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A Study on the Durability Evaluation Criteria for the Vertical Extension Remodeling
of Apartment

Sang-Chun Yoon', Dong-Cheol Shin®"

Abstract: In 2014, The Housing Act amended to allows vertical extension and increases the units of housing (or total floor area) to site. Currently,
the feasibility of performing vertical extension is evaluated based on safety diagnosis provisions and manuals with 1 investigation stage on slope, uneven
settlement, load-bearing capacity, and durability. However, a need for more reasonable evaluation criteria for the investigation is still required because
there had not been any other case study on the diagnosis for the vertical extension, and the engineering basis on evaluation criteria were not suggested.
Accordingly, this study is intended to suggest feasible evaluation criteria on the carbonation, chloride ion contents, corrosion of reinforcements, crack
and surface deterioration of concrete for durability assessment by codes and standards of domestic and foreign countries.

The results of this study are expected to be beneficial for establishing more reasonable durability evaluation criteria, and in turn, more reliable assessment
protocol for vertical extension.

Keywords: Extension remodeling, Durability of concrete, evaluation criteria, carbonation, Steel corrosion, Crack, Surface deterioration of concrete

1.M E
11 o o =X

20139 7]F 02 153 o4 Ao I 355 Alv<e ARG BTG A E] FF 7 A 5-E RIE] 9% ]
B A oF 440 HE, 2018 REAFo] o)3hy 2018 o) AT EE
428705 (AA 2] 39.6%), 301 o4l FEFE e 779ds A RIS 9
(AA ] 72%) & =5 F5THY At = HA STk sk ekl ER), 712 e, 23, W4Z28E

AE Aol ekl AR AR, v, sue$3h 55 24t
ol¢g} e FEF UL FA HF, M) e Fe} FAFA  FHESEZ ARSI,

A3 B B Alglo] 4751 9o o] /JAL 9 12} PRIl M= 2APA IS TFete] tHEAds A

g gl o gk 2771 Sl E L Uk oo FRE T 9004} T A=A 2=g0o] A BEE o)A o A= g

W (A422003 A58 D 228 gl wdd Qb T 7)F (3 2dgo] 7}sstaL, 22k P XITel A= A g1l 535t

EWEE 34 A2014-000)00 AT FEFY ¢k & A FEE BV EC] BF B ol By, 7SS
5 AR ATl F7H15% o) EE £ FHPEH  FRECI e sle R sl /it

o 371%) g rd o] 71sa g skyTh =Y g RIY 7 D viwed A GA, FuellA 2
A Z=9 g nd YoM FxebAA Fr klo 7 V)& = g =d" bzl thk Al7} A Fate] EAA,

B7H71E Sl gk 88 A A Aol A7 AR o, o]

4891, A AE S A% ot} o T kAR HlolE ol gt %ﬁlv‘i‘—d%_ Fot] AR

3] 9), 7hvi st A%} e, WA A Ha FEEA) AEF T N 5 T5F gREH b

;Cez:nersrl::rgdi)nfg:rlg(i’tl;:stiia@l g;ﬁz?;:i.n]z Gachon University, Seongnam., e UH %%(2019)% 7H;S] A H]— 9\)\1_4'

Korea ’ ’ | v W3 T2 e, B B AR

B =R tidt £ 520219 1€ 31Y7HA] 818 2 HUlFAIH 20219 29 ol A of| m) X kol Tt Z8HA AT} AAH ] YA

so BEARE AAgskL U

Copyright © 2020 by The Korea Institute for Structural Maintenance and Inspection. 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.

