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This study carried out to evaluate the hydration heat analysis and fundamental characteristics such as air content, slump, compressive
strength and dry shrinkage according to concrete with premixed cement, ternary concrete and OPC concrete for using concrete with
premixed cement. The results of experiment are founded that concrete with premixed cement have sufficient performances such as
workability, compressive strength and dry shrinkage. Also, the results of hydration heat analysis are founded that concrete with
premixed cement have more performance than ternary concrete and OPC concrete at a point of view for the quality control such as
thermal crack reducing and economic benefit. Therefore, it is desirable that concrete with premixed cement should be used to rise
durability performance and convenience of maintenance.

JISIE : E8 AMUE, JIZ2d, =32 o4, EZHE

Keywords : Premixed cement, Fundamental characteristics, Hydration heat analysis, Field application

1. M2 B2TBsOIA ARABOl Zatojof4], nREH10)E
U 52 230|E0| SYUSIH HIIUE BT, 2UM B, 4

22 2ol UM PES MHEY TXSSS AuSs Y HUSATO| X2 U LT S0 E1t AofLee e al
fEsiEle FH0ln, E5 S5 20| QU TRSSO UM 2007, Choi et 4l 2000), ZHASHOIME Fig, 13t 22 &2
&7 oIS 2t Px20) @TEE 2 0 =

& &7tskz FAMlo|ct olek &7l of
H

32|E sk 7|E Lt ZAc|EL} 2| ud:, MU, DL TAE, ofidTES S0 ol &3 UCHJeon et al,, 2013).
T S T 2T OfL2H AIS0H| QU0 2ot ZHIKR! A[SO0] 22 %

floiMs EESESUHEAMED AlZet 232|ES 7iX|1=
siist| elem, MY

= _‘?_ =
d2|7lE Sut 22 dsEEsiEs MER gz 2 2

Fig. 1. Examples of thermal cracks due to hydration heat
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Table 1. Mix proportion of concrete

Ty wW/C S/a Unit weight (kg/m’) AD
(%) (%) % C PreC BFS FA S CS G (Bx%)
OPC 46.0 49.0 174 378 - - - 258 603 903 0.8
OSFR 448 49.0 165 184 - 110 74 258 602 902 0.8
PreC 44.8 49.0 165 - 368 - - 257 601 900 0.8

OPC : Ordinary Portland Cement 100%
OSFR : OPC 50% + BFS(Ground Granulated Blast Furnace Slag) 30% + FA(Fly Ash) 20% (with SR(Shrinkage Reducing Agent) 1.0%)
PreC : Premixed Cement 100%

SHER LM 50| BHECZ LIEtd 4 QUCHBae et al, HEZSHEAYIE 100%2] HI(OPC) 3HEA(ESESH
2008). o W2 W/BRt =2 HIZY Yo Qlot 232 CAHE 50%, n=&2ia0[8Y 30%, Z2t0[0H+] 20%) tief
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Table 2. Results of compressive strength
Designed Compressive strength
Type strength 3-Days 7-Days 28-Days 56-Days
(MPa) (MPa) (%) (MPa) (%) (MPa) (%) (MPa) (%)
OoPC 27.0 21.3 78.9 28.1 104.1 38.6 143.0 40.6 150.4
OSFR 27.0 12.1 44.8 19.4 71.9 38.4 142.2 43.2 160.0
PreC 27.0 10.8 40.0 22.7 84.1 359 133.0 37.9 140.4
%gﬁ‘% EI’%“(SI% é‘%él-ﬂxl- 8|’E Prec HHER:IF% XHF_(ID:‘ 2805! I;|_<| ll'mn 10075 10025 10,025 677‘0 10025 10.025 i 1Ioo75_1_|}.110
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(d) Stage 4: 2nd wall and slab (Casting height = 4.9, 1.3m)

Fig. 12. Mesh, stage and target resulting point of hydration heat
analysis
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Table 3. Thermal properties for hydration heat analysis

