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Concrete Maturity Method Using Variable Temperature Curing:
Experimental Study

Tae-Wan Kim"*,

Kwang-Soo Kim", Kyung-Bong Han", Sun-Kyu Park”, and Seok-Min Oh"

"Dept. of Civil and Environmental Engineering System, Sungkyunkwan University, Suwon 440-746, Korea

ABSTRACT The maturity method is used to estimate the effects of time and temperature on the strength development of con-
crete. The purpose of this paper is to show how variable curing temperatures affect strength development for both normal and high-
strength concrete using the maturity concept. The experimental results for normal-strength concrete show clearly the cross-over
effect of strength development as the time of the peak temperature varied. However, this cross-over effect does not exist after the
actual ages are converted to the temperature dependent equivalent age. In other words, the existing maturity method does not
include the effect of varying the time to peak temperatures but instead includes the effect of the magnitude of peak temperatures.
For high-strength concrete, the results were inconclusive. This fact for normal-strength concrete coincides with the ASTM stated
limitation that the existing maturity method doesn’t take into account the effect of early age temperature on long-term ultimate
strength. The results of this 3-year study are used as a basis for an improved concrete maturity function.
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Table 1 Mixture proportions of normal-strength concrete

Material Mass (N) | Proportion by mass (%)
Cement (type 1) 249.78 16.72
Water 133.81 8.96
Gravel 686.90 28.33
Sand 42315 45.99

Table 2 Mixture proportions of high-strength concrete

Ingredient Mass (N) | Proportion by mass (%)
Cement (type ) 274.74 17.21
Fly ash (type F) 40.20 2.52
Silica fume 23.85 1.49
Water 96.18 6.02
HRWR (type F) 22.50 1.41
Gravel 644.37 40.36
Sand 494.70 30.99
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Fig. 1 The variable temperature curing curves for 40°C peak
temperature for normal-strength concrete

Table 3 NSC peak temperature and peak time in P hase il

Normal strength concrete

Set Peak temperature ("C) | Time at peak (hour)
1 40 6

2 40 12

3 40 36

4 50 6

5 50 12

6 50 36

7 60 6

8 60 12

9 60 36

10 31.7 Constant

11 359 Constant

12 40 Constant
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Fig. 2 The variable temperature curing curves for 40°C peak
temperature for high-strength concrete

Table 4 HSC peak temperature and peak time in P hase Il
High strength concrete

Set Peak temperature (°C) Time at peak {day)
1 40 2

2 40 3

3 40 5

4 50 2

5 50 3

6 50 S

7 60 2

8 60 3

9 60 5

10 325 Constant

11 374 Constant

12 424 Constant
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Fig. 3 Strength comparison among 40, 50, and 60°C peak (set 1, set 4, and set 7 respectively) temperature curing with 6 hours

peak (normal-strength concrete)

Table 5 Strength versus age data for normal-strength concrete

Strength (MPa)
Age (day)

SetT | Set2 | Set3 | Set4 | Set5 | Set6 | Set7 | Set8 | Set9 | Set 10 | Set 11 | Set 12
05 13.1 135 63 139 11.0 55 157 130 6.7 8.7 99 136
1 214 215 19.0 204 20.7 163 23.1 195 203 164 166 20.0
3 303 338 322 287 316 283 305 295 332 269 236 289
7 374 369 384 342 362 353 338 333 36.0 3438 337 34.6
14 39.9 419 424 380 415 38.1 34.0 392 40.1 36.7 375 377
28 46.1 463 438 43.1 410 417 375 412 416 417 393 403
56 478 478 487 455 455 444 4238 412 45.1 453 422 427
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Fig. 4 Strength comparison among 40, 50, and 60°C peak (set 1, set 4, and set 7 respectively) temperature curing with 2 day
peak (high-strength concrete)

Table & Strength versus age data for high-strength concrete

Strength (MPa)
Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Set 7 Set 8 Set 9 | Set 10 | Set 11 | Set 12
2 438 348 36.0 51.6 399 311 591 410 357 399 356 448
3 51.9 46.7 452 624 573 452 69.8 59.1 510 47.8 424 46.6
5
7

Age (day)

63.2 59.6 644 69.3 66.9 62.9 73.5 66.0 68.7 59.1 49.7 59.1
594 62.6 683 726 67.5 709 4.5 678 729 68.2 53.8 589

14 67.1 58.0 71.7 719 69.9 733 713 684 73.1 72.5 60.3 66.0
28 73.2 74.5 71.1 752 . 73.7 78.8 70.2 76.8 7.2 62.9 673
56 74.6 711 76.4 76.8 733 712 82.8 72.8 713 8.8 67.6 68.7
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Fig. 5 Typical water and concrete temperature in curing tank for high-strength concrete (set 10)
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Fig. 6 The relationship between the equivalent age and strength development for 40, 50, and 60°C peaks at 6 hours (normal-
strength concrete)

Table 7 Estimated strength versus equivalent age for

normal-strength concrete

Age

Set1 | Set2 | Set3 | Setd4 | Set5 | Set6 | Set7
(S.=47.0)((S,=472)| (S, = 47.0)|(S,= 48.4)| (S, = 44.7) | (S,=45.0)| (S,= 40.0) | (S,=41.9)

