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ABSTRACT

This study presents experimental findings on the performance of cement concrete pavement incorporating mineral admixtures such as ground
granulated blastfurnace slag and silica fume. Flexural strength, compressive strength, charge passed, diffusion coefficient of chloride ions and initial
surface absorption of cement concrete pavement incorporating mineral admixtures were periodically measured and the corresponding results were
compared to those of plain concrete pavement. As a result, strength behaviors of concrete pavement were dependent on the types of mineral
admixtures. However, it was true that incorporation of silica fume had a beneficial effect on compressive strength development. Furthermore, the
application of mineral admixtures led to a lower diffusion coefficient of chloride ions compared to plain concrete pavement. Based on the
experimental results, the present study would be helpful to design high-performance cement concrete pavement.
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ZI2E L] AEHE2 L2 LEHHSH, tHM o2 AR[FlES Al8st 232|EL| UFUT UHH0| Cia 2450 LIER
C}, 820t o2t 232|EQ| P02 2 7|& Z32|E0]| H]st0] 0 &2 AesS LIEMHCZMN, 0l HEAESMIE A
STt A|HERAR|E ERC| 245 LHHMS CHA| BHH 201 & 5= QIQICH S=&E ASZANE tiEHoR 510, &% TS A|HER
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AT D gAE 58% olde] AMEZAYE EAFHO
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| ] sto] tha HAA U=

2> WE=9] DMS(Department

of Materials Specification) A|"A] 7178 F-2jvhetel] Hlsto

AHMEZARE IFAEEH %%é%ﬁlrxﬂ/l 2o distod

- FAH R Austa lon, B 714 HolHE Bol
gH3la Qi)

FAA T, FEAESHA (o] 1 1=
&, Zefolell4], MEEY 5 &
T, 73 54, 7 55 A

e AAHOR Z&Ao] Eopr E
24 O Aol Fak Fuista Atk (Hassan et al.,
2000: Gonen & Yazicioglu, 2007). 24, AlMEZIZE
IANER FEATIA ALAS AED AT ATE BX
gom 1 AFWERE 9] AlgAel AoR A .
2&Yane 2 st

g
N
Mg
My 2

OH“
A_

F

2 AT e FEd L= 1
#2489 NNEZIE 24e] JEEHE 1Te0.

ASTM C1202¢ #3 %7 il FHAF(RCPT -
Rapid Chloride Penetration Test) 2 #7]3}l8}4 Aol
Z7ZIA 8 (migration test)< ST ZH A2

EZIZE i"}-J WS ddgo
g Bold EEH Z2AE o] &5l FF AT =
E EJ AAE Hd M54 HolHE AAst=H & A+
I

2. Ml
2.1. Al BN=

B Ao A ARgE AW EE KS L 52019l Fote HEX
EWCAHEH AWMES] S 2 B8 JHL thy
E 19 2o, SFHE 23 E ] £ st =&Y
anE(o]st SG) B AT (e]e SF)E AlHE] djste]
AAe v&(SG 35% 2 50%, SF 5% ‘3: 10%) 2 thA| 3o
sl on FEAE A R o I
Lol Jepiglct. Al e ¢
of ARG oy, FEIAE FoES
AbgE EA9 BgA AAe F 29 2 &, ZAEQ A

A e 3 371F EE ffste] PCAE 2 sH#Al
1:_

ABAIE A8k

M

1 AME =S stetdE H 2218 4E

[tem Chemical composition (%) Physical properties

Density | SSA

Type SiO: [AlO:z [Fe:0s CaO [MgO| SO:s |lg. loss (o/or®) | (em¥/g)

Cement[19.8| 4.8 | 3.1 |61.5/1 29 28| 29 3.15 | 3,480

SG |31.71145/0.4 1417|564 21| 26 2.92 | 4,450

SF 1912113080703 - 2.3 2.20 (204,700
2. M9 2218 4E
ltem | Gmax |Absorption Density

Type (mm) (%) it (g/cm?®) SIS

River sand <5 0.90 2.6 256 | 1versus ]

mixing of

Crushed sand | <5 1.14 29 2.62 both sands
Crushed gravel | 25 0.85 - 2.67

2.2. 232\ E tjg
w AEE FAENE AHSHA @2 71 (plain) M
3 SG B SFE AHE 457 2 E 5 F Sujete] 247
EE Alzsto] A< sIsivien, 7t 29 w5
AE bR 2AEE Ax 1Y
JA 3]

S

Gmax | W/B| S/a Unit weight (kg/m®)

