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Abstract

% This research intends to analyze the basic characteristics of cements(hereinafter "CC”) with %
i affordable price and particle distribution effective as hydration heat face which are discharged at i
i the outlet of smashing process of ordinary portland cement(hereinafter "OPC”) manufacturing i
i process such as fluidity, rigidity, temporary insulation temperature increase amount etc to review i
i the potential of developing "CC” to 3 ingredients low heat cement that substitutes fly ash and blast i
i furnace slag(hereinafter "BS”). i
i As a result of experiment, fluidity tended to decrease with increase in CC substitution rate, and i
i increase with increase in FA+BS substitution rate. Air amount tended to slightly decrease with i
i increase in CC substitution rate, and decrease with increase in FA+BS substitution rate. i
i Condensation characteristics were such that condensation time was delayed with increase in CC i
i and FA+BS substitution rate. As for the temperature rising amount by temporary insulation, peak i
i temperature decreased with increase in CC substitution rate and increase in FA+BS substitution i
i rate in general, and thereafter, temperature tended to decrease slowly. Compressive strength i
i decreased with increase in CC and FA+BS substitution rate, and as aging goes on, long term i
i strength was equivalent to plain or higher. By and large, when FA+BS was substituted to CC, i
i fluidity and air amount tended to decrease, but hydration heat face showed good reduction effects, i
% suggesting possibility of development to 3 ingredients low heat cement. %
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Table 2 Mixture proportions of concrete

cC FA+BS Unit volume( I /m®)

V(Z//])B (kg/(in ) 2% A(E/j)c S(lz//)c Sign Replacement | Replacement

? ? ? ? ratio (%) ratio (%) OPC cC FA BS S G
Plain 0 0 116 0 0 0 309 348
C25F0B0 0 87 30 0 0 309 347
C25F1B2 10+20 61 21 17 25 305 344
C25F1B4 25 10+40 43 15 17 50 305 343
C25F2B2 20+20 52 18 33 25 303 342
C25F2B4 20+40 35 12 33 50 302 341
C50F0BO 0 58 60 0 0 308 347

50 182 47 0.012 | 065 | C50F1B2 10+20 40 42 17 25 305 344
C50F1B4 50 10+40 29 30 17 50 304 343
C50F2B2 20+20 35 36 33 25 303 342
C50F2B4 20+40 23 24 33 50 302 341
C75F0B0 0 29 90 0 0 308 347
C75F1B2 10+20 20 63 17 25 305 344
C75F1B4 75 10+40 14 45 17 50 304 343
C75F2B2 20+20 17 54 33 25 303 341
C75F2B4 20+40 12 36 33 50 302 340
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Table 3 Chemical and physical properties of OPC
Kinds | LOI | SiO; | Al:O3|Fe;0s| CaO | MgO | SOs | K0
OPC |0.35(21.88|5.02 | 3.66 [64.18| 2.01 | 1.83 | 0.92 g
CC |0.18(22.18|5.17 | 3.82 |64.44| 2.05 | 1.14 | 0.87 T

S KS F 2402 7174, 371%3) @185 4L KS

Table 4 Physical properties of OPC
Density | Blaine |Setting(min) | Compressive(MPa)
(glem?) | (cm?/@) |Initial| Final | 3days | 7days|28days

OPC| 315 | 3144|230 | 375 | 20.9 | 28.4 | 38.9 Lm

CC| 313 | 1908 | 242 | 393 | 98 | 17.1 | 263 Fig. 3 Adiabatic temperature rise
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Table 5 Chemical and physical properties of FA

Density | Blaine Ig. loss SiOp Flow ratio
glem®) | (cm?lg) (%) (%) (%)
2.20 4 012 2.5 52.4 97

Table 6 Chemical and physical properties of BS

Density Blaine Ig. loss | MgO SO; Cl
gem® | (cm’lg) (%) (%) (%) (%)

2.90 4 254 0.23 5.26 1.95 0.002 Pic. 1 Device of adiabatic temperature rise

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
i Size(um : log scale) 23 Al&{d gq
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

|
rlo
o
]
>
=
B
o]
0
g
I'IOII-
]
i
ko
ok
>
ofo
ol
ﬂF
rHi
]
o
m
1o
N
R
]
m
0x
P
(S
o



