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#2
ABSTRACT

Keywords: durability, reinforce concrete, preliminary assessment,

detailed assessment, maintenance strategy
1.Background

Reinforced concrete (RC) structures or buildings deteriorate over time
when exposed to corrosive environments. When the service-life in terms
of the structural safety or serviceability of a deteriorating RC building
does not meet the original target, lifecycle maintenance strategies should
be implemented. Once the cause of corrosion has been identified,
structural members, beams, or columns with reinforcing steel components
corroded by carbonation or chloride ingress can be repaired or retrofitted.
Therefore, there is an need for a method that can be used to assess the
durability of an RC building and then determine an appropriate

maintenance strategy to prolong its service life.
2.Methods

The main purpose is to build an assessment method of the durability
for an RC building. Besides of the preliminary assessment including the
visible investigation, the detailed assessment of the durability consists of
several tests of material properties, e.g., concrete cover depth, concrete
compression strength, chloride concentration, carbonation depth and so
on. Engineers can follow the proposed assessment method to determine
the durability of an RC building. Futhermore, according to the
quantitative index of the durability and deterioration factors obtained
from the detailed assessment, the appropriate maintence strategy can be
suggested to prolong the service life. In brief, several topics drafted in the

research plan have been accomplished and concluded, as follows:

XV
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3.Results
1. Summary investigation for an RC building.
2. Preliminary assessment method of the durability for an RC building.
3. Detailed assessment method of the durability for an RC building.
4. Case studies and professional discussion meetings.

Finally, several case studies and professional discussion meetings are
used to investigate the application the proposed assessment method; then
the principal draft is finished for engineers.
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ﬂ\%m%/\# /lLfiﬁiljw,ﬁé%j‘% rg——)ij"r'i?jﬁl‘;}%_i)\
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GUHRRIZAFAMAMR DS 2R
4. w KR e
(1) #BRERBRIEFFZL

378 P 2 Pt Bl 4 R AR L T Av 0 £ PR 20 iR Y
HRpEd PURM R S o™ £ 5:90 2 ARES X WA 5
fc’=210kg/cm?® » zE5k T ¥a4k % L fc'=111~153kg/cm® o

% 5-9 R K% % (L)

BRI IEERY o
BE | s | (keflem?) | (kgfiemd) Ko K S
B1F-1 117 117/210=0.56
B1F-2 169 138 169/210=0.80
B1F B1F-3 136 138 210 0.66 136/210=0.65 S
B1F-4 128 128/210=0.61
1F-1 142 142/210=0.68
1F-2 164 153 164/210=0.78
=2°_073
1F 1F-3 130 153 210 130/210=0.62 >
1F-4 177 177/210=0.84
2F-1 155 155/210=0.74
2F-2 97 128 97/210=0.46
2F 2F-3 121 128 210 061 51210=058 5
2F-4 142 142/210=0.68
3F-1 133 133/210=0.63
3F-2 120 123 120/210=0.57
3F 3F-3 84 123 210 0-59 —ga210=04 S
3F-4 158 158/210=0.75
4F-1 94 94/210=0.45
4F-2 83 111 88/210=0.42
4F 4F-3 109 1 210 0-53 = 00/210=0.52 5
AF-4 156 156/210=0.74
(FHRXR: 237 LFRRLEBARR » 2013)

FHAEPFRBREERFRA I EHK 430 0.8~04 2 B > F]

ERREES 5
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EEE SRS I 88 YR T b Sy U
T X AR BHBE ARG R KRR R

% 5-10 #RB AR E(2)

| BfRE | PR A I y25 B —

e B (kgficm2) (kgficm2) Ko K AR E
B1F-1 165 0.79
B1F-2 150 152 0.71%

o [eiEs [ s S T v 5
B1F-4 139 0.66

ifi A AURE RS EZ B B BA A B K K EEE

i
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GRAIEAFHABT B AR
(2) ¢ BiVIERBRIEITT
RiE RS 2 A R 4 ERARA T 0 LB 20 BiRAR Y

%5-11 # BiviRR % £01)