Symbol (mm)| (%) | (%) | W c |lsag | sF| s G
Plain 180 | 428 | - - 730 | 1012
SG-35 180 | 278 | 150 - 729 11007
SGH50 | 25 | 35 | 42 | 180 | 214 | 214 | - 728 11005
SF-5 180 | 407 | - 21 | 730 | 1008
SF-10 180 | 385 | - 43 | 727 | 1004

(2) %= FFAA m;‘—okw 10x10x40em 254 &
Z F 24080 F3lo] Za8|EQ] I

EVAL= —”F oA FFUHAE 010%x20cm LF8 FA
Z Yo & KS F 24050 9ated A3 3, 7, 28%‘01]/‘1
GEHAEE AT 2 AFHR 7o) 2 E A
7 *6}“ ° U% a4 ﬂk% RS =

& ASTM C 120291
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slo] 30 Aoz 24agom (1Y 1), 244
2 ARl U AR ARgE Add 4 (1)
o & IS AP

0 =900(1y+2 50+ 210+ + 21330+ [360)

o
=
AR NI Hmst] hel e ARATE 344

9% % 9

@ -

4|- DC Supplier + Ii

Concrete
specimen

\

Mesh electrode

a2 1. ASTM C 1202 =4t Al 4

3.0% NaCl
solution chamber

0.3M NaOH
solution chamber

4. 402 EFEY HIPIE

Yole] 2A% ol
ARz

S IEE!

(1)

Total passed charge (coulomb) Chloride ions permeability
> 4,000 High
2,000 ~ 4,000 Moderate
1,000 ~ 2,000 Low
100 ~ 1,000 Very low
<100 Negligible
(5) G0l e AL 2B ol & FAAFE 7]
sebd &8 F NT BUILD 49240 9gte] 53
sttt 2 E Al A 50mmE SHAeH, 5=
AL 10%9 NaCl #69<, 45 42 0.3M9 NaOH
Sl gAY 2). B AL P F AR
A9 FFYAE olgstel 30V AL FRIALCM,
Al Aele AFek G A e 2eE 9A AtE
o 2T, AL RE Grole A

(D> non-steady state migration diffusion

coefficient) & o 21(2) 2 ALFsFSI T
= RT X4 =O0JX
Dnssm - ZFE 1 (2)

AN, E=U=2, a=2 |20 a1 20

Doy W18 E A G0l ST (m/s), 2:ol
o YA7Hz=1), F'ﬂ}ﬂitﬂol 35, U ASAHV), R:71A

A, T899 LK), L:AAS] S (m), X, Faole
o] JFZlel(m), t: éfé 712E(s), erf: 224, ¢ H]AH
o gt vhe- FE ¢ i 5= A dholE kot

Anodic stainless
steel plate

10% NaCl Cathodic stainlegs steel plate

(6) 27| EHETE & (ISA: initial
surface absorption)<& BS 1881l Fated AlH 79 4
28Y ZAYE ARG E o] &3t SISt

zaged 2/1EAES

KS F 24090 3}
= of Jepfiglet. o] 1

O ZHE AWES H|gte] H]Fo| 2-& FEHEA( SG L
SF)E AHg-et 2B ES| @984 d o] 71 (plain) 22L&

a9 4% 5&F uig 235 EAS
Aoltt, o] adoA & § l%e] SG-50 EAYEE
4% igte] 23 ET} AH 3L AMEZAYE X
tol F70% 7)< 4.5MPag 3lsh= 23E YeR|d.
, 27BN 7] 23 E F4wrt A A4 UE
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2500

2400

2300 H

2200

Fresh unit weight, kg/m3

2100 H

2000 -

Plain 8$G-35 S$G-50 SF-5

Types of concrete

SF-10
J% 3. ZX|t2 232|EQ| thelS&EE

1~8.6MPa 4= 1 1%
e o=

(latent hydraulic property) ‘3‘4 rE

reaction)ol| oJ¢t ZAYE A Fx] G

PAwE o 8,
2 e

J%(pozzolan

st ZatellA 719

gt gto 2 At ti(Mehta & Monteiro, 1996).
12
[ 3 days
VZZ72277) 7 days
E 28 days
2 g
&
2n
5
o
0 |
Plain SG-35 SG-50 SF-5 SF-10
Types of concrete
8l 4. 232|EQ| HZE
5%F 2AYEY AFE 4= E Uehd Aol a7 50
= ﬂﬁ] o] SFE &gt AT EY 5ot o
& 37 YepdE € 5 AT o] 9 22 ddo] Yehd ol
= SF*EF/]EOH AR A2 7] micro-filler 24 4
ITZ(Interfacial Transition Zone)2 /WA &3 2 A€}

