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Abstract

This research is to study the effect of materials selection on the minimum cost for optimal design of
reinforced concrete simple beams using Hill Climbing Algorithm. Cross sections of simply supported beams under
uniform load were designed for bending and shear strength according to standard of the Engineering Institute of
Thailand (E.I.T. 1008-38 strength design method). The total cost of beams was calculated from materials and labor
costs. From the study, it was found that the selection of steel grade affected the minimum cost of beams more

than that of compressive strength of concrete. Considering the selection of steel grade, it can be seen that SD40
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gave the lower minimum total cost than that of SD30 for all compressive strength levels. From the result, it can

be concluded that the Hill Climbing Algorithm can help to study the effect of materials selection on the minimum

cost for optimal design of reinforced concrete simply supported beams.
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1-DB20 1-DB20 3-DB12

Stirrup RB6 RB6 RB6 RB6 RB6 RB6

@0.10m @0.15m  @0.15m @0.10m @0.10m @0.10m
Number of analyses 7,638 8,751 5,996 12,817 8,436 8,045
Time used (s) 5.20 5.54 4.62 7.00 5.45 5.35
Total cost (baht) 5,854 5,740 5,740 5,681 5,698 5,719

~ o A A q¥ g A
MINN 4. HANITNATDUNIDYNNN 1 lll’éﬂ“lﬂ“lfiﬁﬂlﬁill SD40
f'c (ksc)
detail
180 210 240 280 300 320

Section beam b: h (cm) 15:40 15:40 15:40 15:40 15:40 15:40
Top reinforcement 2-DB12 2-DB12 2-DB12 2-DB12 2-DB12 2-DB12
Bottom reinforcement 2-DB25 2-DB25 2-DB25 2-DB25 2-DB25 2-DB25
Stirrup RB6 RB6 RB6 RB6 RB6 RB6

@0.10m @0.10m @0.10m @0.10m @0.10m @0.10m
Number of analyses 6,379 8,214 17,223 15,341 9,257 15,505
Time used (s) 4.72 6.36 9.04 8.94 6.01 8.53
Total cost (baht) 5,062 5,074 5,086 5,110 5,125 5,143
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AaunIa dauaaslugli s
3199 5. Han1INATeUEI0819N 2 e lHMAnaSY SD30
f'c (ksc)
detail
180 210 240 280 300 320
Section beam b : h (cm) 20:55 20 : 60 20:55 20:55 20:55 20:55
Top reinforcement 2-DB12 2-DB12 2-DB12 2-DB12 2-DB12 2-DBI12
Bottom reinforcement 3-DB25, 3-DB20, 3-DB25, 3-DB25, 3-DB25, 3-DB25,
3-DB16 2-DB20+ 3-DB16 2-DB16 2-DB16 2-DB16
1-DB16
Stirrup 2-RB6 RB6 RB6 RB6 RB6 RB6
@0.15m @0.10m @0.10m @0.10m @0.10m @0.10m
Number of analyses 17,789 4,920 10,007 5,143 7,596 12,979
Time used (s) 12.22 4.85 6.36 4.74 6.50 8.64
Total cost (baht) 9,830 9,760 9,682 9,460 5,493 9,532
a o [} ~ A 4 < A
AN 6. NANITNATDUANIDYNNN 2 LﬂJ’t‘ﬂ"lﬂ‘Viaﬂlﬁ‘ﬁJ SD40
fic (ksc)
detail
180 210 240 280 300 320
Section beam b : h (cm) 20:55 20:55 20:55 20:55 20:55 20:55
Top reinforcement 2-DB12 2-DB12 2-DB12 2-DB12 2-DB12 2-DB12
Bottom reinforcement 3-DB25 3-DB25 3-DB25 2-DB20+ 2-DB20+ 2-DB20+
1-DBI16, 1-DB16, 1-DBI16,
3-DBI16 3-DBI16 3-DBI16
Stirrup 2-RB6 RB6 RB6 RB6 RB6 RB6
@0.15m  @0.10m @0.10m  @0.10m  @0.10m  @0.10m
Number of analyses 10,909 16,294 2,514 4,892 5,909 9,144
Time used (s) 6.93 9.21 3.63 4.71 5.19 6.79
Total cost (baht) 9,020 8,845 8,872 8,869 8,902 8,942
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4' @ (] ~ A Y < a
MINN 7. AANITNATDUNIDYNNN 3 lllﬂsl%'!ﬁﬁﬂlﬁill SD30
f'c (ksc)
detail
180 210 240 280 300 320
Section beam b : h (cm) 20: 60 20: 60 25:60 20: 60 20:60 20: 60
Top reinforcement 3-DB20 3-DB20 2-DB12 2-DB12 2-DB12 2-DB12
3-DBI12
Bottom reinforcement 3-DB25, 3-DB25, 4-DB25 3-DB25, 3-DB25, 3-DB25,
3-DB25 2-DB25+ 3-DB20 3-DB25 3-DB25 3-DB25
1-DB20
Stirrup 2-RB6 2-RB6 2-RB6 2-RB6 2-RB6 2-RB6
@0.10m @0.10m @0.15m @0.10m @0.10m @0.10m
Number of analyses 22,579 49,482 46,197 19,018 23,265 27,423
Time used (s) 11.28 29.17 28.54 12.18 14.95 18.19
Total cost (baht) 15,178 15,473 14,382 14,159 14,201 14,252
M39A 8. wamsnadeudIegai 3 iWelsuaniasy SD40
f'c (ksc)
detail
180 210 240 280 300 320
Section beam b : h (cm) 20 : 60 20 : 60 20 : 60 20: 60 20: 55 20 : 60
Top reinforcement 2-DB20 4-DB12 2-DB12 2-DB12 2-DB12 2-DB12
1-DB16
Bottom reinforcement 3-DB25, 2-DB25+ 2-DB25+  2-DB25+ 3-DB25, 3-DB25,
3-DB16 1-DB20, 1-DB20, 1-DB20, 3-DB20 3-DB16
3-DB20 3-DB20 3-DB20
Stirrup 2-RB6 2-RB6 2-RB9 RB9 2-RB6 2-RB6
@0.10m @0.10m @0.25m @0.15m @0.10m @0.15m
Number of analyses 20,101 40,987 9,298 33,940 6,547 19,866
Time used (s) 10.69 25.48 7.20 20.22 5.01 12.08
Total cost (baht) 13,625 13,312 12,845 12,701 12,708 12,385
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1 2 3
Examples
HCA Classical HCA Classical HCA Classical
Section beam b : h (cm) 15:40 20:40 20:55 20: 60 20: 60 30:60
Top reinforcement 2-DB12 2-DB20 2-DB12 2-DB20 2-DB12 2-DB20
Bottom reinforcement 2-DB25 3-DB20 3-DB25 3-DB20, 3-DB25, 3-DB25,
2-DB20 3-DB16 2-DB20
Stirrup RB6 RB6 RB6 RB9 2-RB6 RB9
@0.10m @0.15m @0.10m @0.20m @0.15m @0.20m
Total cost (baht) 5,062 5,807 8,845 10,162 12,385 14,453
Difference cost 14.72 % 14.89 % 16.70 %
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