M jpagaaiis Specification Using
value value
Heat Concrete 2.6~2.8 2.68 (2.3kcal/mhrC)
Conductivity .
(W/m'C) |Ground(soil) - 1.98 (1.7kcal/mhrC)
Specific Concrete | 1,050~1,260 | 1,050 (0.25kcal/kgC)
Heat i
(J/kgC) | Ground(soil) - 838 (0.20kcal/kgC)
Density Concrete 2,300 2,300
(kg/m”) | Ground(soil) . 1,800
Coefficient of| Concrete 1x107 1x107
expansion
(/C) Ground(soil) - 1x10°
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Table 4. Hydration heat characteristic values of concrete for
hydration heat analysis

Mix B Q. Placing
design (kg/m®) (C) " temperature (C)
OPC 378 55.5 1.051 15.0
OSFR 368 42.7 0.390 15.0
PreC 368 38.4 0.379 15.0

Table 5. Curing conditions of concrete for hydration heat

analysis
. Coefficient of heat .
Surface Cur.nTg convection Ambient 5
condition > 5| temperature (C)
(Wm*TC) | (kcal/m*hrC)
Upper Vinyl 12 14 15.0
Side Form 7 8 15.0

Table 6. Coefficient of compressive strength development of
concrete for hydration heat analysis

Mix design a b d; _ o
OPC 4.5 0.95 1.11
OSFR 8.0 0.95 1.30
PreC 5.2 0.97 1.20
CAMS HEg OHE EEE o|n, 232EQ £7| EMER2
ot HAZZA( B0 2ol 23 =t
2 79 £51E oMol M8E Z32EQ YMER F
oS 1ot Z232E BEAAMY0 MAIE e HE
SlieH, oo e SUFA= Table 52 2T}, L8 23
2lEQ U=UE U UYL= ZFRE HEAYM| XAIE
CHeol Alg 2712 Table 60i LIEHY ZtS sliAdoll X23IRCt
fuld) = ——df, 3
cu a-+bt
fo(t) =cy/f.(t) (4)

H7IM, f, ()= TE tHel 232|E YFLEMPa)O|H, t=
MBL)OIH, a, b= AMHIE SFRO| E d40|H, d,= I
289 3 91€0| 232|E & BRI, f,= M 282
A7 IEYEL=(MPa)0IH, f,,(H) = ME tde 232E &
HRIEEE(MPa)0|H, c= 232|ES| =0 [E 432

E Ax9| Fkof wef TEX|2 0,448 BECR BICE)0[C
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Fig. 13. Stress results of hydration heat analysis
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Fig. 14. Temperature results of hydration heat analysis

Table 7. Results of hydration heat analysis
. Maximum Maximum Minimum thermal
Bl i temperature cracking index
design . -
(MPa) (C) (hr) I, Location
OPC 4.17 60.5 384 056 | Center of
1st wall
OSFR 1.95 40.5 432 1.01 Side of
column
PreC 171 37.7 432 120 | Sideof
column
Eo Y F2EY EREE 126l &8 = 2E29 M=
A 45 Yxde Zotet] AME HEA o sYst 29 23
2|E o2 AZsk= A0| BiZEeHH, AZXQl SHO|A

16 vol. 2, No. 1 (2014)

mnl8l6
= 1946
= 2009
=/ n2077
= 2118
= 2346
= 12880
12901
12943
= 03090

Min. cracking index = 0.56
(02943, center of 1st wall)

Thermal cracking index

2,200

mnl8l6
= 1946
= 2009
=/ n2077
= 2118
= 2346
= 12880
12901
12943
= 03090

Thermal cracking index

Min. cracking index = 1.01
(n1946, center of 1st wall)

>z 3 § 3 3

1,200
1,400
1,600
1,800
2,000-]
2,200

mnl8l6
= 1946
= 2009
=/ n2077
= 2118
= 2346
= 12880
12901
12943
= 03090

Thermal cracking index

Min. cracking index = 1.20
(n1946, center of 1st wall)