(Goldman and Bentur, 1986: Shannag, 2000).
g, SGE 35% dAet FARE(SG-35)€ 7l &3¢

E-Q’]' %"]’fﬂ' H™ 0= %Eﬂ_ 7360 = "]’E]'IHM—-Q' SG“ 50/

A 2AYEE AR 28974 4FAEL Ve 23 E

o Blste] tha ZA UYehdS 2

WA, AE 28U ol A ]

59.2MPa% =& UEhd

SG-50 ¥ SF-10 iﬂﬂ‘fﬂ Sl d

65.2MPa® Uehdo2n, FadEsh) i we

B9 &% 7] tEA YEhgS 818 4 9t

[} =y A st

Compressive strength, MPa

70

60 -

50

40

30 H

—O—— Plain
—&A—— SG-35
——— SG-50

—B— SF-5
10 —— SF-10
0 T T
0 10 20 30
Age, days
Jg 6. 232|ES| (EUE
FEAESAL AMEZIRE 239 FEEA A=
G 2B Aol TYPANERAES] JEE /)F F
A EC| o] tig vl 24 Yehd Ao & 5oltt. o] FolA
Uelol F=d &3 E dAg A EY] A4 =HE 2
71 F A Zredddo] A vehd vhd | A 28Ul & 7]
z gazed Hae] tha 27 ehde ¢ 4 g W,
ZAYEY UFAEH Y A5, SG tiAl FE2E| H|std]
SF tiA| 22 EQ Frdo] Agel dAgle] F38tA v
B Zolsdrt,
¥ 5 AHEZIZ|E X E U AFLTH|
Flexural strength ratio(%) |Compressive strength ratio(%)
Curing times Curing times
3d. 7d. 28d. 3d. 7d. 28d.
Plain 100 100 100 100 100 100
SG-35 100 98 116 91 99 99
SG-50 78 94 109 73 86 88
SF-5 89 103 11 125 110 103
SF-10 96 98 114 116 105 110
70
© Plain concrete
= 60
[al) A SG concrete
E W SF concrete
o 50
E,
2 404
5
230
% < SF conerete > P
g 20 4 Y=TSX 148 o
rE = R-=10.95 /
© 109 S, TR
R2=002 RZ=099
0 T T T T
0 2 4 6 8 10
Flexural strength, MPa
J% 6. 232|ES| Lo AFL | THA|
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engupta(2005)9] ¢} npR7IA| = 2] (3) 9 2 A

a7 72 ASTM C 1202 @l ot S A= 28
Q9 e Ee] ERANFE el Rolr), 2AES] 55
e 22eE el wet golaA Uehgon 35
AEIAZ UAF 22 $ BRI 7|E 2aE

&S o Hlgte] Hjdez e F FHHEF gk YERAT
o] AR =0.82)8 YeEd = ¢ 5 Aot oA ZaiA |, F=E A (SG R SF)E *}%ﬁ}xl 22 7E
ZAET} F 4ol AAIG Aol AFY HIPIE Low
£ =3.734(£)"* Mpa (3) 999 #3 1793coulombs eI ¥, SG-35, SG-50,
SF-5 2 SF-10 23 EE Very low 9o dEdsle
d71d, f =23 E 4= =(MPa) 235~886coulomb®] #k& YEMRATE.
fr =23 E] F4=(MPa)oltt g, NT BUILD 492%dl| 9|3 ZAES] &5bA
(Do) & AHBZ 2753001 eI 0] 28 gol}, 222
3.2, AMEZT3|E Tao| Y402 SN ] 5E A F7ks Hiel gasts 43E v
AERIE Tgol AFRA 2AEER, A, UKor, 1F 2aEd BAGL BRAEA e 2
AL AA AL 59 29l] lale] QR daole  AelEd] wsl] A WAgle]l 2 @E vehild. 59,
o] A%SHe 4o w38 49 TAelEE AaRAY 99 SG-50 2AEC] S 71F 2AEd S o |
o WPl Bk, webd, AMERZE T PSS order o4 T A% 1S Yelo s Qo) eg A%
Sua] ane o3 droles) A% tha Aol & ATl 71 $hebl vERdE & % 9tk olsh 28 A%
42 AR 9 gl A4el FAROE FatMohr ot € 29 5olA ANE 2aRlEe] GEAAE Asshe T 4
al., 2000: Wang et al. 2006). olatAl e EEH FAZES] el AP ZATEY
ey 9 Egs WEd Bo] g W, 2adEd
= A& EeE WA dA e 2 YA $5S & &
= 2 -
£ e Ath(Haque & Al-Khaiat, 1999). 3, A& 91dA &
o o A Giole AFAFYL plain<SF-10=SG-35=
3 SF-5<SG-50 o2 Yehdogn, FEAE3gS AHE3
2 23 E7} G AHEE A, W BHM AHER
]
%0 1000 - A E ¥ s I & s Aoz dddn
=
E 29 99 10 2APEY ol e Fi5e RS
S T o g =4 H0R de Aot desdnile), 22
i egligible EQ] 7t EAN T SIAEA S bl A& Ao =35
R $G-35  $G-50 SF-5 SF-10 e Bl A5 S5 2 WEA AFAC AR AT
Types of concrete %S & 4 9t} E9], o|¢} e AL ZAPES ke
-2 7. 232|E9] £ En1M3I2E (K2 282) o} Ao A A B S FElo] AEEATH(H 9).
100
100 -
by —&—— Plain
——A—— SG-35
. SG-50 Plain concrete at 7 d.
- —H— SF-5 l_? g Plain concrete at 28d.
N\E' 10 4 —&— SF-10 g 104 a
o ] ©
= =
g £
% 14 D% 1 Blended concrete at 7d.
A Blended concrete at 28d.
0.1 T T T T T T T
" 0 7‘0 4|0 6‘0 slo 100 ’ ¢ ! ¢ i 1
Age, days Flexural strength, MPa
12l 8. 232|EQ| 40| SMAHIS O 9. D vs BZE
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3.3. Al

