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Optimization of RC Plane Frames Based on
The Principle of Divided Parameters
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Abstract

This work presents a method of optimum design for reinforced concrete building frames

with rectangular cross sections. To overcome difficulties arising from the presence of two
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materials in one element(concrete and steel),
adopted. The design variable parameters are divided into two groups - external and
internal. The optimization is also divided into external and internal procedure.

Several search algorithms are tested to verify their accuracy for the external
optimization. This work proposes a new search method, a modified pattern search, and
sample problems prove its accuracy and usefulness. The design obtained by this method is
an optimum and in full accord with ACI Building Code Requirements(ACI 318-89).

Keywords : optimal design. structural optimization. reinforced concrete building frames,

divided parameters, discrete variables, pattern search
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Table 1 External/ internal variables /constraints

Design Variables Constraints

Ext. [ Strength of Concrete, | Minimum Size Limits,

Dimension of Section | DisplacementConstraints
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sewwgr%ﬂ A 3 ARMANSF (%, - -,
% )9HE Zasta o WRAAWEE o8 4
°F’-74°ﬂ Ha dake FA Fekn vk oz A
e Wyl Aol 9Fs F4 etk gvlel
o oole daFAE i sl el
(BD AHgel ditel dakg nelahx] ehgol uhe A
olct. Azt Y& W - ) FHAE Ao el
vl WA H sk 2
A el i ghgel w "LHOM A

ekl & hEStHA BAghesh A HEs

AN ] ghE Ak shgoltt. olst gl
a7l vherel WA AAA Sl A A M dAE S
k= 2hgl o] o) -3 A glolrt.

04_ \.’ﬂ

) 'v"ﬂOk/- /{ 0 rr],, 1\] ],w_ 9]

3. HZE2Ie|ERXTEL MBI EAM

=] ; o R ]r— T‘L/.Uo] A] /ﬂ L;}o] _55?1\]49_

@i - o

-‘

=
0
o

-

Z32|EFSX| M 9 # 1E 1997. 2

7] el TRt A FAl (A F 7o) %kﬁ =42l

1A g oA 2 Al AL st & "4

! Tbe et 2l are] el disl WiF-F

1AE R ghob Wit

= AT AL A (Global Opti-

et AR Ere] AvrE AA
B7hssit,

A %—‘tl "r“"ﬂ 3R A3t 4733 55 Hmw
28-S dlitsle] 2t PR thE BB i#Xli‘lZ‘iéa
AlLocal Minima)& &olliglon] oE 2} T35
of thato] xpae} A e,

h

3.1 342 45 WHHITZE

373t 4% Wi PR 16709 7183} 1270

o] W AR 287Kl SR g s A 7ke] Hole

6m., 29| Fole 4mE s,
QIBEAAN = A AW S 8

oo Lol PA AR

3"5;0171 2la] 4
ol &
(Fig. 1), #1342 Be] wol& #7 0]‘”% S5 870
of JRAARSE(X, %, - - %) b H pAAR]
W88 Table 29 %1},

w2
N
3 “‘t‘f]

x

i W O Y
B bia b
COLUMN

Fig. 1 External variables of beams/columns

s AWM S o] A8 S (Discrete Varia-
bles)@ Al 2} ¥a=s) 2h= & Table 3(4st)® 3
}.

Table 2 Ext. Variables of 3-bay 4-story frame

Symbol Name Symbol Name

% Strenglh of Conerete 6, % Beam Depth of St. 1 th
% Breadth of Members: b X.  Heam Depth of St 2 th,
% Depth of Ext. Columns: he {30 Beamn Depth of St. 3 th
% Depth of Int. Colurns: ho] 2o Beam Depth of St.4 hy
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Tabie 3 Design data for 3-b 4-s & 4-b 5-s frames