B Pt in PR RACm) | F 5 (Cm)

1 B1F-1 4.3

2 B1F-2 4.1 31
3 B1F-3 1.8 '
4 B1F-4 2.2

5 1F-1 4.8

6 1F-2 4.9

7 1F-3 7.0 >4
8 1F-4 4.9

9 2F-1 2.9

10 2F-2 6.7

11 2F-3 3.6 4>
12 2F-4 5.0

13 3F-1 5.9

14 3F-2 2.1

15 3F-3 6.8 >4
16 3F-4 4.1

17 4F-1 5.3

18 AF-2 6.2

19 4F-3 55 >
20 4F-4 5.0

(FH*RB:F3° PERRLBHHREL T > 2013)
PR B 2 AR (7 0 L1 R B 5k i Av A 5-12 45T o

WA ARG SRR A ERZRRES Lo

512 ¢V BIERBEREQQ)

WR G | PRl | ¢ PR ER (cm) TRTFR (cm) T LR
P AY S Bl =Ny | ERRaN) S fﬁ‘;ﬁ% }—Ej—}i Eami S o =R
1 B1F-1 3.6 3.6/8=0.45 1
2 B1F-2 4.1 4.1/8=0.51 1
3 B1F-3 6.8 6.8/8=0.85 1
4 B1F-4 4.5 4.5/8=0.56 1

(FH kB +77ER)
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LESE I JOEEE R S
(3) #& z Emmai=e
G FYFHF R R ??E’f‘a‘?%f“ﬁ?’t“éiﬁiﬁ?ﬁﬂ
%513 5 R Ay 2 Hmat Ry 4 iER AL Y B AR E A

FREARE R 4

% 5-13 #4g+ 7 £@d% 4 (1)
—

Bk R Bkl * (’*};igjmg )ﬁ‘— Ty LI
1 B1F-1 0.96 2
2 B1F-2 1.78 3
3 B1F-3 1.18 2
4 1F-1 0.21 1
5 2F-1 191 3
6 2F-2 2.06 3
7 2F-3 3.29 5
8 3F-1 3.49 5
9 3F-2 2.67 4
10 3F-3 1.48 3
11 4F-1 1.85 3
12 4F-2 2.35 4
13 4F-3 2.95 4

(FH xRk : #%ﬂfﬁﬂﬁéﬂ Wi E 5 2013)
PP PR 2 SRREAE 7 F 4T 2

?
SRR E S S SRS RN L L

£5-14 § 33 8£8% 40

R | e i ﬁﬁﬁﬁa R B
1 BI1 0.64 5
2 B1-2 1.54 3
3 BL3 0.23 1
4 B1-4 1.82 3
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ST =T L 40mV) Ly it Y B(COF 4T = TiaE 5
245(mV) ~ 414 1 32 & (CO) A4 T =T 3 5 190(MV) o & 354k 5 4

PESLCE S X INEY I JUC TS X 303 N

W5-4 K47 i-RPIBIE
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GREI ERFEA BN S

()

1;4C63% B

¥ R

TEFRREFL

AF BHe P2 % e £ 5-15~ 4 5-17%F57 > 4

LEP2e

fi %:15000~20000(Q) 2. ¥ » H =g L & %

45-15 $1(C10)F re

%5-16 41(C9) % re

WPl = 34 0 ik
PR 4 > $1C10~ CO9:% E T 35+ 3020000(Q) > Pl H =g 4R E

2+ FEREE

T ?s;)ﬁ 7l 8k i;)i
AL | 71000 | F3 | 30000
A2 | 58000 | &1 | 12000
A3 | 52000 | G2 | 19000
BL | 58000 | G3 | 12000
B2 | 54000 | H1 | 12000
B3 | 40000 | H2 | 19000
Cl | 48000 | H3 | 12000
c2 | s4000 11 15000
c3 | 49000 12 15000
DI | 40000 13 15000
D2 | 36000 | J1 | 11000
D3 | 48000 | J2 | 14000
E1L | 32000 | J3 | 12000
E2 | 32000 | K1 | 10000
E3 | 32000 | K2 | 15000
F1 | 24000 | K3 | 10000
F2 | 34000 | Ti5% | 30000

