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Abstract This study analyzed the fundamenta characteristics of concrete according to a ternary system mixing in order to
reduce hydration heat of mass concrete and to improve early age strength. The results are as follows. The fluidity of
unconsolidated concrete satisfied the target scope regardiess of the binder conditions. When the replacement ratio between
FA and BS increased, the Sump of low heat-A mix and low hest-B mix increased, and air content was not affected by the
change of binders. As for setting time, low heat cement mix had the fastest regardless of W/B, and high early strength
low heat mix achieved 6 hours reduction compared with low heat-B mix at initial set, and 12 hours reduction at the final
set respectively. As for the smple hydration heat, the low mix peak temperature was the highest and low heat-B mix had
the lowest temperature. And high early strength low heat mix was similar with that of low heat-B. The compressive
strength of hardened concrete had similar strength scope in al mixes except for low heat-B mix at early ages, and had
unexceptionally similar one without huge differences at long-term ages.
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Table1
Experiment plan
Fectors Levels
Experiment W/B (%) 35, 45, 55
factors Slump (mm) 150+ 25
Air contents (%) 45+15
Binder - Low heat-A (OPC: BS: FA =50: 30: 20)
- Low heat-B (OPC: BS: FA =30:40: 30)
- Low heat cement (Low heat cement : FA =85: 15)
- High early strength low heat (OPC+ FC: BS+ Ma: FA + FLP=30:40: 30)
Test Fresh concrete - Sump
items - Air content
- Setting time
- Hydration hest
Hardened concrete - Compressive strength
Table 2
Mix proportions
Binder ratio (% Unit weight (kg/m®
"B Kind of binder S oa ot (kg/m)
(%) C BS FA (B w C BS FA S G
Low heat-A 50 30 20 235 141 A 723 873
35 Low heat-B 30 40 30 141 188 141 723 873
Low hest cement 85 - 15 400 - 70 723 873
High early strength low heat 30 40 30 a5 165 141 188 141 723 873
Low heat-A 50 30 20 183 110 73 775 937
45 Low heat-B 30 40 30 110 110 146 775 937
Low heat Cement 85 - 15 31 - 55 775 937
High early strength low hest 30 40 30 110 110 146 775 937
Low heat-A 50 30 20 159 95 63 819 912
55 Low heat-B 30 40 30 47 175 95 127 95 819 912
Low heat cement 85 - 15 270 - 47 819 912
High early strength low heat 30 40 30 95 127 95 819 912
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Table 3
Physica properties of OPC
) Dens Blaine Soundness Setting time (Min) Compressive strength (MPa)
Kind of t
e ot cemen i S Ini, Fin. 3d, 7d, 284,
OPC 315 3302 0.18 260 315 204 294 413
Low heat cement 3.20 3543 0.08 265 5:07 14.9 237 513
* Blast furnace dag cement
Table 4
Chemicd properties of BS
(g/em) (cm’/g) Lol SO, AlLO, Fe,0, ca0 MgO 0, K,O
290 4063 -137 3232 16.43 170 38.17 9.01 348 0.25
sod ARg-eF3IT. = & 141 S B AR AlES ARSI, B -5
AY AR RE ZA] 2 FAREAX = S, ?‘M < Table 4~Teble 8 2t} A2 =A=
%, $AN 2 FRlde S, A3k BaEdN  FE S LJ Ameet 5 Ao AEE B =
A Y 4 290k 40w 43 AYSdr.  AE 6:49) vigw Eflel A, #e e

ol AtEs w2 2AE ARSeiied, o 224
22 A@ANE 7342 Table 9o} 2t} 38t E3l= H<Al= PCAIE
ARSI, ARAIE = Sol2A1E ARSI
B AYM AR ARE AREE =l AAF] BE
ESWE AHESE AF ARIES ARSI 214 4 23 AdWd
A& Table 37+ 20}, Z3A=2A BS, FA, FC, Ma, FLP

=

B A7 4y wWyos Faese] B EQARE
Teble 5 E 9XE ARSI, 2R e FABES] AR
Chemical properties of FA

Density (¢/em®)  Blaine(cmg) LOI SO, (%) &% (%) Table 9

2.20 3538 0.23 526 1.95 Physical properties of aggregate

Density Fineness Absorption Unit volume
Teble 6 Aggregate (g/cmy modulus (%) weight (kg/m’)
Chemical properties of FC Fine Washsand 256 285 1.02 1518
agg. Crushedsand 270 2.95 1.02 1684

Blaine Chemical ingredient (%)
(em9) Lol S0, AlO, FeO, CaO MgO SO, K,0
7530 139 2013 473 445 6090 183 454 183

Coarse agg. 268 655 0.95 1564

Table 7
Chemical properties of Ma

Blane Chemicd ingredient (%)
/9) Lol S0, ALO, FeO, Ca0 MgO SO, K,O
5684 1077 2592 1203 125 4130 458 340 063

Table 8
Chemical properties of FLP

Blane Chemical Ingredient (%)
/9) Lol S0, ALO, Fe0, Ca0 MgO SO, K,0
9069 3614 992 371 260 4401 158 076 120

Fig. 1. Examination image.




