frame
1.4 & A1), 2T oAM= Ee] digsl, g3l o
o} Fuapane) T Ea of@st 24 ek, 59, A%
1.1 47| Hid ¥ SH R B 2E0] diREs AP gl AdEaNE
272 234 EQE gix)H 58 A2 :,L}_%g lﬂ TRES ZTAYETE Q| efskar AR Addo] 3l
A tist Za4o] t=ET 9lon] A, o} Alzte] Aol wet s A T of#|7} qle
; A SN0 o1 2 nl 3 T~
WEp) Sol YamEe AVlE AME Sl pob  TE WU MIE SR 6 0 0 A} B
o] Za4o] mElEA R 19979 “AdEeame O
of Tt EWFS AHslo] HAZel gxmeg «)  CIPRE TERS] R 5 RS AR ) Hes] 4
AA SHTS aEste] TS Agshd @3l 2=
33 JBE oI S & S glons SEs
Received : December 19, 2013 = N, - gl o Adels
Revision received : February 4, 2014 s olg SHE 1Y 01'021 a9 S /‘?__“lo]-oz]ol:
Accepted : February 5, 2014 )
* Corresponding author : Son, Kiyoung _ 5 - =
2] &AL E JLzHOo Al "H7F A2 0 015
[Tel: 82-52-259-2788, E-mail: sky9852111 @ulsan.ac.kr] A = _:[L E_ e REY s S
(©2014 The Korea Institute of Building Construction, All =N 7§Zﬂ/\6] 5 = 1‘3:13]@] @_@P_,‘?,_X]’ AELngP X];%LO] %i%

rights reserved.

207



Economic Analysis of a 5-Story RC OMRF Retrofitted with Modified Epoxy Mortar for Improving Seismic Performance

H57H) B8, 27145 ogoRe] AN, A% Bo= W

Uhro] B4 W M7 £22 AR B 2% o] @
o
o

T
o
Lz
2
;V‘.:
ol
% o
o
o[N
[‘
i)
)
ol
N

AFORY A & R OR 2ol *l*‘ﬂ*oﬂh 7
hE7} S GET SamT), ARIEA] ARENE
2 HANES A, TS AEA BFAMEFAAS), 7ol ANt ved g4 9 4] F=elid =
FAA AREACEEARTA], AFAARA) S0l ATt RS B8] FALHSAE UARE F EAR|]
[2]. o] T WAQolIFA] B2 B2 2Ie|E o Y mel e A At 7= 7S wetste] Uil
2o A Aud o] el A2 e AT WA, AR wE 2 dijh 2 2
FE 20| B, 7| 7|3l et HAREo 2 o) AbEstol SARDIE vl 9 24 4’5; & 8= Y
© A=oltH3]. o] WAoIFA] 2= of 1992d% RESSIEA A Ago] et HARke AARH
sUfell A7) AlFFsie] of @Rl AREAL Lot & dolre wilidsel J&EP% KBC2009 A
o2 Almel] Blste] 17ke) AjmoiA ddx o= A Elaot 374]’\ /\1*5“5—3’470*1:-—74]—’?, RSEATE
A dE] ARERE Hoal Qe AAoltH4l.
HAJo|ZA] HE2HZE 7|53 BE B7J5 42 ohHyd
ol & Amoll wiaf FHES 8 T W= F 2. WAAFA R2E AESA
Fele AeR A A5, 6] HalEal glot avt
9] XHEH]E Qs RA/ollEA] HEEE WRIEA) X}XHEH HAJO|EZA] REEE L2R7} AR ZIEE Baje}
498 S S MR AR AS ARE A0 oale) ARe) el et o
1:‘r. °l°ﬂ Aol EEEARE 219 lﬁﬁ*ék B 2 oaesoe] obdALS urslal & glon 3] K7} o
dE fiste] RUAIEAl BEEE B8t BARE AR o)o) Agtuzpol} ofEETt ALow obgA Ao
HE YRV AAVdS st Add Wids B ssictm maslw oo3), o)l tiet AEom B oy
YRS ABRIA A}, 2 Are) Bk T o A o wigo|EA] maEe QREAL 3RlE] o
a4 %‘01]*1 oA HEE BARHOR WANAS  gsize] gist g2, B QAT S8 Hads)
AT B 7|zARRA 2gE Aole} idiEr,

