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Development of DCOC Algorithm Considering the Variation of
Effective Depth in the Optimum Design of PRC Continuous Beam
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Abstract

This paper describes the minimum cost design of prestressed reinforced concrete (PRC) beam with rectangular
section. The cost of construction as objective function which includes the costs of concrete, prestressing steel, non
prestressing steel, and formwork is minimized. The design constraints include limits on the maximum deflection,
flexural and shear strengths, in addition to ductility requirements, and upper-lower bounds on design variables as
stipulated by the specification. The optimization is carried out using the methods based on discretized
continuum-type optimality criteria(DCOC). Based on Kuhn-Tucker necessary conditions, the optimality criteria are
explicitly derived in terms of the design variables - effective depth, eccentricity of prestressing steel and non-
prestressing steel ratio. The prestressing profile is prescribed by parabolic functions. In this paper the effective
depth is considered to be freely-varying and one uniform for the entire multispan beam respectively. Also the
maximum eccentricity of prestressing force is considered in every span. In order to show the applicability and
efficiency of the derived algorithm, several numerical examples of PRC continuous beams are solved.

Keywords ' Discretized continuum-type optimality criteria( DCOC), Kuhn-Tucker necessary conditions, design
constraints, real system
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Fig. 1 Typical multi-span beams with tendon profiles,
(a) Type A-exterior span with a simple
support at left end, (b) Type B-interior span,
(c) Type C-exterior span with a simple
support at right end
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Table 1 Material properties and cost data

Material properties Actual ¢ Relative
ctual costs .
Concrete Steel Tendon steel costs
F.0=350kgf/cm’ ¢.=49,100won/m* o =017
* " F,=4,000kgf/cm? Fre=20,000kgf/cm? cs=8,203won/m? o
E.=232,37%gf/cm? ¢, =43.35
o Bt/ E,=2.000,000kgf/cm® | £, /fm=0.91 €,=2.128.244won/m’ 15682
=2. Cpe=156.
»=17.699,856won/m® r

* Relative costs of form, steel, and tendon standardizing the concrete

SHAMTRTEE =24 H158 K25(2002.6) 287

e



PRCAEHE HHAA NN ddel fEde] HsE 183 DCOCERF M

=

4.1.1 842 Agete 99g 2He 2 9-(Case 1) Helel| W& HHAAE YePd Folt}. fFEZE
3AZ A%H] Hale] SEzolS oMz Wil 120cmellA 200cm® ¥skA7)5 13208 24l
ANA FANAZ S8sdc). o4z Sadolst A < 18cmolA 30cm= HSAIAZFEX S it
dete A nE= HAEEE e AUl §8Z0] ARG 271271 Wgsle A4%ee A9 493
A, oz, A3 WelA 1A H Aot} 3 peR sYsta dEE @ 5 At
Table 3& S8 27)3d] deled 49 +2 4, Table 4% 2257 10749 A% e H4 53
10, 2042 WSAAL A5 ARLAADT A Fol, 2e FIW 4 Aol AR, aen A
#0449 HUBA, aeln, AUE nedFm gk AekE Uehd Rolth. fadolsl asdz Wk
944 Wsle ue} AAMS TN A S wigoll Theket AJulA| el oja] AAZL o] Fox| L Tk
712 Qs HADA L85 AL E7FEA L & Fig. 32 #8207t AR ¥glsle 1084 3
o gus AAZ 8 Bu)sk dAEE X 4 9 A% PROASEY gudne U saed 84
Table 2+ AE 84571 4710 A% 27]x < HAFa 3t
Table 2 Optimum results of a 3 span PRC beam with different initial values
X0 X34 x50 X351 X392 X38 ¢ int. ¢ opt.
(cm) (cm) (cm) (cm) (cm) (won) (won)
120 18 0.005 14.1 23.9 14.1 2,930,679 2,460,882
120 20 0.005 14.1 23.9 14.1 2,931,292 2,460,882
120 30 0.005 14.1 23.9 14.1 2,934,352 2,460,881
150 18 0.005 14.1 23.9 14.1 3,553,756 2,460,881
150 20 0.005 14.1 23.9 14.1 3,554,368 2,460,882
150 30 0.005 14.1 23.9 14.1 3,557,429 2,460,882
200 18 0.005 14.1 23.9 14.1 4,592,218 2,460,883
200 20 0.005 14.1 23.9 14.1 4,592,831 2,460,883
200 30 0.005 14.1 23.9 14.1 4,595,890 2,460,882
Table 3 Optimum results according to number of elements
No. of [No. of design CPU X X34 Xsg X34 X3¢ X3 & int. ¢ opt.
elements | variables time(s) (cm) (cm) (cm) {em) (cm) (won) (won)
4 27 0.845 200 20 0.005 14.1 23.9 14.1 | 4,592,831 | 2,460,883
10 63 2.778 200 20 0.005 17.6 42.0 14.1 |4,592,831 | 2,081,579
20 123 24.415 200 20 0.005 17.6 43.7 14.1 |4,592,831 | 2,002,541
Table 4 Optimum design of a 3 span PRC beam in Case | (10 elements)
Initial Effective depth(cm)
“ ) Eccentricity of - P
Span |effective depth Required area of steel(cm®)
tendon(cm)
(cm) Control constraints
441 | 492 | 51.3 | 51.3 | 474 | 44.1 | 78,9 |107.9 | 125.2 | 140.0
1 120 17.6 13.34 | 23.81 | 25.46 | 25.46 | 22.04 | 6.18 | 10.09 | 25.53 | 42.23 | 59.24
Ry Rym Rym Rym Rom Ry Ry Ry, Ry, Ry,
126.8 1 91.2 | 526 | 71.8 |100.1 | 1064 | 958 | 734 | 483 | 95.1
2 120 42.0 67.45 | 53.22 | 27.04 | 15.05 | 16.75 | 16.28 | 19.59 {20.33 | 20.13 | 35.27
Rim Ry Ry, R R Rim Ry R R Rim
110.7 99.1 86.3 68.5 52.7 441 44.1 441 44.1 44.1
3 120 14.1 29.53 | 21.44 | 1248 | 823 | 587 | 501 | 501 | 501 | 501 | 5.01
Rdm Rdm Rdm RdI Rdl RII Rl] RII RII Rll
288 E=HUREBSE =24 H15H H|25(2002.6)
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Table 5 Optimum design of a 3 span PRC beam in Case 11{10 element)