30 Kyoungmin Kim and Hojung Son

SHEZE KS F 2402, 3713 2 9184472 KS F
2421 2 2409, SAAZFE KS F 2436 @ 7}o]3tdA)

B Fg. 29 o] APABEOR 2} Wi 270 e}
e 2aeE ABAE AL, GAhES A8A)

ol ujdE & FA 100 mme) %%‘_ZHE 6HS L%
slo] 2molgAld o) TU7ke] 2mmslE FH 5N
Fig. 12 732 A8 255 vehd Zlojth

% FAES
"‘,—;é A 24l BA glel
RE Hﬁﬂoﬂfﬂ =813 H,;ﬁ—g— Jé%};’ﬂl FA 2 BS x]ﬂ
go] Ee5S Aud-Ach AuUd-pel LPTA} 2
Aoz ekt oz 2T 3 FAS) Baleld 2t
83 BSY| QAkERe]
3 mj23ste)| wet Hjo]AE
olA= E3} 2189 7]91

AE A 1)5le] s}
24 Aol vhde] 2
13} 74_& A}Eﬂq a‘]—.z% Z71—

A wigte] 9= Wil #Aglel ekl wid
Hlste] frerdel i Askehs ZloR Y=,
1—t— 09+ FLP94 2 TR ofe PR <lste]
Aoz ARe,

3.1.3. SZ4A7H
Fig. 4= W/B ¥ A3 $F ¥ 737kl mE &

ol AgXE veld Aolt},

Aukziog WiB7l Z7HEE $AXS AdEE
Aoz vEl=d), vigkl w2 $AAZRE W/BS A
o] A AWES AT} ZAAT 6~1287F, ZAA
12-137ke 2 7Hg wheE o= SRR, 249 A
2 ke Fd ARE-B gl 1 s zAe o 6
7F, AL oF 1247} o @EEE Aoz et

=

Low heat—-A Low heat—-B Low heat High early strength  ow heat—A

cement Low haeat

Low heat—-B

Low heat High early strength  Low heat—A Low heat-B Low heat High early strength
cement Low haeat cement Low haeat

Kind of Blinder Kind of Blinder Kind of Blinder
Fig. 2. Slump with kind of binder and W/B.
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Fig. 3. Air content with kind of binder and W/B.
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Fig. 4. Penetration resistance according to time binder and W/B.
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Fig. 6. Compressive strength according to kind of binder and W/B.
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Comprehensive andysis
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A Usudly, O Good, © Very Good

e
[N
r

TorE MAFZIES] F81E A7 9 271w
EXog FE A 3 e ZAHES
A5 ed 232 eoksid o3 2t}
AT ES] 54 E VR WA &
A 276 BAGle] BF EiE WHeAE
, FA®} BS X|$h&o] =575 Add-Amg
-B #igte] SR SR Ao el
3715 A= AA sl wet & I
23 H9E =g
ZE9 SAANZFE W/BS BAIRle] ALY A
ol 7Fg wE ZoR JER, 27
e Ad-B gl Hlste] 24o] ¢F 6~
o] oF 12A[7F o) TEEE Zo R UET
lolrald ] A= WIB 35%llA] A vigte] vj=
531°CE, AI<E-A Higte] 9= 431CE bk
YR A, A3 Blgo] FUg Add-B
70°C, 2748 A uigte] A9 362’C=
7P e 2= YeRA, W/B 45% 2 W/B 55 %]
Al ANERR] AR fAlsI o H, WIBTE ARSE A2
AR Q3| FIlRE adhs 20 YeRth

4) 73t FAYES] 45 27AECAA AEd-B
S AL AUL-A, AG AWE F 271 AL
Hjgte] B fAke A= W9E JYeRIIA, 7] Al
Nre & Aol §lo] fARE A= HE eI

¢

01|
T
S
X o g

s

’
o

HE
r

lo 4
9
e}
2

1

o,

T 5
iy, flo
ot

1)

{1

]_

d
8
R

_>.iol'
I
o
2

rc
&
il

1)

3

ool

w%—ﬁ:ﬁr
> g
&EN—PW
<%
° =

j=d)
=
e

ot &,

i o

A

(N o

ofy
i,

o 1 &
Orbg—’rw
H

rr

-y

o Hy rio
it

o

>

3

¥
o
rat

i

[1] CH. Chung, SH. Kang, H.J. Jeong, C.L. Park and B.H.
Oh, “A study on the effects of variables in tempera-
ture”, J. Korea Concrete Ingtitute 6(5) (1994) 203.

[2] Y.S. Song, CH. Han, SH. Kang and S.C. Kim, “A
study on the basic properties of concrete and character-
istics of blended low heat cement”, J. Korea Concrete
Institute 10(5) (1998) 177.

[3] S.Joand S. Kang, “A study on the properties of artifi-
cial aggregates containing bottom ash from the power
plant and waste catalyst dag”, J. Korean Cryst. Growth
Cryst. Technol. 22(4) (2012) 200.

[4] K.N. Kim, D.M. Woo and H. Park, “The sintering char-
acteristics of fly ash-clay system with mine tailing”, J.
Korean Cryst. Growth Cryst. Technol. 21(6) (2011) 2509.

[5] C.G Han, D.B. Jang and C.S. Lee, “Field application on
mass conctete of combined coarse particle cement and
fly-ash in mat foundation”, J. Korea Institute of Build-
ing Construction 10 (2010) 11.

[6] D.B. Jang, “Field application on mass concrete utilized
improvement binary blended low heat cement by com-
bined coarse particle cement in mat foundation”, J.
Architectura Institute of Korea 27 (2011) 197.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


