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Use of Neural Networks on Concrete Mix Design
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Abstract

In concrete mix design we need the informations of the codes, the specifications. and the
expericnces of experts. However we can't consider all factors regarding concrete mix
design. The final acceptance depends on concrete quality control test results. In this
process, we meet the uncertainties of materials, temperature, site environmental
situations. personal skillfulness, and errors in calculations and testing process. Then the
mix design adjustments must be made. Concrete mix design and adjustments are
somewhat complicated. time-consuming. and uncertain tasks.

In this paper, as a tool to minimize the uncertainties and errors the neural network is
applied to the concrete mix design. Input data to train and test the neural network are
obtained numerically from the results of design following the concrete standard
specifications of Korea. The 28-days compressive strengths which are variate according to
! the uncertainties and ervors arc considered. The results show that neural networks have a
strong potential as a tool for concrete mix dewgn

Keywords : concrte mix design, neural networks, backpropagation, mix proportioning
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Fig. 2 A process of concrete mix design
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Table 4 Results of training

cases error goals sge epochs
1 0.0 0.0099998 27,265
2 G.005 0.00:49999 157,808
3 0.01 0.0099993 234,428
4 0.01 0.0099909 340,375

28~day error num. of num. of
cases | compressive goals learning testing
strengths date set date set
1 required 0.01 180 15
2 required 0.005 180 15
: actual 0.01 180 15
4 actual 0.01 372 15

Table 3 Actual compressive strengths(ke/nt)

case 1.2/ 180 210 240 270 300 330
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e 80| 219|250 981} -312 | -343

Trining for 27265 Epochs

_ 10 .
e
ao1g®
©
£ 400
.
[ —
g 10
@
10" . . .
0 05 1 15 2 25
Epochs

Fig. 3 Convergence curve in training
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testing target values
sets water cement send gravel

1 185 481 719 916
2 156 370 631 1178
3 170 366 B3 1079
1 189 360 738 984
H 209 366 79 873
6 177 278 715 1l
7 178 461 715 958
8 196 465 765 855
9 174 374 730 1025
10 193 373 773 932
11 212 372 B30 821
12 181 284 7hh 1056
13 204 332 830 H7O
14 199 443 738 893
15 166 405 607 1146
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Table 6 Calculated values and errors in testing sels water cement send aravel
(@) case 1 1 186(0.0) | 482(1.0) | 716(0.4) | 918(0.2)
testing Calculated values 2 156(0.0) | 365(1.4) | 633(0.3) | 1180(0.2)
sets water | coment send gravel 3 172(1.2) | 367(0.3) | 691(0.3) | 1077(0.2)
! 87T | 486(L0) | 72407 | 9040.5) 4 18800.5) | 363108) | 736(0.3) | 991607
2 156(0.0) | 369(0.3) | 6310.0) | 11770.1) ; S0 Tason T ao0s | we09
3 6 | 368(0.5) | 685012 | 1085(0.6) 5 7500 T 2000 1 7500 150D
4 UL | 364H05) | 73700 | 992(0.8) 2 T T mean Trsoo T seonn
b 210050 1 370010 | 73900 | 87003 8 196000 | 469(0.9) | 76303 | 85302
6 17901 | 278(0.00 | 72000.6) | 1102(0.8) 3 o0 0 Treos 720 Tiormos
7 176(1.1) | 459004) | 7100077 | 96901 1) 0 o100 300 1 aon T oo
f 19701 1) | 46610.2) | T66(0.1) | 852(1.5) 1| 212000 | 3600 | 83202 | 51906
9 17400.00 | 375(03) | 73101 | 10220.8) = w0 T aman T Tioons
10 192(05) | 371005 | 77908 | 930(0.2) " 00 300 | 8000 1 5206
1 21105 | 37200 | 82308 | 83513 14 19900.0) | 443000 | 73603 | 895(0.2)
12 06 | 283(04) | 75105 | 106307 15 165(0.6) | 10102 | 60405 | 1153(05)
13 205(0.5) | 333(0.3) | 82802 | 87700.2)
14 200(0.6) | 445(0.3) | 730,00 | 889((0.4)
15 116(0.0) | 406(0.2) | 610(0.5) | 114300.3) {d case 4
* Numerical values in () indicate the perecent of errors of testing target values
caleulated values with respect to the target values. sols water coment send gravel
1 I87(L.D) | 486(L.0) | 780D | 91000.7)
(b) case 2 B) 15610.0) | 367008 | 629(0.3) | 1182(0.3)
: 1 3 17100.6) | 368(05) | 690104 | 1080011
testing targot values 1 188(0.5) | 365(0.3) | 739(0.1) | 9RV(0.3)
sets | water | cement | send | gravel 5 2090.0) | 3660000 | 796(0.0) | 872(0.1)
i 186(0.5) | 482004 | 71703 | 9140.2) 5 10 Toron T o Tioo
2 156(0.0) | 371(0.3) | 629(0.3) | 1179001 - 0 T o Trmos T owos
3 1710.6) | 36805 | 69103 | 1078(0.1) p 05 Taron Tomon T 5509
4 18805 | 36405 | 74104 | 9850.1) 9 1750060 | 3760.3) | 7300.00 | 1022(0.3)
[ « I % ~OR
b | A805) | 36405 | 600 | HT50.2) 0 [ 19205 | 37008 | 77705 | 9330.0
6 L7700 | 2780.00 | 7107 | LTI6H0.5) i 212005 | 3720000 | 82802 | 82704
ird 76 A5 lr 1/ C
: L76(1L.D) | 458(0.7) | T14(0.1) | 964(0.6) 12 181000 | 285000 | 760007 | 1061(0.5)
e e
o 197(0.5) 4690.9) i"”””? 852004 13 204000 | 331003 | 82800.2) | 882(0.3)
9 17400.0) | 375(0.3) | 729(0.1) | 1024(0.1) P 200005 | 445(05) | 7380.00 | 890(0.3)
e T
10 19205) | 371005) | 7740.D | 93505 5 165(0.6) | 4060000 | 608020 | 1146(0.1)
1 21105 | 372000 | 828(02) | 8280.5)
12 1810.0) | 284000 | 756(0.1) | 106601
13 20400.0) | 331003) | 830(0.0) | &78(0.1) Table 7 Error ranges(%) in each cases
14 19900.0) | 445(05) | 738000 | 89000.3) cases 1 D 3 1
5 166(0.0) | 406(0.2) | 609(03) | 1143(0. ran(%) 0-1.3 0-1.1 0-1.7 011
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