100 5

2
m/s

2
2

Dnssm, x1 O-l

—
o

—

Plain concrete at 7 d.

Q

9 Blended concrete at 7d.

Plain concrete at 28d.
fay

Blended concrete at 28d

0.1 T T
40 50 60
Compressive strength, MPa
T3 10. Dy vs HEZE
— ;A
HEZIZE ZAO z?lﬁ“..%—.—%

FAPEY FFEYE U A= ¢

/zgz

-

|

o
=

o
/\é o

FPXJ

A BEATIA Y FFHY 2L ek
o} A7k ghepol g p-doh. g, A E”
AE] T4 AHAQ = 1)

(Zain et al., 2000).

ISA, 10 ml/m?/s

ISA, 10ml/m?/s

80

80

60

40

20

70

—€—— Plain

40 80
Elapsed time,

(a) 7 days

120 160
min.

——— Plain
—&— §$G-35
—&—— SG-50
—HF—— SF-5
—— SF-10

a2 1.

T : T
40 80
Elapsed time,

(b) 28days

Z32|EQ| xiEY

T T T
120 160
min.

=7|%8

i
|_ﬁ

2 Ao AMEEA
= Brstr] et
ZH AEg 27EZHE
Absorption) < &4 ste] 2
oA Bluste] 1Y 113 2

1m

¥ge BEFEAE A
AEE FPst o, H7t Index
4 & (ISA: Initial Surface
ZE wjdE e AE 79 2 28Y

o dehisles. 292, 220

.
2=9 A
T&

Eloii

l

E9 ISAE AR S7tkek 3 stadle 23S e

o, ISAZl tig B=dEske] Fade A 5 3 ‘}iﬁ‘r
&, 2AES 54 B daole AFAYY AuM e
BERHURC] 7IE ZAYES] ISA #hol ARl Aol Bl
WA JA dehte 73S BT

4. ’E*-E

1. AMEZIZE ¥79 7“:%@—% @& 43 FEAE
shae] F5Fo) et g 2] %‘?— P A%l tgE2A Uehte
o A H o g A7 A 2aEY ¢tE i
o] 3 YEbgt 3| B dFoA EAE Z3g

=
Eef B B UFEET § 23734 ) e ATET
WAE YEiT
2.85G ¥ 2 qF A}B. ﬁﬂg]Eo
2| Eof| Hato] oA o
= dellgstol A BEAE X
AHEo R, FAE £ &S AL
2le} AlRH T}
3. AT ES] [SAGE wigtel #Aglel Ao 7tk 3
taatlon, FEAEsA AHE 2 ES [SAgke] 7]
ZATEd Hlste] FiF oz A UETh mebA,
A58 A AAel A= ANEZAYE 49 FH
ERA R NE & S AoR AdHT

“” X
jniod
B
o,
rfo

%
>
=
_1
N
N,
N
§tl

mlo o FN EI\‘

02

o 28

SIZE 2Tl XU/ mENE 232 E TATZE o Cffst AeE o
7, 1996 A3t 7 E M.
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