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Development of Temperature-Analysis Program
for Mass Concrete Using Finite Element Method
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Abstract

A temperature-analysis program, named "TAMCON,, was developed to predict the tempera-
ture rise due to the heat of hydration in hardening concrete. Finite element method was employ-
ed to facilitate the temperature analysis for the structures with complex geometry and various
boundary conditions, In order to test the validity of the program, the results obtained from TAM
CON for the wall-type structure and the mat foundation were compared with the numerical anal-
ysis and experimental data reported previously. As a result, it was found that they were in good
agreement. TAMCON may be useful for the temperature control to restrain thermal cracking
and the construction management to design the reasonable curing method in mass concrete,

Keywords : mass concrete, heat of hydration, finite element method, temperature analysis, ther-
mal cracking, wall-type structure, mat foundation, curing method
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Iy : Thermal convection B.C.
I; : Thermal convection B.C.
I'; : Thermal convection B.C.
I'y . Adiabatic B.C.

I'; : Fixed temperature B.C.
I'; : Adiabatic B.C.

Fig. 1 Heal transfer analysis model of the wall-type struc-
ture.
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I') : Thermal convection B.C,

I'; : Thermal convection B.C.
[y : Thermal convection B.C.
Iy : Adiabatic B,C.

I'; : Fixed temperature B.C,
Iy © Adiabatic B.C.

Fig. 2 Heat transfer analysis model of the mat foun-
dation.
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Table 1 Thermal properties of concrete
Wall-type Mat
structure | foundation

Adizbatic temperature K(t) | 5 41,9, 39.8

1
‘r_se i Compeete“‘ 2h™) 0.8 | 0.976 1.270
I
s 8 100 0.931

Weight per | Concrete p 2287 2422

unit Vo, Rock (kg /m’) 2600 2600

Thermal Concrete k 2.50 1.945
conductivity | Rock |(kcal /mh ) 1.9 1.94

Specific Concrete Cp 0.31 0.321

heat Rock (kcal /kg ) 0.25 0.25
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Fig. 3 Finite element mesh
used for the wall-type struc-

ture.
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Tabel 2 Conditions for thermal analysis
(Wali-type structure)

Concrete placement Temp. T.(¢) 22.0
Air Temp. in concrete T,.(C) 7.0
rlacement
Heat Transfer |  Sheet h L 50
Coef. Non Sheet | (kcal /m’h ©) . 120
Rock Temp,
TelC) 5.
(at underground 5m) W 151 L
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Fig. 4 Comparison of the temperature history of the pres-
ent study for the wall-type structure with that of JC!
presented in Ref. 15.
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Fig. 5 Contour plots of temperature distribution for the
wall-type structure at different curning times
(a) 12hr (b) 48hr
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Fig. 6 Temperature history of the wall-type structure with
sheet curing for 2 days.
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Fig. 7 Temperature history of the wall-type structure with
sheet curing for 5 days.
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Table 3 Conditions for thermal analysis

(Mat foundation)

1 Lift | 2 Lift

Concrete Placement Temp, T(T) 28.0 | 245
Air Temp. in Concrete

Tar(C) 20,0 | 20.0

Placement

Heat Transfer Coef,

hikcal /m* h ¢} | 9.6 9.6

Rock Temp, (Surface)

T, (C) 19.0 -
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“ center
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Fig. 8 Temperature history of the first lift of the mat foun-

dation.
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Fig. 9 Ternperature history of the second lift of the mat

foundation.
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Fig. 10 Contour plots of temperature distribution of the
mat foundation cured (a) for 2.5 days and (b) for
10 days after the placement of the second lift.
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Fig. 11 Comparison of the temperature analysis for the fir-
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data presented in Ref. 16 and 17.
60
— experimental
5 so0 L — FEM |
¢
2
o
et
Q 40 4
5
=
30 b 4
20 L : : 1
15 20 25 30 35 40

Time (day)

Fig. 12 Comparison of the temperature analysis for the
second lift of the mat foundation with the exper-
imental data presented in Ref. 16 and 17.

