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A Study on the Effects of Variables in Temperature
Distribution of Mass Concrete
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Abstract

The setting and hardening of concrete is accompanied by nonlinear temperature distribution
caused by developing heat of cement hydration. This leads to tensile stresses that may exceed
the strength of the young concrete, and cracks occur. In this present study, the heat of hy-
dration characteristics are obtained from a stud‘y in which insulated concrete cubes were tested.
Based on test results, concrete heat of hydration characteristics according to unit weight cement
and flyash replacement quantity are determined, then employed in a numerical temperature
analysis that considers both environmental interaction and concreting phases. The numerical
results are performed by ADINA —T. The analytical results are in good agreement with exper-
imental data.

Keywords : mass concrete, adiabatic temperature rise, temperature distribution
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Fig.1 Adiabatic temperature rise of mass Concrete
according to cement content

Table 1 K and x according to cement content(unit of
cement content : kg/ m3)
cement content K o W/C(%)
300 48.0 0.564 67
) 400 55.6 0.700 50
500 66.0 0.810 33

(placing temperature : 17°C)
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Fig.2 Variation of K and « according to cement content
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Fig.3 Adiabatic temperature rise of mass concrete accord-
ing to flyash replacement quantity

Tabie 2 K and x according to flyash replacement quantity

~cement content flyash [ K f x
500 0% 66.0 0.810
4 15 % 65.0 0.693
Com0 | 0% | sso [ o0
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9071
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Fig.4 Variation of K and a according to flyash replace-
ment quantity
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Table 3 Mix proportion of concrete
agg. air

water| cement-+ w/C sp 4
flyash ratio T ratio Siurmp content
175 | 378.38+94.59 | 37.0(%) | 1.5% | 42.5(%) | 235 1.7

(unit : water=kg /m?3, cement+flyash=kg /m3,
slump==cm)

Fig.h Reaction wall(1/ 2 symmetric model)
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Fig.6 The size of test member

o= ACIo A 1138t = Fahdel 2 e

WA E 9F HaH o (p=015%)F # &5

L1 9HEex d5AE
Adda s Fastr] A Bou) g5 A (Tabel
FA A s

- _;E'L;]_g]};?__o“ EHg} vhad ey Alv
/'

A
1ok Fig 73 g 7]

e}

M 63 5% 1994.10.

80

5 ol e
€3}
o4
>
& 40t )
a1
= 20 |
£
0 e S B T
0 30 60 90 120 150
TIME(hr)

Fig.7 Results of adiabatic temperature rise(test member)
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Table 4 Thermal properties of the material
. , wood
unit concrete | insulator
form
conductivity(K) | Kcal/mhr¢ 2.4 0.018 0.35
specific heat(C) | Kcal /kgC 0.258 0.20 0.29
initial temp, (T) T 26.0 - 26.0
density{p) kg /m3 2320 3.0 170
convectivity(H) | Kcal /méhrC - - 8.0
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Fig.9 Temperature history
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Table 5 Temperature distribution at peak time

insulator analytical locations temp. difference
thickness A B C D E ° F A-D A-F
t = 20 cm 80.25 80.23 80.18 80.08 79.96 79.80 0.17 0.45
t=40cm 81.22 81.20 81.17 81.12 81.05 80.97 0.10 0.25
t = 60 cm 81.43 81.47 81.45 81.41 81.36 81.30 0.07 0.18
Table 6 Temperature distribution at t=27 days
insulator analytical locations temp. difference
thickness A B C D E F A-D A-F
t =20cm 65.58 65.57 65.53 65.46 65.37 65.26 0.12 0.32
t = 40 cm 72.45 72.44 72.42 72.37 72.32 72.25 0.08 0.20
t = 60 cm 74.98 74.97 74.95 74.92 74.88 74.83 0.06 0.15
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Table 7 Thermal properties of concrete(test member)

wood
form
conductivity(K) | Kcal /mhrc 2.5 0.018 0.3

unit concrete | insulator

specific heat(C) | Kcal /kg 0.258 0.20 0.29
initial temp. (T) T 3.0 3.0 3.0

dersity p) | kg/m? 20 | 300 170
convectivity(H) | Kcal /m*hr¢ 10.0 - 8.0




Fig.14 Finite element mesh of the test member
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