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Discrete Optimum Design of Reinforced Concrete Beams using Genetic Algorithm
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Abstract

This paper describes the application of genetic algorithm for the discrete optimum design
of reinforced concrete continuous beams. The objective is to minimize the total cost of re—
inforced concrete beams including the costs of concrete, form work, main reinforcement and
stirup. The flexural and shear strength, deflection, crack, spacing of reinforcement, concrete
cover, upper-lower bounds on main reinforcement, beam width—depth ratio and anchorage for
main reinforcement are considered as the constraints. The width and effective depth of beam
and steel area are taken as design variables, and those are selected among the discrete de—
sign space which is composed with dimensions and steel area being used from in practice.
Optimum result obtained from GA is compared with other literature to verify the validity of
GA. To show the applicability and efficiency of GA, it is applied to three and five span re-
inforced concrete beams satisfying with the Korean standard specifications.
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Fig. 1 Uniform crossover in the binary strings
(P : parent, C : child)
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Fig. 2 Geometry and cross section of reinforced concrete continuous beam

262 SRPEEXICHSIE| ®MoH M15(2005. 1)



N]

Vc: Zlel(X2+d1 r)Ll (12)
N,

= D x,+2x,+d, )IL, (13)

A'm . . .
= ,Zl[AIS’L AL+ (x,—d, >(X13+X§,'")

2N, -1 [A ; ( L, n+L, y.

5 vt ) g

+ 2 (AYTL AL )+ NA

+

(14)

= T mYoENE 23
JE QM= AN A, L & Aol AlE
429 xiel 1301302 AW 4% v
£ Fagdn ALE W g

1o iese 2

r
)
X

ololck, 0441 A Ak 5 Al B 242t st
o WEEE FE2 FA F Bl e B
Tele] Aol A WA vl WA B A

2ule A2 AZoln, oAl WAl e 28 A

Zolt},

<l

323 AlekzA

B Apdre Furdles Jzoz IPw Ad
2w, AR, T, FE0E, DE2%A, @ow, ol
2ol i3 716}@}14 Atz wefste] obdA @
A S AoEAYE dgne) ol A4

g AR

3231 2= AlFz3

Bazarene] AARYEE AT 3
Mo WSk Ao AFIEAER Aok s,
H(5)sh Lol ehd 4 ek

M > | M, (15)

oA7IM, M, = A5l T3k 3t T

ol
1‘%011/‘194 =kl 74]—’?“ ey, M, & BEZ AA}

M=o M,= ¢ A sfy(d_ %)

2(16)& AAWE oz Fdste] Al
o2 vehfd 4073 2o

AR 315 WA fJste] Al tigh A
kxS FHEAth FLETIAERY AAXNGEE

= AFHSFEEY 7ok a9, A(18)7 o] uet
¥ 4 sl

Aq71M, V= B @iy AAATEEEA 2(19)
9} 2t}

n=¢xwﬁvp=¢&%+%wfgwm

3233 A7 Az

ASFSNA A e S DS 915
o A% Aozl ¥helh maALETEA
oA BRle olE ARFoZH AP AL
2 AR ow, A0 Lol e & 9l

N
AN

HEATSRICHES| Mod M15(2005. 1) 263



o71M, L& BAZe], a2 7EE FF A
Fao AXNGe, FAE S9TF 2 Ao =
Arel o ARHE AFEAM, S IEAE
f,=400MPagl REZACER wHEojdl HIE
AYER] AS GEAAAAE 116, 1T dFoAM=
1/185, ¥erd&elxe 121, EdMIAE 1/8¢]th.

3234 7€ A=A
ABSIEOR 9 Aol U 39 %o 3
$79 Fauck Holop s, ADF Lol Urhd 5

A

41

w< w, 1)

A7|A, we FAlA EAste TdE FOoTA 2
(22)9} o] Axtsla, w,v A9 F7F L A
F2lof gt Bz wet A== sEdE Fol
=3

w=1.088 £ */d_ Ax10 ~° (22)

A7, B & T A4 ddoniH 295
AR Aol g FA2 BHORRY FYH
f =

o] 7Agle) ,

3235 AI7H4 Az

23 W, B AFY Aol gl 22
JES 47 A & A=S s Asel, 19n 2
2ol @ o] HFPOLA AW EE FEHTL]

WYSHE AS PAS) SAstel B2AA B A
Gz neESgY TR £¥ 070l Az
AR Aok sv @) Lol vehd 5
ek

264 SRRAXEZICHlE| M9 H15(2005. 1)

e=e .. (23)

