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A Study on the Improvement of Member Evaluation Method in the Condition
Evaluation of Reinforced Concrete Buildings

Hye-Sung Woo', Waon-Ho Yi*, Kyung-Ran Hwang3, Kwan-Hyeong Lee’

Abstract: Type 1 and type 2 buildings must regularly conduct precise safety inspections and precise safety diagnosis for the safety and maintenance
of facilities, and the safety grade of the building is determined according to the results of the implementation. In addition, the cycle of inspection and
diagnosis is determined according to the safety grade of the building. In order to determine the safety grade of the building, a precise safety inspection
conducts condition evaluation, and a precise safety diagnosis conducts condition evaluation and safety evaluation. Therefore, since the inspection and
diagnosis cycle is determined according to the safety grade of the building, the condition evaluation and safety evaluation must be precise. However,
in the case of member unit evaluation, which is the first step in evaluating the current condition, the evaluation grade is determined by using the
representative value of the measurement result, and this may result in an error in the evaluation grade. To solve this problem, this study analyzed
evaluation criteria for each evaluation item and presented evaluation criteria using inequalities to respond to measurement results and evaluation scores.
In addition, we present a functional formula that can reflect performance scores for each evaluation item.
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Table 1 Judgment procedure for condition evaluation(KISTEC,2019)

Evaluation

Evaluation Method
stage

© Evaluation points are given for members according to
the degree of defects
o Reflects the importance of evaluation items for

Mil::i?er individual members
O The result is determined after synthesizing the
evaluation scores for each evaluation item by member
unit (wall, column, beam, slab, etc.)
© Considering the importance of each evaluation item
Floor unit  and member, the result is judged by synthesizing the

evaluation scores for each floor

Building © Considering the above steps 1 and 2 and the importance
Condition  of each floor, the result is determined by synthesizing
Evaluation the evaluation scores of the entire building

| Condition evaluation |
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Table 2 Method for calculating status evaluation results and scores for
each item(KISTEC,2019)

Evaluation .
. Evaluation Method
item
© Member evaluation score : the average value of the
Concrete .
measurement result of the unit member
strength )
(DS) © Member representative value : Average value for the
entire measurement member
© Member evaluation score : Average value of the
evaluation score corresponding to the crack width
Concrete and area ratio investigated for unit members

crack © Member representative value : Average value of the

(CR) evaluation score of defective and damaged members
for the minimum range of members subject to
evaluation, including defects and damaged members

© Member evaluation score: the average value of the

Concrete .
. measurement result of the unit member
carbonation .
(CA) © Member representative value: Average value for the
entire measurement member
. © Member evaluation score: the average value of the
Chloride .
measurement result of the unit member
content .
L) © Member representative value: Average value for the
entire measurement member
© Member evaluation score: the average value of the
Rebar .
. measurement result of the unit member
corrosion .
(CO) © Member representative value: Average value for the
entire measurement member
© Member evaluation score : Average value of the
evaluation score corresponding to the crack width
and area ratio investigated for unit members
Surface  © Item Evaluation Score : Average value of the
damage evaluation score of defective and damaged members

(SD) for the minimum range of members subject to
evaluation, including defects and damaged members
© Member representative value: The lowest value of the
item evaluation score
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Table 3 Condition evaluation criteria for concrete carbonation
(KISTEC, 2019)

Evaluation Score

Evaluation criteria Evaluation contents

(R.V)*#*
a Ct* < 0.25D** 1
b 0.25D<Ct = 0.5D 3
c 0.5D<Ct < 0.75D 5
d 0.75D<Ct <D 7
e D<Ct 9

* Ct : Concrete carbonation depth(cm)
** D : Concrete coverage(cm)
*** R.V : Representative value

Table 4 Comparison of evaluation score results for concrete
carbornatiion

Evaluation Score

Division
Representative value  Proportion value
Measurement result 1 3 24
Measurement result 2 5 4.8
Average 4 3.6
judgment grade c b

