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ABSTRACT:

Due to the geographical specificity in Taiwan that the Central Mountain Range runs from the north to the
south at an elevation over 3,000 meters but only 150Km wide between the east edge and the west edge, the
slope of rivers is quite steep and its speed rapid. Typhoon and heavy rains frequently occur during July and
August each year. The challenge is even more severe in facing the Global Climate Change now and in the
future. Therefore, there is an urgent need of a comprehensive research on how to enhance the bridge safety as
well as to provide a pre-warning system during typhoon and heavy rain.

The plan “Computer-Aided safety diagnosis system for Hazard prevention of River-Crossing bridges” has
been mandated from Ministry of Transportation and Communications R.O.C. since 2009. Directorate
General of Highways, MOTC and Taiwan Area National Freeway Bureau, MOTC jointly provided the fund.
The Taiwan BTRD Center has been established in Harbor and Marine Technology Center to research and
cooperate with professional teams. The study areas include fundamental survey, bridge damage survey, river
hydraulic analysis, bridge monitoring, safety evaluation, protection methods, regulations review, engineering
materials, prevention system, plan integration. This study also covers river and bridges co-management of a
river basin (Dajiaxi) form upstream to downstream. The aim of this study is to predict, to notify and to warn
in advance before floods even happen. It also aims to provide decision support to bridge management units, to
reduce damage during Typhoon, and to protect safety of road users

There are 13 sub-projects in master project that “Computer-Aided safety diagnosis system for Hazard
prevention of River-Crossing bridges.” These sub-projects contain “A research on the composition of a
regulation for protection design of bridge foundation (draft) ”, “Fundamental survey of river and bridges
co-management ”, “Field investigation and analysis for the causes of bridge failure during typhoon
Morakot 7, Prediction of flood stage and scour depth around bridge piers ”, ”The study of bridge scour
model 7, ”A study on the safety evaluation of cross-river bridges ”, ”A study on establishing the scouring
inspection code (draft) for river-crossing bridge foundation.”, ”Research on the Protection of the
Bridge. ”, ”Development the abrasion-erosion resistance, impact resistance, and durability materials for bridge
pier 7, ”A study and integration of Computer-aided safety diagnosis system and integrating activity for Hazard
prevention of river-crossing bridges 7, “Integration and applications of a high technology real-time bridge

III




foundation scouring monitoring system ”, ”A study on the evaluation for material durability and residual life
predication of RC bridges®, “Development of a bridge blockage detection and analysis model.“ Besides
research reports, there are also “A regulation (draft) on the composition of a regulation for protection design of
bridge foundation”, ”Abstract collections of computer-Aided safety diagnosis system for Hazard prevention of
River-Crossing bridges”, ”Collections of Computer-Aided safety diagnosis system for Hazard prevention of
River-Crossing bridges”, “A Regulation (draft) of establishing the scouring inspection for river-crossing bridge
foundation”, “Research on the Protection of the Bridge” and A technology manual of the evaluation for
material durability and residual life predication of RC bridges.*

In this study, “Computer-Aided safety diagnosis system for Hazard prevention of River-Crossing
bridges." was developed based on river management concept of early warning. This scope of hazard
prevention covers river and bridges co-management of a river basin (Dajiaxi) in order to improve the
performance of early warning. System can automatically receive the headstream river catchment information
from Central Weather Bureau radar rainfall forecasts and rainfall observations and then to calculate future one
to three hours of rainfall intensity. There are 6 steps to evaluate the safety factor of bridge, as follows: 1.the
catchment area calculus; 2.calculus of surface overland flow; 3.one-dimensional hydrodynamic calculations;
4.reservoir calculus; 5.estimate the river flow, water level, velocity and scour depth; 6.structural stability
analysis of the bridge. In addition, this study apply two-dimensional hydrodynamic model for important
bridge analysis to calculate safety factors of every pier. Finally, this study combined disaster relief resources
and disaster relief flowchart to establish a complete early warning response system. The system can
automatically calculates the bridge safety level and send early warning information. This study provides bridge
management a decision support platform, and suggestion of disaster preparedness in order to protect road
users’ life and property.

