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ABSTRACT

Keywords: salt spray test, long-term exposure test, Ponding test, concrete

This plan is to study the chloride ion impact on durability of concrete by accelerated
salt spray test. The concrete specimens with five years long term coastal nature
exposure were testing its depth concentration of chloride ion intrusion. And at the
same time, concrete specimens with water cement ratio 0.35 to 0.65 were produced
and tested. By the different deterioration time deterioration test, salt spray, and
chloride ions from the salt storage test data, establishment of accelerated salt spray
test and correlation between long-term exposures.  Test results found that long-term
natural exposure increased compressive strength at early age, but after 540 days, the
compressive strength has also increased, but the rate of increase is slowing.  And
total chloride ion intrusions of concrete values were increased as extensions of the
period of exposure. And the total chloride ion of ponding test (Mponding) S Much
larger than the concrete specimens with long term coastal nature exposure ( Mexpsoure )-
By comparison of the total chloride amount of long-term natural exposure  ( Mexpsoure )
and ponding t test (Mponding) With each exposure period, and found that the ponding
test was equivalent to 15.35 to 18.38 years of long-term natural exposure test. When
the total chloride ion of ponding test and Prohesion cycle salt spray test comparison
can be found that the ponding test equivalent to Prohesion Cyclic Salt Fog test 23.06
to 23.97 days deterioration period. And its good linear relationship with the
degradation time (R2=0.969), the linear relationship of the formula Y = 0.0277X
+0.46600. Thus establishing salt spray test, natural exposure testing, associated with
the ponding test of the three. It can be help to estimate service life of the concrete
structure, and thus to create a salt spray test methods applicable to the assessment of
the durability of concrete.
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2Fe + 6CI" — 2FeCls + 4¢ (2-1)

FeCly + 20H — Fe(OH); + 3CI (2-2)

4Fe(OH); + 2H,0 + O, — 4Fe(OH)3 (2-3)
RES SN - Y $ R R Vi AR TS I S

AR MAT L 238 Ao o Ann f Song™® 22 Angst!# - it (7 I A 45 -
B 2-1 5 Angst 32 & & - #4fid S 4 SR B AR RE F 3 kR P EE - 2
EMFE S RFRPEREE > PR TR A 01%5 1.96% 0 @ A F
B E PN T AR 0.04%3 8.34% o B2 AR f
AR B HEE Y 0.4%E F o P & RIHA FRAEL BE S 22U Ao
B B R RIS E T 7 04% 5 TR > % 24 @ Am e
Song I % 5 0.2%3% 1.5% > <A MRS 0.5% -

B 2-2 7 5 Angst A3 en § & CITOH 2 joa= 4L » # 4%+ 001

b

4)_556; zJ._g: ,

—Es-

b

3 45> alr“,értﬁé‘ FEEE P CI/OH & M P 5 3 0.6 2Z B o IV H-k
pH & 11~13 eiR 3 @ 5 » & 3+ B Ak £¢00.2 3 04% > CI/OH' A ¢ ~
06 TR FEI P B ERS FRREES I T REBNER FF o

5 Ann, K. Y., and Song, K. Y., “Chloride threshold level for corrosion of steel in concrete”, Corrosion
Science, Vol.49, pp.4113-4133, 2007.

16 Angst, U., Elsener, B., Larsen, K. C., Vennesland, O., “Critical chloride content in reinforced
concrete- A review”, Cement and Concrete Research, Vol.39, pp.1122-1138, 2009.

7 BS EN 206-1 “Eurocode 2. Design of concrete structures. General rules and rules for buildings “,

British-Adopted European Standard, 2004.
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Chloride

Specimen type.

[ concrete [} mortar

£ capilary suction and/or diffusion [5] migration [53 various techniques

2 mixed-in

vanous cements

(OPC)

Vanous cements

cu il s
su: 58, oL RIOOOOOOOTN 0PC. SAPC
su. 58, oL (SN saec
o TR e

ansg cu [ v
v (RSN wa

i [l
o N
we B30
na
v [TTRRETE
| OO0

s8. ct [NERNRNNNUSNNY
*E
b c. ERNNNY
A8, i [ vanols
s/e [ERONNNINRN s
sv il 5
swo fra fse
sw | ESSN ord. caes, Fa
o N0
v NN C7-
B
wo [l srec
sm.d || sarc
EULLE \NSNANRNNNNNY
sv D
ORI
 RRRIIIIIINE
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ss [N

* reported C_, values are more according
1o definition 2 than definition 1

3s

“ o w o o
2 2 1 | 0

% Total chioride by weight of binder

30
0.0

Kassche

(1950)

Baumel

(19%9)

Trejo and Montewo
(200%)

Tropo and Plai
(2003)
Zimmeemann ot al
(2000)

Thomas*

(1966)

Schwess! and Beet
(1996)

Petorsson

(1992)

IL

E <~ 200 mV SCE

E 2-200 mV SCE

E not reported

R P HES L

W F S

2

& 4 55 4B

i%

Bl 2-1

v‘)]% 16)

Chloride introduction:

KR

1

F

(

Specimen type:

mortar or concrete [l solution experiment

7] mixed-in [ capillary suction and/or diffusion migration

defects at
interface

OPC

OPC Q
1 T T T
f=J % o wn (= wn (=] n o wn o
T2 < [} [ o (24 - -—
T
g H139 [
g
g pH125 ]
) |
82,8
]
a0 =2}
mmMMm
2e3spe ces, FA R
EcSos
8§ 6=5 §
=833
CRER -
ED n o
28828
§2E53
gEuES OPG
%Pewa
i