O,

o

(AR
ox

c

O

By
oS
O
i

d

e

?9,

t}, AEATE= Table 13} %_lth
Aol e HAoHA] K2 A= 714
1.2 giqo| uhy 3 W9 A ] Y=Awo] AL oF suiE Uelith eHdAS
B kil o ZF FAIA 37]H Strain Gage (60mm)E -
/doﬂ:‘%_/\] E‘Hi EZ}]_ B0l XHE FASHHEE 150 gkgg A&staon Avk= 1,680 sfgE i,
2} b

1o
o,
_1

N

o
an
=}
=
w
=
=

n
=1

=]
P
=
=

Stress{MPa)
@
Stress(lVIPa)
5
Moment(kN-m)
g

Fiber model

——Hognestad model

o
=}
=)
=
=

= = 3-linear model

----- Hoshikuma model(psh : 1%)

o
o
=1

0 0.005 001 0.015 0 0.02 0.04 006 0.08 0 0.02 0.04 0.06 0.0€
Strain Strain Curvature{rad/m)

(a) Concrete (b) Reinforcement (c) Bending moment-curvature
Figure 1. Stress-strain and moment-curvature curve

208



Table 1. Comparison between a control specimen and the
specimen with modified epoxy mortar

Without With modified
Test conducted l\/Iodlfled epoxy epoxy mortar
specimen
Compressive strength
(MPa) / Age(Day) 238 | 27 1,253/3 1,191/7
Elast|c modulus
(10°MPa) 144.112 240.243
Strain 0.005 0.014
Flexural strength(MPa) 30 273.13
Tensile strength(MPa) 20 115.51
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Table 2. Test parameters

Design details Content
Seismic zone 1(Site coefficient A=0,22)
Soil profile type Sp
Seismic use group | Rating (Importance factor le=1,2)

Response modification coefficient R = 3
System over-strength factors Qo = 3

Displacement amplification _
Factors Cd =25

Fundamental vibration period  7a = C,h%* ; RCMRF(Cy, = 0.073
Building height, width 5 Floor : 20m, Width : 6mx19.8m
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Table 3. Building outline

’ o Korean Building Code-Structural (2009)
Design guideline Korea Concrete Institute (2007)
No. of _
stories 5-Story
o Height of
Bolﬂ{ﬁ;]neg eacr? floor 4m
Type Office building
Construction '
material Reinforced concrete
Strenath Concrete Fa=24MPa
J Reinforcement F,=400MPa
I €@ @ © ©® €
&
O
[
S)
Figure 3. Simulated floor plan
Table 4. Results of structural design
Type Story  Location Dimensions(mm)  Reinforcement
top 6-D19
Gt bot 2-D19
; 2 b oS
eam _ " -
(end) 1-5F - 300+600 1op 4-D19
bot 2-D19
top 2-D19
G4 bot 2-D19
1F 16-D19
2-5F cl 500-500 10-D19
1-4F 6-D19
Column 5F c2 400+400 8-D19
1-5F C2a 400+400 6-D19
1-5F C3 400+400 6-D19
4.3 2Zuy
2 SAtollAs HAISA] 2R = HAE AdEe
E 2B WSS Selskn AANS s 9
3 HIFAIE ik ookl e tisto] xsl4]
< astelch ik 8 PARRS chaat 2ekFigure
4 2=2),



1) ek 19] - o 7159hs B3It
) det 2% SpEze) /15 9 wE .
3) it 39 A% e BE BE HARI

E

4
b}

) et 4= HAE B3kt
) T’ b= 72 A FE, B 3TN BAks

zo

Alternative 1

Nonseismic
Alternative 2 Alternative 3
Alternative 4 Alternative 5

Figure 4. Alternative plans for floor

bste] HAFSEA] d9kar B ?—3%
BN LHE 50mmE B7J5FH 0

2L ZolE) o] o =

2= T
50mmi nislgon 7ls £
28 2712 wiEslel Bt

200mm {P@—E Al 53 'r‘:L d
FUAle

Q]
E
o Ko |
E’_
kel
o

Aol SlAelo] e

i

=

KBC2009|4= & 55712 ARIEAZIA|Al0R B
kL glow AagrEe tofel AA RSl AAHe]