FREE 1
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RIB ""z};';" I8 2;?
Al 77000 F3 51000
A2 56000 Gl 31000
A3 59000 G2 35000
Bl 50000 G3 31000
B2 49000 H1 29000
B3 50000 H2 30000
C1 57000 H3 27000
C2 56000 11 23000
C3 58000 12 21000
D1 42000 13 22000
D2 55000 J1 17000
D3 45000 J2 19000
El 65000 J3 17000
E2 64000 K1 27000
E3 60000 K2 12000
F1 28000 K3 12000
F2 39000 | T #=E | 40000
ERRE R




% 5-17 #1(C6) & re

$IF RoadedreH

BB "‘;‘é;)— I8 "(2)‘
Al 20000 El 13000
A2 14000 E2 14000
A3 15000 E3 10000
Bl 15000 F1 28000
B2 11000 F2 32000
B3 13000 F3 25000
C1 15000 Gl 42000
C2 19000 G2 28000
C3 13000 G3 34000
D1 10000
D2 12000
D3 15000 T i5E 19000

EREE 2
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GURFAIEAFMABR LN 2R
(6) e —'—l '7?“!;%

Py LR RAFREMBL S FRELE Il RRS REA L

B E4eE 5-18 #r57 - H ¢ RE T RER KBS dom o & AR
THEE R N A6~4-83 B RS A B R BRI E L A

\3

7 R -

% 5-18 #EWARI FEALARRRE

T3

ey
B (cm) o 5
%E | FRle: | BHE| D, n Sp D, R s T
RN Du
)
1 | BIFfitz | 80
2 | BIF#it:s | 80 8.33 3 0.58 7.35 1.84 1
3 | BIFtLt= | 90
4 IF 4™ = 8.0
5 | IFt~ s 5.5 6.50 3 132 | 4.26 1.06 1
6 IF 47 =% 6.0
7 | IFZE=& | 50
8 |IFEsrc| 80 7.00 3 1.73 | 4.06 1.02 1
9 |IFZE=& | 80
10 2F 41t = 5.0
11 | 2P~ 5.5 6.00 3 1.32 3.76 0.94 2
12 2F 417 = 7.5
13 | QF 2= | 50
14 | QF®E& | 75 6.17 3 126 | 4.03 1.01 1
15 | QFE& | 6.0
16 | 3FT 5.0
17 | 3F+T 45 5.67 3 1.61 2.94 0.74 3
18 3F 41T =4 7.5
19 | 3F &= &0 8.0
20 [3FEsgRc | 60 7.17 3 1.04 | 540 1.35 1
21 | 3F FE AR 7.5
22 | AFHT sy 5.0
23 | AFHT 75 6.83 3 1.61 4.11 1.03 1
24 | AFHT 8.0
25 [AFzRs | 70
26 |AF 2R | 75 6.50 3 132 | 4.26 1.06 1
27 | AF FE = AR 5.0
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IR RoBALL RSH
9) F-fE2aA BT
BB G2 Rk o Aok 521 o B P RURMAE - § 4T 3

FHPIZ P RBRAFTT S p FREARP TR E S B
# 5-11 ~ 5-13 ~ 5-15 #F 3w o

% 5-21 #ERF T - REGIFP

- B1F
il BELE FEREE

A IR 0.73 -
KA T 0.50 4
PHIVER 0.18 1
F M3 &R 0.32 3
R R 0.27 -
FlLNS e 0.08 2
FUR 5 R 0.18 5
G 55 R B R 0.21 1
Rt 2w ip G 0.54 4
BBk 1.0 1.1

Bk 521 BB B S F - 2 A A BTN A
(5-1) :

D =0 XZZB Ajm im (5_1)

j=i m=i

(0.73x 0.5x4+0.18x1+0.32x 3)