PR /pl

AR; SB/ ph

pH 13.2-1

156 [

Pr/pH133 [l
Ar;s8/pH 133 [l

AR; 5B PR/pH 126 [}

o I

pH135 [l
pH125 [l
opc [ wiel=0.75
05..0.6 ,M
oPG wic=[0.3..04 SF J wie=04
H11.64-13.22 [N
pH 138l
pH116-132 [
pH13 i
pH 12.6 J
) o o o o S S S
~ © w A2 @ N o (=]
CIHOH-

Yonezawa (1988)
Yonezawa (1988)
Yonezawa (1988)
Yonezawa (1988)

Lambert et al. (1991)

Moreno et al. (2004)
Moreno et al. (2004)
Trejo and Pillai (2003)
Oh et al. (2003)
Castellote et al. (2002)
Castellote et al. (2002)
Alonso et al. (2002)

Li and Sagués (2001)
Li and Sagués (2001)
Li and Sagiés (2001)
Li and Sagués (2001)
Li and Sagués (2001)
Alonso et al. (2000)
Zimmermann (2000)
Breit (1998)

Breit (1998)
Pettersson (1995)
Pettersson (1995)
Pettersson (1995)
Gofi and Andrade (1990)
Yonezawa (1988)
Hausmann (1967)
Venu et al. (1965)

Rajagopalan et al. (1962)

11

R i 4 CI/OH P 4=~ lﬁ"% L)

L)

B NS A

® 2-2
: ¢1§Je 16)

5

(



PRS- g L R R R PRI O S oy

FoF FHSNARL Y QRRESBH
i%i%»ﬁ&uﬁﬂWﬁ%ﬁzﬁﬁﬁw#wﬁﬁﬁ’Wu%“ﬁﬂ%@%%
NEGEE PRIV BB B 5 (1) R AR T R 23V 15(2)
B AR T B 23 B (3) KR B P R G S e
eRHIES TR L IR SRR F SRR N A SR E 2
Tt BARAR € TR At @ e R A H e S it B L e o AP
s HEEHE R A5 L SR REET S FHRI N HLREE L MR
WeF PR o pro § FPRERMP T RIS RES L ARG
BT RS HE T L AFUE M e F AT Pl o
FAL MR Y B F UK GO FEd R MRS PRI
ML B SRR RS 5 R A G R S 2R e 2 B
LRSS S Tt SN ﬁ%gr.* PEIRER AR L o IR A IR ARAY K
FOABFPRITI IR PTG N MR BP0 IVRR g o lOR
%&ﬁ%frotbf@*%;ﬂ;f*i/%@?ﬁ”ﬁﬂ}étiiﬁﬁt“ EE SR &
BV B R R L i il S e B
TR LA G g A e BN VR Y R RO S RORA
AulG (1) S R LB A AT~ RS 5 (2) b S AT d NIV Bk R
S GLEFRF OFF I (3) FIHokE R I FrS vk R A
i Bigis @,ﬁisa] R PR AL R R IH S (FU M5~ FUE ~ bkt
) BIVHPIARERR (&7 kE) BB LECE S s S O
f®m o A (1) & (2) 2R 2R G B 7 5 o 5 B FES BEasd] o &

~E

N

Johannesson A #F 7 A % T & £

1 FHacssdl e RGP IR IR 7 RS R R R B R R
A

ﬁéﬁ%iwgé BRRY R F o SR FRR S B ik

8 X. Wu, L. Xu, Q. Yang, S. Huang,“The diffusion equation of chloride ions in cement mortar”Trans
Shanghai Building Materials Collection Vol.4, pp.364-372( 1991).

¥ BE Johannesson, “Diffusion of a mixture of cations and anions dissolved in water”, Cement and
Concrete Research, Vol. 29, pp.1261-1270 (1999).
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RiE
2. b4 gHRASE M S PR BHRERBE o bl4ct I f IRk
T—'}“’](ﬁ_‘@( o

3. A encsdrT U IV HE BEenR BER 7 (electrical double layers) s
PRWAL R EEFRGI ek A S R (GEHE ) ot
KOP L N G

4. PRVTFF A FITCF g VR R R RATR Y DB E o dodk S

5. A THPAI AR MR AIE L THREF BT R BAEL B F A
FL B R D o

¥28 REFPMIBIHRERI AR N
P KT 4 @R & 2480 A 4 5 ASTM C1543 p7 3
75 ~ ASTM C1202 ¢ RCPT 35 o fe iz f67 & 15 05 R 4R2 fiert B 4p 3 af 4

Mant ik > E it BERE > BEAFTARITEREAI R £ o

¥ @5 (Ponding Test)
1980 & 12 w0 pr 7 vf}“%}fj} = % AASHTO e3¢5 4 #%AASHTO T259- #2002

ASTM = 3| » & %4 f »  ASTM C1543 o po 4 fe il * fo L » p b =
22 B8 NaCliamd A 2B r PINng 3 28 - R38% " X #Ki
90 = (AASHTO T259 3.2 % 90 = » F]pt 7~ f % 90 days Ponding test) - ASTM
C1543 790 = 305 A HA- Bt pF Rl > Z R BPFZTEFT OB Y & 1 & %2
PR IR o d RS L K TR R e g0 R (AT S R W R
R b A ER 2 B o

2 Arsenault, J. P. Bigas, J. P. Ollivier,“Determination of chloride diffusion coefficient using two
different steady-state methods : influence of concentration gradient ”Chloride Penetration into
Concrete, Proceedings of the International RILEM Workshop pp.150-160, (1993).

