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Optimal Design for R.C. Beam with Discrete Design Variables
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Abstract

The objective of this paper is to look into the possibility of the detailed and practical optimum de-
sign of reinforced concrete beam using methods of discrete mathematical programming.

In this discrete optimum formulation, the design variables are the overall depth, width and effective
depth of members, and area of longitudinal reinforcement. In addition, the details such as the amount
of web reinforcement and cutoff points of longitudinal reinforcement are also considered as variables,
Total cost has been used as the objective function, The constraints include the code requirments such
as flexural strength, shear strength, ductility,’ serviceability, concrete cover, spacing, web reinforce-
ment, and development length and cutoff points of longitudinal reinforcement.

An optimization algorithm is presented for effective optimum design of R.C. beam with discrete de-
sign variables. First, the continuous variable optimization can be achieved by Feasible Direction
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Method. Using the results obtained from the continuous variable optimization, a branch and bound

method is used to obtained the discrete design values.

The proposed algorithm is applied to test problem for reliability, and the results are compared with
those of graphical method and rounded-up method. And a simply supported R.C. beam and a two-span
continuous R.C. beam are presented as numerical examples for effectiveness and applicability.

It is considered that the presented algorithm can be effectively applied to the discrete optimum de-

sign of R.C. beams,

Keywords : optimization, optimum design, discrete optimization, reinforced concrete beam, branch
and bound method, constraints, code, objective function, discrete design variables.
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Fig. 1 Flow chart of the proposed optimum algorithm
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Minimize F(X)=666.0h+2,148.9375A,

Subject to

18,907.56
, -1.0<0
25.0(h—7.0) A.—0.804 A
G(2)= A ~1.0<0

0.517h—3.619
G(3)=L10=07
Al

—-1.0<0

Gy=-229__1 9<0

h—7.0
_h=-70 _
G(5)= ) 1.0<0

h €[52.0, 53.0, 54.0, 55.0, 56.0, 57.0, 58.0, 59.0,
60.0, 61.0, 62.0, 63.0, 64.0, 65.0, 66.0, 67.0,
68.0, 69.0, 70.0, 71.0, 72.0]

A,€[4D19, 3D22, 6D16, 10D13, 2D29, 7D16,
5D19, 3D25, 4D22, 8D16, 6D19, 9D16, 2D35,
3D29, 5D22, 10D16, 7D19, 4D25, 8D19]

Table 1 Material properties and given vaiue(b =25cm)

Material properties ‘ Cost for materials
ok 210 kg /em® | Ce

ay 3,500 kg /e G

0.03552 won /cm’®

2.86525 won /cm®
Effective depth
L [750cm|M.| 225tm | d |

Span length l Ultimate moment

h—7.0cm
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Table 2 Optimum results of the test problem

Point X1 X2([25) F(X)

<m cm won

A | 6299

Remarks

15.10 74,409.4 ! continuous optimization

di 1 tl ti
B | 6200 | 4D22(I5.48) | T45ELG | oo opHmzaLon
by proposed algorithm

| 6200 | 3D50520) | 739559 IFDS
b | 00 | 30ost1520 | 7asorg | IO R solution
Bl FDS
-
E | 600 4D20548) | 75236 | FDS
Fo| 600 | 8DI601589) | 754386 | FDS
G | 6L | 8DIGUSY) | 747726 FDS )
H 6L | 4D2(15.48) | 74896 1FDS
1 e | aposusan | 73209 IFDS
16w | 3DosUsl | 29 | FDS
K | 6500 | 50190433 | 740813 IFDS
L | ee0o | 5D1901433) | 747503 FDS

1) IFDS : infeasible discrete solution
2) FDS : feasible discrete solution

feasible
region
x(62.0, 15.40)
[ X(e290. 1530

o

(ﬂ(Ag), {em )
78]
>

a SRt At Rt A S B A S

L S R |
25 30 135 40 45 50 85 60 65 70 75 B0 B

Xl(h). (cn)

Fig. 2 Graphical design space for test problem
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Fig. 3 Various discrete values nearby continuous optimum value
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Table 5 Results of optimum design of two-span continu-
ous R.C. beam

Design Initial Continuous | Discrete | Rounded-up
variable value optimum optimum method
X1(h) 90.00 84.13 85.00 85.00
X2(b) 40.00 28.07 29.00 30.00
X3(d) 80.00 75.06 75.00 75.00
X4(h) 400.00 393.30 400.00 395.00
X5(1) 300.00 257.20 260.00 260.00
X6(l3) 200.00 160.00 160.00 160.00

11.46* 9.93

X7(Agm) 22.00 9.25

e (4-D19) (5-D16)

X8(Ag) 20.00 18.08 17.87 19.55
(9-D16) (5-D22)

X9(Aw) 2.50 1.577 2139 &1
(3-D10) (3-D10)

X10(Avm) 2.00 1.513 1426 213
(2-D10) (3-D10)

J.

