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Prediction of Concrete Compressive Strength
by a Modified Rate Constant Model

SHaE P E 2ds
Han, Sang-Hun Kim, Jin-Keun Moon, Yeong-Ho

ABSTRACT

This paper discusses the validity of models predicting the compressive strength of
concrete subjected to various temperature histories and the shortcomings of existing rate
constant model and apparent activation energy concept. Based on the discussion, a
modified rate constant model is proposed. The modified rate constant model, in which
apparent activation energy is a nonlinear function of curing temperature and age,
accurately estimates the development of the experimental compressive strengths by a few
researchers. Also, the apparent activation energy of concrete cured with high temperature
decreases rapidly with age, but that of concrete cured with low temperature decreases
gradually with age. Finally generalized models to predict apparent activation energy and
compressive strength are proposed, which are based on the regression results.

Keywords : concrete strength, curing temperature, rate constant. maturity, equivalent
age, activation energy

T AN, FEArled BRI Ay .2 =20 UE So/B 20004 8Y JIUMK HHE B
- 234, BTAIEY EREYT ws :

339 AR EY AYATA W oFAH 20000 108 S0l EoiEEE AlXsi &

23| E8S=RE M12#H2% 2000.4, 31




1.M B

ANFAE $3Qd 23 Zae F2E U9
2E Ase FIAREY AFA=Y & IY¥S
nXeg F2E AFH WTHAE 4537 4
A FHeT TE AFAT HSE vietof
g dert Uk £ AF o FIHE 72Z
Eo F9¥ 2xvl WgEng oo g JgS
237 AN LT wE FIAES
$EFA= W3E FF3) A5 & de 2d4
9] 7)xte] gt

olZ{gt Heygdx FPLxd BE FAE
9] GEHFA=E dFsy] I3 B 4o At
HA1, EAde B2 ATFAE o8 d7En
7b dEsH 1 i 28y 1@ dFe FE F
2(isothermal) ¥ 2 Ed AF7} IFH
o] MegAd @a ZINE ¢FPxe WHIE
23 F gl T3 &z U 2=
o] dge A uwel HIFEZ FL 2T
3 FYPAAe| d2H, FAES JHo] EEHA
) oz S V|FEY Eddoze n¥
')l:' 31‘:}'.“’2)

ojo B AT BLYY, FHAHY B
3 ¢ 18T £ Jde ARE GFAx 43
Rddg 7|Ee W$E A 2dE AMso
AA L o] RdAE 7]|E] o8 AFPAAES
Higoz I fEAS JEIHFIT.

2. Y20 ME V'S E38E
HSLT oS

Saul(1951)¥'& F7|gAo]l EAE AHA
o "X 99E A3yl d3 sA8=
(Maturity) 2= 1d& A& AAHATH. Saul
< AN ARY S T B $A4=E M
ZAYEE L AFAEE /K e 44 F
ANFYANN FEES FHstaA} At

¥, Rastrup(1954)“e &2zl
2z A EFAETES £ o HsA e
Wl 98 vk Ade =ddda, 1 ¥
Plowman(1956)®¢ Sauld] SAE Id4E ut
Boz GEAE-AE AN AL, 1

32

#2lu} Plowmane] At 2L s4=7 718
F2 AF5AEI} A% FUNe BAYG FL &
Az HAdMe AFA=-sA4=e AHHJAL
AgeA g AV At ol @d EAE 3
A37] 93] Bernhardt(1956) & ALoz %
F4 Feo FAHA=-4FAE BAAE Sauld
SAE 45 uvgoz AAHATL. 1 Fo
Goral(1956)'”, ACI Committee 209(1971)
®5o] EYPFoz H£F AL AP en,
Chin(1971)®& A9l Adgkel 713 gge
Aoz oAl A2A e A& Agsgdd.

Tank$ Carino(1991)"%& %#3Z4 FH 9
g dAAA degd #Be NEE AF
(rate constant) 2d4& A3l

kT(t— ta)

S= ST -1

(1)
A7IN, S, = ¥AUFEE
kr = FYLE T AA9 WEE BT
= MY

t, = 4FA=LH] AFHe A

2] (1)9] ¥We-& 4<4E Arrhenius ¥42 JVE
yd o3 2o

-8

AT = Ae' T (2)
g71A, T = FAXLE
A = v
Q = E/R(E: RBEJ @444A,
R : 7t2%44)

ol W, FHLE ol¥g HHIA EAEY] 9
& #e 4 (1)& S7HARe] X3d 4e= W
Fatd o3 2ol vehd & it

S _ __klh—ty)
S, T T mli—1y) @)

Eacless=2F M1232% 2000.4.