2 M. D.A. Thomas, and P. B. Bamforth, “Modelling Chloride Diffusion in Concrete Effect of Fly ash

and Slag,” Cement and Concrete Research, Vol.29, pp.487-495 (1999).
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Poig & 3~ 7 % 325% (RCPT)
AASHTO T277 (ASTM C1202) i & &+ % i5:#% (Rapid Chloride

Permeability Test) > i & #-4F ford® 2 pé"gﬁﬁ/\% A BFE G5 250ml iR 2
Boogd-ngRE~ - H7 4 FRfdxr 03ME § M43 RIFLHE
i 7 - BT 3% F 4R R AL AR o ¥4 60V B R T
BPF TR INLIEC)FRRPTP TR DT EEE S RTFE ’%‘"ﬁ“ﬁ B
TAME SRR ORF A E MR R B R4 o

PR AT I TR AR L R RS BT RG T R R

AL FLg B o a4 e dp i a & IR B %?,tt%’rm‘ FORIAE b deih

(o2}
o
<
Jt
1
=¥
1

FE A g RS Y o B BRI RN ET R 6
PR 443 1F 7 F (total charge passed ) # 13 R s 4 K dng B R e 4 o
d AR L EEFREE R SRR TP R TR R
B A AR 0 A e R gy U RCPT W g Skt 0 AL
i STy B R KRR KL E S G a4 o

B A BRRESERRER M R 6 0 A-Amoudi £ £ 11 E A
BEAFHF B RP RER RS R TRk 0 TP R 2 M e B
2-3 [l 2-4~ 22 B 2-5 #7770 d | ¥ i R AT a2 2w A g (D))
FRURER (£) SM o f7 ash WY Hoipem F g A d 4
ol At A 24y BT 300 AT R GRS R € & TR PR I 0 b

2T, H. Wee, A. K. Suryavanshi, and S. S. Tin, “Influence of aggregate fraction in the mix on the
reliability of the rapid chloride permeability”, Cement and Concrete Composites, Vol. 21, pp.59-72
(1999).

2 W. Prince, R. Pérami, and M. Espagne, “Mechanisms involved in the accelerated test of chloride
permeability”, Cement and Concrete Research, Vol. 29, pp.687-694 (1999).

# A. A. Ramezanianpour, “Effect of curing on the compressive strength resistance to chloride-ion
penetration and porosity of concrete incorporating slag, fly ash or silica fume”, Cement and Concrete

Composites, Vol. 17, pp.125-133 (1995).
° 0. S. B. Al-Amoudi, W. A. Al-Kutti, S. Ahmad, and M. Maslehuddin, “Correlation between

compressive strength and certain durability indices of plain and blended cement concretes”, Cement

and Concrete Composites, Vol. 31, pp.672-676 (2009).
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FEBEHERLIFHF2 7 UEIEX AR RAEENE &2 HEH TR
£

=

it cHARFEFFETEBEBREY HFRTF o TE L LS

4y

AR REFIIEEFEE - T2 R ER TR -BHRERE ) R RFFRT F

&

BBk B A L i ¥ sk MR ¢ SR B R

%

B &2 %{;\ﬁng,éﬁc&,ﬁ\#% ;é;gg%q o H ¥ p}?%im;ﬁit % 0.2m3

%

e

Te ZRKFHAREFIAF - BHFT g d 3 R BT §F - TOR
R J\ﬁiﬁii%‘%%}t%‘%%%\ 0.098+0.010 MPa ¢/ 4 » & B 354 vf JF
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BAE AL o By uari R F S 5%hE V4R HIER S
WAk F AR kR 0 HiRBRiEARS 7 4236 1000 o] PF o AP R RRES
PELFERY TR IARIAE - RAFY LRS- RT AL LATY

3# 5% (neutral salt spray test, NSS) - firr it % 7 v @25 (acetic acid salt spray test,

16



CEE Y RN

AASS) ~ & dr ek FREE B 5 4 1 225% (copper-accelerated acetic acid salt spray
test, CASS ) -

(2

F_k

ML G PR EARM YRR Y L BHER T R § AR
BRI P AT B RS 2 A F A MR A AR

R B 0 T paE e BRI o

17



U PG ERIEE A SR a4 R P

18

Fe

1



*}
Jir
Fe

SRR AN 2

P23 AFAREREAN R

F- 8 AFFAER-

Bt A RS ERiEa AR e 2 REL RE IR SER > P DR
HATHEOR R IO R PR TR D AT R Y AR T LR R anfEa) e
BECHEA TP X FRRBAY A g T PR AR KR A HAEARE
PHuER o P H FTRIZ A F & B U AR5 1ISO 9225 Rz 0 10k B
* PWRI(Public Works Research Institute, j = 75ci2 4 2 AT 7 97 )end F77% o
@ % ® Korea Institute of Construction Technology ~ 7 % & #f i 97 2% = ;% K3 £
K3h -

ISO 9225 ;B 4+ » & A F4L§ 5 CNS 1375477 2] * v';#vz»rz%“js g1
PR oM EF P ABE BB ERESF P R BN % PSS
ZRFF RIS SR EN A FREY DF4EE ~u L CL 1 C5
LTI BER - BRRZ LI PR FT L DB B # 74 § 1 &

k}“

B TR BNUCP R R TR R TR Y F B2 R
md %% 200mL 4 b CaHgOs 22 1000 ML F kit & 15 4e » 20 F 3 A1 1k
R P AT R TR AER L RSP R IE 7 B T %
8 5 4o 3-1 #7m o @ i CNS 13754 b ikF 7 F Mjz fgBew » 1LF 23

