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A Study on Development of Strength Prediction Model
for Construction Field by Maturity Method
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Abstract

The purpose of this study is to develope the strength prediction model by Maturity Method.

A maturity function is a mathematical expression to account for the combined effects of time and temperature on the strength development of

a cementious mixture. The method of equivalent ages is to use Arrhenius equation which indicates the influence of curing temperature on the

initial hydration ratio of cement.

For the experimental factors of this study, we selected the concrete mixing of W/C ratio 45, 50, 55 and 60% and curing temperature 5, 10, 20

and 30C. And we compare and evaluate with logistic model that is existing strength prediction model, because we have to verify adaption

possibility of new strength prediction model which is proposed by maturity method.

As the results, it is found that investigation of the activation energy that are used to calculate equivalent age is necessary, and new strength

prediction model was proved to be more accurate in the strength prediction than logistic model in the early age. Moreover, the use of new model

was more reasonable because it has low SSE and high decisive factor.
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Table 1. Experimental plan

Curing w/C Target Target S/a Unit ltems of : Analysis factor
temperature slump air content water (ésting Equivalent age Strength prediction
(C) (%) (cm) (%) (%) (kg/m3) function model
60 43 187 Mixing . ‘Freiesleben -Logistic model
tempertature( C)
5 55 48 186 -Air content (%) o
‘New prediction
10 15+2 45%1.5 Slump (cm)
20 50 47 183 -Compressive model
30 strength
» 40 179 (kgf/cm?)
2. A3AF 9 vy AZAE 9% 2568 AEY, FLIAE HHAS 25mme)
Table 2. Physical properties of used materials
2.1 A¥AIY U ufE Cement Ordinary portland cement
B oase] Al s o . Specific Gravity : 3.15, Fineness : 3,200cm2/g
7‘%0‘]‘ ;}\rﬂ:}lejzﬂlj ‘;0 T2512166(1)2] 4‘:’;\}—:‘}—:i}i Fine River sand, Max. size : 5mm
) o E e LT aggregate Specific gravity : 2.56, Fineness modulus : 2.33
Al om, GAEES 5, 10, 20, 30C2 AA 3} Coarse Crushed gravel, Max. size : 25mm
o 2AYE A= AALEe 4R XA aggregate Specific gravity : 2.56, Fineness modulus : 6.95
Estaz shodct. =3 Freieslebend 43 o 43l . _ . _
opewy ZIeEe JEUNENL wetal ¥ Superplasticizer | Synthetic polymer, Specific gravity : 1.10
Az Aedzede A4 AsHe AT
A8l 71E B FED F Logistic 2} v 2A B3t FeAds Ay =23 A e 72 EA
B Ao A AHE3 Z71A2 §454] Freiesleben 34 2 2 Algatgd)
(s 7.
' 23 230 E dj gt
Te = fa explEa/R- (1/Ts—1/Ta)ldt A1) 2 Age 2l wate Table 3o vhedl whsh ol
o 7] ol A] ARG o] &HE WigS £, FHs SANE
Te : B2 LT Y 2L A ¥l & 60, 55, 50, 45%% R M HE}=FTIEe] wige
Ta @ FRL=( K) AARstg o ZFLHIE 1S+2emB AA AT
Ts : 293(273+20 : °K)
Ea 243 2ol %] (KI/mol) 2.4 HIHSY
T=220TC : Ea=33.5KJ/mol 23 EY ugle 10029 744 AetYNME o] &35
T<20C : Ea=33.5+1.47(20-T)KJ/mol ABEE dFFYs T AndE 6027 AAE 2, B3 1A
R =714 458314 Jfmol) SRA5AE Arbsked 12 3027 v L A on 3 v
WA 7HE 2% 302 22590
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Table 3. Mix proportions of concrete

wiC Target Sp Sla Unit Absolute volume ( £ /m3) Unit weight (kg/m3)
slump addition water

(%) (cm) (%) (%) (kg/m3) Cement Sand Gravel Cement Sand Gravel

60 48 187 99 324 351 312 830 896

55 48 186 107 320 347 338 820 886
15%2 0.3

50 47 183 116 311 350 366 796 895

45 46 179 126 301 354 398 772 904
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Table 4. Test resuts of fresh concrete

5T 10C
w/C Slump Air content Mixing w/C Slump Air content Mixing
(%) (cm) (%) temperature (C) (%) (cm) (%) temperature ()
60 14.0 42 5.0 60 13.0 44 11.0
55 14.5 4.0 5.0 55 17.0 42 9.0
50 14.5 3.5 45 50 15.4 46 12.0
45 15.0 4.5 5.0 45 19.4 45 13.0
20T 30T
w/C Slump Air content Mixing Ww/C Slump Air content Mixing
(%) (cm) (%) temperature (C) (%) (cm) (%) temperature (C)
60 13.0 4.1 22.0 60 9.5 5.7 25.0
55 19.0 45 22.5 55 109 49 25.0
50 18.5 5.5 22.0 50 16.5 6.2 245
45 13.0 5.6 23.0 45 12.1 6.6 25.0
Table 5. Test results of compressive strength (Unit : kgf/cm2)
5T W/C (%) 10C WI/IC (%)
Age(days) 60 35 50 45 Age(days) 60 55 50 45
2 19 19 28 38 2 30 38 56 73
4 61 57 74 108 3 60 82 111 148
7 102 108 151 187 5 123 158 212 253
12 142 151 208 246 8 148 187 243 298
20 173 208 264 325 14 183 231 289 343
33 207 266 324 408 24 215 266 338 392
‘ 56 257 304 364 444 42 265 317 395 451
100 239 325 397 479 75 295 342 426 494
182 315 368 452 540 137 312 364 457 520
20C W/C (%) 30T WIC (%)
Age(days) 60 55 50 45 Age(days) 60 55 50 45
1 64 81 93 123 1 67 84 98 120
2 93 113 137 177 2 116 135 154 174
3 114 141 159 195 3 142 153 181 212
5 161 168 211 246 4 161 172 208 238
9 192 210 257 289 7 203 214 250 297
16 220 241 285 349 12 238 271 315 373
28 248 276 327 413 21 277 300 358 410
50 272 301 380 456 38 295 321 400 446
i 91 297 309 391 473 63 314 331 406 461
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(b) Variation of compressive strength according to equivalent age

Fig 1. Variation of compressive strngth
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Table 6. The results of constant calculated of strength prediction model

W/C Logistic model New prediction model
(%) | Foo K m SDa) | SSEb) | R2 Su 0 k Mo SDa) | SSEb) | R2
60 329.85 | 0.9535 | 1.6697 | 10.6193 | 5385 | 0.9887 | 348.4 | 3.9782 | 0.7772 | 0.4402 | 169881 | 4839.4 | 0.9907
55 354.72°| 1.0254 | 1.6052 | 15.7065 | 17494 | 0.9526 | 368.1 | 3.7066 | 0.8561 | 0.3811 | 24.7091 | 17137 | 0.9774
50 445,03 | 0.9576 | 1.5362 |25.3658 | 35343 | 0.9361 | 471.3 | 3.4039 | 0.7602 | 0.4580 | 42.0450 | 34173 | 0.9641
45 521.23 | 0.9348 | 1.4400 | 31.3667 | 53337 | 0.9721 | 5449 | 3.2557 | 0.7725 | 0.3736 | 51.8228 | 52623 | 0.9830
a) SD ! Standard Deviation, b) SSE : Sum of Square Error
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