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An Experimental Study on the Evaluation of
Adiabatic Temperature Rise of Concrete’
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Abstract

In this study, parameters such as unit cement weight and placing temperature which influence
on temperature rise and temperature rise velocity are investigated through adiabatic tests for
the domestic ordinary portland cement(OPC). Adiabatic temperature rise suggested by Korean
Concrete Spec. are compared with that from this experimental results.

As a result of this study, adiabatic temperature rise of OPC suggested spec, is overestimated.
Also it is shown that 2-parameter equation suggested in the spec. overestimate heat evolution at
early age and reasonable prediction of heat evolution can be obtained by using 3-parameter
equation.

Results of numerical analysis by using the input data from this test and the suggested values
from spec. shows similar temperatures. However thermal stresses pridicted using input value
from spec. may result 20% more than that from this test in case of externally restricted state.

Keywords : adiabatic test, heat evolution, thermal stress, temperature rise

* A3, (PN Ad71Egdva, AYA 9, o H miol gigk EolE 19061 29 289 7x) &2 mul
w 39, (G- A4 IEd L, ALY AT 19963 49 Boll Bels g A s

w39, (WS 7IEAEL, M
S ONC U ERT PN AL

186 22| E8E =2



LA £

hagae s pREAE ARES] F5Yol
Qe eEwgel ALgAot gl B
oM FaF BAZ Hn Yok sy LEF
o WA AZER ool mE AP NE B
gxon Aol aEaE FEEe L& »,\
LR g AsA gon e A 2
ol e el Yoia e v{‘.&.:-nl’}
re s Apg el olul shyslol Qo) &4l
sHPUE FAROL At Y

2}y L
e ol EH %% g
1A 4om opte :
i S EEEL
I, W ATAIE
Hoz gus) ool
Qi gelol A, Fel M T Fek vt A
of o] §-oix 2] ggrhzk Hit Abal M el Aol o
& o] oA sl Ay} olFolAn Y=
ol a2 ojeld Aol finio] 5
A s A o] Aol nh 294 g sio] ghar, & A
N R 2 G A g TS v
Arepoll st AEE 93| £3tA¥lo] & E o)
=3
xSl AMES AR Ao
B Gd2mdsARE FdE xR, deH
o2 wnE vy} ok @A et welad vl
sEazEe] 2% 2 LR g AEA
AAE ghE adE ARgeta e AAelAN
ol N@AME: ArolA A= ANES o
oz 3 Aoz YA Aarg] = Al EQ
Ao CSU CA 5 Fshibgol 24 4
U&= QAR drako] thE 7] uFof W
Eﬂ EE?EL AA E Aoz F&Fr) 1HAE
o B A Al FEEte W AFEAES] &
| ol Zof o3 A @ ATE S1f 2 ALE-al
JaE RN 2R 20 Reld T

54‘—’:&

olo
i

o 8 M oHr o mio
t
ol ~
ol
— -1—-

;O
£

H 73 65 1995.12. "

ol2igt TAHAA B dAfelMe AFZAIE
o] &% ¥ 2ESH A dujRes g
EAMEY] gl g 27 HH 3ol
el AAJHEALA Fis s REFZEGEA]
HES o GAAWER 2 BlHdes g F
SWFE I G2 yderdE dAsle] 2 A
F7r TAav B GEeE dow @ wrdLe
v X = FEE HESIE D, A Ao AAH
ol v dHRE AFAdANed vuYES 3
Aok mg ol AE NS AR 25 ¢ &
g g add e AL e 2 2
3o o Fr ol J&e vA=7E HES
A},

-3l & ke ZAaglEe 3y
2o gabetE U E e s AEA AR
o] &3l A E 9 ul%“c}EH% A HHs=
gl ok, Aae 4y 2xdliAM e AME
Feld S H4st7) Wil 2 7@ ol gk o i}
) HAG %8 EagEe w4 E 2o
i dderdsd 2 dedes A grist
il vk FAlHel A A o= whEol, 4
v &40l tdstn FAAE iR Ay

Eol pxalMe] AH A8 + Urke $HS

7hA1an it
Col9) 22 BEEASAEE B do A
fAMe 4 (D3 22 edhs Fuii Edw of
SrafA ol AR AR ARG}

Q(t) = K(1—e™) (1)

o714 Q(t) : A tdel M o) G 2w g5
" K:Havgenass)
@ . %E}b}%{ﬁ‘h:

A (12 A whEdre 259 A o
&4 #ekslo] Q1= Arrhenius Ruleol] 2143 HH|
o]7] wWi¥-off &2l 2nx shx)a Rlow, 2
ez} w9 7hekste] s AA) A 2o} AMEC]