R

R BBRNnE B R o A BB w08 200 ML 2 F Ak ik s
Y 0 RFR Y TR o B (5 RN MR B AT B AT
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P& PWRI S A% fhd JIS Z2382 by # 2 sea k%, Bfl* # k@A
FRBLE APMRELMI297 K EFWFRARE Y EHEF RS

TR T BARE YR BRI T (H o ke ]

% 180 9225, “Corrosion of metals and alloys -- Corrosivity of atmospheres”, International
Organization for Standardization, 2012.
" CNS13754 T & 2 £ k2 ro— F & (FL2R%) ) ¥ EXNFEFIEE -

BISZ2382: T XL BB OF SR ATBTL-ODEE S L FF OB E P A1 L1908 -
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% 3 K. Lee, and H. Y. Moon, “Salinity distribution of seashore concrete structures in Korea”, Building
and Environment, Vol. 41, pp.1447-1453 (2006).
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%2 Malalis, R. R., and Robertson, I. N., “Island mapping of chloride deposition rate”, Research Report

UHM/CEE/06-05, May, 2006.
¥ Hossain, K. M. A., and Easa, S. M., “Spatial Distribution of Marine Salts in Coastal Region Using

Wet Candle Sensors”, International Journal of Research and Reviews in Applied Sciences, Vol.7,
No.3, 2011,pp.228-235.
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gpﬂ@%EQ%QWMnE%@ﬁﬂl%%%%ﬂ$ﬁi“ﬁ*ﬁ#%§‘ﬁw‘

PRI Rep R TEARRAFFGICAIAAFY ) 0 LA RER
¥ 5 477§ 4F 4 » MOTC-10T-97-H1DB002 » 2009 -
25



WAk BERRFEFE BRI RS A ABELE LAY

AR R BRI B AR 9200 © 2 5 B o T 3h A SR RS BT
B AR BAHEARLS PR d BRI BE TS
P T 0 Ao W36 o d WY TR AT R 2§ RE

B A AT RPFIARRALLEE ISR S PRFSEIAT AR EL S

Al
;\‘3\1‘\
h
Y
Eir)
kY
|k
\-‘..
4
=
—
=
3
b
-
fon
=

TR SR BE R R ETELF B
BRAEZ LFFLERTRROAMTEINEF P RS R, D RIEH A
x ARFLA N EF L PANF
PR ER A LFAFANEEF

%
P2 EORA I ABRAE AR R A ERZIASE R BRI D S R

£/
0.5

\o

Lt o "Q 70
410504 ’ 6.0
HREIRE .

=gl / 5.0
4.0

3.0

j FH0R

o5 01 20
ELIR ¢ 1.0
0.5

0.1

B13-6 44 mg e Tio%=5amF (F e~ mg/l00cmIday) °

(FA &2 3)
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Jir

FH R EEES R R AL AR AR R BUHE B s AR

Y2 fF e T 4 31 4 .

2031 W RN DR LS A BT R RS e s
b T 1% FF’J’? o )7\“
A Cair=32.1d 0%°
Sk Cair =67.9d %
LStz y Cair =15.5d 0¢!
¥ ) Cair =17.2d °%°
FeF A Cair =17.2d 08
3R B Cair =7.6d 7
WA Cair =8.5d 7
FAG Cair =8.9d 7
% Cyr 5 % #F (mg/100cm3day)
d s Asped (m)
(FA KR 2 fe3)
Fho R R2EF G4 § BfE R DI RS R A
17 AT T G TR A 50

Car =0.05xrxu, ™" xw,* xd ¢

X¥C, & @®E (mg/100cm/day)
r:fschspsa"* (%)
u, 7 »ch i (m/sec)
w, & F2a & (mm)

d @ ais a2 g (m)

(3-3)
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TR %K E

Fri #FEV R

$o 8 R RER
ATV EBRRIEE IR TR BEY Rk d R
M FE PR T R BRI TR A HA MR e T2 g

WA L S ;ffrf’}l}‘ffrmﬁxﬁ‘#%‘!ﬁ%or‘]”“*' R RS i

T
—\'

N
3
'
M
&
T+
=
ﬁ}
3

B iR R L ARBR R DR BG4
WP heT o
LAcid B 3Bk S 23K 2
AR RRE T

e BGRHREE R LR L BRRRR T B BGRRTR Y 2
ok g F Bk CNS 8886 5 i@ * v FixFming (404 » T F M3 20
uS/cm e g3 ok o HER L 5045 g/l v # £.1.029 T 1.036 2 FF > @ pH &
FAFALO6S5 T T2F c FEHRFEHEIRERT L EGIOERAER LR FHPN R
B3 EaFha 35+2CH o B¢ o HipPth® RAKE L HRETER 24 |
PRzt (7 HBEF kT a2 5 80cm’ & [ g Tiojcf ImL itk
AOPARUSPIFEEER - E 2 pH EH I E IR RERBR AT oM
Ed AP T EFER 4E2 Y ARFSFLIRAE DAY RSN A

.49 % 9.84mg/100 cm?/day o 4vid W Figsk ¥ L chE T @ME L IR

B.% it B K T

Gt BGREKT P HREGL BCHAEEFHRE > J L HEHEE G
BEGRFES RB o Tt FRE E R A T AR A G R R A
REA G5 AVAT E PR & B B AR SR A RE ~ SRR Y Dl d
2o TR HHRBAALT § @R Ty AR T AR A RGR
#FE ﬁ'f‘:&li‘%‘i ( Nordisk Innovations Center test methods, nordtest) = NT Build
228-Prohesion B 7% % % 1t 3#%& > % 4 B P 2025C g BRI 2 B
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M BRI T A AT R A AR