There are a 3D-GIS database, a computer-aided safety diagnosis system, 4 regulations (draft), 2
technology manuals, 13 research reports are completed. Six conference, 23 discussions meeting of experts
are held and a bridge research center is established.
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TALF TR 0 B X SR RBR 4 Pmax i Pavg h2 & ¥5 KR
o %%&EWMm@*ﬁﬂ@ﬁJéFIM%Y@

K *Rg% EAKIRIER 4 Y 5 RIFEA A Im~12m o
M Ko e Fayn g gk qsa@ /i3t 3m/s T 9m/s 20 F o B % dr ik 3-2
):’Li. /‘ °
% 32 % z}&f;,;}ﬁfm g*‘iﬁa@«‘.ﬁ HR TR 4
¥ i+ ! kgf/m
kymiEr 4 F
kiE T ainid (ms)
(m) 3 4 5 6 7 8 9

1 1223.78 | 2175.60 3399.38 4895.10 6662.78 8702.40 11013.98
2 | 2447551 4351.20 6798.75 9790.20 13325.55 17404.80 | 22027.95
3 | 367133 | 6526.80 10198.13 14685.30 19988.33 26107.20 | 33041.93
4 | 4895.10 | 8702.40 13597.50 19580.40 26651.10 34809.60 | 44055.90
5 | 6118.88 | 10878.00 16996.88 24475.50 33313.88 43512.00 | 55069.88
6 | 7342.65 | 13053.60 20396.25 29370.60 39976.65 52214.40 | 66083.85
7 | 8566.43 | 15229.20 23795.63 34265.70 46639.43 60916.80 | 77097.83
8 979020 | 17404.80 27195.00 39160.80 53302.20 6961920 | 88111.80

9 |[11013.98] 19580.40 3059438 44055.90 59964.98 78321.60 | 99125.78
10 |12237.75| 21756.00 33993.75 48951.00 66627.75 87024.00 |110139.75
11 |13461.53| 23931.60 37393.13 53846.10 73290.53 95726.40 |121153.73
12 | 1468530 26107.20 40792.50 58741.20 79953.30 104428.80 | 132167.70

Q)H & in 7855 Bifgr 2 7

%%%Eﬁ—%;};;ﬁ% » LB N H e i B ]}ﬂﬂji«’?&
"5‘1‘#47’ 3 PIH A 4 2 kR iEr 4 F2 o U4l * 54(3.0)
B

2
Fz{cD.a.pU L(i+C,) pv- ‘;—U} h=(F, +F
. (3.1)
v¢ > CD %:}Iiﬁb A GEcas XS op AR AR
:‘%. ]F‘]qi"&%\i ’ CA=1 ; —%E l“' rﬁ & ﬂ’h @ﬁfi ’ U (t) }\/ll‘*
L iaig B o h 5 Kki% > FD ]—:.x’}i‘}nl?]f(m;j@ﬁb fe® 4 > F[ 4 -k
AR R (Er 4 o d s (31D ¢ kRenip ey 4RI

Bkt Boohan e do% 3 g LW g o FLH BT SRR
FAeiE R EN0 A EGAFERIEY 4 FDo
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P EREARREE S I N (32) AT EEKREY
20°C Pk gbiF 8@ 1 5 0.00lkg/mes > @
998kg/m’ » V 5 imid » k4 X E RE LA KIFDh Fpt F sl

ER%drd 33977 A% d B 3.24 H (B SRR L S
Je®t Transcritical jm ey g5 » F]p3E B~ CD=0.5 2 ¥ & -

VR
Re — p_
...................................................................................... (3.2)
280000,
o DO Oa aa -
1.0 o
c, 2
0.5 aL oo
X © o 000 Dg?"o
[e] L1 1 aal 1 Lol o1l 1 TN T I W R
2% 10 10° 10° Re. 10
Suberitical Super- Upper Trans-
critical transition critical
Critical
W 3.24 L Flierds o 4 (hdcd § F#ihM 7 Bl (Schewe, 1983)
33 @E kiR ke pRT K
@ 7ol Re
kE Tyoihid (ms)
(m) 3 4 5 6 7 8 9

