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ABSTRACT This study discussed the influence of mixtures and curing conditions on the development of strength and
microstructure of RPC using ternary pozzolanic materials. Through pilot experiment, various RPC was manufactured by adding
single or mixed ternary pozzolanic materials such as silica fume, blast furnace slag and fly ash by mass of cement, up to 0~65%, and
cured by using 4 types of method which are water and air-dried curing at 20 C, steam and hot-water curing at 90 C. The results show

that the use of ternary pozzolanic materials and a suitable curing method are an effective method for improving development of
strength and microstructure of RPC. The unit volume of cement was greatly reduced in RPC with ternary pozzolanic materials and

unlike hydration reaction in cement, the pozzolanic reaction noticeably contributes to a reduction in hydration heat

and dry

shrinkage. A considerable improvement was found in the flexural strength of RPC using ternary pozzolanic materials, and then the
utilization of a structural member subjected to bending was expected. The X-ray diffractometer (XRD) analysis and Scanning
Electronic Microscope (SEM) revealed that the microstructure of RPC was denser by using the ternary pozzolanic materials than the

original RPC containing silica fume only.
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22 AR =

2.2.1 Z%Tl(binder)

AlWIEE KS L 52010 7+78¥ HAFS HEXEENEA]
WEOPC)E AHEaon, 3AEA EEdAAz = Ul
HTAF AP IHESH) Y FFAE R n2EY T v
3F(BFS), o9 HEgak ZEtololH(FA)E 22T AHE-3H3l
ok 2 =el A - 348 549 Table 29F ET}

2.2.2 ZTf(aggregate)

A= AAE 03~0.5mme 0.15~0.3 mme! = AF F
ANquartz sand) S &5+ ARSBISITE THARS] W 2,65 glem’,
Si023E-S 829%0] ko] gl Th.

2.2.3 =XTIH(filler)

A= Hddol oF 45 umo) L W=7} 2.65 glem’,
SiO2 3Ol 92%0173Q1 = lAF AR (quartz powder)
= AR&SRalth

Table 1 Experimental factors and levels in this study

Experimental factors Levels
W/B*(%) 14-19
Table flow (mm) 130£5
SF BES FA
Mixing 25 0
conditions |gr . BES : FA**| 65 0
(wt.%by cement) 25 40
25 30 10
25 10 30
Water 20+2°C
Curing Dry 20+2°C, RH60+5%
methods Steam 90°C | 24hr, 72hr, 120hr
Hot-water 90°C | 24hr, 72hr, 120hr

*W/B water/binder ratio
**SF: silica fume, BFS: blast furnace slag, FA: fly ash

Table 2 Chemical and physical properties of binders

Oxide (%) Cement| SF BFS FA

Si0, 20.57 94 33.1 | 53.08

AlO3 5.48 0.5 13.76 | 25.25

Fe 05 3.18 2.0 0.85 | 12.84

CaO 63.03 0.8 40.59 | 2.61

MgO 3.41 0.9 7.22 1.37
Na,0+K,0 0.52 1.0 - 0.06

SO, 2.23 0.2 1.65 2.1

Blaine fineness (cm’/g)| 3267 |200000| 8000 | 3678
Density (g/cm’) 315 | 22 | 288 | 221




2.2.4 JJNsZX(superplasticizer)

W sHTAE 2R JdE dE MARY
Zgl2EAA RN W5 1.05 gem’, LHE 28%°] Az
8 opArE . ALEESI.

2.2.5 AL (steel fiber)
A =ul SAFY A7 0.5mm, 2ol 30 mm, W=
7.8 glem’, A E 1195 MPa 5791 eI & A5
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Table 3 Mix proportion

Mix. SF25 | SF65 | B40 |B30F10/B10F30
Cement (kg/m3) 868 731 773 766 752
Silica fume
(ke/m’)
Blast furnace slag
(kg/m’)

Fly ash (kg/m’) | - - - 77 | 226
0.3~0.5 mm
quartz (kg/m3)
0.15~0.3 mm
quartz (kg/mS)

217 475 193 192 188

- - 309 230 75

608 512 541 536 526

174 146 155 153 150

0~45 um quartz

powder (keg/m’) 174 146 155 153 150

Steel ﬁ;ber 243 205 217 215 211
(kg/m”)

Super—plas§1c1zer 59 44 46 46 45
(kg/m”)

Water (kg/m’) | 165 | 161 | 147 | 146 | 146
Water/binder ratio| 0.19 0.16 0.14 | 0.14 0.14

Table flow*
(mm)

140 127 137 138 143

* Table flow is measured in accordance with KS L 5105.