@ ) ® @ ®
Breadth | Depth of | Depth of | Depth of | Concrete
No (('m) exterior | interior beams st’rengt,h
columns | columns (C'm) (Kg/cm™
(C'm) (Cm)
dst. | Det. | dst. | Det. | dst. | Set. | dst. | Det.
1| 3R.0(138.0] 10.0140.0] 35.0130.050.0 | 50.0 210.0
21 40.0[40.0] 45014501 40.0135.0155.0 | 55.0 2500
3142074201 50.0[50.0| 45.0140.0]60.0 ] 60.0 350.0
4 1440144.0| 55.0(55.0| 50.0{45.0165.0 | 65.0
5 46.0 60.0 50.0170.0 | 70.0
6 18.0 65.0 55.0 7.0
7 80.0

* st Data for 4-story frame
t. : Data for 5-story frame
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Table 4 Local minima of 3-bay 4-story frame

No Design Cost

1 1 1 1 1 3 5 4 4 2700.97
2 1 1 1 1 5 0 2 2 2739.02
3 I 1 1 1 S5 hH 2 1 2707 .81
A 1 1 1 1 5 H 4 2 272014
5 1 1 1 23 5 2 4 2715, 3‘)
6 1 1 1 23 5 4 2 2734.56

7 1 1 1 2 Hh 54 | 2691 33"
8 1 2 1 1 1 1 22 277064
4 1 2 ] 1 1 1 2 4 270919
10 1 p 1 1 1 1 42 2714.67
11 1 2 1 1 1 1 [ 2716.36
12 1 2 1 1 1 1 2 2 2697.89
13 ] 2 1 | 1 1 24 2706 44
14 1 2 1 1 1 1 1 2 271876
15 | 2 1 1 1 1 44 2713.61
16 1 2 1 1 1 1 2 2 27 Ih 76
17 1 2 1 1 1 1 2 4

18 1 2 | 1 1 1 4 2

19 1 2 1 1 1 1 44

20 1 2 1 1 1 1 2 2 ’"ll hs
21 1 2 1 1 1 1 4 2 2708.83
22 1 2 1 1 1 1 4 ] 2703.68
23 1 2 1 1 1 1 22 271568
21 1 2 1 1 ! 1 22 272971
26 1 2 1 1 1 1 2 2 2708.83
2601 2 1 | i 1 24 2710.52
271 2 1 | 1 1 12 272280

= (Global Minimum
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Table 5 Initial designs of 3-bay 4-story frame

Desg 1] No |l 2 2 2 2 2 2 2 2
DeswZ I Nol 2 22t z2]2]z2]2
Desg.3 | No 3 3 3 3 3 3 3 3
Table 6 Designs of 3-bay 4-story frame

Method Design 1 Design 2 Design 3

A 2693.06 2703.68 270368

B 2693.06 2703.68 2703.68

¢ 2704.32 2704 41" 2703.68

P] 2700.64 2709.19 2709.19

*: not local minimum
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(lass Designl Design2 Design3
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Table 8 Designs of 4-bay 7-story frame

Method Desg. | Desg.2 Desg.3 Desg.4
A 572691 5610.05 5610.05 HEOT.5H2
I 7726.94 5610.05 A660.20 560752
& H603.21 H606.82 5610.05 5603.21
D 586681 H807.57 N781.37 DTEL.3T
fo H606.52
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Table 9 Designs of 5-bay 9-story frame

Method Desg. 1 Desyg.2 Desg. 3 Desg.4
A TR 60 793153 7929 28 834446
B TAKR.60 789943 7918.77 8344 46
& TRO3.63 7869.33 7909.33 7918.60
D RY76.122 9035.51 K0K82.96 R0OR2.96
I\ 7869.33
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Table 10 Designs of 4-bay 10-story Frame

Method Desg. ] Desgr 2 Desg.3 Desg.4
A 8633.60 885568 RTR3.54 KA29 96
] H6:33.60 HEOHD 68 HTRS 54 H929.96
& 6.3 732,04 619,00 =T47.88
D 876608 876598 881960 866132
1 #Hh&83.29
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