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ABSTRACT:

Bridge is a major structure for the land transportation network. Construction of bridge has been
viewed as a key factor for the highway and railway transportation development. To ensure the loading
and functional capacities of bridge for providing a complete transportation network is the responsibility|
of bridge maintenance authority. Thus, bridges play an important role on the development of social
economics and welfare of citizens’ lives. For the existing bridges, deterioration, aging, damage
affecting loading capability or service function are very common and the traffic flow grows fast
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For the existing reinforced concrete bridges, how to evaluate their durability using the testing or
inspection become an important issue for the governmental bridge maintenance agency. Based on the
in-situ measured data and systematic analysis results, the durability of RC bridges would be evaluated
and the remaining service life be also assessed. This technical handbook will provide the
aforementioned information about testing or inspection methods for concrete and rebar conditions and|
the methodology to evaluate the durability of the existing RC bridge. In addition, the assessment
procedure for the remaining service life of RC bridges is discussed and two case studies are also
demonstrated.
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% 52 F ARRERER 5

F—& P
\ R 58 \ R 3
Bk AL & fl\jjﬁ] .) RAEAL R 2‘ l\i jﬁﬁ _)
1-1 218 2-2 377
1-3 137 24 447
1~4 137 2-8 323
1-5 160 2-11 294
1-7 278 2-14 225
1-14 £ 7 207 - &
1-44g & 77 164 = &
1-74R £ 95 192 = 5
=& ¥mE
i T HUE R R o w R 3% B
HRARAL B (keflern?) AR B (kgflem?)
3-1 301 4-2 200
33 267 4-5 320
3-6 262 4-9 308
3-8 344 4-14 310
3-10 363 4-15 216
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# 53 A SHIFRIER RS
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58

" o R R R
Ha 3% i B EY dib 7 G ’(‘C;f -

1 € R B R BIR > B EE
2 2-#7 #4@25 cm 5
3 2#7 #4@22 cm 6.5
4 FE | B g#4@20cm | G H#4@20 cm 7.5
5 A #4@20 em | k) H#4@30cm 7
6 2-#7 #4119 cm 7
7 2#7 #4@18 cm 6.5
8 . 2-#7 #4@18 cm 7
9 =& 347 #4@22 cm 5
10 B #d@l5em | krd ##4@15 cm 7
11 3-#7 #4@21 cm 6.5
12 447 #4@19 cm 6
13 —_ 3-#7 #4@21 cm 8
14 - 2-#7 #4020 cm 7
15 3-#7 #4@20 cm 5.5
16 247 #4020 cm 55
17 2-#7 #4222 cm 7
18 " 2#7 #4@18 cm 6
19 Eau] 347 #4@21 cm 6
20 " #d@lSem | k) fH#d@]s cm 8
5. MBY A% E*

(;:) 1 é) 6 (I> 11

01 o7 on I S

(i) 3 Cl) 8 Q 13

(:I)“ ‘ 9 Q4

CI) 5 é 10 CI) 15

(b)
B 59 @Rk 2 v Ay (@ (b)E x




%54 faiziRgEd A HFER (om)

IR IR

1.1 0.094 | 0.1 0.038 1.1 0.643 6.1 0.17 11.1 | 0.152
1.2 1.01 | 62 0038 | 12 (0636 62 | 0.14 | 112 |0.354
1.3 0.793 6.3 0.036 1.3 0597 | 6.3 0.14 11.3 |1 023

21 (0077 7.1 0126 2.1 0378 | 7.1 | 0411 | 12.1 | #%
22 (0208 72 0145 22 0724 | 7.2 0448 | 122 | #a4
23 (0268 73 |0.135| 23 0513 73 |0.163 | 12.3 | #14¢
3.1 0.39 8.1 0.022 3.1 0.54 8.1 0.21 13.1 | 0.186
32 0311 82 [0016] 32 0551 ] 82 0214 132 | 0.074
33 (0602 | 83 |0.013] 33 [0412] 83 [0276| 13.3 | 0.446
41 (0058 91 0152 ] 41 (0206 9.1 | #4 | 141 [0.253
42 10.025) 92 0236 | 42 [0198 ] 92 | #4 | 142 [0218
43 10195 93 [0.166 | 43 [0.172 | 93 | #4 | 143 [ 0.299
51 (0162 10.1 [0.067 | 51 [0227] 10.1 | #4 | 151 [0.152
52 10078 102 {0037 ] 52 0291 | 102 | 4 | 152 |0.152
53 [0.072] 103 [0.043 | 53 | 1.34 | 103 | #4 | 153 [ 0216
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6. KB RipH LS
P BUR AT 5 0.079~3.735(uA/m’) ~ FrasiE & 0.04~1.72(mpy) > &
BT INHRETIER BB 20 AT +-124~823(mV) KT manE
TAER BB 1 -
%55 FARERRE®RESE