187



golsith. a8y 2718 SN E A=A H
7hatal glo] 3 do] M8 dojue Awd
BAHE ] By AAAE Huteh Al 2
Hgdol Wi HoAe Aoz dA AR, o
2hr] o)oh e FAY Wil A (1)3 2L -
7F 23 EY 5SS 7MY F Bd ke 2t
of thdt Aol thalA =bo] o] A 1o
B, 4 (D9 BARE NAAA 753 3 A9
T A 5 e okl 22 7}
A 2 5o] A=A},

Q(t) = K(1—e™) (2)
Q(t) = K(1—e™*t"%") (3)
Q(t) = K(1—(1+at)e™) (4)
Q(t) =Ki(1—e™)+Ky(1—e™) (5)

A7 K, Ky, Ko, @, oy, ap, 6, to: G

2 dyoMe 71AdHEL] AFA N g
TS AESHEA ob&e 4 ()9 A (W ¥
HE Z3A A (6)F 22 A S AHEA Al
k3t 71AItE A EH A PGS vlastHoh

Q(t) = K(1— (1+at)e™) (6)

3 EHHR = ASAR

oo

31 AIEHS

FAEY B gdsFo] AFE vxe
addlE 74 7HA7 e Aoz dEA UXA
T, oL Fo A AMES] R/ 2 GHAWEY 1
21 BGHex £ A 7FA] 8215 0] 7 Au)
ez dHA don, Wi Al ueirx
AA g2},

B Ao E NHNE 278 BEIEASAWE
2 DA Aol G MEZLS 250kg /mP R
¥] 550kg /m*7}A] 100kg /m*¥ Z7HAA 4552
2 A8 T, BHE2EE 10CHE 30C7HA 3
FFEo2 A F 12579 v Aeiol st
S %&%%E*&%Mfﬁ% A A3k},

213 AlgAale] EAES gHAH2: 4 S
9] HH BE& 248 AlEst Y 2ro) g

188

A, AHE @ F o ANEE AFAA 3A2L
Aol vlg] &3 srchamberd] FHojylo] &2 &

2agEs HHLE 4SS 2Yste B
SA4EA Yl E 28T /&80 o
g, 3 AgelA ALge AREAE ol-olel
ControlsAtol A} Al ZHat A 2l o2 A%
29} Ma+ Fig 13 g}

rlr
flo

>o£

P

MONITOR
CONTROL
BOX COMPUTER
E | | - sensor
- T
-
specimen heater
Y1 ~.
<«——————= insulator
p—

Fig. 1 Adiabatic concrete calorimeter

ZazES gd eyl FFgE A
A7 #8918 dFE S AEETE R
stR|gt, A A|HGX 7L FAIAE A
g Aol A fRAEtEs B AEEA oAb
Aol A% =g wl$ Fastch B AEZE A
FFo AR AN FA BRLEILFE
238 5 9om, 2P ARE AFHOE HAFH
o Aol HEFE o] Uk AFFX ] JEd
M e Hudd e dsAd mngs ¥ e
ofzt @7t HojR 71Ee] AP AR o) vl T}
A %ol "ol e EAYe] Yehrle A
o Agg FEET L deE o

Al o) ALg3lE FA A 15cm 2719 5

232 e =RY



Mo, A2 BHAAFHE 0% AR AN
gelon, 2agEe] Wy o 39 o] ol
£ A9 Wzl AAAT, BAF 7U1 2359

=9
70

|

K] L v 3
.2

e

=4

35

o

o

&

=

g

o

}g — 250110 s c450t10
w e ¢ 35010 =~ c55011C
e

! |

t T

3 4 5 8

time(day)
a)t = 10T

-

adiabatic temperature rise(C)

time(day)
b) t = 20C
70
!
50—+ e . !
N ',f-" -
sob 7 e .

adiabatic temperature rise(C)

450430 |

i | — 25030 -
iy | == 350130 =~ c550L30
oL — : :
0 1 z k! 4 s 6
time(day)
c)t =30T

Fig. 2 Adiabatic test result

M 73 6%F 1995.12.

33 THHRTASAEEY

ANFANE B2 G e et

VERN A Fig, 29 @,

standard deviation ¢

standard deviation ¢

Fig. 3

standard deviation o

2.5 | ]
-&- eq.i | !
L1 @ eqZ | i
<
6 eq.t | -
SR ///
1,5+
//
[
| /\
54 /
o] ; + t
200 300 400 500 600
unit cement weight (kg /m?)
a) t=10C
rel .
' 6- af P
| - ec.t /"/ :
 E—— Ve
o= e
,-/G
s~ A o
o _,; ::./ e
g T
nr 307 400 =07 gor
unit cement weight (kg /m?)
b) t=20C
E v
-4 eq o
@ eq.?
I- % e0b | -
—— A ‘
f>(f’ ;
L. ¥ B g
) //>&<\\o~—'—""9
o |
;
piele 200 40( 500 80C