Table 5 Condition evaluation criteria for concrete strength and cracks
(KISTEC, 2019)
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Table 6 Condition evaluation criteria for concrete carbonation and
chloride content(KISTEC, 2019)

Evaluation contents

Evaluation C Evaluation Score
criteria oncre'Fe Chloride content R.V)
carbonation

<

a Ct* < 0.25D**  cL*** < (.15 0 _(Ei)s <2
<

b 025D<Ct=05D0.I5<cl <03 2 g)s <4
<

¢ 05D<Ct=075D 03<cL < 06 *+° (F;)S <6
<

d 0.75D<Ct<D 0.6<cL < 1.2 6—257')S<8

8<ES=10
e D<Ct 1.2<cL
(O]

* Ct : Concrete carbonation depth(cm)
** D : Concrete coverage(cm)
*#**cL : Chloride content(kg/m’)

Table 7 Condition evaluation criteria for concrete rebar corrosion and
scaling depth(KISTEC, 2019)

Evaluation Evaluation contents Evaluation Score Evaluation Evaluation contents Evaluation Score
criteria. Concrete strength  Concrete crack R.V) criteria  Rebar corrosion  Scaling depth R.V)
< <
a 100% < a Cw<0.1 0=ES<2 a E*>0 sc*F =0 0=ES<2
(D (D
100% < q 2 <ES<4 2 <ES<4
< . 200<E< <sc<0.
b (Minor damage) 0.1 =Cw<0.2 3) b 200<E=0 0<sc<0.5 3)
< <
c 85% = a,<100% 0.2 = Cw<0.3 4= (E;)S <6 c -350<E=-200 05=<sc<1.0 4= (E;)S <6
< <
d 0% <a<85% 03<Cw<05 ©°= (E7)S <8 d S00<E<-350 1.0 <sc<25 0= (E7)S <8
< < < <
e a. <70% 0.5 <Cw 8 _E(.9S)_ 10 e E=<-500 25 <sc 8 _Eéés)_ 10

* q, = (measured strength + design criterion strength)x100%
** Cw = Concrete crack(Imm)

* E : Rebar corrosion(mV)
** sc : Scaling depth(mm)
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Table 8 Condition evaluation criteria for concrete spalling
/delamination and rebar exposure(KISTEC, 2019)

Evaluation contents

Evaluation - Evaluation Score
criteria Sp al.llng./ Rebar exposure RV)
Delamination
<ES<
a sd*=0 ra** =0 0=ES=<2
1
<ES<
b 0<sd<15 0<ra<1.0% 2=ES<4
3)
<ES<
c 15 <sd<20 1.0 <ra<3.0% 4 F’S)S 6
<ES<
d 20 <sd<25 3.0 <ra<5.0% 6 357)8 8
25 <sd
< <
e (or Loss of coarse 5.0% <ra 8= E(QS) =10
aggregate)
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Table 10 Assume the minimum lower limit and maximum upper limit
for each condition evaluation item

* sd : Spalling/Delamination(mi)
** ra : Rebar exposure(%)

Table 9 Condition evaluation criteria for concrete leakage and
efflorescence(KISTEC, 2019)

Evaluation Evaluation contents Evaluation Score
criteria leakage and efflorescence RV)
<ES<
a No leakage and efflorescence 0 FDS 2
Mlnlor lea{qng‘traces when the leaked ) <ES<4
b area is dry’ or ‘Less than 5% area rate 3)
of efflorescence’
Significant leak'age' trace,s when the 4<ES<6
c leakage site is wet’ or )
5%=area rate of efflorescencesce<10%
Leakage progress can be observed, 6<ES<$
d 10% <area rate of )
efflorescencesce<20%
. ‘Leakage in progress’ or ‘More than 8 < E.S < 10
20% of the area rate of efflorescence’ ©)