211

AL}, Al B, AlLEl R Al
FeFArE FE e WrldA A Ageke A
AAe T2 Wildsel vy 2 %= ”li“’%
B Are FE BIUREA S A S
sop7] flsiA = wEdrsel e ouAl S
g uHste] AAsEE *WO}iEﬂ o= Aleol
oh AlXglzapeAlae] 79 YAl Holshke of
2 8as AARP} 2ZetA7le Hret a0l '@
A o] & ERIsle Aleoldt. e, MSFAS
© 38 A T AAREE tigt 7hsdol e el
HAE s ffal MtE SFA e Aol & <
TollMle 719 AAAE B3] Wilids= B7Tel
ATHI]. Table 5= KBC20099|4 AAIRE AIEFE
T E AT RAIAR ] AAASE YR,

kel

Table 5. Design coefficients for RC MRF

Design factor
Ressing Sysem  Response  Syslem - Displacement
factors (R) factors (Q,) factors ( C,)
Nt T
it R R
RC Ordinary 3 3 25

Moment Frame
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Table 6 Design coefficients for alternatives

Response System Displacement
Load Type modification over-strength amplification

factors (R) factors ( Q) factors ( C,)
Nonseismic 1.29 0.832 1.553
Alternative 1 1.41 0917 1.533
Alternative 2 1.93 1.060 1.819
Alternative 3 3.27 1.352 2.415
Alternative 4 3.81 1.506 2.528
Alternative 5 3.38 1.453 2.325

Yok 19] A5 HlR7} AEE} niRR AlAez
IAEAGTL 0.917% AAZE wrt WA ek, of
oF 2] 79 WkE4AGTL 1,930 HAF Wl
7] ik, ook 39] A9 WeSAAKT} 3,277 A
oedeE nERHETE) AR S RAXE 7]
5 s3] ANE} Wasle] 7% AN w9
slodr}, Tiek 59] 79 ukSGgA} 3,385 ot 33}
GARE A5e mat

h 8y

\Seye)
o=

6. AAA A

al
=

6.1 CHotE SgitE ¥ HluW

6.1.1 EF4E Az}

& Ao AlMlsks B R Vs AP

212

2 7Kg 9] AR AT AL ol§3
BE A olm ol/ol WA ofel ute} A5
PPERAL, HOFBAY, HEFAL HH,
AL ALt S0 WABHUE AN, 5, 17 A

h8Y

, SHET 5O HpEle2 =%l

Q]

-

o
)
ﬁ{
i
HTl
)
il
_td
e
i
flo
2

AQlake AR TS T
o), 7} oielelA] B 9l ) wgRa ds
ube WRS7], Aoz oA X, Ao 9 A,
AFA AR 8 AN, AAeIEA B R el

ol

=
AP E,
—1 Surface treatment
Column | | |Reinforced chemical
reinforcement anchor installation
Alternative L (F%De1igf%r1c§)ment installation
Beam
reinforcement% Formwork
|| Modified epoxy mortar
placement

Figure 6. Detailed plan for calculating construction cost

6.1.2 2RS4 EFAE
H o Lo|A= Table 72
=okett, 71s HAke] He+=

o, ®ARS E E%e At

’

A 500 X 500mm 7|



Table 7. Results of quantity take—off

Table 9. Total quantity take-off

Reinforce ' _ Total
ment part Work Quantity take—off quantity
Surface treatment 0.5mx4sidex4m 8m?
Reinforced 20
chemical anchor 1spot 10eax(upper, lower) spot
(HD19x100mm) P
Reinf HD19 4.2mx2.25kg=9.45kg x10spot
Column 1einforce - (Main) =94.5kg xLoss20% 106.14ke

1.65mx2eax21spot=69.3mx
0.995kg=68.95kg xL0ss20%

9/;5m x4sidex4m=8m?x0ss20 9.6m?