2421 5L 24099 7178, SAAIZEE KS F24369] A3A 3ol

ogt FAYES] FAAT AFHR wEh AAET 160 | ©025 %
A3Eaz|ES Ayor ZABES Fro] T 23k ol
°x A AlFe Fig 39 Pic. 13 2 AgAEHe E oo}
2 7+ gz e xﬂZaL 2100x200mm 1 E 3ol
FAIA ] GHNE APA Sl i £ 57 100mm a0t
20
o gdAZ S UE3 % WA AR Yo 2=
- = = 160 |- CC50 %
oA SJ3) TUTe] LEMBE N Ao 4
sttt == E KS F 2403 71389 9Aske] @100 x _
200mm BAAE Azeld BELEZANN ALY A 5 oo
72 g E 1000 KN UTMS o]83e] KS F 24059] i ool
oA AEAEE ZAsA
160 F CC75 %
3. AEZn 9 B

31 2x| e 232|E0] 4

31 7Ed ¥ 7|
Fig. 4 9 5+ ZX|¥L e AFEHE Yel
Tefazolth Fig. 4 Flow followed by changes of CC substitution
Wz OPCE 100% AF&3: Plain wjgte] Z=zEQ rate and mixture

|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
3 |
} OPC FOBO Fi1B2 F1B4 F2B2 F2B4 }
| |
| |
| |
| |
| |
| |
| |
| |
| |

= =) ST 2~ = Z=)

ST WP osle] BE &¥xE wEse o= |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
‘ |
1

ESM &S

%

o

Uelgth o, CCo A= &gl 71 wat 5 ,
o] Aslete A e, ol CCY v Run of Bl caz=ae s
2 et B HEF3he WA o] o} Joigrt wolAAl
=1, o] Qlate HAo] BE3te] fEAdo] Asket AL
2 Alg"rh =3, FA 2 BS9| xghgo] Zrlghol wel
freidel S7khe A%S Ueldlled, ol FAY 74
FA9] T H3S 717 YAte] Ewofjy] 2p&of ot A
o= AR H3, BS] A= BH Ao AIHME A f L2400 B
3ol BlE|A xl 1331 Hﬁen&zw Ho]~E e} ZAA
He] wpao] Zolge] w2 Ao Algdct

3715 Plain®] 75 wigAAlel o5t &3 7%
S UEEARE CCo ASw X3Hgo] 7Kg wet
&8 2Aastd) wsl CCF FA+BSE E¢hx|3hst 74
o= FA+BS9] X|8H&o] F7Hgtel met fhashe AeS
Ao}, CC 75%oA19) FIB2 @ FIB4E =& 7+S et

), o]& CCo X8 Z7I= <lsta] U} Alel9

H2400 E
2
H2300
R

7
12200 0

2000

2500

o

42400
2300

!
42200 00

o}

42100

] —%— ]—o}-O:] \%EP(_]' Z—;.‘_-L]—i /\]— 5]1'4‘ ‘:‘:6‘]—, :1017]%1:94 OPC  FOBO F1B2 Fi1B4 F2B2 F2B4 2000
S X8
2 FA & vAAgHEe AEA] 3280 o3 2o
X0 BHulc [e] ==A E . .
=& TURR et 23HE Fig. 5 Air content and Unit weight followed by

dste] vehd Ao Al changes of CC substitution rate and mixture

fofudd A se oo

>,
g
rob
LK
%
o =2
o
o
rir

;
o
of
2

g
=

[E—
('S
S
rok
A
x
M
L'
-_r
i
[
S
=
3



C25 %

O
y

| C50 %

2 X & Xl (MPa)
o

Fig. 6 Curve of penetrated resistance-setting time

whebx] FA+BSO] X|$hgo] 7185 4089 375
FH3l7) 93k AEA|Q] AREE S7IA A Fojof & Ao
2 ddEn.

rU

312 SZAIZ

Fig. 6& A7t w2 AJAFHES
Fig. 72 CCo A3k& wWslo] wz =4 4
UeRd Zojk

Aukzl o g CC 2 FA+BSe] x$H&-0] 7}

o°“

e
2
=3
AC

22 vgHoz AA=Sl=H), Plaine] 73-9+=

1071E, F4o] °F 13A]7ke.2 yepytth o]d] Higte CC
S 25% A2t Aoll= o] o 11M3E F20] oF 15
Alzko 2 YEltal, CCE 50% X|3ket 7-9ole 2A0] oF
12713, F2e] of 16472 yehytow, CCE 75% A
e Agole 2Fo| oF 13A1RY, FAo| oF 1TARIe R