Relative compressive strength
\
N
AY
AY
N
\
()
|
~~

Fig. 1 Relative compressive strength
by rate constant model
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Table 2 Regression resuits

Curing Ages of E '
temperature experimental data ° a R, °

(T) (days) (J/mole) (days)

20 43789 | 0.0037 | 1.24 | 0.26

{15}

Brooks-concrete 40 0.5.1.3.7.14.28.365 42,629 0.0054 1.09 0.26
w/c=0.42 47 41,120 | 0.0064 | 1.05 | 0.30

60 41869 | 00129 | 1.02 | 0.21

Carino-conerete™ 10 1.2.5.15.28.57.365 | 41.295 | 0.0013 | 1.28 | 0.90
21.5 0512471428365 | 41,352 | 0.0039 | 1.11 | 0.00

w/c=0.45 a1 0512471528365 | 38512 | 00100 | 1.03 | 0.00
Kliogor-comoretel® 44 43.684 | 0.0026 | 1.48 | 0.99
13 1.3,7.28,90.365 42,702 | 0.0023 | 1.29 | 0.55

w/c=0.77 23 42,192 | 00033 | 1.15 | 0.23
P 5 22.233 | 0.0019 | 1.40 | 0.42
20 1.2,3,7,14.28.365 39,837 | 0.0036 | 1.10 | 0.60

w/c=0.35 40 38.467 | 0.0057 | 1.03 | 0.00
P 5 43,518 | 0.0001 | 1.88 | 0.56
20 1.2.3.7.14.28.365 42344 | 0.0031 | 1.20 | 0.31

w/c=0.55 40 42,048 | 0.0048 | 1.07 | 0.00

5 1.9.3,7.14,28.91.365 | 40.216 | 0.0001 | 1.35 | 1.12

Kjellsen-mortar'? 13 1.2.3.7.28.91.365 39,566 0.0018 | 1.15 | 0.66
w/c=0.50 20 051.272891.365 | 39.221 | 0.0020 | 1.11 | 0.37

35 0.5.1.3,28,365 38,023 | 0.0056 | 1.03 | 0.22

* B 1% AUEE A3 A9 Aot
= HARNA RE APAEY AP2AEA g A & 100 @& ALH
xS AR ALRE 7 ATREL E2EY 8Y YFFEE 30~60 MPaclrt
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Fig. 5 Apparent activation energy and relative compressive strength by modified rate constant model
(Moon-concrete, w/c=0.35)
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Table 3 Regression results based on the generalized equation of E, , «

Curing Ages of E ;
temperature | experimental data ° a R, o
) (days) (J/mole) (days)
20 41,970 0.0034 1.14 0.49
Brooks-concrete‘!” 40 41,110 0.0068 1.03 0.38
w/c=0.42 47 0.5.1.3.7.14.28 40,810 0.0080 1.03 0.33
60 40,250 0.0102 1.02 0.34
, o 10 1.2.5.15.28.57 42,400 0.0017 1.36 0.56
Cam&o-ccgréczeste 21.5 0.5.1.2.4.7.14.28 41,905 0.0037 1.14 0.26
41 0.5.1.2.4.7.15.28 41,067 0.0070 1.04 0.00
. ) 4.4 42,641 0.0009 1.54 0.99
Klieger concrete 13 1.3,7,28.90,365 42,271 0.0022 1.27 0.69
wre=y. 23 41,841 0.0039 1.12 0.34
un 5 42,615 0.0009 1.50 0.34
Moon;cg_nocréege 20 1,2.3.7.14,28 41,970 0.0034 1.17 0.24
wre=n. 40 41,110 0.0068 1.04 0.00
o 5 42,615 0.0009 1.52 0.78
Moon-co:nocrgge 20 1,2.3.7.14,28 41,970 0.0034 1.16 0.42
wremb 40 41,110 0.0068 1.04 0.22
stEg dEsta qlvtn Atgdo, ¥E o] gE te = 0.66—0.011 T. (t, =0) (16)
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<. 2 X A o ~
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F2 F3 2o & Aol 7M. T, = FBLE(T)

A9t A Qe AReA 2= A
Hol] W& TG TANEY Y&A=EE F
stnak Aok A (14)9 (15)9 ANE 4F
®ebk ol R, & 4, o E A9 REN:
Zasitt. Table 39 3AEHZAAE wigoR
FPe=el W2 R, & ¢, o WSE Y Y
ol (16)3 (17)°I.

R., to, E, % a 9 dEHd & AduEd=
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Fig. 7 Comparison of relative compressive strength between experimental and calculated
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Fig. 8 Apparent activation energy and relative compressive strength by generalized model
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