A7, +4 91 9 £ ev A4 2ol
AR, A FI2H e gy, = 25mm, FEEA
HhA)a=e] 4/38), 12)3
2 s AR

b—2(d,'+d,)—Nd,

e= N1 @

714, N HZ 7l bE ©He £ d,'e
ZIYE 28 ddogHE HAGIEZT EH7AY A
g, d = 25y ﬂ]z]ﬁ db—t— FH7e] 334
M E=l =

3236 ZABE IHFA AokzA
71%} 71 o aQlomNE HIs BEsly] 98
A(20)s} o] FAES] AEFAS sk

Nl

c= Cmin (25

A7|M, ce EAYEY FJEFARA FIYE
SO N RE "2 FH7RY HAdAoW, ¢ &
2azee] A nERARA ZaAEe] #FzxA

3 RAEF, 229 39S we 2.

3237 94 AgxA
AaFageER ] F22d HAYIE Fstn A4
E

H9E FEs] 8 A9 2ol 4 - FEmEo]
yg Faze doule AR,
pminspgpmax (%)
3238 713H8t4 Alekznl
drtH oz AN AlFEI e FTFAER
9w g mEsel 4N ol v Zo
2l



1<

—]; <2 @)

324 PEZe] 47

Haze 13 oS AN agsigla, Ae
422 WA A8 RA2O 13 o4S AW
FYRA A AP e BT A
2 del Bl & A9 el nesel B
& Agshed o ol Basd e Pe A fri
o] doVy mx B2 AT d,9 124 o132 o
QA Bk AR, gl H2o] Aets)
W ARYEe] gk 2 4] Edo] WAl
Qe 27l WA APl Yomz’ ole &
AZ H2e7) s AHLolE nefeel A2 w2
Qo7 AT ARE Aol ARA7IT
& PB2L AFFYe] Bk A Al vl
sk

4. MEM HB

ATZEZERY o Xk H A4 digt GAY 41F]
e AZe) 98 AAxAE 71E FnERO9A
ArG AR FLsHA % 5 AAWTEE
o2 yEEl] HALAS FPson 1 ARE |
- AESY. AAxHezA Flg 3%} o] Az
o] 30 fto]laz B Zo]7} 30 ind TEAAH Ko
g E3e 1FEE 10 k1p/ft9+ ga15 20
kip/ft7h AskEal Qlek, Z3EE BEE Sksi, H
9] gEowo F)ksi 27 RO FaZol= X4 in
2 MgEen, Fadest Ao HgL 747
$0.02/in/ft, $1.00/in*/fto]ck.

993 ¥, 47

3 kip/ft
' ! P I . I

L 30ft . -2

I~ -1

Fig. 3 Simply supported reinforced concrete beam

AT

e

AEHT TS HIH x A &

Wl E(x,)2 dsigon, Agel tE oligd
2 Table 17 23, 9] F2 A(28)7% Zo] 05in

o8 A oGO RN HUsEE stk
U A T

o] 7n] FHastolr| A(29)¢k 2.

A

be{6.0, 6.5, -+, 19.5, 20.0} (28)

Minimize F'( x) = 29.4x,+18x, (29)

AFAcEE AT AFFANS 3P o,
A0 2ol dera & ek

A, f
My= 0.94 £,d\1-0.5977 fy,)z1.4MD+1.7ML

(30)

A7, M p9k M2 2¥7y 343ksd Eabsol
o3 dAEE EHECH, o|E Atste] JER
® M,=1,350 kip - in, ML=2,7OO kip - in
ol "rh. A(30)S MAMSY goz HH3 Agx
AxoE Yepju 23Dz ZELE}.

2

gle—o.2458§—21—6 >0 3D

e ARE AZEIYER Y3 HH4aAe Ax
|ue= Table 2¢F At AA=RE &

e 800N(%9 bars), H Z& 80in, F ZAvle
W02 oA & F3ANA e At
GAE o]&3lo] de Adgte] dAFE & 4 Utk