1 2.99E+06 3.99E+06 4.99E+06 5.99E+06 6.99E+06 7.98E+06 8.98E+06
2 5.99E+06 7.98E+06 9.98E+06 1.20E+07 1.40E+07 1.60E+07 1.80E+07
3 8.98E+06 1.20E+07 1.50E+07 1.80E+07 2.10E+07 2.40E+07 2.69E+07
4 1.20E+07 1.60E+07 2.00E+07 2.40E+07 2.79E+07 3.19E+07 3.59E+07
5 1.50E+07 2.00E+07 2.50E+07 2.99E+07 3.49E+07 3.99E+07 4.49E+07
6 1.80E+07 2.40E+07 2.99E+07 3.59E+07 4.19E+07 4.79E+07 5.39E+07
7 2.10E+07 2.79E+07 3.49E+07 4.19E+07 4.89E+07 5.59E+07 6.29E+07
8 2.40E+07 3.19E+07 3.99E+07 4.79E+07 5.59E+07 6.39E+07 7.19E+07
9 2.69E+07 3.59E+07 4.49E+07 5.39E+07 6.29E+07 7.19E+07 8.08E+07
10 | 2.99E+07 3.99E+07 4.99E+07 5.99E+07 6.99E+07 7.98E+07 8.98E+07
11 | 3.29E+07 4.39E+07 5.49E+07 6.59E+07 7.68E+07 8.78E+07 9.88E+07
12 | 3.59E+07 4.79E+07 5.99E+07 7.19E+07 8.38E+07 9.58E+07 1.08E+08
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I NGB FH R A EE S Bk 340w kA A 1 d 2
BARTRR R ke B 80 33398 =+ -

Jo

GR RS s o ded B AR F L 0.001 2 0.01 T
# P £ 352 4 3-6 %E:rﬁ;é% ﬁv'}%f:k}_fr% SRR AR
3 0.001 L it pE kIR TR 4N AR EALFSI4] T 345 B
ok BRI S 0.01 BT ISREPE S RIERIEY 4 KK SRR
R i3.57 1 3.92 & - T ATi R G KRR 4 ok K g
B4 R AR o 2RI R RIS R el S el
FA Ay BRIk G B ek ke A
Pl T dHehe of b kRented RPNV RER P

/L

<

N - E;}%’]&iﬂ,% KR4 HL 5 A g,,‘,’i
3"}4?%57%2%@’ m FFT M4 dedk T B e B G EAE DS His o 2 L)
=]

% 3-4 AR Renfrw (T® 4 RE
Ba it 4 Fp

ey TiamidE (mfs)

(m) 3 4 5 6 7 8 9
1 4154.18 7385.20 11539.38| 16616.70 22617.18 29540.80 37387.58
2 8308.35 14770.40 23078.75| 33233.40 4523435 59081.60 74775.15
3 12462.53| 22155.60 34618.13| 49850.10 67851.53 88622.40| 112162.73
4 16616.70|  29540.80 46157.50| 66466.80 90468.70| 118163.20| 149550.30
5 20770.88|  36926.00 57696.88| 83083.50| 113085.88| 147704.00f 186937.88
6 24925.05| 44311.20 69236.25| 99700.20| 135703.05| 177244.80| 224325.45
7 29079.23| 51696.40 80775.63| 116316.90] 158320.23| 206785.60| 261713.03
8 33233.40| 59081.60 92315.00| 132933.60| 180937.40| 236326.40) 299100.60
9 37387.58] 66466.80] 103854.38| 149550.30] 203554.58| 265867.20| 336488.18
10 41541.75| 73852.00f 115393.75| 166167.00| 226171.75| 295408.00| 373875.75
11 45695.93 81237.20{ 126933.13| 182783.70| 248788.93| 324948.80| 411263.33
12 49850.10f 88622.40( 138472.50| 199400.40| 271406.10{ 354489.60| 448650.90

3 Cp=0.5 > p=998kg/m’
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% 3-5 Ml Renfliier 4 B Y

BiiEr 4 F (4eig & 0.001Um/s>)