P 35+ 2°C e kAL > BT ICIR AT A R A S Bl o

C.% "PFEFX T

BRLEHI A ERGRET CREFFFERL YL 1000 - pF (4167 %)
GEESCER St EREER SR+ O R JEP ER LRI AU Sl S
240 /] pE (10 = )~ 480 -] ¥ (20 = )~ 720 /] p% (30 = )~ 960 -] p¥ (40 % ) in
ERLE

2R R et Skt
RARE S e > AT ASHEEL AR AR RFEE AR
TR s 3 feot SR Prac L L Rlcded A1 SR 0 TR IR
PFERE 5 BRREV APM P RBIE A B ST AR BT AR T
RGd et o PRkt R 245 kgflcm? ¢2 350 kgflcm? eid 5eil 3 4 fiet ¢
(1245~ 1350) » 735 3> 3 © B4E H A5 % e [] 3k R R 5E2 fiert (11350) 12
B RARR G B BARRE RSB D) AERES (SCC) HE L+ A
Z2R8 %+ % 225 cmxB60 cmx100 cm = P # e 3 AL 10 2 ¢ SR EALE S
& (4rB 41477 )0 3 ¢ 27540 % ~720 % ~ 22 840 X REH & 3 EZRE
B> 17 1850 X REM ESR o f 2 R K TR WP R AR
Bl 35k it 035 3 065 Mt ol £ 4 i % BRI iE 7% (BURFHE
F 50wt ) SRS AP M FSR AT L 42977 o

241 A7 EPRFERFS et T2 (= kg/m®)

fleve | kv kiR ek | ¥ v
BE | A 'k

% | (w/b) (A159) ) H BoAL

1245 0.57 310 (1 &) - - 914 935 178 | 4.65

1350 | 045 | 400(1 %)) - - 945 823 180 | 2.20

11350 | 045 | 400 (114]) - - 945 823 180 | 2.20

SCC | 040 | 255(14)) 85 85 761 952 170 | 4.25

(FR kiR ¢}§J€3>
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TP EPRFEREL CrAKREH 102 FBRE) °

242 RRVERFE

R HIE P

P

ok 50+ 5 g/L
L #FFHRE -
ERAE: 27 2. w @ g 20£5°Cehef Foos B P 35+ 2°C ehig kAR &
TR 75 B AR
0] p ~240 -] p% (10 = )~ 480 -] p* (20 = )~ 720 -] p¥ (30
RN

% )~960 ] pF (40 = )

R e

L @ 2 pee j RYRFLHF ZEPTHORRIp 42
(FIRFrERT 5 7 BRGF)

2. kA 0353 065" et 4 e
(FIRFrERT 5 7 BRGF)

(FH KR AL FER)
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MAeiE WG RBR IR A A MR A BRIy

Fo8 REI AP
1.7k
RGEL RN L ATF Gk L & CNS 13961 22 ASTM CO4 .46 4. el 5

ALk R P dok o BAPM AR 43 40 o

# 4-3 & oRkERE % (ppm)

ESkIE P i g
¥ 0.35
Fr e 19 4= 0.20
#1247 5 (Na;O+0.66K;0) 0.31
LEHZE 0.01

2.k ik
AP EREHEY AR T A At v % - ARE S E L 3150 £

4434 45 LA pRPFEE LN .

%43 kiR g

o RO CNS 61-R2001 ok B
qm B : Fineness (cm?/g) Min: 2800 3520
A& Soundness (%) Max: 0.80 0.05

7 % puR 5 & (kgflem?) Min: 197 312
28 = $k 55 & (kgflem?) Min: 281 412
A 5 ¢ Initial set (4 42) Min: 45 (+ 42 3:10
25 ¢ Final set (4 4&) Max: 375 (a—+ 42 5:30

(FAL KR © SAKERGF LD P)
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ER

)

345 kiR E B

- § 1 (Si0y) 20.89
§ 1 48(A1,05) 5.61
3 1 48(Fe205) 3.13
§ v 47 (Ca0) 63.87
§ i 4£(MgO) Max: 6.00 2.93
%% £ (L.O.1) Max: 3.00 0.73

# 74 7% A (Ins. Res) Max: 0.75
¥ s = 47 (C1S) 50.40
7 it = 45(C,S) 22.20
4P L = 4T (C3A) 9.57

$EAB L 4T (C4AF) 9.51

(FH KR S RRRET I F)
3. F 44

AP ERES R L H L2 ART AR OL AREER B o
Ho G N e fok it # (SSD) 5 277 0 A 735k S % 4ok 4-6 i3 o H T

B fe s BlAoB] 4-2 AToF o
% 4-6 L FTEREKRESE

o AFEEY THEE% dEE R %
1" (25.4 mm) 0.00 0.00 100.00
3/4" (19.05 mm) 0.17 0.17 99.83
1/2" (12.7 mm) 15.17 15.33 84.67
3/8” (9.5 mm) 12.83 28.17 71.83
NO.4 (4.75 mm) 53.33 81.50 18.50
R4 18.25 99.75 0.25

(FR KR 27 p 7HR)
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M BRI T A AT R A AR

100
90
80 -
70
60 -
50
40 -
30
20 -
10
0

Cumulative amount passing (%)

1 10 100
Sieve size (mm)

B 42 =rRf25fesT R

(FA kR : 25 p 7 AED)

4.} m¥
A H A * 2w R AR T ES ArAZ RES e e H g
cP Aot £ (SSD) 5 2.69 0 & A iRk S R drd 47 4w 0 B S s p s F F

4o R] 4-3 9 5F o
% A7 ¥ M2 AR

iR AgEE% THEEY AHEE%
3/8” (9.5mm) 0.00 0.00 100.00
NO.4 (4.75mm) 1.24 1.24 98.76
NO.8 (2.36mm) 18.00 19.24 80.76
NO.16 (1.18mm) 22.04 41.28 58.72
NO.30 (600pum) 14.20 55.48 44.52
NO.50 (300pm) 15.00 70.48 29.52
NO.100(150um) 20.00 90.48 9.52

R4 9.30 99.78 0.22

(FH KR AFF p 7 ER)
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Cumulative amount passing (%)

\.