T

7

GA9] A& 2 F84
HRr AnEaE d%n

ayaglct

Hol7] st 3783k 5
of thel 24zt oA EAE

=2 ﬂJlO

HRATSRICHEs| Mod Mis@o0s. 1) 265



Table 1 Design space for reinforcing bars

No.| Bar type |Area (in?)|No.| Bar type |Area (in)
1 1#4 0.20 40 548 3.95
2 1#5 0.31 41 946 3.96
3 2#4 0.40 42 4#9 4.00
4 1#6 0.44 43 1345 4.03
5| 3#4, 1#7 0.60 44 T#7 4.20
6 245 0.62 45 14#5 4.34
7 1#8 0.79 46 1046 4.40
8 484 0.80 47 1545 4.65
9 246 0.88 48 648 4.74
10 345 0.93 49 847 4.80
11| 5#4, 149 1.00 50 1146 4.84
12| 6#4, 2#7 1.20 51 549 5.00
13 4#5 1.24 52 1246 5.28
14 346 1.32 53 9#7 5.40
15 T84 1.40 54 T3 5.53
16 545 1.55 55 1346 572
17 248 1.58 56 | 10#7, 649 6.00
18 844 1.60 57 1446 6.16
19 446 1.76 58 848 6.32
20 | 9#4, 3#7 1.80 59 | 1546, 11#7 6.60
21 645 1.86 60 749 7.00
22| 10#4, 249 2.00 61 948 7.11
23 7#5 2.17 62 1247 7.20
24 | 11#4, 546 2.20 63 13#7 7.80
25 343 2.37 64 1048 7.90
26 | 12#4, 447 2.40 65 849 8.00
27 845 2.48 66 14#7 8.40
28 13#4 2.60 67 1148 8.69
29 646 2.64 68 15#7 9.00
30 945 2.79 69 1248 9.48
31 1484 2.80 70 1348 10.27
32| 154, 57, 39 3.00 71 11#9 11.00
33 T#6 3.08 72 1448 11.06
34 1045 3.10 73 1548 11.85
35 448 3.16 74 1249 12.00
36 1145 341 75 1349 13.00
37 846 3.52 76 14#9 14.00
38 647 3.60 77 1549 15.00
39 1245 3.72
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Table 2 Optimum results for simply supported R.C. beam

Ref. Liebman GA

Steel area X (in%) 800 8.00
Beam width X, (in) 8.0 80
Total cost ($) 379.20 379.20
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Table 4 Design space for reinforcing bars

Nominal Area for number of bars (mm?)
Bar .
No diameter : ) 4 _ :
- (mm) 3 5 6 7 8 9 0
D13 12.7 126.7 253.4 380.1 506.8 6335 760.2 886.9 1,013.6 1,140 1,267
D16 159 1986 397.2 595.8 794.4 993.0 1,191 1,390 1,589 1,787 1,986
D19 19.1 286.5 573.0 859.5 1,146 1,433 1,719 2,006 2,292 2,579 2,865
D22 22.2 387.1 T14.2 1,161 1,548 1,935 2,322 2,110 3,097 3,484 3871
D25 25.4 506.7 1,0134 1,520 2,027 2,034 3,040 3,047 4,054 4,560 5,067
D29 28.6 642.4 1,285 1,927 2,570 3,212 3,84 4,497 5,139 5,782 6,424
D32 31.8 794.2 1,588 2,383 3177 3971 4765 5,559 6,354 7,148 7,942
D35 34.9 956.6 1913 2,870 3,826 4783 5,740 6,696 7,653 8,609 9,566
be {200 , 250 , , 550 , 600} (mm) (32) LL =13 N/mm DL = 15 N/mm
PSS N N N Y T T B A
6,000mm o 8,000mm o 5,000mm
d= {200, 250, ---, 1,150, 1,200} (mm) ‘
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Table 5 Optimum Result of a three span R.C. beam
Width Effective depth Steel Area (mm’) Cost
b (mm) d (mm) Al A A3 Al A° (Won)
- 4D16 4D22 4D13 4D29 4D25
30 40 (7944) (1548) (506.8) ©570) (2020) 4938
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Table 6 Optimum Result of a five span R.C. beam

Width | Effective Steel Area (mm’) Cost
b depth Al A2 A3 Al A5 A6 AT A8 A9 (Won)
(IT]ITI) d (mm) s s s s s s 5 s s
6D16 5D13 6D13 5D13 6D16 6D19 6D16 6D16 6D19
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® o 2 o D o 2 o 2 o 2 9 A& g AZe] digk A1FAAE aHToZH
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3) AFA

®)

350mm
219 D19 D19 D16
6DI6, 513 D18 213

Section 1 Section 2 Section 3 Section 6 Section 7

450mm__70mm
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(a) geometry and service loading,
(b) reinforcement details and cross sections for optimum
design
Fig. 5 Five span R.C. beam;
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