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ABSTRACT

An artificial neural network was applied to predict compressive strength, slump value and mix proportion of a
concrete. Standard mixed tables were trained and estimated, and the results were compared with those of the
experiments. To consider variabilities of material properties, the standard mixed tables from two companies of Ready
Mixed Concrete were used. And they were trained with the neural network. In this paper, standard back propagation
network was used. The mix proportion factors such as water cement ratio, sand aggregate ratio, unit water, unit
cement, unit weight of sand, unit weight of crushed sand, unit coarse aggregate and air entraining admixture were
used. For the arrangement on the approval of prediction of mix proportion factor, the standard compressive strength
of 180 kgf/cm®~300 kgf/cm’, and target slump value of 8 cm, 15cm were used. For the arrangement on the approval
of prediction of compressive strength and slump value, the standard compressive strength of 210 kgf/cm®~240
kgf/em?’, and target slump value of 12cm and 15cm were used because these ranges are most frequently used.

In results, in the prediction of mix proportion factor, for all of the water cement ratio, sand aggregate ratio, unit
water, unit cement, unit weight of sand, unit weight of crushed sand, unit coarse aggregate, air entraining admixture,
the predicted values and the values of standard mixed tables were almost the same within the target error of 0.10
and 0.05, regardless of two companies. And in the prediction of compressive strength and slump value, the predicted
values were converged well to the values of standard mixed tables within the target error of 0.10, 0.05, 0.001.

Finally artificial neural network is successfully applied to the prediction of concrete mixture and compressive

strength.
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Table 1 Disposal of intelligence information

Advantage Disadvantage
Neural - Unngcg:gsity of the knowledgg: acquisition . D@fﬁculty pf the_rgeasoning _r@sult
network - Possibility of parqllel processing . - Difficulty in deciding a training example
- Powerfulness against a noise and a difficulty - Tardy of leaming processing
Fuzzy . Betv&fegr} the Neural Network. and the Artificial intelligence | - Increase of' in vague
theory . P0551b.1ht'y of parallel processing - Wea}kness in explaining o
- Potentiality to use a field knowledge - Difficulty of the knowledge acquisition
Artificial | Propriety of the reasoning r.esult . . Difﬁcul‘.ty of the knowledge acquisition
“intelligence . Trapsparency of thg reasoning processing . Saturathn of the control . ‘
- Fasiness of the maintenance and extension - Retardation of the successive processing
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Table 2 Material properties

Company
Specific gravity A B
Sand aggregate 2.59 2.58
Coarse aggregate 2.64 2.63
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Table 3 Official certification of neuraln network(A company)