FrRR%td

)

100
380 |
o | T ASTMC33 L /
i ’
---- ASTM C33F ’
60 | F :
50 /
40 ,
30 ‘
20 ,
10 | ,

0.01 0.1 1 10

Sievesize (Inm)

Bl 4-3 ‘oF Hz mpes T E

(FA kR : 25 p 7 AER)

¥ E RELRRY

B bR ek At 035 2 065 RS 0 £ 48 G HF KA 0 B B

HREIPWITI0BE L I0 2AL FR 20 2L BEWEFSFE%K -

%48 A3t HiFz kAt 0353 0.65 R4 et (H =t kg/m®)

S B

KA vt 4873 Fe A 44 ot -k LB R

OPC35

0.35 509 813 881 173 5.09

OPC45

0.45 443 813 881 197 -

OPC55

0.55 392 813 881 216 -

OPC65

0.65 351 813 881 228 -

(FA SR : ML p 7 AETL)

35




PRS- g L R R R PRI O S oy

Fr i REEAL
1Lp ARBFR I FEHRARL
s S EPenp RARFER > H 2+ 5 225 cmx60 cmx100 cm > AR ©
FE g 144 B = 42 10 cm x30 cm Pé‘w?*"éfé‘iw FE(ZHFAFR)BL44 5FEM T B -
APFFFOBESELHBRBREL  FYPIFEARREI DIFEREER > T K

Auld G o

=

B F 5 R4 BT 10cm x25 cm 2248 & 3 B 0 4ol 4-5 47or o d T
93 840 X 2% T > G A RIRAL F T EAFRT €43 10cm s F 5 )7

§ A2 5 om o F RG] H-5 5 ] 25 om K R 4B AT L ELG 15 om 1§ i
FHEEFENRRIDFRERRER o FITERBHEF 7 AL EF
B 2RI ARSI IRRY RV RN FP T ERLFRE R R FRE T o F
A RIGEMRYE R 10em B4R G B F T ~ BT AR & GRS et FHHl e B
4-6 5 EMEgEc EAE c P RFEL B RERFE L T LE S el TN L

Pp AR S BT S Ry Epoxy R4 o A g LR B2 F R A R

F RS

LRG o AHE&KPEL B H L 0 Epoxy A 3t

fe———65cm(#5 i3 & lom)—» le——65cm(#5 %3 & 2.5cmy——»  e———65cm(#5 i & dcm)y——»

#5@5cm
YN aE '\ NN O NI \‘ N N s Y
o #\3\ J \\ J \\ ) \\ \\,, / \\;,/ \_//' \_//' \ ) \ J \_//' \_//' \_//' 0Xy50m
100cmt OO O ,/’\ Y YaYallalaYeaYaye
\ / \\ \\ \\ \\/ / \\;/ \_//’ \_//’ \_// \ J \ J \ J \ )
aYaYavalla (/ YO OO ) ) | gtox20em
AN \/ \/ N N N | e

NN AN AN
aYaYaYala Y Y YallalaYayayas
\_/ \\/ \\/ N2 RN NN \/ \/ N \/ \/ \/ \/

e 225cm

A A

(FHR KR AFFE p (7ER)
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EO -

FR R

iy

_ Jay

o000 [ X X )
o000 [ X X )
o000 [ X X )
(XX ] #515‘:§%] YY)
P 1-25-4cm oo

YY) YY) ;Eb /;—3 TF\‘J@}?CN éé‘*g

100cm ~ ~ T T T T

I S FasER R | w Rk

—_—_—— e — (M M — 4

EIRERE SR

oL B
i . ° #Ha i ° ° b
R o

i 6ocr | FasRRER | BBEAEN

Rl 4-6 p RRBEFWAFAMYER

GRS SURRSSER IiE 23
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e B ERAEE AS HURD et A R L ]

2.0k At 035 3 0.65 fie vt iR e 4 sk L]

W T R 28 XMk K 0 A F i 10 24 F R 8
SRS RS PN E RS T RE RS TIEEL DRI S g it & 0
FERE Y A0 o B SRR~ BERER Y ok el B
BHE (R Geid ¥ RREAT o SRR B ALY MR I IR B B A
RRBRGRERSTRE - BRRRPG LB L E R g Epoxy #

T

FI8% @&
13 %H3%
AEEY A G AeiE 41 Rk Gk dh CNS 11607 28 3.1 &2 (7> dp M iksk = 55 A4
* 283 o nd B G RRE (NSS) & 7 0 538 % > 2 2 NT Build
228-Prohesion % 75 # % % it @k > ;Lo 2 ¢ BFE HEKT AP RGP G OB
HRBRRFET - BEHERY LB E 2 SUGA CTP96 B fibskisit
7 o
BFE KT FAME R MM e RERER T L FRER
g b4k (R 99.9% 1 > 20T & % 217 A3 B % 5844 g/mol) £ T &
4 20 uS/em 2 I okAF A ER L 5505 WV > 2 v £ 4 35T 4 1.026
% 1.032 2 B g o pH RIS B 65~T2 fRIP of HFEAR TS 3551 T -
PR E R T ok 4-9 97T o AR E AW 4T TF c AP HREFR R L8
{7 240 /] P (10 = )~ 480 /] p¥ (20 = )~ 720 -] p¥ (30 = )~ 960 -] P (40 = )