197



Bl sie sl ool Asta 3%

AoFazEx A% P4 B

9 7)Z 5ol thstel HES T, F5 a*
A Y 2AGE 383 Sl )5
2 539l Feish ebe vhelstad gk

e 2
o
N
ob
b1
u
o
R
%0,
o -
s
)
By
2%
1o
o
—o

a

BEAT, BT, 7Y, AT 5
N EZNGES AE FFOE BFHES YT Aok
—L

[€)
o ZF B oH ol

217
55 AR s, B S ol Sh7tD S
olslkel 235 559 Alndy w7k ol $HES e
W7 7hso R WSk k. £ ATFAE FAFEY <
A ool AT e Ex FEFE) T
B BVRRQ 2e)E sk GRIFF, B, 7Y,
EHwFalo] g Fule) B e 9 )zolA ] H717)
2 =S}, olol et FHA TAAEE s,
e EEE CRE R RENEE R SE BT
2 7Fs8pl skt gk

Table 1 Codes and Standards on the Durability of Concrete Structures

Country Codes and Guidelines
KCI Concrete Specification(2009)
KCI Code(2012)
Manual on the Safety diagnosis for the reconstruction of
Korea

apartment (2018. 5.)

Manual on the Safety diagnosis for the vertical extension
remodeling of apartments(2014. 06., 2019.04)

ISO 16311-2 Maintenance and Repair of Concrete
ISO  Structures

ISO 13822(2010), ISO 13823(2008), ISO 16204 (2012)

fib Model code (2010)

Europe . -
fib model code for service life design (06, 10)

ACI Building code 318

SEI/ASCE 11-99 Guideline for Structural Condition

USA. Assessment of Existing Buildings
ACI 365.1R:2017 (Report on service life prediction)
Al1J(2004), Recommendations for Durability Design and
Construction Practice of Reinforced Concrete Buildings
AI1J(2008), Principal Guide to Performance Survey and
Japan

Diagnosis for Buildings,

JCI(2014), Guideline on the performance evaluation of
existing concrete structure
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| Requests/Needs |<—
¥
| Specification of the assessment objectives |
¥
| Scenarios |
¥
Preliminary assessment
= Study of documents and other evidence
= Preliminary inspection
= Decisions on immediate actions
= Recommendations for detailed assessment

¥

Detailed assessment?

= Detailed documentary search and review

= Detailed inspection and material testing

= Determination of actions

= Determination of properties of the structure
= Verification

Yes
Further inspection?

No
| Reporting results of assessment |

= Periodical
inspection

¥
| Judgment and decision |

Yes
Sufficient reliability?

No

|—| Intervention

= Rehabilitation = Repair : mg'.';gq:ise

Fig. 1 General flowchart for assessment of existing structures
(Adapted from ISO 13822 — Annex)

S FES MAGsHE 202 o it
E3] 9)30] A9 APl A AsH 7} tﬂolEi o &4

o
so] Aot A5E 9T 5 SHRAL AT A 45
P 7best S AR A2 wANH 1 2 A
= o] 7%

4. oD ET AXTE UHFE BIVIE

_to_l-

41 E32|E EHAL
LAY E Biksh= ghalsl AA| e olof &%k d FH
ol 412} pH A5}, 3%%511-4‘11 w3 gl FAYE Y RE Lo
2] TR Foll 23 F2A 52 At EAlZ |k
ehikslol] GRS H)X|= QIR Czamecki and P. Woyciechowski,
2015)01]——§L7ﬂ0ﬂ oJ3t 914 Q7] 2C0, B5, 25 I A
F5), Algol &gk QAP 717 Ob\gﬁ—c) ZIPE B4

I HAT WA QR(EAEH], GAHIE, EWHE %
i, 371%) 5] AU %ﬁﬁ} ZARIR(ICL, 2014) = FA) ==
910 9], - I, AU 2 A9 91X, HPVH TR

FA, AFHTLY, o] o, FoRAER U, AT

ELFL]E—,J:}‘:’H 49 - ulg] BR 5 =9 7185te] AASIE

200 SH2REZZICLSX|A2|REE| =2 F M 242 ® 62 (2020. 12)

Ehaks} SHA| ] B U9 7]52-S Table 29 2t} )3
Bo] Irlo| A S whet A H A9 BT 71%2 8
g FF o8 uHstal, Thits) glo7) Mol S M