et CC

oF 141714

2 CCell

A&l
=HA= A

o
FA+BS7} 2850

| C25 %

o, [m— =]
a0} 50 % [ EF
35
30

< o5t
&
< 20
I
0 45

| C75%

: H
2 # 084 B
W )

opPC FoBO

F182 F184
ESM X &s

F2B2

Fig. 7 Setting time followed by changes of CC
substitution rate and mixture

A=t CC 75%°l FA 20%+BS 40 % 4ol oF 294
2y, F740] o 3TA7teE 7P =d Ao R YETh
CCY ke BUER sje] AWES] HEHHo]
AgHog ZFol5o] Lol @A Ao AR,
FA+BS®] Z-g-olli= FASL BSO| X|&hell ofste] A|HES] A
ko] FojEo] Yehd 232 Atsdt

°|

rr

32 23} 23p|E0 EN

321 Zio[ctdof| 25t 2= &7

Fig. 8¢ CC B FA+BS & W x|l we 7t
o] gl A L& S HEhl agzeln

HubHo s CC % FA+BSY) X|3Hgo] $71d42 v3
LEE #4skdan CC X3¢ ¥ FOBO ) F1B2 ) F2B2 )
F1B4 ) F2B4 49& =7 Jehgth =3 CC ¢ FA+BSY]
AgHgo] S7FEEE =DM FHZE WS ozt
Feloll A F=7te] Fejz FAHUT. vA2E o) et



CC25 % - OPC
16 — F0BO
— — F1B2
oMt INN | FiB4
W0 10 F2B2
40 [ - F2B4
<010 .
H !
o st |4/
- s Ss—
3 osr
S e
AR
oW/
0 .
CC50 %
16
_ 14t
e
& 1er
<0
BT I i
H
o 8r
8l ~——
o 6 ffi e
=) ‘;r Seoo_.
A 7/
r)/'
2dF
0 . .
CC75 %
16

80 100 120 140 160 180
3 DHAI2H(h)

20 40 60

Fig. 8 adiabatic temperature rise followed by curing time

3 &5 Ash= CCY W BUER sty i) nj¢
3} AMEZ} &Aooz St
7=z Az g

Fig. 9% CC X3h& ¥ FA+BSS X138 Wsle] w=
H3e% ¥ 9I3e% TEAZRS Yehd g zo|th

H3exE CC % FABSY X|3hgo] 71842 ulg
Aoz volAle Aoz Yehged], CCE U522 25 %
£ X33 Z9E= Plainol B8] oF 0.1C, 50%5 X183
= 9F 22T, %S &3 A9 9F 33C9 &%
= Yepdoh T3l CC 25%0] FA+BSE x|3kat 725
= A ¢k 91T, CC 50%°l FA+BSE A3t A=
o) <F 95C, CC 75%9l FA+BSES x3at A= Hu)
9.8C 9] &= A= Yehlth

Y3et =gzt A9 Plaine 18A17keg2 yElst
=t, CCE 95o2 25% X33t 79+ Plainell wlsj oF
11A)7h, 50%S X838k 9= 1817, T5%S X188k 4%
£ 0/7e2 Jeht CC A3Hgo] 7142 Fauks

o] Al JFHATS & F Ak o= CCo A

olo
llo
rﬁ, r
o=
p‘lg
£
T
ful
i
il

2L o

N

2

SHEAMSSIXIRISHE] 2010.03

J

n =
o
> 1
™~
o
[8,]

CC25 % | 1
] tAIZHA

CC50 %

CC75 %

OPC  FOBO

FiB2 FiB4 F2B2 F2B4
St xlg2

Fig. 9 Peak temperature and Arrivals time followed by

changes of CC substitution rate and mixture

sgo] 27kl et AmEe)

TEE7F AstEo] 27

&5/ Aste Aoz AlgHh

wEbA, g ARsH] e CCE
sh= ARTF FABSE Bilale] x)3bale
1 AoF et

so0g %

o
Aol &3}

322 Y=

Fig. 102 CC ¥ FA+BS] X5 ¥ AP 73Tl ut
g=7es Yepd a#zola, Fg 11& CC X
E3Ae] XEg wsle mE YA FEES
agjz o)

Ak o2 CC 9 FA+BS X|8H&o] $718r5 27 4
Te YA vEtar, AjEe] Aol wiet Plainke] %
E

o

CC25%2] 78-F- 12~56%,
8~41%, CC75%] 78-% 0~29%% e



CC25%

& (L:log scale)

Fig. 10 Compressive strength followed by curing time
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