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ABSTRACT

Blended Low Heat type cement is ground granulated blast furnace slag and fly ash
mixed ternary with ordinary portiand cement. From the viewpoint of X-ray patterns of
domestic LHC, the main components of cement such as Cz2S, CzA, C3S are considerably
reduced. Therefore the heat evolution of LHC paste is 42cal/g lower than that of OPC
paste. At early age., the compressive strength development of LHC concrete is delayed,
but the slump loss ratio of fresh concrete is reduced more than 20% with elapsed time.

The penetrability of LHC is lower than that of OPC by 1/7.8 with the penetrability of
chloride ion into the concrete until the age of 120days. And the PD Index value of LHC
is 0.44%10%m?%/s. which indicates only 39.3% of OPC.

From the Mercury Intrusion Porosimetry test of cement paste, we know that the pore
size of LHC is more dense than that of OPC by production of C-S-H.

Keywords : low heat type cement, blast furnace slag, fly ash, X-ray pattern, chloride
ion, penetrability, diffusion, PD Index, C-S-H, pore size, MIP
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Table 1 Chemical composition and physical properties of cement and mineral admixtures

Items SiOs AlO3 Fe20s CaO MgO S0 Ig. loss | Specific | Blaine
: 2
Type (%) (%) (%) (%) (%) (%) % gravity | (cm%/g)
OPC 20.68 516 3.02 62.42 4.71 2.42 1.36 3.15 3.438
LHC 35.67 12.38 3.31 39.77 4.42 2.41 1.10 2.77 4,080
GGBF Slag 31.93 13.27 0.26 42.73 6.53 3.11 0.21 2.94 4,559
Fly ash 59.25 24.15 6.06 5.80 1.22 0.36 3.95 2.35 4,720
Table 2 Physical properties of aggregate
Items Grmax Specific | Absorption; Fineness Unit weight |Percentage of Re K
Type (mm) gravity (%) modulus (kg/m*) solids (%) mar

Fine - 2.60 1.50 2.66 1.620 61.8 Comp. strength
aggregate - 2.60 1.20 2.50 1.620 62.3 ASTM and Dhir
Coarse 20 2.63 0.78 6.80 1.741 65.4 Comp. strength
ageregate 10 2.63 0.80 6.31 1.410 53.6 ASTM and Dhir

Table 3 Chemical composition and physical properties of AE water reducing agent

Component

Specific gravity

Characteristic

Standard dosage

(Cx%)

Lignin sulfonate
composites
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Table 4 Mix proportion of concrete
Items Gmax Slump Air W/C S/a Unit weight (kg/m®) R X
Type (mm) | (cm) (%) (%) (%) W c 3 G emar
OPC-45 20 15+3 |4.5+1.5| 45 43 155 345 772 | 1,085
LHC-38 ” » " 38 » 155 410 729 977
LHC-40 " " " 40 " 155 | 390 | 737 | 988 Comp.
strength
LHC-42 " " " 42 » 155 370 745 998
LHC-45 " y " 45 " 155 345 755 | 1.012
OPC-45 20 182 |4.5+15) 45 43 155 345 772 | 1.035 .
LHC-45 p ! ) P v 155 | 845 | 755 | 1.012 ume
OPC-50 10 153 |4.5x1.5| 50 43 175 350 757 | 1.010
LHC-45 " " " 45 " 158 350 758 | 1,014 ASTM
LHC-50 " ” » 50 ” 175 350 740 988 C 1202
LHC-55 " " " 55 v 193 350 719 961
OPC-45 10 8+2 |4.5%1.5| 45 40 158 350 713 | 1.083 Dhir’s
LHC-45 " " " " " 158 350 698 | 1.059 method
* AEZSFAE AWE FHo] 0.2~0.5%998 FAE A4 wigol] AME-3R .
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Table 5 Slump value of fresh concrete (cm) /
It , i
Type ems A(% XVO/IE)A (A;gr) Omin 15min 30min 45min 60min 90min 120min
OPC-45 0.48 4.2 18.5(100) | 13.0(30) | 8.5(54) 5.5(70) 3.7(80) 2.4(87) 2.0097)
" LHC-45 0.35 3.8 18.0(100) | 15.0(17) | 12.0(33) | 9.5(47) 8.0(56) 6.0(67) 3.1(83)
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Table 6 Compressive and splitting tensile strength of concrete (kg/cmz)