= 1
FA)ol 23S W E AR A8t A=

m
&2
o
J

Al

>,\I

oz}

QR A% Y7 AL E FE, CO, 55, &
Aol A o] Bt} &5 Bl B

=

£ 5

3 A2 RAS) LA 24 AsE sl 8
=1

EFA IHW(*MM)OML EWE} Z
Aol AMSEE HEzgd ]l g0 EFA %*ﬁ 73
pH=8~9, s+4tslzhg o] 323} 842 pH=12.5 o]/, &
SE7 4= 749 pH=11.5 =9 ML 3185}k JJ =
7 -10 mm = 2A3s} ok
AEZAY |3 2l2d g kA 7] F2] gatsl H7H)

o Al Zho] M FH FHQIS71A] ekslr) 2l Al S
18X 2 A sz Aol fElA] Ao =E AdETh 94 o
B ER53] APA Fol| A e} o] HlE e Ql Aok o3
&11 7:174] ol H HJ_,,] E}/\].glr 710] Z}\]- =i A]?S—h:ﬂdﬁ_/] E
A3 H T 7R 9] gkl A ol A o FegE T vt 1y
HIF2 A AN A A=A a Sz G
Hoh= g asfof & Ao = A7H
S5 g2 QPRI A o] ARSI 1] &
7Ale @A o] AH FHE W& S5k 212U H
Hah 2R A4S A vg HQl o= HdAta)
ooy, A EH, XA T 5] B85 o
H| 3zt Al o] 734 oo thet ex5 e 8V} Stk

weta I E g4 Zlolof] T gt & -8-X]= dAde] 7]

TOE F8E = “gis Zo|7F HolF HE FH =23
< wPE FASHE, HA& 9 EFA 25 AAE
2k} Zlo] A3 A AP LAEA T sk 1

1

L

Xl
—{n 4z e .llN' Hﬂ

N

o l-l‘r:{ o
n]I. rr
N

r Iy
-~
Z’i
R

.|_4

Table 2 Allowable Carbonation Depth in Different Codes

( CSS:tery) Limit value (mm)
KCI 2012  Carbonated at the surface level of the reinforcement
Outdoor E;i?:teliéo Cover depth
All Dry Cover (+) 20
(fapan) Indoor E;i?:teliéo Cover depth
Dry Cover (+)20
JSCE Normal exposure Cover (-)10mm
(Japan) Corrosive exposure Cover (-)10~25mm




Table 3 Revised Grades on Carbonation Assessment

Carbor Cover(mm) D2py DmDZ 025Dm>D  D<
' = 025Dm  =0.5Dm  0.5Dm
Depth(mm)

Ct < 025D A B C D
025D <Ct < 0.5D B C D E
0.5D < Ct = 0.75D C D E E

0.75D<Ct =D D E E E
Ct>D E E E E

Ct : Carbonated Depth, D : Cover, Dm : Allowable Cover Depth
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Table 4 Maximum Chloride ion Content for corrosion Protection in
different codes

Code . o 3
(Country) Max. Chloride Content % (kg/m”)
KCI 2012 0.15~1.00 [Water Soluble CI" content by
Korea mass of cement]
KS F 4009 Chloride content, 0.3~0.6 (kg/m’)
Al Total Chloride content, 0.3~0.6 (kg/m’)
Japan
JSCE 1.9 (kg/m’) [-3.0(W/C) + 3.4, W/C=0.5]
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ASTM C
1218 Water 0.08 ~0.15 (0.28~0.53)
USA —  Soluble
ACI 222.1 0.08~0.15 (0.28~0.53)

0.15 ~ 1.0 [CI  content by mass of cement]
ACI 318-02 (0.53 [exposed to chloride], 3.5 [dry or
protected fr. moisture], 1.06 kg/m’[other])

EN206-1 0.2 ~0.4% [CI content by mass of cement] (0.7~1.4)
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Table 5 Probability of Corrosion (ASTM C876 and BS 7361)

Probability of corrosion(%o)
KSF 2712, ASTM C 876 BS 7361

Potentials, E(Vcsg)

greater than 90 % that no
reinforcing steel corrosion is 5%
occurring

E>—0.20

corrosion activity in that

—020 = E> —0.35 . .
area is uncertain.