T e o o
FRARAL B f’fﬁ;ﬁ;{'{ B2 EA(mV) | i F (mpy)
1-1 0.245 67.491 0.11
18 0.599 732.09 0.28
14 0.357 823.09 0.16
1-3 0.357 821.15 0.16
T 0.079 393.97 0.04
2-2 3.735 -04.19 1.72
9.3 0.33 -70.23 0.15
2-8 0.35 21001 0.16
2-11 1.696 -100.9 0.78
2-14 0.526 -74.09 0.24
3] 0.646 97.671 0.30
33 1522 18738 0.70
3-6 1.069 1242 0.49
3-8 1.822 -53.22 0.84
3-10 0.963 -87.24 0.44
42 0.576 91.08 0.26
45 0.725 5843 0.33
4-9 0.703 43.89 0.32
4-14 0.764 -1.097 0.35
4-15 0.283 36.76 0.13
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7. RSP BICRERBREE
PR RR R ]

% 5-6 RGI P LIV ERRRS S

AL B b LR FE (cm) A B P AL B (cm)
1-1 0.1 3-1 0.2
1-3 0.2 3-3 0.3
1-4 0.2 3-6 0.1
1-5 0.1 3-8 0.2
1-7 0.2 3-10 0.1
2-2 0.3 4-2 0.2
2-5 0.1 4-5 0.1
2-8 0.1 4-9 0.3

2-11 - 4-14 0.3
2-14 0.2 4-15 0.3

F 57 ¢ EIVIRR R GRS IRGER B R HRIPRTE

%% | ¥ | FRCFECw |REEAE | FREREARERAE

1 0.1 - _

2 0.2 5 0.04
3 & 0.2 6.5 0.03
4 0.1 7.5 0.01
3 0.2 7 0.03
6 6.3 7 0.04
d 0.1 6.5 0,02
8 | *=& 0.1 7 0.01
9 - -

10 0.2 7 0.03
u 0.2 6.5 0.03
12 0.3 6 0.05
13 $ZE 0.1 8 0.01
14 0.2 7 0.03
15 0.1 5.5 0.02
16 0.2 5.5 0.04
17 0.1 7 0.01
18 AwE 0.3 6 0.05
B 0.3 6 0.05
20 0.3 8 0.04
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ARREA R E At 7 BRI

FRRFED Y g T TR 5

0.1%F43 FERGH S M 54 « & 4% § R RihR 52 -
%58 RS KBEE HS F RS

: AEETHE # ) - BT

?;’z‘ AT A (%) 'ﬂffgj;?)g ?;iii‘ AT 4 (%) ﬂ(ﬁ‘gﬁj)?
1-1 0.0093 0.214 3-1 0.0257 0.591
1-3 0.0492 1.132 3-3 0.0106 0.244
1-4 0.0348 0.8 3-0 0.02606 0.612
15 0.0126 0.29 38 0.257 0.591
1-7 0.0259 0.596 3-10 0.0068 0.156
2-2 0.0135 0.311 4-2 0.0228 0.524
25 0.0001 0.209 15 0.0081 0.186
2-8 0.0109 0.251 4-9 0.0149 (0.343
2-11 0.0111 0.255 4-14 0.0151 0.347
2-14 0.0153 0352 | 415 0.0075 0.173
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%59 1

%E

A 55 AR IR
) A
¢ORR
s
T4 T

A
)izl i’l];‘);c‘g\l

P,
2w ip G

%»iFJ—‘ZH'L’l’Ig;:%% )\_Ef ‘EFJ_] mmﬂ"} r'} I“F')J.-Er \'\“k\'f'—[

Dy =5, () p 2Rz,

(I1x0.11+1x0.26+2x0.35+2x0.28)