. . 3
Type Mixture proportions \zz/ﬁ? ?(,//OA) W C Unit Welgilt(kg/m )SZ G A(go/)c
Standard-proportions 59.5 46.7 188.0 316.0 326.0 489.0 955.0 0.95
180-15 | Assumption | 0.10 59.1 46.8 1895 320.8 324.8 487.1 950.4 1.00
~proportions | 0.05 59.1 46.7 1887 319.3 3249 4873 9535 1.00
Standard-proportions 53.4 45.5 187.0 350.0 313.0 469.0 963.0 1.05
210-15 | Assumption | 0.10 533 455 1872 349.1 313.0 4694 962.9 1.10
—proportions | (.05 53.3 455 186.7 348.1 313.2 469.7 964.8 1.00
Standard-proportions 48,6 43,0 170.0 350.0 304.0 456.0 10310 1.05
240-8 Assumption | 0.10 486 43.0 1689 347.1 304.0 456.4 1035.3 1.00
-proportions | (.05 486 431 169.7 348.7 303.9 456.1 1032.3 1.00
Standard-proportions 486 439 179.0 368.0 303.0 454.0 994.0 1.10
240-12 | Assumption | 0.10 486 439 1789 368.2 303.2 454.7 994.0 1.10
~proportions | 0.05 486 439 1786 367.9 303.2 4548 994.9 1.10
Standard-proportions 44.3 437 1840 415.0 293.0 439.0 968.0 1.25
270-15 | Assumption | 0.10 446 437 1835 4129 202.9 439.4 970.3 1.20
—proportions | (.05 447 437 183.7 4134 293.0 4395 969.2 1.20
Standard-proportions 40.9 43.0 183.0 4470 284.0 426.0 966.0 1.34
300-15 | Assumption | 0.10 409 429 182.1 4495 283.3 4249 968.1 1.40
-proportions | 0.05 41.1 43.0 182.6 450.3 283.4 4252 965.5 1.40
NZUL 0|8E 2I2E HERL N UYEYE £ 461
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Type Mixture proportions \ZY’/S: ?(%p)‘ W Umct Wexght(kgérln) G A(};()/)C
Standard-proportions 53.5 495 179.0 306.0 892.0 928.0 153
180-15 Assumption 0.10 57.8 49.3 179.2 308.7 887.1 930.2 155
-proportions 0.05 58.3 494 179.0 3059 890.3 029.8 1.53
Standard-proportions 52.7 48.3 178.0 338.0 859.0 937.0 1.69
210-15 Assumption 0.10 53.0 484 1776 335.3 861.7 933.1 1.68
-proportions 0.05 53.2 484 1778 3316 863.2 939.0 1.66
Standard-proportions 48.7 482 165.0 339.0 873.0 956.0 1.70
240~-8 Assumption 0.10 486 48.2 165.0 337.0 874.0 957.3 1.69
-proportions 0.05 485 482 165.1 340.3 872.1 956.2 1.70
Standard-proportions 487 478 172.0 353.0 852.0 9480 1.77
240-12 Assumption 0.10 487 479 1714 352.0 853.5 948.6 1.76
-proportions 0.05 489 479 171.8 350.3 8634 049.2 175
Standard-proportions 45.3 465 181.0 400.0 800.0 938.0 2.00
270-15 Assumption 0.10 455 469 175.2 3944 816.3 941.1 1.98
-proportions 0.05 455 469 176.1 383.1 816.2 9441 1M
Standard-proportions 41.7 46.1 175.0 420.0 792.0 944.0 2.10
300-15 Assumption 0.10 422 46.3 1746 426.0 7935 9394 2.13
-proportions 0.05 42.1 46.2 1755 420.2 793.2 042.2 2.10
Table 5 Error of expectation value in concrete mixing (A company)
Target of Size
error 180-15 210-15 240-8 240-12 270-15 300-15
W/C 0.05 0.67 0.19 0.00 0.00 0.90 0.49
0.10 0.67 0.19 0.00 0.00 0.68 0.00
S/a 0.05 0.00 0.00 0.00 0.00 0.00 0.00
- 0.10 0.21 000 0.23 0.00 0.00 0.23
Water 0.05 0.37 0.16 0.18 0.22 0.16 0.22
0.10 0.80 0.11 0.65 0.06 0.27 0.49
Cement 0.05 1.04 0.54 0.37 0.03 0.39 0.74
0.10 1.52 0.26 0.83 0.05 0.51 0.56
31 0.05 0.34 0.06 0.03 0.07 0.00 0.21
Fine 0.10 0.37 0.06 0.00 0.07 0.03 0.25
aggregate 9 0.05 0.35 0.15 0.02 0.18 0.11 0.19
0.10 0.39 0.09 0.09 0.15 0.09 0.26
Coarse aggregate 0.05 0.16 0.19 0.10 0.09 0.12 0.05
0.10 0.48 0.01 0.39 0.00 0.24 0.22
. . 0.05 525 4.76 4.76 0.00 4.00 4.48
Mineral admixture 0.10 5% 476 476 0.00 400 448
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Training for 12782 epochs
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Fig. 6 Total error of training(B company) Fig. 7 Total error of training(B company)
. target error = 0.10 . target error = 0.05
Table 6 Error of expectation value in concrete mixing (B company)
Target of Size
error 180-15 210-15 240-8 240-12 270-15 300-15
W/C 0.05 0.43 0.95 051 0.32 0.35 1.01
0.10 1.26 0.48 0.29 0.05 0.39 1.07
S/a 0.05 0.14 0.25 0.05 0.12 0.80 021
0.10 0.38 0.17 0.02 0.10 0.92 0.35
Water 0.05 0.01 0.10 0.05 0.10 2.70 0.27
0.10 0.11 0.22 0.00 0.35 3.20 0.23
Cement 0.05 0.03 1.89 0.38 0.76 2.97 0.05
0.10 0.88 0.80 0.59 0.28 1.40 143
Fine aggregate 0.05 0.19 0.49 0.10 0.16 2.03 0.15
gares 0.10 055 0.31 0.11 0.18 2.04 0.19
Coarse aggregate 0.05 0.19 0.21 0.02 0.13 0.65 0.19
gsres 0.10 0.24 0.12 0.14 0.06 0.33 0.49
. . 0.05 0.20 1.72 0.24 0.90 2.85 0.19
Mineral admixture 0.10 105 0.59 0.76 0.40 125 157
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SHIAFL KS F 2400 F3hed 31, FA A €] Table 7 Mechanical properties of materials
TEAL 4SBT A8E gl0x20 cme] ZAEEE A3} Properties A B
gom zz 9 AWML KS F 24039 A et Cement 314 3.15
AANFAL). 3 ASAEAHE KS F 14mel 3514 Specific 51 2.59 2.58
AxE gravity 52 251 -
= M Coarse aggregate 2.64 2.63
. Sl 3.30 2.70
423 F2R= NPAY Fineness s2 2.25 -
A 34 18012, 210-12, 240-1200 WE HEE — Coarse aggregate 3\13 Zg
THAE At = LE B S AYS P adnl1ril§ure ~ -admixture | ~admixture

o, 4E53=Y éﬁ—e— le 99 UERHITE

Table 8 Coefficient of modification

S it N .
43 LEUE I SHZO| FHU ARl 1F

Compressive A B
strength(kgf/cm’)
dutdoz Fu|E3Ate] A Ede Y5AEY 100~161 121 1.26
o] By £AnZES Fulsly J1E2¥1 gon 8% 161~181 1.22 119
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Table 10 Expectation of compressive strength and

) 4= slump(A company)
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Table 11 Expectation of compressive strength and
slump(B company)

Test Compressive Slump
Method Size strength (kgf/crr) (cm)
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Fig. 10 Compressive strength(B company)
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