K T ¥ammid (m/s)
(m) 3 4 5 6 7 8 9
1 64.38 85.84 107.31 128.77 150.23 171.69 193.15
2 128.77 171.69 214.61 257.53 300.46 343.38 386.30
3 193.15 257.53 321.92 386.30 450.69 515.07 579.45
4 257.53 343.38 429.22 515.07 600.91 686.76 772.60
5 321.92 429.22 536.53 643.84 751.14 858.45 965.75
6 386.30 515.07 643.84 772.60 901.37 1030.14 1158.90
7 450.69 600.91 751.14 901.37 1051.60 1201.83 1352.06
8 515.07 686.76 858.45 1030.14 1201.83 1373.52 1545.21
9 579.45 772.60 965.75 1158.90 1352.06 1545.21 1738.36
10 643.84 858.45 1073.06 1287.67 1502.28 1716.90 1931.51
11 708.22 944.29 1180.37 1416.44 1652.51 1888.59 2124.66
12 772.60 1030.14 1287.67 1545.21 1802.74 2060.27 2317.81
31 Cp=0.5> p=998kg/m’ > 4rig & : 0.001Uny/s’
% 3-6 FE FR g e 4
B 3 F (4eig B 0.01Um/s)
P T 3oiniE  (m/s)
(m) 3 4 5 6 7 8 9
1 643.84 858.45 1073.06 1287.67 1502.28 1716.90 1931.51
2 1287.67 1716.90 2146.12 2575.34 3004.57 3433.79 3863.01
3 1931.51 2575.34 3219.18 3863.01 4506.85 5150.69 5794.52
4 2575.34 3433.79 4292.24 5150.69 6009.13 6867.58 7726.03
5 3219.18 4292.24 5365.30 6438.36 7511.42 8584.48 9657.54
6 3863.01 5150.69 6438.36 7726.03 9013.70 10301.37 11589.04
7 4506.85 6009.13 7511.42 9013.70 10515.98 12018.27 13520.55
8 5150.69 6867.58 8584.48 10301.37 12018.27 13735.16 15452.06
9 5794.52 7726.03 9657.54 11589.04 13520.55 15452.06 17383.57
10 6438.36 8584.48 10730.60 12876.72 15022.84 17168.95 19315.07
11 7082.19 9442.93 11803.66 14164.39 16525.12 18885.85 21246.58
12 7726.03 10301.37 12876.72 15452.06 18027.40 20602.75 23178.09
i1 CD=0.5 > p=998kg/m’ > 4rit & : 0.01Um/s’
2. i AR A AT
(1)ic 48 M8 B A FT v i =
R RS I TS
Fs, =12
By ettt ettt (3.3)
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W 3.25 T4 A A R 15T R W)

D D D, 1
w, ~7‘+W2~7‘+ F, -7‘+5Pp -y (L, —SC)
=§Pa (L, - SC)+F, -[(L, —SC)+§(WL +SC)H]

+WF~LW~(%LW + L +L,)
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FP W ERBRAE S L £ F AEEFE SR R
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P E T ER B2 ) f A FS 2 BTG G A S i
R IR e A d T R E - A A 2 PRETA L T Bdrd 4-10

D, 5(ﬂ2ﬁ

249 REIEEHTRRRRApHFEAALRFRELE

5 P WA ocal € & | Global f £ &
4p 1R
e 4 T 0.4 0.44
i 1 0.11 0.05
SRR 2 0.26 0.12
¥ 3 0.35 0.15
AT 4 0.28 0.12
ML R 0.56 0.56
T e 5 0.05 0.03
PR R 6 0.14 0.08
LS 7 0.19 0.20
s 2 |TACHBERL o 0s 0.07
g ﬁ&%i¢ 0.61 0.32
BE i
gw tamp| O |V 0.05
M5 R B R 10 0.2 0.05
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6 o 4% 0.02
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8 WA W 0.01
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¥ o T ¥ ¥ “‘#H.I“ 417}%991;*#‘

hita

450 tp

Y
=

)8 tcorr 2 RGEE ¢ 4 S F A

2

=22

et =

o

4-33

e

—r

lT\

FdREI 2
.
& R
Y

sy 2

= W %

#-No binding ~ Linear binding » Langmuir v
Freundlich adsorption isotherm % w f& #c5 5% % » & i: (%
(D) & =& ) 'fr’?ﬁ-éﬁl\']ﬁ}_ (#HirBB(D)* 5 28 ) Fick % - 2. &%
AT E iR T iR T =
FHFER (T EE I iop D &
F oA OER &N O~ fEAT R
“Mathematica” Wolfram Research & & pFfF > o pt
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1.0 | BUREZH=1, +1,+t, =t

