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Effect of Curing Temperature and Aging
on the Mechanical Properties of Concrete (I)

~-Experimental Results and Analysis-

At E” a2 S
Han, Sang-Hun Kim, Jin-Keun Song. Young-Chul

ABSTRACT

This paper reports the effects of curing temperature and aging on the strength and
the modulus of elasticity. In order to determine the strength and the modulus of
elasticity with curing temperature and aging, experimental and analytical methods are
adopted. .

The tests of 480 cylinders are carried out for type I, V and V with 15 percent
replacement of fly ash cement concretes, which are cured at isothermal conditions of
10, 23, 35 and 50 . And the concrete cylinders are tested at the ages of 1, 3, 7
and 28 days.

According to the experimental results, the concrete subjected to high temperature at
early ages attaines higher early-age compressive and splitting tensile strength but
eventually attaines lower later-age compressive and splitting tensile strength. Even if
modulus of elasticity has the same tendency, the variation of modulus of elasticity
with curing temperature is smaller than that of compressive strength. Based on these
experimental results, the relationships among compressive strength, modulus of
elasticity and splitting tensile strength are proposed considering the effects of curing
temperature, aging and cement type.
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Table 1 Test variables

Binder (kgf/m®)
Cement Type W/B inder (kgf/m Curing temperature (C)
Cement Fly ash
0.40 452 - 10, 23, 35, 50
Type I, V
0.50 362 - 10, 23, 35, 50
Type V+Fly ash 0.40 385 68 10, 23, 35, 50
Table 2 Material properties
Type I Type V Fine Coarse
Fly ash
cement cement aggregate aggregate
Type - - River sand Crushed stone
Specific surface (cm*/g) 3315 3210 4300 - -
Specific gravity 3.15 3.15 2.10 2.55 2.58
Fineness modulus - - 2.95 7.23
Compressive strength B _ B
at 28 days (kef/cm?) 400 360
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Table 3 Basic mixture proportions

Unit weight (kgf/m?)
Cement type W/B S/A Admixture
w c FA S G AE. agent Superplasticizer
(BX %) (Bx %)
Type L V 0.40 0.39 181 452 - 630 989 0.023 2.26
Type I, V 0.50 0.42 181 362 - 707 989 0.018 1.81
Type V+Fly ash 0.40 0.38 181 385 68 608 989 0.023 2.26
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Table 4 Experimental results of type | cement

W/C = 0.40
Compressive strength (kgf/cr) | Splitting tensile strength (kef/ci) Modulus of elasticity (x10° kaf/cn’)
Temp | 1 day | 3 days |7 days|28 days| 1 day | 3 days |7 days |28 days| 1 day | 3 days |7 days |28 days
10 C 55 225 367 523 12 26 41 52 1.09 2.16 2.49 3.06
23 T | 213 322 423 518 31 35 43 51 2.11 2.44 2.76 3.08
35 T | 232 353 400 504 30 40 43 46 2,42 2.67 2.81 3.27
50 € | 323 365 445 497 36 42 46 50 2.61 2.72 2.98 3.03
W/C = 0.50
Compressive strength (kgf/cm’) Splitting tensile strength (kgf/cn) | Modulus of elasticity (X10° kef/cm)
Temp. | 1 day | 3 days |7 days|28 days| 1 day |3 days |7 days |28 days|{ 1 day | 3 days |7 days |28 days
10 C 36 146 252 376 6 22 32 43 0.93 1.96 2.39 2.81
23 C 96 239 321 432 18 30 39 48 1.72 2.55 2.69 2.94
35 C 174 247 337 421 25 35 40 43 2.11 2.50 2.70 2.97
50 C | 202 286 353 401 26 36 40 45 2.27 2.54 2.75 3.07
Table 5 Experimental results of type V cement
W/C = 0.40
Compressive strength (kgf/cr) |Splitting tensile strength (kef/cw) | Modulus of elasticity (x10° kef/cr)
Temp.| 1 day | 3 days |7 days |28 days| 1 day |3 days|7 days |28 days| 1 day | 3 days | 7 days {28 days
10 C 35 167 250 344 5 21 34 40 0.70 1.86 2.39 2.61
23 T| 120 231 300 390 18 30 35 46 1.60 2.23 2.48 2.92
35 C| 183 300 333 393 28 35 37 41 2.09 2.51 2.70 3.05
50 C| 215 390 370 458 28 36 45 46 2.11 2.51 2.63 2,76
W/C = 050
Compressive strength (kgf/cr) |Splitting tensile strength (kef/cw) | Modulus of elasticity (x10° kegf/ar)
Temp.| 1 day | 3 days |7 days|28 days| 1 day |3 days|7 days [28 days| 1 day | 3 days | 7 days |28 days
10 C 23 111 175 252 3 15 22 30 0.36 1.44 1.88 2.29
23 C 72 175 227 313 11 25 31 40 1.27 2.02 2.40 2.73
35 C| 104 176 223 292 18 25 28 37 1.45 2.03 2.27 2.84
50 T | 105 177 229 276 16 26 31 36 1.63 1.96 2.33 2.51
Table 6 Experimental results of type V cement + Fly ash
W/C = 0.40
Compressive strength (kgf/cm’) Splitting tensile strength (kgf/cm’) Modulus of elasticity (><1OD kgf/Cﬂf)
Temp.| 1 day | 3 days |7 days|28 days| 1 day |3 days|7 days |28 days| 1 day | 3 days | 7 days |28 days
10 C 22 186 288 407 2 24 32 42 0.41 1.90 2.58 2.89
23 C| 68 216 311 404 8 28 36 51 1.13 2.20 2.63 2.85
35 C| 168 246 316 420 24 33 39 45 2.10 2.48 2.86 3.11
50 C| 196 286 353 463 26 37 45 51 2.20 2.52 2.82 3.09
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Table 7 Regression results

Cement type Curing temperature (C) Age (days)
constang| TP€ 1 | Tyee V T;fye vl 10 23 35 50 1 3 7 28
E. = a(f.)’
a 26,340 |14,670| 14,100 | 13,510 | 21,940 | 21.620 [ 27,880 | 11.380 | 19,460 | 32,460 | 42,660
b 0.397 1| 0.500 0.510 0.509 | 0.430 | 0.438 | 0.388 | 0.556 | 0.450 | 0.362 | 0.320
0.974 | 0.973 0.983 0.984 | 0.972 | 0.968 | 0.960 | 0.977 | 0.936 | 0.884 | 0.822
fo = a(fcu)b
a 0.868 | 0.506 0.327 0.414 | 0.563 1.184 | 0.689 | 0.406 | 0.502 | 0.660 1.300
b 0.652 | 0.748 0.825 0.776 | 0.731 0.597 | 0.695 | 0.791 0.750 | 0.701 0.588
r 0.987 | 0.985 0.984 0.993 0.980 0.978 0.981 0.981 0.966 0.951 0.900
r ! caoefficient of determination
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