SRR R TR R R 1 e A g 4 £

WA sye
iptkik
0.44
1 0.11
2 0.26
3 0.35
4 0.28
0.56
5 0.05
6 0.14
7 0.19
8 0.25 0.61
9 0.17
10 0.2
1
1.15
1

(0.44 x
D, =1x1.15x1
(0.56x

(0.114+0.26+0.35+0.28)
(3x0.14+3%x0.194+2x0.25+3x0.17+2x0.2)

)+

Lt
ki@

N N = =

—_— N NN = O

=2.45

(0.14+0.19+0.25+0.17+0.2)

)

843220 $RI2SD <3 2 B at A £ Emh 20wt fhR R S B .
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%510 T BARRR SRR A R

HGED# LA RE#E TR
1 Er g 0.23 s
2 W et 0. 24 -
3 FN 0. 07 4
4 RN R RE 0.26 3.06
5 bR A AE AR 0.12 3. 66
6 Hio 4 % 0. 02 3
7 4R 0. 05 3
8 W 0. 01 3

D

 (4x0.07+3.06%0.26 +3.66x 0.12+3x 0.02 +3x 0.05 + 3><o.01))
total (0.07 +0.26 +0.12 + 0.02 +0.05 + 0.01)
=331

DLV )
513 #H4EGIERIES
l. #3435 EAE
KRt oo 42)

(DFER k> #87 x Brd PiFRFRES2 Ti0E
(18mm) » t % » 43R PRIZPFR (A2 ) > 7 KTk 5 027774 >
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B 5 0278 -

(2) FAFK 18 > #x s 5 A BB QSmm s 0 5B B 5
BORZ PSR 2 TIT BARE R R B
SR EAH > LAFROE R EEE EA) AR N
U=t =8145(i )0 bt & R 1 A3t ? 1L ER g > — 427 =
ACERG 10 # lom o 42 £ T3¢ BiLER 1.8mm § R B
¥ B¥ 2R 43 o ¢ “o Hookham /% [Hookham, 1992]

t =K K -xX*+K_ X

s

DRSS BB 7.59) 0 K, ¢ TR BB~ 0.85) 0 K, :

s A (P 4.0) 0 Ko~ Ko~ K2 % 31* f [Hookham,
1992] » x © R 5 R (R 2.5cm) - A B R o~ 1S (B
t =7.59-0.85-2.5" +4-2.5=5032(#)
it tp 3t B EAR

43 (3)50 it = ! ( L =) e 4.3)

120" e
C

L: &k B & Q25mm) D & 33 4 f4d(~ 77mm’/yrs) > Cs :
GRS G IEH P g AT AR (F 25kg/m’) 0 CF ¢ 4 Ak R R
hi 3T TRk kR (X 8kg/m’) > D~ Cs ~ CF % FIE 385 Folles]
* p [Liang et al., 2002] °

t, =3.59(&)

i 22 FRIRIFREU Y Bazant 5 1 TR W o g A e o
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B VE( R )t it B B AR

t,, = %ti =2036.25(+ )

corr

HP B RBHEX M & h
Faraday’s law [Fontana, 1987][Mangat and Elfgart, 1999]

_ opyZF

Lo ==
corr AI

AL 4Ben R 3 B(156)

iZ AT R R Rk 2 T 5 (0.86735pA/cm’=
0.86735x107° Alem’) » Z 5 43+ i #c(%2) » 55 HRdE 4 (&
1.2x10"%m) » F % 7% 4% ¥ #ic (* 96485.33 C/mol) -

Py s 4 55 7 B (R 7.85g/em) -

LB LB, =3.76(F)

Flopd GRS %
®FE A=t +t +1,, =50.32+3.59+3.76=57.67 (#)

corr

© i AL, = 42(E )

Jac)

FlerZ et =t-t,=57.67-42=15.67 (#)
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B FR TR A GRS 110 -
(3) £2 g7
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1500 424+ » T £ B R E g 11S -