0.5+0.18+0.32

0.08x 2+0.18x 5+ 0.21x 1+ 0.54x 4
+(0.27 x )
0.08+0.18++0.21+ 0.54

Dg;r =1.1x1x

=353
Warptfeh 2 BT - At A B ERE S 353 2% B - Wk 2 @A

lk:t);‘; EI—TL'L% y § :‘f\_”ﬂ-b*g% ”7’—7'1'],\ l]‘i;; ‘;:I-ifj;‘: ‘5; S 3 ) r?fd’}\ lk:’:_ﬁ‘é a _{i o
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HAed HRAH T - FRGEA

12 | A7) 5t st 2B YR ¢ R Bt 474
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W mEL | WA e R YR R B 3 %
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B 0 8

oL 2> L
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FUR 5 R 1R H T

5-31>

miad il 4 PR T A

IR RoBALL RSH

-

H P4 25 BAgr

PR RPHR S

% 5-31 BB R BR %

) sk T e % % fo'=111~153kg/em? -

| Bt PR R | TIERA AR
BA L s | (kgemd) | (kglemd) Ko Ki =
B1F-1 08 0.45
B1F-2 139 0.66
B1F | B1F-3 196 182 | B2 _g4g7 0.93 5
B1F-4 213 210 1.01
B1F-5 265 1.26
1F-1 136 0.65
1F-2 106 0.50
1F | 1F3 161 157 | B 075 0.7 5
1F-4 104 210 0.02
1F-5 188 0.90
2F-1 198 0.94
2F-2 140 160 0.67
oF [ 2F3 150 160 | =2 _0.76 0.71 5
2F-4 188 210 0.90
2F5 126 0.60
3F-1 156 0.74
3F-2 83 - 0.40
3F | 3F-3 282 206 | S2_0.98 1.35 5
3F-4 263 210 1.25
3F5 246 171
AF1 162 0.77
AF-2 161 200 0.77
AF | 4F3 139 200 | 2 _0.95 0.66 5
AF-4 283 210 1.35
AF5 253 1.20
(FARE: FRL & FRITEBHRAEELF > 2013)
LR FURE R S5 R B 0 0 44 5 05~092 [ »
r]t B ﬁ" —E‘ B F“ 5
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s R R R FEARE B
(cm)

(cm)
1 B1F-1 15 0.25
> B1F-2 1.4 0.23
3 B1F-3 1.1 0.18 1
4 B1F-4 0.3 0.05
5 B1F-5 0.2 0.03
6 1F-1 4.1 0.70
7 1F-2 55 0.94
8 1F-3 4.5 0.77 1
9 1F-4 0.2 0.03
10 1F-5 0.3 0.05
11 2F-1 17 0.25
12 2F-2 3.1 0.46
13 2F-3 5.0 0.75 1
14 2F-4 0.3 0.04
15 2F-5 0.3 0.04
16 3F-1 4.1 0.68
17 3F-2 2.9 0.48
18 3F-3 3.9 0.65 1
19 3F-4 0.3 0.05
20 3F-5 0.4 0.07
21 4F-1 3 0.46
22 4F-2 5.5 0.85
>3 4F-3 4.1 0.63 1
24 4F-4 0.3 0.05
5E 4F-5 0.3 0.05

(FH*R: FR L IRR

£
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%

HadE2 % > 2013)
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% 5-33 §43+ FER%E(D)

33 & B
£ E A S * (ﬁ;mg )ﬁl-
1 B1F-1 0.07
2 1F-1 0.97
3 1F-2 1.33
4 1F-3 0.92
5 2F-1 1.51
6 2F-2 1.02
7 2F-5 1.30
8 3F-1 0.29
9 4F-1 1.32
10 4F-2 1.71
11 4F-5 0.87

(FHR*R: FRTLERRLBARBEL F » 2013)