Items Compressive strength tenssilpelizttirr;igth
Type 3days Tdays 28days 28days
OPC-45 156(39) 277(69) 402(100) 45(100)
LHC-45 82(20) 159(40) 344(86) 30(67)
LHC-42 97 186 350 33
LHC-40 114 202 397 38
LHC-38 134 216 429 42

( )= A" 2899 OPC-45 £3EQ 7= 100 g 3

36

Z32|ES =2F M 113 42 1999.8



500
- [T opPc concrete
£ 400 |-
k=) I LHC concrete
2
=
> 300
=
[
»
[+3)
=2 200
(73
N
o
£
5 o
8 100
0
3 7 28
A g e (days)
Fig. 7 Compressive strength of concrete
50 |- 1 oPC concrete
“‘E I HC concrete
(5]
2 s
£
o
[
2 30
)
2
‘@
§ 20 -
o
£
=
a 10r
»
0

45 42 40 38
Water - cement ratio (%)

Fig. 8 Splitting tensile strength of concrete
ALEAE FAYEZ} Z7IWHAN dHEE
o] A4 ol f nEgda vjRE % Setold
Al7b Hobe EFE AdEclmg FAYES tF
A wdd & dEFE vAe G389 CuSEel
HEARES gt A7) wjEoletn YzEn. 2

Ay ALIANE FAYEE EegjoldjAly 2ET
Whed mEga ojRge] AArAder sk
pEagg e viwste A7AHAMY FrH
ol 2P EY AA FrtEe E4S Jehg
T @4.(1345)

Fig. 82 AIIANE EAHES E-AWEH

2 WA AANEE S AAE el 19
o2N REFZAYES v 4HAEe %
8~10%3 =5 YeERATH ALIAHE FAE
9 A 28U AAALE TAYP B-AWEH 45%
o REZAES Hlwa|iyA & 67%H =l At

A ge e #ds ¢ F U
3.3 XMUAAHE EJB|E Fo| ¥iol2
Z S X8 Aol CHet DE
DA EZS 350kg/m° o2 oAt E-AlWl

jm
e

My o2 o 4o
s

5, 50 2 55%2 39AZ WA AR

Zaes E-AWEN 50%9 HEEA
Azstd  AE 1208744 7 AEHE=R
Applied Voltage Cell& TAstd FoHAstES
o 308wt SR AFGEE Aldel dideq HE
gta] 4] (2)el o8] FatEem, ASTM C 12029
A AAG Z1Eol 9Ete] "ok gel@ Aol Table
7 2 Fig. 9, 10|t}

i

1
l_,

lm

i)
{m

Q=900x( Iy + 2Ly + 2k + - + 2z + Beo) (2)

il

Q 325 E33 HdlF (Coulombs)
1, = AZAR F a¥o] AAIRET W AF

(Amperes) .

Table 7 Chloride ion penetrability of concrete based on charge passed

Items 3days 7days 28days 60days 120days
Type c a” c G C G C G C G
OPC-50 10,940 X 8.859 bet 7.229 X 5,242 X 4,597 X
LHC-45 6,883 X 3,929 Tay 887 © 567 © 479 ©
LHC-50 9,218 b 4,856 X 1,116 @) 625 © 592 ©
LHC-55 11,698 X 5,386 X 1.203 O 702 © 628 ©
* C : Charge passed (Coulombs) x High A Moderate ) Low © Negligible

* G : Grade of chloride ion penetrability based on charge passed
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Table 8 PD Index of concrete

[tems PD Index PD Index ratio

Type (cm?/s) (%)

OPC-45 1.12x10° 100

LHC-45 0.44x 107 39.3
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