0.8
)
i
it
g s (RIS )=t
£ 5AEde=1,
EAPRR=t,

v

t ¢ t 14 tcorr
) t (EAF4)

W 415 BHFERI P2 E S
1. #F ¥ enTgipliE

(DFick % - 473 =& Fick % = #ica dHmv it 2775
x(t) =kt
NP xR R E I ER K AR LR Gt
PR o

(2)Weyes i+

X X

Clx,t)=C.+(C.-CH)[1—-erf(——)]=C,[1—erf(——

(x,0)=C, +(C,-C)[ f(z\/DTr)] ol f(z@)]

Cle,) s PR tIE x P2 % 325 kR x 5 #WHBiTF AR (mm)’

t ABICERF G aREI P g T A kR Gy 2 RS £
hEFEPEFIER C=C COnNamR&EI 4mz e+ ER
(Kg/m’) » D, 5 & #+ hic e erf 5 354 e -

(3)LZCL 2

Clnt)=[C+(Cé" = Cerfelo==e ™
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Ci 72mEI P FapI34zdnlkR »Cs 2RI L0 & 45
ER kA VB E R %#H(0.001) 0 x & FHECFRE(mm) 0t 2 FFET
PR s erfc 5 4354 S o
(3)Hookham 7
t=K K, -x’+K, -x
Ke gt & F %dic > Ke = 759 Ke 5 &5 i#c > Ke =
0.85>Ka 5 F i 4t Ka=40>x 5 %#HE ER (cm)-o
(4)AJMF 72

2
X

4DL.t }

Clr)=kt{(1+

D )erfC(z\/—) (\/nT

Cx,0) =kt fe™*P -

erfc( )}
vty

C)APFRtIER xF2Z 33 kR k5 % #(4.20 ;4 &
0.1 421 ;%% 0.545)> Dc 5 % 35 JIghdcr erfc 5 4354 O
o X HZIWATFA(MmM) ot EFHFIEFER o

(5)Guirguis =

De & & # hiciiic L 3 kg 5 & (mm) > A 5 - ¥
#(0.01) -

2. 4 1Y 3P t, TR RE
B AR R S BRI  HE T R T SNAER]

(1)Bazant ;=
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4

P:E 1 C*
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g A kR 0 CFL 8 R S TRARA
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()= 47 5
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; =, DAD
corr pCOV S jr

4-36

+ -
™ ™



/4

AD=m}£5
D P

D’ L 2D
2E,L(L+D) S’E,

D
5pp=E—ef(1+Uc)+

_ E
I+o,
#o pcor F R B ve FRES oL ZREE LR
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t — VVCzit
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L ! 2 2
VVcril:pcor T i a2+b2+UC +d0 D+%
Eef b —da pst

1
k, =7.081x10° x—7zDi a=0.57

corr ?
(04
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NS R S
biipf Rl Wb, Ls WEA 5 R (cm)

’

f5 RS fad i , D% 4 5 B jZ(cm)

P ER RS iR 3

E:"‘:"‘ /‘E" /;’i-:-l #FJ& gﬁ‘}i%ﬁtﬁ'{ ’ (pcor :‘; ’g‘% I/’/?\ ﬁ'{ 5
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U5 RS A

Do 5 R ALFEEL T 4% 55 0T 357 & (3600kg/m°)
P o 485 & %R (7.85g/em®) | W, i it T E
W= 5&hisd i g |

(6)Faraday's law
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AL R S (R 56)

LRAT ISR RK SR T E (Alm’)
Z SARHES R ECE (R 2) 0 5 5 H4E 4 (1.2x10-10cm) » F 3 i
% ¥ B (96485.33 C/mol) » p_ (7.85g/cm’)
l‘:l’-i—t +tcorr;\:i§iq+’f/\u'8{7/;-b/}-% #% ’?
PlA% it FER t=ti > 7 4 J& tp v tcorr ° ié’q“}ﬂ }ﬂ;‘ k

ﬁamtwﬁﬁaﬁﬁwﬁw P
TR 1 B Y R (DA):