YIS EXo| 5l xS HE0I= tib|shs 0] Higf

4>
A
Rl
N
>
N
]
e
il
wW
0x
i
X
E_@
|
Hu
>
OH
ot
N
o
4>
i
Rl



Iy IR W X~ MW Qoo & oo de & Wool B g o 2 =22
8l By Wom X S R0 LA g ook O ool ox DLW 3 <k 3o E ©3°
! g A Ew TS e galeysd ™ Xoakoy T °z
= __gamﬁo||A¢n_mb o =8 K Dum_m._,__dukl_u‘lm_Eleﬂli‘_ mL_Iu_L.mu._ - 22
= tEc g Wy rgTHaHN fTEmRrgx=x8n R g -Z g
xr g 200 7 % = Bl To T o] <k % o & W_.‘ Kr "0 29 o iod < 0o w o £ s ©
& TRRSSCHEE S o Wz gy e & X WU gy Koy o b
Sy g W= Aoy 0o w20 & W R e m %oy ° : 59
&1 WMol o gr R HaZa Xl B S H K “ 3 X
Sy A0 0 2 0 X Tod = oy o oV o ool = <F 80 oy s ml -2 2
] 2 B = S T e "o & =) L i = - 25
ki NoF e =G TR D PR BT T E U A -5 2
= mE et Ew T W X a2 g S S s
o K oof o sk B g NPTy TR WE gy WA c 2
= R T I A L T ) —_ X 2 < © ol Ml o & 0 . E P
0 oo < ooy B oE T H T W oY KUY oo R T 3 g
= T S <0 EL &y T =oT = o K _ . Q
20 SEWY T LB By L Wy N s B 2% .
o %@m%uﬂ%_mﬂ%&@_%ﬂm%ﬁﬁ%ﬁﬁ_gmmﬂgm_aﬂq% g c g
Il K £ Ko IH y R o < =& © — & o7 o ¥ ml =
a E_é%E_EAOMEA_EWO_EW_%E@@:#wum__amﬂom;ﬁ_uwum__ﬁ © =t
o7 = T o T Com o SR Dol g MR g B WE Gy D5 g o o g3
2 B o8 gul 2 WK H <R o W H O F @y T, 8 om X = 3
4 TEiffEscpewpRiGzEy-TgEIRMCTS g S,
m ~ O 4 L _ op © N < o o &l & oo < — e B £ .
) ER N R R I - e “as
7l m__oma;la1ﬁm;.meawww%m:i g om Sog Mooy 0 T g
0o ~ <t @ L T 0 I oml B ROl o of < K W S m kS E S KO (] - s
= o om T o) © ol W w0 W dol T OKF B! F o KO K| M ol & Ml <+ B! 0 @0 B OF W O v & 38
Ul o o < te} @ 3
c
[0}
IS
[0}
O £ o g F o ol bl X o [l
= S = od ol ~ _._._|_|
. g S 2ERW R TR o m A
g 5 L E T Ko jol i=1 He =
2 g 1 8% o ok X
g > mas o O O ARG
o m Nln_ 60 < o3 _.__o _._._ _MQ._.HA._V K mw O“_o o
w E @ W= oz ™™g L
B g m %o B o B - My o
i a il o
5 SR oMo R0 o . o®
L - _._.__A:._._| R0 00 T KO w <k
E=] - < -« < 83 2 = = o
s Monl . ok 5 o B g ok
- M o OF B oW DT 5 <=
g W . Rd o5 H B m
g Sdmy < E oo 2
§ =My o Sg NE 5 o
5 B IR gEE c o
R T m
S o QI 5 L & KL Jo Ju
T e masag f ezl @2
2 oad Mgy Y oo aw K oF
¢ uw = B ool Mmoo oo o
e KO0 ™0 g KR M X oo
2 2 aw X Teag W TE
S S dom X B g oE K0 R :u.Ao
o T T o~ A KK w8 R
. w — ¢ o ~ M KO T+ — N —
& x x E W= F zr IT g . MW
i oW S moop IH o &0 oN To) ]