2. R IERERUR 5 R
(1) 3*A84hc Pyt % p

SRR B g S ] o d AL B9 g AR AR S R

RC 2 ~ % P2 A7k mstio s > @ A5 3R 44hip 2
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RC SHEE (TR 35 SIRH BRAIE - Soff 6 51 10T
BT AR B 1A B 3 AR AR S e R
PP~ 4 BLIT L IE R T 0 Aol 511 BARRTn o

0
|

RCi#fW | | RCE RCHR img

Bl 5-11 R i=Af7T N

(2) o FalIR o R RS
d SRR E S AR Ak R E RS R URR R R
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w3095 FURRETRFEIRR BEP] o
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Coordinates: ¥ =0.00 [m] % = 0.00 [m] Depth: masx. [mm] Surface overlay: [

(2) & 55 %F PR %
FE%] *3—'{4{{,* '; ne-- bh’ V’L: l‘ld.l:"rJLL ne/Dnd_O 86 ) /w
au »%% B R R 2

%512 b SRR RS

gL | R R 4 5% FE A B (em)
1 3-#5 #3@23cm 6.5
2 ¥ % | 245 #3@33cm 55
3 2-#5 #3@17cm 5
4 2-#5 #3@32cm 4.5
5 =% | 245 #3@l4cm 55
6 3-#5 #3@15cm 7
7 2-#5 #3@15cm 55
8 ¥Z % | 245 | #3@35cm 45
9 2-#5 #3@16cm 6
10 2-#5 #3@34cm 5
11 ¥ E | 3H#5 #3@18cm 6
12 2-#5 #3@15cm 6
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B4 8RR %
B PUEA T 0398~1.057(nA/m’) ~ Frakig & 0.18~0.47(mpy)
Fa R in g AR R BB 2 0 AT = 407.1~583(mV) K4 R
aRTE R BB ] o

% 5-13 FATIIREERERSS

P fir i ffﬁji{j; J& Ak A (mV) ﬁﬁ(ﬂfﬁﬁiﬁ
®—E 0.398 407.1 0.18
¥ & 0.671 4258 0.30
B 1.057 570.1 0.47
| Bus 6 0.849 583 0.37

ML SRR R
FRlY PICRR & R bR Bkdod 5140 HRi 0 1 R
AP HICERITTEEER0 -

AL ® | PHAEEE (em)

1 0.0
2 0.0
3 0.0
4 0.0
HFIRES & 37 7 £
PR S Y hE BT 5 B B 0.0043%0.0141% - § 35 5 B )
W 015%F A A A B Z EOETFTER EB Lo

%: 5-15 /»Ea'/}i_;_l 7}\/%,&%’ g’g__;_ 2 —E.;é%ié"i‘

Bk AL & ARET 2 F(%) AT 2 F (kg/m3)
% —& 0.0141 0.324
5 =& 0.0059 0.136
5B 0.0043 0.099
% 19 & 0.0051 0.117
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522 REd et Hire e s

2516 ARG R HHELR R R R A A R E

a4 f
itk

B%E

A 55 AR IR
) A
¢ORR
s
T4 R

BEE

0.44
0.11
0. 26
0.35
0.28
0. 56
0. 05
0.14
0.19
0.25
0.17
0.2

0.61

1.1
1.1
1.15

P R~ B - R e A PR 2 e

::Tl 1 ﬁlmam)

m::l_all.l.

2
D = 8,5 B
I=1

(1x0.11+1x0.35+2x0.28)

(0.44 x
1.Ix1.1x1.15x%
(0.56x

(0.11+0.35+0.28)
(1x0.14+5%0.194+4%x0.25+3%x0.17+2x0.2)

)+

e
ot 2

N e R

DD W b 01— O

.................................... (3.5)

=33

(0.14+0.19+0.25+0.17+0.2)

)

' & 322 FI3=D <4 2 Bt A R85 5 3@ ARG - e
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2517 FEAEMEER A BE L

HEO# LAt REHE FRBAE
1 W oA 0.23 =
2 ot A 0. 24 -
3 P 0.07 -
4 IR EN S 0.26 4. 06
5 R E 0.12 4. 66
6 5 4 0. 02 5
o &
7 4 RE 0.05 5
8 4 0.01 5