HH

%

= O

U QPYTTIO| 3

I’-III

3AEA EEJA £ RPCY O AEZD A 75
2. 71& RPC "W (SF25)0l ®lal Atz oz A

= 3AAE AAA EFUAN0L)E o] g3ste] &
A AFARAE, Ag7HE, 1&g, =
ool e} A (U 45 um)S SEZ AR 3
FZAGHADE W thA] SaRE A, 1 an u)y
ZERZ e wig, A, 23 T AE

b E3kete] F 15w ARE ST Z2F FAIA S HaE
B Z2% 42 130s5mme o, o5 98 AT
FAE AFA g Agu|E ZH2E 3.0~3.6%7HA

O

2
o] ATl AFst FAYHL Table 19] YERH vf
| 5 47FA At
G 12 F2200) e sAAE 49
3o} &-2852(2042°C, RH 60+5%)°1 4 19 (24hr)7F &
‘16& T g5t FAF02C)olA 2 Al A7t
ZFokAEAh kA 1= AR 207C) 717 %kAY
%”?j SAAE A 0}0% %%%sﬂ(zoﬂc, RH 60+5%)
o] A1 194(24hr)7t X3t & @detar =354 el
Zks Al AR 713 A8 S 1
(90C) 57154 WHolH, FAAE A & F2ad%
(20+2°C, RH 60i5%)°ﬂ/\1 19 (24hr)7F E£X3 & &9
o] 7] 9kA7Ie] Y 90 CE 24417K1Y), 12A17H3 D),
120A17H5Y) &<t Z7]°“§(*£’*C 10C/hr) st - &=
FEAUE &4 4F Y ¥
27 IVE 12.2(907C) W‘O“ﬂ H“ﬂclﬂi *Alxﬂ‘?‘ 3
[e]
1

>

g & g2a5220+2C, RH 60+£5%)°4 12 (24hr)7r
23 & g slo] FAFF Wi 90CE 2447+
o D), 1

49C/r)st & a5 Uea 2+ A8 A7+ 714
A3

YT,

120N 7H5Y) EoF LW (ST

o= @ A= KS F24059F KS F2566(KS F2408)°ll
3 X

Falo] 4040160 mm FAIAS] Ao wE ke
E4E ZRson, olu BPEE FPFAPY L
= Z4sqr

2 A4
Z70 QIA7I =(splitting tensile strength)= KS F2423¢]
F3to] §100, =200 mme] AFFAAE A 2tstal A=
of M AFAELEE 548 S

"
i
o
=
i
o
0

Bt RPC2| Z=E 50|l Dixl= FEF| 459



&,
MIE}(MIP)oﬂ gt FTX
1(XRD)°ﬂ o)t TG ES]
75’,‘(SEM S-7400) #ZS AAEAL) 7}
%L}_ 4 XRD, SEM 44 A8+ AW
T =48 FAA(40x40%160 mm)ZHE]
AF ko] T & vliEAstal ARE ofAlE H A st
o] D-dryx gt & SHUTE F572E TEUYE
ZAHE(MIP)E ©] g3t AlFREE 0.003~10 um2] W
A dellA SHsk o, AleE Holde> 46793 psi
(3290 kgflem’), HEHZ-E 130°, 2 01 # QgL 6.95x
10-5psi (0.489x10-5 kgf/em®) AT}, %8+ XRD2] Scan speed
= 4°min®| 1 3]AZFe] M= 15~70°% )