XA | 250 0.723 0.713 1267
(D10) (2-D13)
Cost(Won) | 1,005,920 615,925 662,586 693,59
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Table 6 Design space for longitudinai reinforcing bars

(n
Designn Bar Area Design Bar i Area
number t (cm?) number type | (cm®)
xex7)| P xe) | P
- (¢ 3
1 D35 9560 6 gpis | 1La
2DI0* | 1.426
9. !
2 2:D25 1 10130, 10-D13 | 12.67
3-D10* | 2.139
3 9-DI13 | 11.40 8 2-D29 | 12.85
2-D13* | 2.534
D
4 ADI9 L6 e | 1390
4-D10* | 2.852
3 D2 -
5 sD2z 1161 10 5-D19 | 14.33
3D13* | 3.801
(2)
Designn Bar Area Design Bar Area
number ¢ (em®) number ¢ (er)
(xex7) | P¢ (x6,x7)| P°
4D19 | 11.46 . 5-D22 | 19.35
D
1 5D19* | 14.33 6-D19*| 17.19
5 7-D16 | 13.90 6 4-D25 | 20.97
)
- 8-D16* | 15.89 8D19*| 22.92
. 4D22 | 15.48 ; 8-D1Y | 22.92
6-D19* | 17.19 6-D22* | 23.22
3 =4
4 SD”" 15.89 8 6-D22 | 23.22
9-DI6* | 17.87

F) (1) : Simply supported R.C. beam
(2) : Two-span continuous R.C. beam
+ : Compressive reinforcing bars

Table 7 Design space for widths of beam(increments of

Tem)
Design { Member Design Member

number | width number width
(X2) k {cm) (X2) (cm)
1 20.00 9 28.00
2 21.00 10 29.00
3 22.00 11 30.00

4 23.00 e 12 Loo
5 24.00 13 - ‘142/.-()()
6 : 25,00 ] 11 33.00
7 E‘ ~26.00 15 34.00
- 8 | 27.00 T 16 35.00




Table 8 Design space for overall depths and effective
depths of beam({increments of lcm)

Design | Overall Effective v Design | Overall Effective

number | depths | depthsfem)  © number | depths | depthsicm!
KUXD| e | 0] @ x| dem | oo
I 60.00 | 5000 | 58.00 ¢ 16 .00 440
2 6100 | 5L00 | 59.00 17 76,00 T’)"]() )
3 62.00 | 5200 | 60.00 18 77.00 76.00

4 63.00 | 5300 | 6100 19 78,00
5 6400 | 5400 | 6200 20 79.00
6 63.00 | 5300 1 63.00 21 8100
7 66.00 1 56.00 I 64.00 22 8Le0
4 67.00 | 57.00 | 65.00 23 82,00
4 68.00 | 58.00 | 66.00 24 8300
0| 6w | 5900 | 6700 | B s
i 70.00 | 60.00 | 6800 2% #a.00 ¢
12 700 | 6L | 69.00 o .00
13 20 | 6.0 | 0.0 3 87.00
i 300 ] 6300 | 7100 A 80,00
15 7400 1 6400 | 7200 Kl 90.00
“=)(1) :Effective depth of simply supported R.C. beam
(2):Effective depth of two-span continuous R,C.
beam
Simply supported R.C. beam:h==60~85
Two-span continuous R.C, beam:h=70~89

Table 9 Design space for web reinforcing bars

Design nuriber ) 9 5 oy 5
(X8,X9,X10.X11) i
Bar type 1-D10 | 1-D13 | 2-D10 | 2013 | 3-D1o
Area(cr?) 0.713 | 1267 | 1.426 | 2,139 | 2.534
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Table 10 Design space for cutoff points of longitudinal
reinforcing bars(increments of 5crm)

Design Slmply supported beam
number X4l LSl Y
1m0 4000
2 | w0 a0
3 330.00 420.00
; NS00 | 42500
- e T
6 : 325.00 435.00
) 7 : 330.00 440.00
8 | 335.00 445.00
9 i 340.00 “459.‘00 B
1o 345.00 7
il ) 350.00

Design | Two-span continuous bearn | Design | Two-¢pan continuous beam
number | X4¢lp) | X5() | X6(;) | number :5(744'11) X500 | X6ik)
1 350.00 | 200.00 | 120.00 B 42000 | 270,00 | 190.00
353500 | 206,00 1 125.00 16 42500 ¢ 275,00 | 195.00
3 360.00 1 210,00 130.00 17 130.00 | 2B0.00 | 200.00
4 365.00 H—215.00 135.00 18‘ 4}50\1 ) 285. 00 >05(l(;
5| s | 000 o | 19 | soo | 2000 | z000
6 3500 2500 | 4500 A 45.00 | 265.00 1 215.00
7 380.00 1 23000 | 150,00 pil 450.00 | 300.00

©2

8 | 3500 | 2500 10| 2 500 |

9 | 3000 | 000 | 000 | B 3000 | 23000
10|00 | 26,00 | 16300 | 315.00 | 23500

0| a0um | 25000 | 1000 2 2000 | 24000

] 40500 | %600 | 17500 1 2% ‘ B0

13| 41000 | 26000 | 18000 § o7 f 5.0
W aEm | %00 135,00'1 o B
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