174

Fig. 112 A1 Lifte] 238458 4
FE] 42 A=Ave} vlwg Aot %E*Jz-
=t &571~0}-)\],] 73/\} Huex, Hiae oﬂ =
23l Al7] B Al e 2xolgoel &AM
o} & dx)skar uch ofeh & d4E Fig. 129
A A 4= l%o] A2 Lifte] FdMxE FdU
3 A3E A,

4.4 E

B AP eE FTAAUE o3t WAaE
AYE 2xEY 2xd4S ¢ 2xsM 22
J%TTAMCONJ]E Msldot AwE T2y
ol g3t FR| MG A A b &
AEES AUt A
1. HE7| 2o g 28X dies dgx9)
F gxstgon, A2 Lifte] A E X714 A1
Lift94 2rd¥gx FElHo g F FIHUGY
2. Hk] ﬁijvgg_ \:H_EZ_?QO] )] AFEAYE
?i%i MJEI ne HY FREA fET X
Z& Mo oA &4l AFHA

3. d $8E gslnTIe e sl Tl
A g st & AR FEZ AP gt
AMEAge] YFHA 18 EE B Z2 IR |
oA el FANY 5o =98 PRI
o o] 88 4 UL Ao g dAdkd)

4. B 3N 2oy AR5 N 229
E X7|A 2532 Ag5S 55 AlaE AAR
g8l W aggos 34 4 ok

¢

for

uZI:

Iz

1. kgt APg, FAUEZTTADEA, 1980

2. JCI, =xa v 7)- bbb H#EiEs, 1986.
3.

3. BEfEER, K#A— “av7VU-bo0UbNLL
BT A2 b - a2 270)-, No.428, 1982.10.
pp.52-59.

4 EHEER @R, “vRayZ7U-MIBTS
BECUbhE®O®E”, JCI, Vol.26, No.5,
1988.5. pp.4-12.

23| E8tE =2



10.

11

12.

13.

14.

. H&ERE,

JCLL

B, ‘v ThEEE Y 7 Y-V EBEWD

BEEOCHLL”, Xy b o 2-F, No.370,
1977.12. pp.11-17.

ke, v Ry 7 - N EBORL S BE, 2

v ) HEHM S ) X No.8, 1994.10.

“wz 7 ) - b o) iR I
DB, EARBEHRTE, No.372/V-5 1986.8.
pp.1-16.

. ACI Committee 207 Report: Effect of Re-

straint, Volume change, and Reinforcement
on Cracking of Massive Concrete, ACI Proc.,
Vol.70-45, July, 1973.

A v maTvAIY 7 U-bOEE
wh HEEs Ty 7T us T A%, 1989.6.
Proceeding of the International RILEM Sym-
posium: Thermal Cracking in Concrete at Ear-
ly Ages, E & FN SPON, 1994.10

WA Gy, AL dErE 9FE 1
& o 22| Eo A e satde W 2589
HA”, wBRAUESeE, A4, A3E, 1992
9. pp.101-111.

AR, ol Fd, “ALE A N 22AHE
o| faldo] W 223 A", kG AEE
Bk, A144, A4E, 1994.7. pp.771-780.
oHg wiAle] RoFs], ‘vl EAE FEe
ged s Moo A= R JHESFE A, K
W ARPeaRCHE, Alsd, AlE, 199.1. pp.
97-106.

ol &g}, WaF, i FAYE Ferel e

M 7H 6E 1995.12.

15.
16.

17.

18.

19.

20.

21

22.

A HrHE A3 Ay 2 A A7, AL ARE
g, 157, A23, 1995.3. pp.337-346.
JCIL, =22 > 27 )-F LEORERNDHBHRS
oK, WNEX, FIEm®, "ETh - xhEE
Ry Fay 20 -bOEE - W - BH
OEE L S5 IR, Bk, No.175, 1981
11. pp.63-72.
ANBF %, RHEGE, "By b5 T7TarsY
-PEEORMESEET, JCl, w23y 2D
MR SRE A A ALY B ouX T ARk
4, 1982. pp.45-48.
BRI, SRk, B, ML, “FEMoO 2%
AZAYE FREO 2EA AXEY O A
BT 19949 s R EE S sheugE =83
( 1), 1994.10. pp.143-146.
BEmuE, N E, CEERTHERCORT ARG
OWEFERIZHO>VWT,ICIL, w20 27)-FOR
ERMOBE AN X LIMTII0FTARY
#,1982. pp.35-44.
BlgE—, "~y TG bOBELR
BL2oI0iBEUVUTDLNICI T AREBEAR", &
RRBMA-RAIR L, 1974
Ch. WANG and W.H. DILGER, “Prediction
of temperature distribution in harderung con-
crete”, Proceeding of the International RIIL.-
EM Symposium: progress in Munich, E&FN
SPON, 1994.10.
T.J.R. Hughes, The Finite Element Method,
Prentice-Hall, 1987.

(M2} : 1995. 3. 16)

175