Hp R o
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\

EN S

s

249 BAFHEELEEHRRT
HEH N 2 ERA 35+1°C

HEH N 2 AR A 99 ~98 %
SREBZER 47+1°C

#wm-kkR (35C ) 5+ 0.5W/V %

0.098+0.002MPa { 1.0+0.025kgf /cm?3}

e BRGTIEB R

%> 80cm31.0 ~2.0mL/ h

pH

6.5~7. 2 (33-35C)

e Bk HorEB R T A | 1.022~1.036 ( *+ 357C)

BoRREH ok g - ki
SREK WK 2 2 R

(F# &k : CNS 11607)

B 47 5 BERAGERRE GRAf Rk )

(FHRKR: BT p FAED)

e

39



M iE B G RRAF A  HHRR L WA R

A% A%y 3% %% NT Build 228—Prohesion 5 = 5% i& {7 - Prohesion
Y sk EA S0 FRBGE O P2 Mebon g4 2 P arg B A kehk 1 1 RS
@ Prohesion iz 4 1 & §_d Protection is Adhesion i %@ % o &4~ d Mebon
ST R R 2 P mARAY BORIGE & 17 ek (Nordisk Innovations Center test methods,
nordtest) 7| » 345 o L4 ¢ Prohesion ¥ i E% M F 5 &8 IR B AR R
Bl o v FIAREREE FEFOF R > RG R o ERIEIE L6
Bl Pa- BRERE e~ w L 4B ) 20£5CHrf B2 B/ pF 35£2
Ceggf iz o ¥ ' F%E 7 o8- K35+ 301000 -] pF (167 &2 F ) o 4p B
R ALACE] 4-8 “fT o ApMAT § ¢ griZd 7 Mebon Prohesion ¥ i g A 2%
BBERFEY CRE S MBI E - Mebon Prohesion i 56— RKPEFFRHE 215
AR > CHERAFELER G A e R E LB FRERES

PR -FIETIES R

DG EE YRR

A 4

4 | PEEEREE F%RER 35T

A

2 | Prgss 0 REmE R 1 35C

( RS R >

@B 4-8 Mebon Prohesion % - g%

(FHR KR : APTp FER)
40



Y e

AP BT EFrR 2 BE RS M EE 5P ASUGA(P 2
?é%%ﬁﬁgﬁJiiﬁ%Gﬁ%ﬁ@ﬁ@ﬁ%%o%?@ﬁﬂﬁﬁ%?ﬂﬁ
St MEFFTEF A S REFHN CEAFN BN FEZERAN K

# 4o @) 4-9 7 o

Bl 4-9 CTP96 T F4f & iz :85 15 ¢+
(FHE LR 275 p FER)

2. LIRRRA F I F I ZEAIT

AFAGETR Y g dpF B 4173 2 5 CNS 14702 /T BR824 iR 2 & &
FARRIE o LR T E BT RR T O EPUOK L S PRy g B A
Mgt AR E 4 R P ARG A BRSPS i o Ak

TP AT

A BPREARGD FHY > BFEAENBE 10 g B R Aok A o ppHAZ
B3k % 4o 4-10 #7577 o

41



MAvid B ERF T I HRRI A BRELAY

Bl 4-10 Bt #3372 ‘E_@';fn?’*’]‘i XA
( L% R ﬂ‘piﬂ ffﬁﬂ)

B. 77 Brts #-#5 & i #34 /2 850 um 2. 20 L& (AASHTO T260 % 50 5LéF )+ Brid
WG E R A 10QBFF T FE 0T

C. P~ AR 4 ik 35 CNS 10787 KA MoKk it 8 A 457470 #fs R i 17 f2F 1532 »
250 mL " &E4r ¥ o 4o X 75mL 2 B3 R 2 447 F4e r 25mL R (1:1)
BT AR o

D. #-Er B E L 403 A% 4ol 4-11 971 o

E.2cq A Jln £4 &4 §F 35888702 9 em 4 FimA (AASHTO
T260 % Whatman 40 ¥2 41 8.im ) @ik 0 © B0 % 383 R RIRR » 4o B 4-12
)

F.o ¥ pid M pape & T iF 287 & 483 kR £8) > 4oR 4-13 #5F o
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G.H BB S &4+ FEFET

i F LI RT AN (4-1)E (A2 B FRRL S 4T 7R

(A—B)x N x3.545

R F R ERP, = s

(%) (4-1)

SRR § 43 § £ Co =P, xDxo (kgm?) (4-2)

AP S LEEMA (9 DAREIEIERAS G IEM fcw A (kg/m?)
WEFAP Y B R cF & YPEFRRARM AFF AT R I AT RES
FHIEREROT I RITER Y PESFE RS BRA XD FE o F

FRRIL oppb sz kR FI AR LAREE T SFRFREL Y F RS AT T

f
frt.
*
kL]

BRATEZE R ERIEAR BT 100 ppm 2 R &0 R LA A B E fr i

A

-\
1%
e
“3
i
=
o
e

-\
1_;”\_
AR
o
}\_
p
o

Bl 4-11 #-7 F FPRETRFE B

(FHRKR: 277 p FRER)
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Y4 e i %F-é"%* HEF SRR AR _§3 Fji’

Bl 4-12 4§ 4 500 B R
(FH kR AP FRE)

B 4-13 #3-% i@ * 2 Metrohm 702 SM 3] ¢ =F Tk

(FHRKR: 277 p FRER)
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w1
=y
s
it
&+
‘?—
%m