Span Effective Eccentricity Required area of steel(cm?)
depth(cm) | of tendon(cm) Control constraints

ASI ASZ ASS As4 Aﬁ Asﬁ AS7 ASS A‘Q ASIO

1 92.0 38.0 12.43 | 12.43 | 12,58 | 1248 | 12.48 | 12.43 | 12.43 | 12.43 | 27.02 | 53.82
B R Ry Rom Rym R R R Ry R

Asll ASIZ A513 AS]4 ASls ASIG A$l7 AS}B Aslg AS‘J)

2 141.3 62.6 31.19 | 21.23 | 21.23 | 21.23 | 21.83 | 21.83 | 21.23 | 21.23 | 21.23 | 27.12
R Ry Ra Ry R Rim Ry Ry Ry R

Ag | Ae | As | Aa | As | Ag | Ag | Aas | Ae | Ag

3 137.6 60.8 27.96 | 20.83 | 20.58 | 20.58 | 20.58 | 20.58 | 20.58 | 20.58 | 20.58 | 20.58
l Rdm Rdm L Rd/ Rd/ Rdf Rd/ Rd/ Ra’[ Rd/ Rd/
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Table 6 Optimum design of a 3 span PRC beam in Case Il (10 elements)

Span Effective Eccentricity Rquired area of steel(cm?)
depth(cm) | of tendon{cm) Control constraints

Aq Ag Ag Ay As Ag Ag Ag Ag Ago

1 130.6 57.3 19.31 1 19.31 (19311 19.31 1 19.31 1 19.31 | 19.31 | 19.31 | 21.27 | 41.60
Ral Ral Ra Ra Ra Ra Ra Ra Ram Ram
A Agz | Aas | Aa | Aus | A A Agg | Ag Aa

2 130.6 57.3 41.60 | 19.31 | 19.31 | 19.31 | 21.27 | 21.27 | 19.39 | 19.31 | 19.31 | 25.54
Ram Ra Ra Rai Ram Ram Rim Rai Ra Ram
Al Az Agn | Ax Ags Ag | Aar Ax | A Ag

3 130.6 57.3 28.54 | 20.80 | 19.31 | 19.31 | 19.31 | 19.31 | 19.31 | 19.31 | 19.31 | 19.31
Ram Ram Ral Ra Ra Ra Ra Ra Ral
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