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Hydration Heat Characteristics of Cement and Concrete
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Abstract

Hydration reaction of cement paste occurs when cement i1s mixed with water. During the hy-
dration reaction process, heat of hydration causes thermal stress depending on the size and en-
vironmental condition of concrete. Especially in massive concrete, crack may causc severe dam-
age to the safety and the durability of concrete structures. The more the cement contert ind
the bigger the size of concrete structure, this thermal stress crack becomes more =e: o

In this study, a conduction calorimeter and a concrete insulation hydration he. i.1er were
used to investigate the hydration heat characteristics of cements and concretes Several types of
cement and fly-ash, slag-added cements were used in this experiments, It is shown that hy-
dration heat characteristics of cement and concrete were largely affected by binder type and
termperature during the hydration reaction process, and adiabatic temperature rise of concrete
should be reconsidered.

Keywords : hydration heat, adiabatic temperature rise, hydration reaction process,

conduction calorimeter, fly-ash
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Table 1 Test condition of the hydration heat of cement by
conduction calorimeter

W/B F/(C+F) SP
Lot No. (%) (%) ] (Bx%)
ABC, 35 0 2
AB.C, 35 10 0
ABC, 35 x| 1
ABC, 40 0
ABC, 10 10 2
ABC, 40 0 | 0
ABC, | 45 ' 0 \’ 0
ABC, 45 w oo
ABC, IS 0 2
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Table 2 Mix proportion of the concrete for hydration
heat test

Binder content] W/B | S/A
(kg /m3) (%) | (%)

No. |. Binder type

1 type 1 cement 300 67 49
2 type 1 cement 400 50 45
3 type 1 cement 500 42 41

e r/(c+F)v~1>°/ C=425 F=75| 44 4
5 | F/(C+F)=30% |C=350, F=150, 46 | 40

_Q_Jtype B slag cement 400 | 50 44
7 | type 3 cement 400 | 50 | a4
8 type 5 cement 400 | 50 | 44
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Table 3 Chemical composition of cementitious materials
(unit : weight hercentage)

. type| type 1 | slag type 3 \ type 5
iten{\‘«\ cement | cement | cement ‘lcement
Si0, [ 21.29 25.63 19.47 22.43 62.03
ALO, I 528 8.56 4.92 3.74 30.04
Fe,O, 3.03 2.20 3.23 4.44 3.11
Cal 63.12 53.69 62.48 67.35 0.19
o MgO 3.16 4.90 3.28 3.38 0.32
S0, 2.28 2.61 | 453 2.28 0.02
K,() 1.01 0.63 | 073 (.62 0.91
Na,O 0.05 0.18 0.11 0.10 0.11
TiO, 0.30 0.79 0.33 0.24 1.79
Mn, O, 0.14 0.34 \ 0.22 0.16 0.06
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Tabie 4 Physical properties of aggregates

\Nroperties specific Tunit weight '
type = T~ gravity (kg /m?)
._—._.—_‘,_v.«. R
N fine aggregate 258 | 1,600

_coarse aggregattﬂ 2.61 __I_‘ 1.k '3()

,0

3. 4HZEN

| _T_jfél-

30 O|A5stEa M o nF

1 T
5 T L a
N 4 e TYPE 2 I i
~ 901 | TYPES !

[@] & LAC i :
O B0t <
= ‘
T 70
<
£ 60
50
£ 40
2
S 30
z
v 20
3
@ 10
T
o

0 & 16 24 37 40 48 56 64 70 8O
Time(hour}

Fig. 1 Hydration heat of different types of
cements(temperature : 207C)
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Table 5 Conduction calorimeter test result of
fly-ash added cement
(unit : cal /g)

temp“ﬂy ashf time (hours) -
%) (1] 2 06T 3% ]60]72]%

16.1]27.534.9[303]421[45.0
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Fig. 2 Hydration heat of fly-ash replaced cements
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Table 6 Hydration heat of cements by
conduction calorimeter

No factors heat evolution(cal /g)
’ 1AI13E 24A17H T2A1 %
1 ABC, 4.66 44.01 63.41
2 ABC, 3.76 41.90 59.53
3 AB.C, 3.21 29.85 38.15
4 ABC, 4.55 41.11 58.28
5 ABC, 4.27 38.70 55.15
6 ABC, 3.59 38.56 53.55
7 ABC, 4.43 47.92 67.98
8 ABC, 443 37.96 57.16
9 AB,C, 4.69 24.24 49,23
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Table 7 Analysis of variation for conduction
calorimeter test(at 1 hour)

Fo random | random
standard |degree of| . ) .
Factor variance | (V... / [variable at|variable at

ot
deviation| freedom Vo) | F.D) F(0.05)

A 0.620 2 0.310 | 2.970 1.886 2.920
B 0.769 2 0.384 | 3.685 1.886 2.920
C 0.623 2 0.312 | 2.988 1.886 2.920
Error | 0.209 2 0.104
Total | 0.222 8

Table 8 Analysis of variation for conduction calorimeter
test(at 24 hours)

Fo random | random
standard |degree of| | . .
Factor deviation| freedom variance | (Vi / [variable at|variable at
Viatl
Vi) | FO.D | F(0.05)
A 11.877 5939 | 0.385-| 1.886 2.920
B | 279.137 139.563 ; 9.040 1.886 2.920

2
2
C 93.485 2 46.742 | 3.028 1.886 2.920
2
8

Error | 30.876 15.438
Total | 415.365

Table 9 Analysis of variation for conduction calorimeter
test(at 72 hours)

Fo random | random
standard |degree of| | . .
Factor |, . . variance | (Vi / (variable at|variable at
deviation| freedom
Vemed | F(0.1) | F(0.05)

A 29.703 2 14.851 | 1706 1.886 2.920
B | 404.705 2 202.352 | 14.661 1.886 2.920
C | 125.900 2 62.950 | 4.561 1.886 2.920
E 27.603 2 13.802

T | 578912 8
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Tabie 10 Coefficients of Concrete hydration heat

temperature formulas
(initial concrete temperature : 200C)

unit cement Japan Concrete
Tsukayama .
content Institute
(kg /m3) K % K | K %
300 37.300 0.97 | 42,10 1+ 0.97 46.22| 0.89
400 148,00 L.15 53.18 ¢ 1.39 |56.81| 1.21

500 [5870] 133 | 64.26 | 1.80 |62.18] 2.31

this study
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