¥IE Fie%

APE P A R EEFRE LT Fedork At 0.35 1 0.65
£ 4 fepert (OPC35 ~ OPC45 ~ OPC55 ~ OPC6B5) & = = B Fidsk ¥ i w4722 &
171 T 4o Bl 51477 cIRFRFEH S EPFk g% p wide A 4eu Pk o
FEPRALFREPFT ZELFER DT RART R T Er 2 FHEF R FRERK

AR A ERFETERAI LT TH L AELAT A% o

B 5-1 -k 4+t 035 % 0.65 5 R F:kmh 5 & WM B F it ¥ BAL

(FHR KR AT p FREL)

-8 RREIRVCHARE
1. p ARRGER D frort 304
PR G ft PR PR PR AL BT B 3O AL B i

7
CERRPTRRTEN o A PTRRERL VY 8L AP TERSER
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Mheid R RRF G E T IR AR ELFY
F]Q ,&E—-T o

TEAB51E 28X HEFERPIZIRERFBHRES AP T BES 130 % ~540
T ~T720 % ~ 2 840 A R FHR G EFITL o BI5-2 5 LI 2 B RE
dRP T OB IRIURER A DL F Y 4 H g R < o BT 540 & 2

0 PURS ARG A A ) 2 IRRARE -

%51 f ARRFR I FM L Y HEFUR S R B LS e (kgflem?)

fie bt B 28 = 130 = 540 = 720 = 840 = 1850 =
1245 336 381 446 472 477 478
1350 397 447 567 599 599 619
11350 472 509 642 652 660 669
SCC 413 501 655 657 661 667

(FHR KRR > g3 Amg pFHER)

H 28 days H 130 days
| m 540 days
600 -+ m 1850 days

W 720 days

Comressive strength (kgf/cm?)

1245 1350 11350 scc
Bl 5-2 p ARRFR L F L P AR B R M R

(FR KR : 6}5%3792’;1\152*@ 7 RETD)
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2.0PC35 % OPC5 fie it 3% 4

|1

iy

OPC35 % OPC65 izt >t 28 % % F S (TR B R F%k > £ 5-2 5 HFE%

ool &0 F U PR R AoTEH g EF R A R

504 o

% 5-20PC35 = OPCB5 fie v 28 = H#sFR 5 & o % % T i@ (kgflem?)

fio vt Yot L i A2 w3 Lo kAt
OPC35 700 668 692 687 0.35
OPC45 649 624 654 642 0.45
OPC55 571 563 581 572 0.55
OPC65 432 445 476 451 0.65
(FR KR Ay p FER)

Fo8 PARAFRAAIBRVIRIFAERESE

BAARGR S fer 3t 00 X &2 ¥ 27 ASTM C1543 pv# iz o 4 5-3 4
HRE%ES -RO3LIRE6 5 4epe FrRAEKRSIERE 2 415 kR 2B %B -
W ¥ fl* Fick % - 2w o MIEFHF 0 BREAEI LT (M) d 3 %
B I RARBRL R F M BRI MR FIR @R SR D P IRTE P

PlnERRA 4T F R VY Fick ¥ B E & 4T TR g

#1 % #c (diffusion coefficient) e Fick % = Z_ &%t H - & 5 dfdci7 2 7 d T 7]

A

oC 0°C

~-D 5-1

ot P ox? 1)
F¢ D) (mifsec) 5 RTBEHRE ACAE 0 C s F TR 0 X 5K
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IR 3

WG RREE BT HR RS A AR g

FlEER (m) ot 5 Figorie * PR (sec)e F1

TR 50 I - BE RS AL M R R

v /)'1,}; EE iﬁﬁ'?j\ﬁ]—‘%ﬂf—» /}Jizl ’ l’f-LE; 3§}|Ll/’,§€ fi’: C(x=0,t>0):C

o

C(x>0,t=0) =0 ; _'i/i.' "'; lﬁ}%@ﬁ;‘: 4 C(

X=00,t=0)

AP MAEHE R RE TR RAREFY AT ¢ 75 f (R

ik F DR G A )
@ F B o &

W % +% 11350 fie st o

=0 F# o 2158 (5-1)7 RET 52

TYREC AL EE - 2 % g
F WS BATE  BITEA

. o s st 2L
aZ""&r""ﬁz‘:‘i-

AE e o

(5-2)

5-3 441
Tl TR (5:3)3E o A 53 MRS F 4 RE (M)

POV g IR 1245 et chm B8 B 0 SCC it B i< @ 1350

m= j: Cdx : t>0 (5-3)
453 pARFRFAIFIVITFRBHLS
# 4 5 EEE 845 # 4
1245 1350 11350 scc
2 FEAE 2 JEAE 2 R 2 R
(%) (%) (%) (%)
(cm) (cm) (cm) (cm)
025 | 03400 | 027 | 03421 | 027 | 03142 | 026 | 0.3021
098 | 01099 | 097 | 02743 | 099 | 02312 | 096 | 0.2012
169 | 00321 | 170 | 02165 | 1.68 | 0.0924 | 164 | 0.1054
239 | 00089 | 246 | 00922 | 241 | 00513 | 231 0.043
3.1 0.0065 | 320 | 0.0823 | 314 | 00092 | 299 | 0.0112
Y Y Y Y Y Y =L
s | OTAL | 0464% | D | 0429% | L | 0.297%
A R (%.cm) A R (%.cm) K (%.cm) K (%.cm)
£ (m) £ (m) £ (m) £ (m)

(FH %
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<o i <o <o
) (%) N i
L I L I L I L L L L

<
—
|

Total Chloride Content (% conc. mass)

< 1245
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