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Concrete Mix Design using Neural Networks
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Abstract

Concrete mix design and adjustments are somewhat complicated and time-consuming tasks in
which various uncertainties and errors are involved and depend on the quality control test
results. 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
from the results of design and adjustments following the concrete standard specifications of
Korea. The results show that neural networks have a strong potential as a tool for concrete mix
design.
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Fig.7 A Simple Neural Network
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Table 1 Some samples produced in concrete mix design

(1) (2) (3) (4) (5) 65) 7) [€=)) (9) (10) (a1)
1830 15 5.0 4.0 2.5 63.8 495 193 302 864 98
210 20 5.0 1.0 2.5 57.0 4. 179 3156 786 1003
2440 20 5.0 4.0 2.5 51.6 40.6 167 323 729 1088
270 <) 5.0 4.0 2.5 4635 36.2 157 338 655 1177
300) 15 7.5 4.0 2.5 421 45,2 192 4560 732 LO6
330 20 7.5 4.0 2.5 38.5 407 174 466 670 IR
180 40 7.5 4.0 2.5 G3.8 39.6 167 262 731 1135
210 15 10.0 1.0 2.5 H7.0 4832 2003 3HH 808 8365
270 15 12.5 4.0 2.5 5.5 4.1 200 441 736 K79
180 20 5.0 g0 3.0 6533 48,3 185 290 857 936G
210 25 5.0 4.0 3.0 57.0 44.2 172 302 795 1025
240 40 5.0 4.0 3.0 51.6 3.7 162 315 720 1115
270 15 7.5 4.0 3.0 465 48.6 197 424 793 357
300 20 7.5 4.0 3.0 42,1 43.9 184 437 728 947
330 20 10.0 4.0 3.0 3R.5 43.2 189 490 692 D27

(1) : reqguired strengh(kg/m™

(2) @ maximum size of coarse aggregate(nun)

(3)  maximum slump(cm)

(4) : air content(26

(5) @ fineness modulus of fine aggregate

(6) : water—cement ratio(2d)

(7) : sand percentage(24) i
(8) : unit water content(kg/m”) !
(9) : unit cement content(kg/m") !
(10 : unit fine aggregate content(kg/ m?) ‘
{11) : unit coarse aggregate content(kg/m’) |
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Table 2 Cases Of learning and testing

} 28-clay Loerror x num. of num. nfji
CUANCS  [COMPressivo | goals Nezumning testings
imtrengghs lddatar set data set !
1 | required 0.01 180 12 g
2 | required 0.005 180 12 |
| 3 | actual 0.01 1830 e }
L1 actual 0.01 HEE 12 I
Table 3 28-day compressive strengh(ke/ci)
lcasel,2 | 180 210 240 1 270 300 330
jcase3, 1 0 170 198 2263 205 2832 310
: - 188 = 219 |- 950 |~ 2=] - 312 - 313
Table 4 Convergence in learning
' CARCeS error goals SSe [ cpochs |
1 0.01 0.00099903" 27261
2 0.5 0.0019999]  157.80=
o .01 0).O09904 253,428
1 ! 0.01 [ 0.0009999 340,375
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G 0.0 1 15 z 2o
s ;'L ¢ ‘.‘:
Fig.2 Convergence curve in learning
Table 5 target values in testing sets
I »
1testings ‘ tarezet values
i T T
et e water | ocement sarct : gZravel
i 1535 | 15 719 u16
2 1563 370 631 1178
o 170 j R 5403 1079
B 1230 3065 Vo 3] ‘
o 200 JETES 7O 8730
O 177 s 716 1111
v ENes 161 715 Q5
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Table 6 Calculated values and errors in testing

(a) case 1
testing calculated values
sets water 1 cement sand gravel
1 187¢1.1) | A86(1.0) 24€0.7) 904(1.3)
2 156(0.0) 369(0.3) G310.0) 1177(0.1)
3 17100.6) 36800.5) 6835(1.2) 1085(0.6)
4 187C1. 1) 36.1(0.5) 7370 1) I2(0.8)
5 21000.5) 37001.1) 79301 K700
&) 179¢1H. 1y 27800.0) 72000.6) 110200.8)
7 176(1.1) A59C0.4) T710C07) 969011
fa 197(0.5) A166(0.2) 766(0.1) 8520001
3] 174C0. B375¢0.3) 7310 1) 102200.73)
10 192(0.5 B710.5) T79(0.8) D3000.:2)
11 21100.5) 37200.00) 82300.8) 835(1.33)
b 12 1800O.6) 28300 1) 751(0.5) 1063(0.7)
(b) case 2
testingg calculated values
sets water cement sand gravel
1 186(0.5) 483(0.4) 71700.3) 914002
2 156(0.0) 37100.3) :29(0.3) 1179(0.1)
3 17100.6) 368(0.5) 69100.3) 107800.1)
-1 188300.5) 364(0.55) 741 (0.4) 98500.1)
1) 20800.5) 36100.5) 796(0.()) 7H(0.2)
[$3 1770.0) 278(0.0) 711(0.7) 1116(0.5)
7 176(1.1) A5B8C0.7) 711(0.1) 94(0.6)
& 19700.5) A6900.9) 761 (0.5) 5200 .<1)
9 17400 SB7H0.3) 72900.1) 1024(0.1)
10 19200.5) 371(0.5) 77400.1) 93500.3)
11 211(0.5) 372(0.00) 828(0.2) 828(0.5)
12 181(0.0) 28400.0) TE(0O.1) 105500, 1)
(c) case 3
testing calculated values
sety water cement sand gravel
1 187(1.1) A486(1.0) 7180 1) S100.7)
2 15600.0) 3G7(0.8) 62900).3) 1132¢0.3)
3 17100.6) 368(0.5) (S8, 01CORED] 1080001
4 183(0.5) 365(0.3) 739(0.1) OR7(0.13)
) 20900.0) 366(0.0) TG0 .()) &72(0.1)
€ 17901, 1) 277¢0.4) 71400.3) 1111¢C0O.0n
7 1763(1 . 1) ARG 71300.3) OG6G0.8)
il 1970 AG700O 1) 76401 S300.2)
O 17500.60 3750053 730(0.0) 1022(0.3)
10 192007 B7000.8) T77¢C0.5) Q330 1)
11 212¢0.0) B37200.00 Z2800.2) KL27(0.1)
12 181 0.0 285(0.1) 70 7) 1061(0.5)
3] B3
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(d) case 4

Pitts. W. (1943). "A e
testing caloulated values
logical calculus of the seLs Wator Ccen u,'nt: sand gravel
ideas immanent in 1 1853(0.0) ABGCLO) ) TIGO.A) 918(0.2)
2 156(0.0) 360D 63RO 1180(0.2)
nervous activity.’ 3 17201.2)  F BG70).3) : GO0 1O77(0.2)
, 1 I8R(O.5) | 36308 | 7360 G910.7)
Bull. Math.Biophys.. 5, o 2000000 | o { RO L B65(0.9) |
115-133. 6 17500 1 SOO7) | 710600 [ TTI50.4) ]
‘ 7 175017 HICE1) D TIOO.0Y D G609 1)
Rosenblatt, F. (1962). | [ 196(0.0) AGHO.GD) | TEHOD KO8
N \ 4 L1760 1) B76M05) | 7B 101708) |
Principles of 18! THooy T Sa%1 1) L 770D G3R0.6)
neurodynamics. 11 | 2120000 | 37601 1) | S8R0 STOOG)
; 1o vl iy | 28701 | 7a7L 1O7OCT 23 |
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