TR P B FE 4 7 R R B B A
B-34 w73 » f1¥ P AR PRE AL 2R E 3 L AT

R E -

<
\S

£5-34 333 E8% 40

PR | E WA # (ﬁfg%f% e 2Ty LR
1 1F-1 1.23 3
2 1F-2 0.28 1
3 1F-3 1.24 3
4 1F-4 0.88 1
5 1F-5 0.92 1
6 1F-6 0.37 1
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AP 4 RERCB)FET =TIHEL-88(MV) 47 it ¢ & (C-9)
AT =TsEg5i-65(mV) Faed =Emi v FlREk5ER
A Ed i AR R REA AT TR e T e
EEEE Lo
#5-35 FaT k%t
= c8 |4t | £ = C-9 yiv R | R
¥ mV ¥ mvV Al -33 12 -92
Al -50 11 -133 A2 -32 13 =77
A2 -57 12 -119 A3 -12 J1 -103
A3 -50 13 -97 B1 -43 32 -103
B1 -62 B2 -45 J3 -90
B2 -64 B3 -23
B3 -52 C1 -43
C1 75 C2 -40
C2 -55 C3 -35
C3 -58 D1 -49
D1 -85 D2 -50
D2 78 D3 -51
D3 El -68
E1 -95 E2 -59
E2 -93 E3 57
E3 75 F1 -90
F1 -126 F2 -68
F2 -123 F3
F3 -103 G1 -98
G1 -112 G2 91
G2 -108 G3 -79
G3 -100 H1 -98
H1l -117 H2 -91
H2 -105 | TisE | -88.23 H3 79 | T3®E | -65.52
H3 102 | 1 11 101 | T E 1
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Al 29 G1 31
Al 29 ¢l 23 A2 29 G2 29
A2 29 G2 31 —
A3 e Rl G3 38
A3 40 G3 43
B1 23 H1 28
B1 27 H1 24
B2 33 H2 27
B2 34 H2 41
B3 4 B3 £ 2R H3 42
- po c1 25 11 31
- 3 C2 37 12 34
C3 37 C3 #E ’Egl_ /?‘J
o1 1 D1 28
D2 30 D2 32
D3 24 D3 25
E1 32 El 26
E2 28 E2 23
oL H oo
E3 36 B3 | AL
F1 27 Fi 26
F2 41 F2 20
F3 46 Tiap 33 F3 #7220 T 9E 29
TR ARG 1 FFEREE 1
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P E RS R E AR RS

B plEdrd 5-38 477 > H ¥ RS REAE KBS dom o ik AT

PHe R R A6~483 E RS R B AR R B i
(e areo I E o
£5-38 FE AR FEKER R RE
Bk
& (cm) U
S| Ry |9 BEE| D, n So D D, |tk
" D =N
o RN nd
)

1 B1F 4+t =4 )
> BIF &+ = 7 6.00 2 1.73 3.06 0.77 3
3 1F 4 F =3 7
4 1F 4 F =3 55 5.83 3 1.04 4.07 1.02 1
5 | 1F 4t 5
6 | IFEsmx | 75
7 1F 2 =8 & 30 7 6.50 3 1.32 4.26 1.06 1
8 1F 2% =5 & 30 5
9 2F 41t = 9
10 2F 41t = 4 6.67 3 2.52 2.40 0.60 4
11 2F 177 = 7
12 | 2F % = &30 S
13 | 2F & = & 3T 8 6.83 3 1.61 411 1.03 1
14 | 2F & =5 & 3R 7.5
15 F 4t = 6
16 F 4t = 4 6.00 3 2.00 2.61 0.65 4
17 3F 2t = 8
18 | 3F ¥ = &N 7
19 | 3F &= & 3R 6 6.33 3 0.58 5.35 1.34 1
20 | 3F FE KN 6
21 | 4F 4T 6.5
22 AF 4177 =5 6 6.50 3 0.50 5.65 1.41 1
23 AF 57 = 7
24 | AF A | 75
25 | 4F 4 AN) 8
26 | 4F F %) : 6.38 4 2.62 1.94 0.49 5
27 | AF FE = KT 5
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G SRR BB 0.21 1
MES e B 0.54 4
BBk 1.0 1.0

etipl 2 Bcdpd o~ B - A 2w A et o 34 (5-D)

D =9 XZZB Ajm im (5_1)
j=i m=i
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