Minimun lower
limit value

Maximum upper

Evaluation item ..
limit value

Concrete strength 0 150 %
Concrete crack 0 1.0 mm
Concrete carbonation 0 1.25cm
Chloride content 0 2.4 kg/m’
leakage and efflorescence 0 40 %
Rebar exposure 0 10 %
Spalling / Delamination 0 30 mm
Scaling depth 0 30 mm
Rebar corrosion -650 200 mV

* Qut of the minmum and maximum values, the score is 0 or 10

Table 11 Establishment of condition evaluation criteria for concrete
strength and cracks

Evaluation Evaluation contents )
. Evaluation Score
criteria  Concrete strength ~ Concrete crack

a 100% <a. < 150% 0 <Cw<0.1 0 <ES<2

b 92.5% <a.<100% 0.1 <Cw<02 2=<ES<4

c 85% <, <925% 02=Cw<03 4=<ES<6
d 70% < 0. <85% 03 <Cw<0.5 6<ES<S8
e 0% <a.<70% 05<Cw=10 8=<ES=<I0

88 FRARZESIICLS X| 2| R5tE =27 M 253 H3F(2021. 6)



Table 12 Establishment of condition evaluation criteria for concrete
carbonation and chloride content

Evaluation contents

Eva'luat'ion Concrete Evaluation Score
criteria carbonation Chloride content
a 0D=Ct=<025D 0=<cL =0.15 0=<ES<2
b 0.25D<Ct<0.5D 0.15<cL < 03 2=<ES<4
c 0.5D<Ct=0.75D 03<cL = 0.6 4=<ES<6
d 0.75D<Ct<1.0D 0.6<cL =12 6 =<ES<8

e 1.0D<Ct=1.25D 12<cL =24 8=ES=10

Table 13 Establishment of condition evaluation criteria for concrete
rebar corrosion and scaling depth

Evaluation Evaluation contents .
. - - Evaluation Score
criteria Rebar corrosion  Scaling depth
a 0<E=200 0 <sc<0.25 0<ES<2
b -200<E=0 0.25 <s¢<0.5 2 <ES<4
c -350<E<-200 0.5 <sc<1.0 4 <ES<6
d -500<E<-350 1.0 <sc<25 6 <ES<8
€ -650<E=<-500 25 <sc =30 §<ES=10
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Table 16 Condition evaluation function for concrete strength and
cracks

Table 14 Establishment of condition evaluation criteria for concrete Performance
. o Concrete strength Concrete crack
spalling /delamination and rebar exposure score
; 100% <ac= 150% 0 <cw<0.1
Evaluation contents a 0=Pn<2 _ _
Evaluation . p, =—0.04m,, +6 p, =20m,
.. Spalling/ Evaluation Score
criteria Delamination Rebar exposure b > <Pned 92.5% <ac< 100% 0.1 <cw<0.2
= P, =—0.2667m,_+28.667 p, =20m,,
a 0<sd<7 0 <ra<0.5% 0 <ES<2
’ _ 85% < ac < 92.5% 02 <cw<03
b 7<sd<15 05=<ra<l.0% 2<ES<4 ¢ A6 0266Tm, +28.667  p, =2m,,
c 15<sd<20 1.0=<ra<3.0% 4<ES<6 ‘ 6=pncs 70% < ac < 85% 03 < cw<05
d 20 <sd <25 3.0 =ra<5.0% 6 <E.S<8 = =—0.1333m,, +17.333 p, =10m,, +3
e 25<sd=<30 50=<ra<10% 8=<ES<10 0% < ac <70% 05<cw=1.0
e &=Pn=10
p, =—0.0286m,,,. + 10 p, =4m,, +6

Table 15 Establishment of condition evaluation criteria for concrete
leakage and efflorescence

Evaluation Evaluation contents Evaluation
criteria leakage and efflorescence Score
a 0 <1Iw<2.5% 0 <ES<2
b 25 =1w<5% 2 <ES<4
c 5 < 1lw<10% 4 <ES<6
d 10 < 1w <20% 6 <ES<8
e 20 < Iw < 40% 8§<ES <10