/“} “fslw*
«H
oy
E
ol iy
el
3
.\,ﬁ
=
P

D, =1-——
100

FYOX BRSO Bieg bty R 7T x=100 -
Bl D=0 %% > #3% > 7 x=0> B] Dd=1 - % tap % %3 RC
ﬁﬁi?ﬁmﬁﬁﬁ’ﬁﬁ%ééﬂé

t=t—t,

435 BT B R E T
1. & A 3%

BRI SRR G R e R R A A gy
€ Edrdk 4-13 #777 o

%413 REd g rngrhfasd i bhfgd e

7B A ol BE | A &
ot =
Jir b TR 0.44
BT | 0.11 1
¢ ER 2 0.26 2
F 4 3 0.35 2
Tt T i 4 0.28 2
R 0.56
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5 A cal B | R
I - /
T ik 5 0.05 0
PR %R 6 0.14 1
A 7 0.19 2
MRS | B AR
# BLIE iﬁ%iié 8 0.25 0.61 2
i TS I
’ ;f%;;ﬁ o | 0.17 2
b 5 R BB 10 0.2 1
8 f
HEHN L G 1.15
A E ik 1
0 B Gk 1.05

Bt dr e o~ H - ‘f#_l—— edt A PEEG It E o N deT o

D, =6,..0

D, =1x1.15x1

(Zﬁ zn A _«a

(0.44 x

im~m
=)
Zm ]am

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

(0.56 x

(0.11+0.26 +0.35+0.28)
(3x0.14+3%x0.19+2x0.25+3%x0.17+2x0.2)

)+

(0.1440.19+0.25+0.17+0.2)

=2.45

#F2<D,<3 2

Bfp it a4 &

T —
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% 4-14 HFEEUBEH L BT

G LA BERE EARR
1 1 o8 A 0.23 —
2 s A 0.24 —
3 K 0.07 3
4 IELER ST A 0.26 2.06
5 PR K E 0.12 2.06
6 oo 4 % 0.02 2
7 A EEKE R 0.05 2
8 B & 0.01 2
= FEmR AR E LU Ak A 4T G K
B Ine o 2L e A .

D

ol :szyj .............................................................................. (5.2)

D

(4x0.07 +3.06><O.26+3.66><0.12+3><().02+3><0.05+3><0.01))

total (0.07+ 0.26 + 0.12 + 0.02 + 0.05 + 0.01)

=3.31

Dtotal =331 ’ 3§Dtotal<4 ’ %f?‘ﬁ }\ E&FLP‘I;E: é‘ 3 ’ l‘é':*#%:r
At A kR G - A

2. i RAAE AR
(38 438 Eae

x=k+/t

aF AR ko BN x R B RRRRLEE L THE
(18mm) > t % » A PR PF (42 ) T 7 £ k 5 027774
B~ 0.278 °
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b3 k is > Hex re it 5 A B & (25mm s 2t B R SUBGK S Af
BORZRESER 7 T RARF R R B R R
BERZPMTA DGR OI R REEER) RIE N =t
—R145(& ) BLF & R FI AP BOERGE - A T o R
LR I10E locm 42 # T3¢ Biv 2R 1.8mm P HEF 0
H¥ & R %43 o #if v Hookham ;2 [Hookham, 1992] -

t; :chKeXx2+Ka><x

cREI FF Gl Ke (B~ 7.59) Ke : & 2 #c(3 0.85) > Ka :
oA A B (P~ 4.0)0 Kc~Ke~Kaz &% 51 * p [Hookham,
1992] 5 x @ @A B B (% 2.5cm)H- R BAE S ~1s 0 @ 6
—7.59%0.85%2.52 + 4x2.5="50.32(& ) -

()44 ¥ t, 3+ B WE AR

L: %2 & & & (25mm) D: & 3¢5 #54c % #( 77mm’/yrs)>

G VMY g #S R B (7 25kg/m’)

O
3

£}
J e
e

C*: g4 i B3 kg 33 TR0 kB (7~ Skg/m’) »
D~C~ C*% Flam 2% T 4% w3l * p [Liang et al,, 2002] -
t,=3.59(&)

d g, 2 3F iE‘J‘FK X Bazant 5 3 R iTaE W > Fm AT L o

Q) EE(2 F ) teon 3t B AR

bl

corr

=%rl. =2036.25(+&)
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HY ERBHEX K &L