3. Al gy 3 it

3.1 3824 E&E £ RPCY ZEWH 5o

3.1 =L &Y

Fig. 1 vl 3 2 ok mkg o] w3 340 27 2534 £4)
RPCEE] 4FAE 545 7] RPCY 720 3H(SF25) 2
v wato] UERd Zlo]th Fig. 1(a)olA] B.= ule} o] Alg]
(Sl 12 &Y 2 HBFS)I Zgol o (FASE &
SAFE S RPCY] AEAEE BE A oA Ag7E
q GHE 0 7 ALE-3F SF25 W SFe5e] vl el 3= A LU aL 9
o, &3] 11-2(90C)% 5 7](steam) E & <=(hot water) A3
AN S EUE 540 €53 RS LT3
th o] = 34 EA 2EAA ] EFAREO e EERE
A sta el 554 Mol W SF25, SFesl 1] 3 ;}8
E-ZA A 8] (Table 3 F32) 5ol 7104 Ay} = dAck
Ag H]—lﬁ tﬂil: _7:7] ol:z\g(go"C) > o /\ol:;\g(go C) Z[:% ol:;\g
(20C)> 7174 (20C) w2 2 A owd 5448 el
Wor, A FREZE 2 ESYIELS OF EF A
-5t B40 2 B30F 1004 Hth 973 4H4 5 SAS 1S
o} 90°C = 72A13F 71 A8 A5 7 B40¥)} B30F102] §F
5= 242 212 MPa, 191 MPa =024 A 7l&1t
&F SF25 H.uh oF 1.374], 1.241) /5] 9l 0w o]  F-E]
Al o] EAtgo E AN aE A & 53
ol FAREL ATl e Ak Y RS
Zetol ol A w3t A 7HSi0) T 5 2E
A glel] 71Qle ARE ddEY, 72F A=
XRD—‘:'r/‘ﬂ, U SEM#HzHe| ool =3l A B -4 18] ol
X(matrix) 2] F57-F WS SA A2 5 E g1 3l
%E}(Flg. 448 I,
SHA, Fig. 1(b)2} (0)i= 71 2 A5 AIZHQ24h, 72h,
120h)°] w3477 LZEZ A £ RPCO) AHE 7d 45
Fe 545 vebd Zojth a9 oA B vkelito] 5]
g Gkl B v 2SS o 2913 B4oT

[o

rﬂ

Hox2 e rfo A
=]

oo ML O mw u:e

=
o

460 | =23 ESte| ==& M257 M|4= (2013)

(a) Curing conditions

(b) Steam curing

(c) Hot-water curing

Fig. 1 Influence of pozzolanic materials type and content,
curing conditions on compressive strength
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(a) Curing conditions

(b) Steam curing

(c) Hot-water curing

Fig. 2 Influence of pozzolanic materials type and content,
curing conditions on flexural strength
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(a) Curing conditions

(b) Steam curing

(c) Hot-water curing

Fig. 4 Influence of pozzolanic materials type and content,
curing conditions on splitting tensile strength
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Fig. 5 Porosity and pore size distribution of RPC ternary
pozzolanic materials (90°C steam curing, 7 days),
Note; *total pore volume

(2)

(b)

()
Fig. 6 SEM images for C-S-H gel of 20C water (a, *30000K)
and 90C steam (b, x20000K), 90C hot-water (c,
x60000K) cured B30F10 mixture
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IRITE =2

HH

%

10[ 3

Add¥ B30FI0 wAAS] e w(H ek 249
C-S-HA, Fig. 6) 41 A¥ZHE 18k = irh

Fig. 82 90C 7|58 % B30F10 A A FAAZE
(24h, 72h, 120h)°l] W2 =72 HIEAS e
O F, AT FrkR ] et AAME 84

o
glom, 0.01 umol el vl 2 FE0] gHo] 7

0.0020 —

—m—SC-24hr (6.607)
0.0018 4 2 -® SCT2r (525
e~ SC-120n7 (2887

0.0016 Sa, *Total pore volume
0.0014 o

0.0012 4

0.0010 4

0.0008

Pore volume (mL/g)

0.0008

0.0004

0.0002 4

0.0000

0.01 0.1 1 10
Pore size (um)
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