unit cement weight (kg /m?)
c) t=30C

Comparison of standard deviation of each equation

189



Table 1

V

Adiabatic test result

Unit . Eq.(1) Eq.(2) Eq.(6)
Tem, Cement Initial
P ) © temp Standard Standard Standard
() weight K a . K a B R K a £ .
() devi. devi. devi.
(kg /m%)
250 9.8 28.5 | 0.623 0.276 28.5 | 0.630 | 1.000 0.263 28.5 1 0.907 | 1.188 0.756
10 350 12.7 41.6 | 0.970 1.372 41.6 | 0.887 | 1.492 0.725 41.6 | 1.536 | 1.319 0.593
450 9.6 53.8 | 0.923 2.031 53.8 | 0.886 | 1.344 1.108 53.8 | 0.988 | 1.486 0.839
550 9.9 55.5 | 1.410 1.863 55.5 | 1.210 | 1.486 1.762 55.5 | 1.880 | 1.490 0.664
250 19.2 29.5 | 0.690 0.845 29.5 1 0.709 | 1.130 0.559 29.5 | 1.199 | 1.237 0.653
20 350 21.6 41.5 | 1.475 0.819 41.5 | 1.575 | 1.319 0.608 41.5 | 2.200 | 1.320 0.803
450 21.7 53.7 | 1.573 1.371 53.7 | 1.635 | 1.510 0.788 53.7 | 2.281 ! 1.459 0.567
550 19.9 57.4 | 1.750 1.789 57.4 | 2.017 | 1.552 0.954 57.4 | 2.642 | 1.530 0.697
250 29.0 29.2 1 0.912 0.874 29.2 | 1.688 | 1.196 0.632 29.2 | 1.646 | 1.167 0.973
0 350 28.3 39.3 | 1.618 1.033 39.3 | 1.833 | 1.520 0.815 39.3 | 2.423 | 1.441 0.785
: 450 29.0 51.5 | 1.689 1.119 51.5 | 1.970 | 1.435 0.653 51.5 | 2.454 | 1.392 0.856
550 31.4 57.3 | 2.130 1.578 57.3 | 3.020 | 1.577 0.706 57.3 | 3.616 | 1.330 0.827
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Table 2 K and « proposed by other equations

Unit Ref. (9) Ref. (10) Ref. (11) Ref. (12)
cement
’I‘e;mp. weight
(e) (kg /m?) K @ K @ K a K a
250 36.5 0.383 37.31 0.389 38,255 0.532 34.83 0.792
350 475 0.545 46,30 0.513 46.565 0.706 46.65 | 0954
10 450 58.5 0.703 56.30 0.620 54.875 0.880 58.15 1.116
550 69.5 0.863 60,28 0.721 63.185 1.054 69.81 1.278
o 250 35.0 0.809 35.30 0.810 36.560 0.767 31.85 0.880
2 350 45.0 0.969 45.30 0.969 47.640 1.181 42.65 1.060
450 55.0 1.129 55.30 0.129 58.720 1.507 53.35 1.240
550 66.0 1.289 65.30 1.289 69.800 2.012 64.05 1.420
250 335 1198 34.63 1.203 33.935 1.061 31.31 0.964
350 40.5 1.568 42.85 1.53 43.595 1.685 41.80 1.161
30 450 47.5 1.938 51.65 1.835 53.205 2.309 52.28 1.358
550 54.5 2.308 60.40 2.134 62.815 2.933 62,77 1.555
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Table 3 Chemical compound of normal
portland cement

CsS | CS | C,A | C,AF [the others
KOREA(%)| 24 4 138 | 84 9.8
JAPAN(%)| 52 23 9 10 6
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Table 4 Comparison of equation between Ref.(9) and this study

Placing Ref.(9) this study
K=AC+B a==aC+b K P
ten}p. A B a b A B Correlation a b Correlation
‘) (x10°9) fac.(r) | (x10°9) fac. (1)
1o 0.11 9.0 1.6 —0.017 | 0.093 | 7.570 0.96 2.3 0.065 0.92
20 0.10 10.0 1.6 0.409 0.097 | 5725 0.98 3.7 0.097 0.90
30 0.07 16.0 3.7 0.273 0.096 | 7.165 0.99 3.3 0.061 0.95
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Table 6 Results of numerical analysis

Etemally restricted state |Externally restricted state
Ref.(9) | Eq.(1) | Eq.(2) |Ref.(9) | Eq.(1) | Eq.(2)
Temb:f:r);ture 4202 | 3839 | 3053 | 42.39 | 3881 | 30.92
() (2.125) | (2.375) | (2.375) | (2.375) | (2.625) | (2.5)
T:;Z‘Sal 409 | 349 | 391 | 1801 | 1500 | 1512
(2.125) | (2.375) | (2.375) | (25) | (25) | ()
(kg /cm?)
Crack 412 | 481 | 432 | 142 | 169 | 168
Index | (188) | (20) | (20) | () | (25) | (2%)
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