0 4=

=
|

ac CW

= o oo
I

Performance score

(=
|

Performance score

[=]
(=1

0 20 40 60 80 100 120 140 0 02 04 06 08 1
Measurement value(ac) Measurement vahie(cw)

Fig. 2 Condition evaluation function graph for concrete strength and cracks
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Table 17 Condition evaluation function for concrete carbonation and

chloride content

Table 19 Condition evaluation function for spalling /delamination and
rebar exposure

E.C Performance score Spalling/Delamination Rebar exposure

E.C Performance Concrete carbonation Chloride content
score
0D =< Ct =<0.25D 0<cL = 0.15
<
a  0=Pn<2 p, =8m, p, =13.333m,,
0.25D<Ct = 0.5D 0.15<cL = 03
<
b 2=Pn<4 p, =8m,, p, =13.333m,,
< < 3 < < 0.
. 4<Pr<t 0.5D<Ct <0.75D 03<cL = 0.6
p, =3my, p, = 6.6667m  +2
0.75D<Ct < 1.0D 06<cL < 12
<
d  6=Pn<3 p, =8m, P, =3.3333m,, +4
1.0D<Ct < 1.25D 12<cL < 24
<pn<
¢ 8=Pn=I10 p, =8m, p, = 1.6667m,, +6

Cvma pog dswn
° 2=t P, ZOSQE)S:; 150.25 " ; 342;0%
T
d 6= Pn<8 piojlzi <d %52 31;52 r:: i.(?)’%
e 8=Pn<10 25<sd =30 50=ra=10%

b, = 0'4msd -2

p, =0.4m,, +6

Table 18 Condition evaluation function for rebar corrosion and scaling depth

E.C Performance Rebar corrosion Scaling depth
score
0<E=<200 0 <sc<0.25
<
a  0=Pn<2 p, =—0.01m, +2 p, =8m,,
-200<E=<0 0.25 <s¢<0.5
<
b 2=Pn<4 p, =—0.01m, +2 p, =8m,,
-350<E=-200 0.5 <sc<1.0
<
¢ ASPNSe o G0133m, 413333 p, —dm, +2
-500<E=-350 1.0 <sc<25
d  6<Pn<g = se
p, =—0.0133m, +1.3333 p, = 0.0833m,, +5.9167
4650 <E<-500 25 < 'sc < 30
< <
e 8=Pn=10 G 0i33m, £13333  p, = 04m, 2

=)
=]

ct

o
Performance score
= o =

Performance score
E -
2

(%)

o+
0 03 06 09 1215 18 21 2.4

Measurement vahe(cl)

=]

o 0.25 0.5 0.75 1 1.25
Measurement vahe(Ct)

Fig. 3 Condition evaluation function graph for concrete carbonation
and chloride content

10 10
B ct 2 cl
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2 2
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2 3
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5 2 52
[ ~
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Measurement value(Ct) Measurement value(cl)

Fig. 4 Condition evaluation function graph for rebar corrosion and
scaling depth
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Table 20 Condition evaluation function for leakage and efflorescence

E.C Performance score leakage and efflorescence

a 0=<Pn<2 0=<1w<2.5% p, =0.8my,,
b 2=<Pn<4 2.5 <Iw<5% p, =0.8m,
¢ 4< Pn<6 5 =<Iw<10% p, =0.4m,, +2
d 6= Pn<8 10 < lw<20% p, =0.2m,, +4
e 8= Pn =10 20 < Iw =< 40% p, =0.1m,, +6
10 10
% g sd g .
24 g4
D =2
~ ~
0 ! ! ! ! ! L0 ! ! ! ! !
0 s 10 15 20 25 3C 0 2 4 6 8 10

Measurement vale(sd) Measurement value(ra)

Fig. 5 Condition evaluation function graph for spalling /delamination
and rebar exposure

w =

Performance score
(] - L=

=]

0 5 10 15 20 25 30 35 40
Measurement vahe(lw)

Fig. 6 Condition evaluation function graph for leakage and
efflorescence
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