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The Experimental Study on the Heat Hydration Properties of
Concrete According to Binder Conditions

Sung-Woo Choi"*, Hyun-Tae Jo”, and Deuk-Hyun Ryu"
g y y Y
“Eugene Institute of Technology, Go—yang 412-480, Korea

ABSTRACT Recently, owing to the development of industry and the improvement of building techniques, concrete structures are
becoming larger and higher. In hardening of these large concrete structures, the heat of hydration gives rise to considerable thermal
stress depending on the size and environmental condition of concrete, which might cause thermal cracking. Especially, the crack
may cause severe damage to the safety and the durability of concrete structure. This study investigates the thermal properties of
concrete according to several binder conditions, such as OPC, Belite rich cement(BRC), slag cement(SC), blast furmace slag(B)
added cement, fly ash(F) added cement and blast-fumace-slag and fly ash added cement. As a result of this study, the property of
concrete is most better BRC than others, and fly ash(25%) added cement and BFS(35%)-fly ash(15%) added cement gets superior
effect in the control of heat hydration. But, synthetically considered properties of concrete, workablity, strength, heat hydration, etc,
it is more effective to use mineral admixture. Especially, to be used Blast Furnace slag is more effective.

Keywords Dbelite rich cement, blast furnace slag cement, fly ash, blast furnace slag powder, heat of hydration
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Table 1 Factor of mix proportion

Table 3 Properties of material

Ordinary portland cement(OPC)
Belite rich cement(BRC)
Slag cement(SC)

Fly-Ash(F),
Blast-furnace-slag(B)

Binary blended : F25, B50
Temary blended : B35 +F15

18010
45+15

Kinds of cement

Binder Kinds

M.Ad*Y

Combination

Target slump (mm)

Target air content (%)

Y M.Ad : mineral admixture

Table 2 Mix proportion of concrete

Mix |W/B| S/a Unit weight(kg/m)

no. |(%)|(%)| W [OPC|SC[BRC| F | B| G | S
oPC 3750 - | - | - | - [967]819
BRC - - (375 - | - [970{820
SC 1375 - | - | - [959] 811

41.9(46.0| 157

F25 281 - | - | 94| - |949]803
B50 188 - | - | - |187]960]812
B35F15 188 - | - | 56 |131]952]805

.511.5%& 3?23‘2 , BX sHE 9 &
717 APEEe

BHﬁ'}—Zﬂ.oﬂ U:}-E]— EPE— ] XJ%‘O]’MEP.

EATAY] 41.9%, dHATAFS
A& 46%2 WiFAEA e, BE F
A 20 sl FLskA H-gsd

22 A E =

2 Ao} AHEH AFY 712EA2 Table 30 YE}
WAt

ANRMEE SAF AIEY 1F E%E%%E/quﬂeq BA]—
o] a2EYIAANE, SAF AF 4
cement)E AMESIATH AHE FH
T Az 3 s zpolst 9l

EAE ZEEYAR TS BUE 4429 com’/gd] 3%
FREHIETE AR, Setoloid e Y3y
2 Ao 1 HAE BYT 3507 em’/gd] 2% Za}o|olH

R *é:% fs} | 9% &A= E7I2EMHA 1
AT AR ZRA AEAIE AMEsiRen, Zhzke] A

& Ve MR s B=s FES A
A AHAS BEALE AT

23ME WY
A%A 270 ge FUdsde ARty A% A

770 | 3H2E32|E%3 =22 H18H X6z (2008)

OPC Density 3.15 g/em’, blaine 3,494 cm’/g
Density 2.99 g/om’, blaine 4,116 cm’/g,
blast furnace slag blended 40%
BRC Density 3.20 g/cm’, blaine 3,505 cm’/g
Mineral F Density 2.20 g/em’, blaine 3,507 cm’/g
admixture B Density 2.91 g/em’, blaine 4,429 cm’/g
Density 2.60 g/lem’, FM 2.94,
percentage of water absorption 0.64
Gmax 25 mm, dernsity 2.62 g/ent’,
Crushed stone ||FM 6.60,
Percentage of water absorption 0.68

Cement SC

Sand Washed sand

Coarse
aggregate

Chemical | Super plasticizer| Polycarboxylate
admixture

AE agent  ||Resin
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Table 4 Experimental program

Property of 1) Heat evolution rate for binder
heat hydratiom |[2) Hydration heat of concrete

1} Fresh concrete
: dosage of admixture
dosage of air agent
slump, air content,
elapsed time = 30, 60 min.
setting time
2) Hardened concrete
: compressive strength
- test specimen
=1, 3, 7, 28, 56, 91 day
- core specimen = 91 day

Item | Fundamental

property
of concrete
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Table 5 Heat evolution rate during 7 days

Binder OPC | BRC | SC F25 | B50 [B35F15

Caloric

281.82 | 194.5 1260.69 | 238.15]270.07 | 241.90
value(J/g)

OPC — — BRC
- = =SC
0.9 }| — - B50

---—-F25
~—————B35F15

Heat Flow

0 20 40 60 80 100 120 140
Time (hr)

Fig. 2 Heat evolution according to binder conditions
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Fig- 3 Accumulation of heat evolution
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Fig. 4 Dosége of chemical admixture
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Table 6 Test resuits of concrete

Mix Chemical}AD Slump Air Setting time Compressive strength

o (kg/m’) (mm) (%) (hr : min) (MPa)

" | S-P. |AEagent| Initial |30min.|60min.| Initial |30min.|60min.| Initial | Final | 1 3 7 | 28 | 56 | 91 | 91"
OPC | 394 (00039 | 180 | 190 | 195 | 42 | 3.1 | 40 | 9:50| 11:50 | 13.8 | 339 | 393 | 448 | 49.5 | 502 | 472
BRC | 225 | 00045 | 190 | 190 | 180 | 3.0 | 42 | 33 |1040|1320| 48 | 164 | 245 | 455 | 56.1 | 584 | 552
SC | 338 | 0.0068 | 185 | 200 | 200 | 41 | 3.1 | 40 |13:40|16:00| 56| 209 | 323 | 51.1 | 552 | 572 | 53.5
F25 | 263 | 00184 | 185 | 185 | 195 | 40 | 41 | 25 [1020|12:20| 96 | 249 | 325 | 430 | 524 | 539 | 493
B50 | 225 | 00011 | 190 | 195 | 205 | 40 | 39 | 3.7 |10:50|13:10| 7.1 | 179 | 31.0 | 470 | 545 | 579 | 524

B35F15| 225 { 00135 | 190 | 190 | 195 | 36 | 30 | 24 [10:50 (13220 62 | 182 | 298 | 47.5 | 534 | 566 | 5l.1

PCompressive strength of core specimen at curing 91 days
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Fig. 5 Properties of fresh concrete
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Table 7 Rising rate of temperature per hour

OPC | BRC | SC | F25 | B50 {B35F15

Max temp. (°C) | 67.6 | 54.1 | 62.7 ] 59.7 | 61.8 | 59.9
Time (hr) 27 43 35 36 | 42 44

Rising rate ("C/hr)| 2.5 | 13 | 1.8 | 1.7 | L5 14
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