50 %

greater than 90 % that
reinforcing steel corrosion is 95 %
occurring

E =—-0.35

Table 6 Standard for Corrosion Potentials of Reinforcing Steel(MLIT)

Potentials, E(mVCSE) Significance Level

E =>-200 no corrosion
uncertain
—200 = E> —300 . .
(no corrosion, or corrosion)
E =-300 corrosion

Table 7 Significance level of corrosion potentials of reinforcing(NSI)

Potentials, E(mVCSE) Significance Level

E> —150 0
—150 = E> —250 not significant
—250 = E> —350 significant
E =—350 very significant




Table 8 Evaluation Criteria* for the Degree of Corrosion

Table 10 Limiting Crack Width in Different Codes

Grade Evaluation criteria ( Cgl(l)::ry) Exposure Class Crack Widths(mm)
I No corrosion or only dotted rust 04, 0.006C
I Extensive-dotted rust on surface Dry o ¢
il Dotted rust becomes surface rust, some rust floats KCI Wet 0.3,0.005Cc
Rust floats extensively and product from corrosion of (Korea) Corrosive 0.3, 0.004Cc
I reinforcing steel bar.s is attached to concrete; corroded area High Corrosive 0.3, 0.0035Cc
of reinforcing steel is less than 20 % -
v Extensive thick-layered rust; corroded area of reinforcing AlJ(2006) Indoor locations 0.5
steel exceeds 20 % (Japan) Outdoor locations 0.3
* 1 A1J(1997), Recommendations for Practice of Survey, Diagnosis and ACL318.95 Interior exposure 0.41 0.016in)
Repair for Deterioration of Reinforced Concrete Buildings, p. 44 Exterior exposure 03 (0.013in)
. . . .. No limiting crack width
Table 9 Evaluation Grade of Reinforcement Corrosion(Revision) ACI 318-02 Cack control with the well distributed reinforcement
A B C D E ACI 224 0.10~0.41
200<E=-
E>0 -150<E=0 " g— 3% 500<E=-350  E=-500 X0, XCl 04
Eurocode 2 XCl1, XC1, XC1
Rust floats  Lensive XDI, XD2, XS1~XS3 03
Dotted rust extelilsivel (co thick-layered > > -
Only Extensive-d  becomes Y rust(corroded
d of rroded area of P
dotted otted rust  surface rust, reinforcing area o Table 11 Evaluation Grades of Crack Assessment(Revision)
rust onsurface  some rust . reinforcing
steel is less
floats than 20 %) steel exceeds Grades
° 20 %) A B C D E

gk HE A3, AR fﬂﬁil—”— HF-2jo] X g0
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Proweted < 02=Cwe 035Cws 05=Cws (Lo
, 02 03 0.5 0.8 :'
moisture
< <Cw< =Cw< =Cw<
moisture Cws 0.1=Cws 02=Cw< 0.3=Cw Cw=0.5

0.1 0.2 0.3 0.5

Table 12 Evaluation grades of Surface deteriorations

Surface area

Good Leff)‘f/ha“ 10~30% E’;co‘f,/eds
Surface Deterioration ’ ’
Delamin  SD =0.5D A B C D
ation, 05D<SD =D A C D E
Spalling SD>D A D E E
Exposed reinforcement A D E E

* SD : depth of surface deterioration (mm), D : cover (mm)

0.3mm, AZ37 N A=0.5mmE BA 5= A o] ulE3] 5o
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