(0.6%0.05%4m)x2side=0.24m?>

men
(500300 jtaliation HD13
mm) (Sub)

Formwork
(One time use)

Modified epoxy

mortar placement (0.5x0.05x4m)x2Point=0.2m? 0.528m?*
(50mm Reinforced)= 0.44m*xL0ss20%
Surface treatment (0.6+0.3+0.6)x7.2m 10.8m?
Reinforced 12
chemical anchor 1spot 6eax2(both sides) spot
(HD19x100mm) P
) HD19 7.4mx2.25kg=16.65kg x6spot
Beam Heinforce  (Main) =99.9kexloss20%
t 197 .24kg
(7,200 instaliation HD13  1.8mx36Spot=64.8mx=0.995ke
mm) (Sub) =64.47kg xl0ss20%
Formwork (0.6+0.3+0.6)x7.2m 12.96m?
(One time use) =10.8m?xl0ss20% .
Modified epoxy (0.65x0.05x7.2m)x2side
mortar placement =0.468m? (0.3x0.05x7.2m) 0.69m?
(50mm Reinforced)=0.108m*x10ss20%
Surface treatment (0.6+0.3+0.6)x6,6m 9.9m?
Reinforced 12
chemical anchor 1spot 6eax2(Both sides) spot
(HD19x100mm) P
) HD19 6.6mx2.25kg=14.85kgx6spot
Beam Rerche (Main) =89. 1kgxL0ss20% 77 84k
(6,600 jstaimiion HD13 1.8mx33spot=50.4mx0.995ke= =~ O
mm) (Sub) 59.103kg xL0ss20%
Formwork (0.6+0.3+0.6)x6.6m=9.9m* 11.88m?
(One time use) xLoss20% .
Modified epoxy (0.65x0.05x6.6M)x2side
mortar placement =0.429m*(0.3x0.05%6.6M) 0.63m?

(50mm Reinforced) =0.099m*xL0ss20%
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Table 8. Reinforcement range

Alternative (spot)

Alternative
Reinforcement quantity
1 2 3 4 5
Surface treatment (m?) 640 1477 2611 2931 2,142
Reinforcem(tegg) installation 1569 3088 5142 5926 4497
Reinforced chemical 1600 2560 3880 4680 3,768

anchor (spot)

Formwork (m?) 768 17724 3,133.2 3517.2 25711

Modified epoxy mortar

placement (m?) 189.5

4224 95,808 168.38 139.04

6.2 SAHH| M
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H]E ARaR), QKR TS Figure 73t Zo] 4]
R I AN T = s

Standard gquantity
per unit method

Surface treatment 20,409 won/m?

Reinforced

chemical anchor 17,161 won/spot

Reinforcement

Reinforcement -
installation(D19,D13)

Beam, Column

1,067,272 won/ton

Formwork 96,543 won/m?

Modified epoxy

[ 3
mortar placement 9,075,904 won/m

Figure 7. Construction costs of work
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Table 10. Construction costs of alternatives

Alternative
Work 1 2 3 4 5
Total
quantity (m?) 640 1,477 2,611 2,931 2,142
Surface  Unit cost
treatment  (1,000won) 20.41 20.41 20.41 20.41 20.41
Total cost
(1,000won) 13,061 30,144 53289 59,818 43,728
Total
) quantity 1,600 2560 3,830 4680 3,768
Reinforce (spot)
. Unit cost
chemical 17.16 17.16 17.16 17.16 17.16
anchor EIJOtO(I)WOH)t
otal cos
(1000won) 27,457 43932 66,584 80,313 64,662
Total

. quantity (ton) 1569 3089 5142 5927 4497
Reinforce Unit cost

ment (1000won) 1,067 1,067 1,067 1,067 1,067

work won

Total cost
(1000won) 16,745 32,965 54,880 63252 47,999
Total
quantity (m?) 768 1,772 3,133 3517 2571
Form Unit cost
work (1000won) 9654 9654 9654 9654  96.54
Total cost
(1000won) 74,145 171,112 302,488 339,561 248,223
Total

Modified Quantity (m?) 42 95 168 189 139

epoxy Unit cost

mortar  (1000won) 9075 9075 9075 9,075 9,075
placement Toal cost

(1000won) 383,369 869,550 1,528,2121,719,8971,261,923
Reinforcement
Total (1000won) 514,778 1,147,7052,005,4552,262,8431,666,537
Cost ratio  22.75% 50.52% 88.62% 100% 73.64%
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