Fara day's laW[Fontana, 1987][Mangat and Elfgarf, 1999]

;o op,LF
corr Ai

A SR 2(RF £ 5 56)

PG RART Rk 2 T (0.86735 £ Alem’=0.86735
x 10°A/cm?) »

Z 5 RS 2 2)

5 % HAL4F % =1.2x 10-10cm) »

F %+ % ¥ #=96485.33 C/mol) >

ost 5452 B R (pst=7.85g/em’) > 3+ 5 & % tcorr=3.76(# )

. 1.2x107" x7.85x 2 x 96485.33
56x0.86735x107°

% E & =111, H0,=50.32+3.59+3.76=57.67 (&)

S H R 1,=42(F)

=

P

>

N
I

-1,,=57.67-42=15.67(#)
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‘Eﬁ BN RY e LT SRR K F

2wt Ol B AR I AR i o Bl AR g UK et R
# %?7}%’7@3&17}11% AR GRS o R 5-15 fert Wt o H Rk mgﬁ
L 1030 (RERA) ~ 035 (REB) ~ 040 (~5.C)
0.45 (MﬁD) 458 o ke b HHAEZE 30% (REX) ~35% (R
Y) ~240% (RELZ) R3f o ph FAE 130% (RE3) 2250% (&
55) £24 o

-

—A
AN

5«:%3
b o B
i fg; ﬁ

7—- W =R

o
L

£5-1 RHED 2 et ®

¥ kg/m’
W% | W/B | kiR & m g3 SP (22 F|» 4~ F |t H
A3X | 030 | 386 116 50 160 6 568 243 865
B3X | 0.35 | 329 99 42 160 5 568 243 943
C3X | 0.40 | 287 86 37 160 4 568 243 | 1000
D3X | 0.45 | 255 76 33 160 4 568 243 | 1045
A3Y | 030 | 386 116 50 160 6 663 284 732
B3Y | 0.35 | 329 99 42 160 5 663 284 809
C3Y | 0.40 | 287 86 37 160 4 663 284 866
D3Y | 0.45 | 255 76 33 160 4 663 284 911
A3Z | 0.30 | 386 116 50 160 6 758 325 598
B3Z | 0.35 | 329 99 42 160 5 758 325 675
C3Z | 0.40 | 287 86 37 160 4 758 325 733
D3Z | 0.45 | 255 76 33 160 4 758 325 777
ASY | 030 | 276 193 83 160 6 663 284 703
BSY | 0.35 | 235 165 71 160 5 663 284 784
CS5Y | 0.40 | 205 144 62 160 4 663 284 845
D5Y | 0.45 182 127 55 160 4 663 284 892

Rk & B ik ASTM C39:8 (7 #UR 58 & 38 5% ~ ASTM C1138d B4 32
%~ ACI 5448 225 ~ T R)-Rinidsh ~ 21 5 35 Pt /% 35 325 (RCPT)
Svik & S B EER(ACMT) ~ 2 7% E% (Ponding test) o
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Cl: 4 =% % 88 (kg/m)
C,: R+ 4o % @E(kym)

c:BACEESE 0 SRR RHE K B & (mm)

C

R ATE S

logD, =-6.77(W /C)* +10.1(W / C) - 3. 14(Cm2/41 ) (5-7)

t:HEE(E)

erf t F-A Sk
%512 P A& 3 Hicra S
A H 7
PAERFE | wgn | logD, =—-3.90F /C) +7.20W /C)—2.5

CREAER T

(%) b2

% gt | logD, = =-3.0W/C)Y+54W /C)-2.2

pAIATE KR log D =[4.5(W / C)* +0.14(W / C)-8.47 | +1og(3.15x10)
R R

ER gt |logD= [19.5(W/Cy* ~13.8(W / C)—5.74 | +1log (3.15x107)
iﬁég*v
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pp.109-1202004 )

| sk log D, =—6.77(W /C)> +10.10W / C)-3.14
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EE 24 |14 % WokiE B A 1.4
#H A -kEBA 1.8
. £ T a0 £ T 1408
255 c )“ Bl | (;) )’ 2o
13 15.9 1 63 1
Ui 8.5 0.83 70 0.82
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i 0.467
i 0.345
30
b [F] 0.463
37 0.447
W 0.316
i v 0.29
¢ 2R B 35 0.209
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3 3 0.206
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% 5-16~ 4 5-17 5 5 ¥ + BHORFATE 2 S8 5 b Sl
BT EPIF S344FE PR 4 S s W SR