%

i
f

r fEadRREs U P AAEORE R AFRTR
I SR T T

FOOE - R A AR R T SR R E S e A (L TE
RE 3= 2 o™ 3N A0

_ (4.46x0.26+4.46x0.12+5%0.02+5x0.05+5x0.01)
ol (0.26+0.12+0.02+0.05+0.01)

)=4.55

AN 4=D<5 c BA A FBERR L 4 SHERE A IR R

.
Z °
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523 RAEFIERIESE
I S -5 EAE
KT o 42)
FlbioAfdse g % P LIGRR S 00 Y SURIGH-§ BRI 0
EiERY o F
Hookham ;Z [Hookham, 1992]
t =K -K,-xX*+K_-X
Ko @ iRt S G8(37.59) » K. R85 8P~ 0.85) ) K, * F i
F& 8P~ 4.0) 0 K~ Ko~ K,z &% 51 % A [Hookham, 1992] > x :
4 S IERRER S % chiRE k& BB T ¥0E (X Scm)
MR R B RN~ 180 1B =7.59-0.85-4.5” +4-4.5 =148.64()
AR EE AN TR R R
LZCL ;# [Liangetal.,2011]

X )™
2,/Dt,

Gyt ? FapF ik R(BR S Okgm’)» Cy @ RES 45 4

C(x,t)=[C, +(C.e" —C))erfc(

Y3k B (1R 25kg/mr’) o kT 4 F F A 840.001) 0 D ¢ F a4t
B 77TmmAyr) > X FEECER (R A 5 A S0mm) - erfc b 4
WA Sdc DGy~ kg 51 p[Liangetal., 2002] o

F19=50.313 &
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3.

42 (@) t

3L 3k (F ¥ §0t Mathematica P¥ - 4¢ 34 Svficerfc 2 & * 45 4
= Brfe[ -

mi At B aE AT

1 L

L: &k & & (S0mm) D & 3+ #4c 48~ 77mmyrs) G
RS FoB cnd g kA (1 25kg/m®) > C 1 44 IR NAUE
F kB (F 8kg/m’) D~Co~C FljE 8k FAlekcs | * p [Liangetal,
2002] -

t, = 14.3436(+)

b A2 ?EiE'J‘%’K{H Bazant 5 3 8 1F2E 0 » Fim JpA4T L o

A 55 AR BP teon 3t B B AR

_ L1596 %
4

corr

L FIF AR LR 0 2R R st b

Faraday’s law [Fontana, 1987][Mangat and Elfgart, 1999]

_ OpyLF

1:corr - AI

AL dehR 3+ B(1%56) -
iP5 A TR R R R 2 T 3 (0.505925uA/cm’™=
0.505925x107° Alem’) » Z 5 43+ W #c(£2) -

SLHHE % (15 1.2x10"%m) » F 5 /% £ % % fic (1 96485.33
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C/mol) » p, % 4% 5 % B (+* 7.85g/cm’) »

B*E &
t=t +t, +t,, =50.313+14.3436+6.45=71.1066~ 71.11 (&)

° i AL, = 67(# )

ez et =t-t,=71.11-67=4.11 (£)

r

. *Le7 % ;
e ﬁ@ﬁ?’fﬁiﬁ%$%%ﬁéa&%ﬁ

2R T F T2 A
2. MARPBEARE 2 G LARE S BARIC AL AL LR T
T ood N HPEE P T L AMMEIR G > T A H
ﬁmﬁﬁioméiﬁrmaﬁwﬁﬂ+7¢%ﬂ’%éwé%&

jﬁ y pi/ae}ﬁjjhﬁ.&g\,m}z ¥, l}‘]ﬂ_b I_I— - ﬁ)}%iﬁ 41%;}.,,'&;
BRI R A A P s B -

3. )}%”‘E‘ *Kf\ﬁ_u** Mgt 2 BRI E RIFR G M AFL > £
AP EARE R T RFIT A AT LB A

*fbﬂ (ERLEE o 3 e E "j‘ﬁﬂp" » RN A E DK o F M
B TR H R T AT P AR AR LR T SRR B
+ -
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34+

‘%zﬁﬁﬁﬂ"hw’RC;%”%ifmﬁ/k*l**hﬁﬁﬁééﬁﬁﬂiﬁﬂigL
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