on Korea

and properties of

t

| =27 20141 32 17

Conference paper

Concrete Institute, 569-572.
udy on economical impac

t

A's
e using blast—furnace slag powder, Daewoo E&C,

22, 61-73,

t

H., Lee, SS, Won, C, Kim, DS, and Jung, HW,

non—premixed cement,
2000),
concre

(

Choi,

W50

] MEES Premixed AJHIE

Z32|EQ} H
o

X

1

|_EO|_

St
=1

74

|

=

L 3=
A

a
Higo=Z

=

=

OPC 100%

o, 0]



Ho
>
Kl
o
o
4
£
el
N
o
3
odk

Choi, HK,, Son, HJ., Kim, KM, Park, SJ., Han, M.C, and
Han, C.G, (2011). Properties of low heat concrete using
modified ternary blended cement, Conference paper on
Korean Recycled Construction Resources Institute, 11(1),
77-178,

Jeon, CK. and Jeon, JK. (2013). A experimental study on
the field application of concrete with CO, reduction
materials, Journal of the Korean Society of Disaster

128136,

Jeon, JK. and Yoon, J.H. (2013). A case study analysis for

Information, 9(2),

enhancing application of slag in concrete, Journal of
Korean Recycled Construction Resources Institute, 8(1),
114,

Kim, G.Y., Shin, KS,, Lim, CH, Nam, J.S, and Kim, MH,
(2010). Properties of engineering and durability concrete
with fly—ash and blast furnace slag in normal strength
level, Journal of Korean Recycled Construction Resources
Institute, 5(1), 103—110

Kim, JH. and Lee, K. (2008). Necessity of blended cement,

Journal of Korea Concrete Institute, 20(3), 10-12.

Korea Iron and Steel Association, (2012), Concrete & slag
green solution,
Lee, S.S. and Song, H.Y. (2007). An experimental study on

the durability and mechanical properties of high performance

concrete using blast—furnace slag powder, Journal of
Architectural Institute of Korea, 23(11), 119-126,
Ssangyong Technology Research Center. (2005). Causes

and Preventions of Cracks in Concrete,

Yoon, J.H,, Jeon, JK, Jeon, CK, Ryou, J.S, and Kim, KH,
(2013). Fundamental evaluation and field application of
slag concrete, Conference paper on Korean Recycled
Construction Resources Institute, 13(1), 56,

Yoon, JH,, Jeon, JK, Jeon CK, Yoon KH., and Lee, SC.
(2013). Hydration heat analysis and field appliction of
mass concrete using ternary blended cement, Conference
paper
Institute, 13(2), 43—44,

Yoon, S., Song, Y.W., Jeong, Y., Gong, MH, and Chung,
G.T. (2013). Investigation on the properties of concrete

on Korean Recycled Construction Resources

using ternary blended cement, Conference paper on

Korea Concrete Institute, (2007), Standard specification for Korea Concrete Institute, 165—166,
concrete,
MU= Premixed CementS ALE3t 232|EQ| 7|22 E7t H +3IE sfiAol 2t A+

2f éﬂ”ﬂlﬂ% 1=l

HELZ NS 28510, £51Y siaMs 4%8}04 Premixed CementS AL ~ 5 =
Z1} Premixed CementE ARS8t ZH2|E= =8 AYd 2 QAVIEYFLEE S20| USI, Hres SHIME +5
MYHE e S8R 2H2IERL RAR dxes %@% LIEHNRACE, Eof 431 sll4) 21t Premixed CementE St
Z32|Es =8 2= 8XE F20| 2 w8 OfLet A"IPWI% =Y 3dEA 232ELT BHlds EY
o+ e Hotez EELIC g% AZIREFRE AS0| U0 7229 Urds 2 RAlME] HalY eds 2ol
Premixed CementS A2t Z232|EQ| HAMMEL HIEAISH o2 THThE|rt

18 vol. 2, No. 1 (2014)