4 516 BT 3T F)E(FD)

Fi T F) % %A G T %P ik
X, | BRIER iF (m/s) Ee 2.06 0.22
Xy | Cord & 2 ic(FRIR) iy & 0.84 1.03
X3 | D3 & Tidc iy & 1.89 1.84
Xy | Cois 1+ T HEcE 1.43 1.08
Xs | #EK 5B (m/s) ¥ i %% 1 ] 0.2
Xe | #hfc> 2582 ¢ Rk HHF & 1.24 0.91
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I 35k % (m/sec) 2.1
Boi# 2% X (m/sec) 0.45
A vt 0.55
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BEAWT PTG FEFAHIE 10% 7 pFo
BPRITZFBFIR FEIHIFRBE -

T a3 5 2 2 40 (Choe ¢ 2008) -

d B 5.34 rx T_F 405 4 E‘*F’*m#ﬁ#*ﬁl%g\?g“3ﬁ(1€*%
T 1()%) PP ieT N BSR4
LB 2 B (G hoB) 5.37 27T 0 M Ak S A TG bt K g B pE

FY 2 B %4 8] 5.38 “r o o

d t<T

corr

_ —1.64
]0508(1 d(W/c) (t ]’:Urr)l)ﬂ 71("«,- <t<T (5—14)

d,(tT,,,)=\d,(t)=d, -

corr

0.t>T,

kA (FEF AR 5 0.55) ¢
dp; * R 44K 55 2 [T € (mm) e
dy * 374k 55 2 42 & (mm) o
T: H#s(E) -
Too © BB 4 Ji 40 P R
Tp: 4% 5% 2 2ATRPFRF(£) o

32.2
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298
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B5.38 HEPFT 245185 5> F M AR

QP B FREFE S Z2eT (2 A €3H° F No.767/V6e4,35-46,
2004.8) :

a. iR Ep
B S S FATIE 10%2 PERYBEAL 2 4 S e 4 2
(P rZRF¢g)-
b.iE &
T a5 5 3x10° (mm/year)

FaZeg 4 2 2h & Ar, =13(c/p)x107 (mm)........... (5-15)
¢t W& & & (mm)
: gy 5 F 45 (mm)
c.hvig & wn .
TEEAaE 5 3x10° (mm/year)

W R AT A A 4 2 TR B A, =52(c/ 9)x107 (mm)....(5-16)
c: A& 5 & (mm)
4 85 F /2 (mm)
d.Avid #p {2 8 -
15 = M AL B Bl e (SHPIR GRS B S R > E R
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2R ¥R~ FRR R = 008097 o (RH _ 0'45)0.2288 x o 00374
¢ 2 i N i e R{cr _ e—0<0513T % (RH _0.45)0.938 x d—o.oszz
= TR B FRZ R R = o 001697 o (RH _0.45)1.765 x ¢ 00601
L i R[cr — 00T (RH _ 0.45)0.28 x 00875

Fo it 0 B5 5

Ar, =52(c/@)=x107 (mm)

i B M 5
Ar, =13(c/@)=107 (mm)

49 i J# 4% & (mm)

5 R 1 B il
it paan | Yea0)
B K F iR

}}Eéduii 3x107 (mm/year) | 3x107 (mm/year) Bk ik % w55

®5.39 ¢ Bt FREE W
d Bl 5.36 505 47 & F A 2 5 Prq § £ 10%(ASTM

C876 1991) > 4 s it BPFAFEL] ¢ 5 4 b FB ¥ 35 I
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Fo = OI=LIHaxRu DEy e, (5-19)
Fo =(1-098a™ (ax Ry JE, e, (5-20)
e, =(1-173(axR, e, #HH21wULE (5-21)

E: 4% 55 F &% 2. < %l (N/mm’) o
Fo: 4 55 48w 2% iR 55 & (N/mm’) o
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