Set 8

Set 9
(S,=44.8)

Set 10
(5,=44.3)

Set 11
(S,=423)

Set 12
=

41.8)

EA

S|EA| S|EA| S|EA| S|EA| S |EA| S | EA

S

EA| S

EA

S

FA

S

0.5

1.0

120/ 08 (11905 82| 1.7 |11.5] 1.0 97| 06| 60 | 2.8

14.1

1.8 [10.0

0.6

7.8

08|90

1.0

92

14

12.8

1

23

198] 2.0 {212] 1.3 160} 3.9 |194] 3.2 |204| 1.6 [ 12.7| 6.5 |22.6| 56 |20.2

1.9

17.5

1.5 |15.0

20

14.7

26

19.1

3

64

3211 62 [34.1] 58 {335/ 10.6(31.0] 99 {33.0| 92 |1312|169|31.9|16.7|319

15.1

36.7

46 1269

59

26.0

74

299

7

11.0

37.7111.0(392|109(392|15.6(35.1|152]36.9|152(35.7|22.9|342|22.9| 34.8

226

38.6

10.5(35.1

13.7

339

17.0

36.2

14

182

41.6(182|42.5(18.1|42.5|22.8(38.5|22.4{39.7|22.4|38.5|30.1|36.0/30.1{37.0

29.8

39.7

17.7(38.8

209

369

243

381

28

326

44.8(32.6145.132.6/45.0(37.2(42.0|36.9|42.4|37.0|41.1|44.5|38.0(44.5)39.5

42

40.8

32.6|41.7

358

399

38.7

399

56

62.0

469(62.1[46.8]|62.0]46.6|66.7|44.8|66.3|44.5166.3|432|732|39.9(73.3|41.9

73.0

41.8

614|43.6

64.6

41.6

675

413

Note) EA

is equivalent age (day) and S is compressive strength (MPa).
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Table 8 Estimated strength versus equivalent age for high-strength concrete

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6

Set 7 Set 8 Set 9 Set 10 Set 11 Set 12

Age|(8,=756)|(5,=77.9)| (5, =829)| (S,=78.:6)| (S,= 77.0) | (S,=83.5)| (S,= 82.3)| (S,=75.5) | (5,=83.5) | (S:= 854) | (S, = 68.6) | (5, 70.8)

FA| S |EA| S |EA| S |EA| S |EA| S |EA[ S

FA| S |EA| S |EA| S |EA| S|EA| S |EA| S

26 |43.6| 24 |359| 2.2 [385] 33 [53.8]| 2.7 (444 23 {355

3.6 159.7| 29 |44.6| 23 |392| 2.7 |406] 3.1 [352] 3.6 |432

70 1598 69 1555| 6.6 |60.0{ 88 {67.6| 86 |632| 7.8 {602(10.8{73.5]10.6{639] 92 |650] 6.5 }590} 7.5 1500} 88 |56.7

2
3 |42 (522|139 [455] 35 |48.1| 54 |61.8| 48 |54.8| 3.8 [46.0| 6.6 |683] 5.7 |56.0| 4.0 |50.7| 40 |49.1| 46 |423| 54 |499
5
7

92 |63.1] 9.1 [59.6] 9.1 |65.1|11.1{69.8|11.1|659|11.0(65.6{132]75.1|134|66.1|13.4{69.9| 9.1 | 64.9]10.5|54.2(12.3|60.4

14 {163]98.4(162(663|162|719|182|73.4|182|7.01]18.1{71.7{203|77.8|20.4|6921203173.9| 162|729 17.6|59.8| 194|642

28 130.5]72.0(30.5(71.2|30.5|76.7|324|76.0|324|732|323|76.6|34.5|80.0|34.5|71.9|34.5|77.5/30.5]78.8|31.7| 64.0{ 335|674

56 |59.0|74.1|589|74.2|589|79.6|60.8]77.7|60.7|75.3|60.6|79.8|62.8|81.5|63.0|73.8|62.9|80.0| 58.8| 82.5|60.3| 66.8| 62.0| 69.5

Note) EA is equivalent age (day) and S is compressive strength
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(MPa).
Notations
A = Equivalent age constant (days™)
Ay = Value of the rate constant at 0°C (days™)
B = Amplitude x 2, T,~T, (°C)
k = Rate constant (days")
P = Period, m/(t,—1,)
p = Period, i,
S = Strength at age t (MPa)
S, = Limiting strength (MPa)
T = Average concrete temperature (°C)
T, = Peak temperature °C)
T, = Reference temperature (°C)
T, = Temperature at start of curing (°C)
t = age (days)
ty, = Age at start of strength development (days)
t, = Equivalent age at start of strength development (days)
to = Equivalent age
t; = Time to peak (minutes)
t, = Time between time of peak, t,, and 7 days (minutes)
t, = Time to reach peak temperature (minutes)
t. = 10,080 minutes
B = Temperature sensitivity factor ch

At = Time interval (days)
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