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Reasonable Optimum Design of Agricultural Reinforced Concrete Structure
- Superstructures of Aqueduct -
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Kim, Jong Ok - Park, Chan Gi - Cha, Sang Sun

ABSTRACT

This study was conducted to find out the reasonable optimum design method of agricultural reinforced concrete structures.
Selected design variables are the dimension of concrete section, reinforced steel area, and objective function is formulated by cost
fuction. To test the reliability, efficiency, possibility of application and reasonability of optimum design method, both continuous
optimization method and mixed-discrete optimization method were applied to the design of reinforced concrete superstructure of
aqueduct and application results were discussed. It is proved that mixed-discrete optimization method is more reliable, efficient and
reasonable than continuous optimization method for the optimum design of reinforced concrete agricultural structures.
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C= CoVp+ CVg+ CrAp

where, C @ Cost of construction of superstructures,

Ce, Cs, Cr : Cost of unit concrete volume and wages,
cost of unit weight steel and wages, cost of unit area
form and wages, respectively (Table 1),

Ve, Vs, Ar @ Concrete volume, steel weight and area of
form, respectively

A
X W9 B, X, sene] A, X FRY FAEIY
Xi ool wpHsor & FHTE, ;1 Zule] wisfor 3

FAIFe et =3 Rl ARARE AAsP] 9

Notation Type of materials Cost of materials and construction wages
Ce Concrete (won/m’) 54,000/1m’ (21MPa) +0.24 people/Im” x 103,000 won +0.36 people/1m’ X 69,000 won = 81,960 won/m’
Cs Steel (won/kg) 790 won/kg (D22) +0.00276 people/kg % 110,000 +0.00104 people/kg X 69,000 won = 1,165.36 won/kg
Cr Form (won/m?) 16,000 won/m?’ (included wood board + wages)
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Fig. 1 Design variables of superstructure
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Table 2 Constraints for the design(Standard of concrete structures design, Minister of land, transport, and maritime affairs)

Section Design method Constraints Notation
M,y Ultimate flexural moment of main beam
Flexural design G(1)=Myg— DMy M, Nominal flexural moment of main beam
@y Strength reduction factor of flexural design
- . P, ! Steel ratio of main beam
= - <
Bearm Minimum steel ratio G (2)=Puin—P,<0 P Minimum steel ratio
Maximum steel ratio G(3)=Py=Pux=<0 Prax - Maximum steel ratio
Vg - Ultimate shear strength of main beam
Shear design G@A)=Vig— DV <0 Vg Nominal shear strength of main beam
@, Strength reduction factor of shear design
. M, Ultimate flexural moment of slab
= — <
Flexural design G 0) =M= &M <0 M, - Nominal flexural moment of slab
. . Ps: Steel ratio of slab
Mi 1 6) = Pnin—Ps<0 . .
Slab inimum steel ratio G© s Pryin © Minimum steel ratio of slab
Maximum steel ratio G(7)=Ps— Pnax<0 Prax - Maximum steel ratio of slab
. Vs Ultimate shear strength of slab
= s Vs < .
Shear design G®)=Vi— P V=0 Vs - Nominal shear strength of slab
. M.+ Ultimate flexural moment of side wall
= = @ My < . .
Flexural design G )= Mo = By Mny <0 M,,,,- Nominal flexural moment of side wall
. . P, Steel ratio of side wall
=P —P.< . . .
Side wall Minimum steel ratio G (0)=Puin= P <0 Prin - Minimum steel ratio of side wall

Maximum steel ratio

G(11)

=Py Puax <0

Prnax - Maximum steel ratio of side wall

Shear design

G(12) =

Vuw7 q)v Vnw < 0

V- Ultimate shear strength of side wall
Ve - Nominal shear strength of side wall

Journal of the Korean Society of Agricultural Engineers, 52(5), 2010. 9

21



5 e Ao Ve 498 949 H4sk} sl
Vg Q] wolet. el TEE HRUANE A
&9 AAMSSL oY AL B TPEE H9=
i, AeRaels e gepagel Af gacls p
At e A, BaRe iy AARe A
9 Aol el ol ol 49 AR oy
ARG BN HASAS BHoNY AN
stof Eolg Ak wEel FAe

A1(3)2+ 2t
(Lin,Chun and Wang, 1995).
Minimize F(x) 3)
subject to

g 0<0:j=1m
h 0)=0:4k=1,1

Xi e D, D;= {dil, di, ... diq} L= 1, n
xilSXiniu i=1,n
7M., D= i WA ARl digt olik el 3ol 4y

A ARG die
Aol Tt o4k gro) ol

o3k FholiL g i WA A

T2EY HAGAE HHEee; AFxe] AAo|
digh vjAe sk FAECE B Ao d4d 24s)
7|93t egtolaky 2Ag} 7R #1853 o, oo oigh W
2.0 t}Sul 2t} (Vanderplaats, 1984, 2008).

7t HEE 2AM5|H

1) 4 & W3 (Modified Method of Feasible Directions,
MMEFED)

AR XO 271 X°¢F EHAver ol AokRz4A o]
AR A4 osto] HHTE FHAslel= WRFeR X
A I R o B =
X, =X "+a"S*
A71A, g= HHEE 3
vHto] k= 4

e 5843t

34 §7 = gAEEE HiE o
Agolct. 4 58 WaHel &

S5tk Zolct.

¥e 2ol
Aol

2) <A AEH (Sequential Linear Programming, SLP)

22

isze] AP ARl diet
FAZEA R A sl A 5‘574]2]%4%
AL 7 Sl WA HAAIRAE
311 o]”ollA ThA] AFslsle]l EAS A4
ahel A7HA] R

Jich

3) &3 22 A
SQP)
SR PP AU, S, A
SolE WA SRS BET I WaeR A @ B
o AL AMHES A TS S,

(Sequential Quadratic Programming,

L. oAk =& 3t

orlg HA3oRE E7I$HAM (Branch and Bound
Method, BBM)©] 7} @o] A=l QltiHuang and Arora,
1995; Sepulveda, 1995; Vanderplaats R&D, 2008). o)A
A= A A4 AANSY H-3E Sl
1 Al ofste] S olibslie]l Tt siek Fho] Feoil
o} Z1Ejal shute] Haert R oAk glofl 7k & 2 Ast
eyEich woF HAX7F ARG AR 1 ¥Mee Ot

sfat gho wo] HHap} ukeech
V. Zak2A U nE

1. ERAA gto| ESIVY U AN 21
A cho] AAGS AkEANS 2 i A
SEAlz A olo} o] Thee] AAMAT} EatE X

AR AGA &G4 g (Global Optimum Point)< Zkof
W7t wig- oo}, et 27147 Fh (Starting Point)& ¥
SHAA 7HaA HHAAE Faste] B geet AL 5
&gt =219 skt 54 4] (Local Optimum Point)
g HAA2 & 4 ok 2 dAoie R MH:rL

o] A3}t HAE sliA A&E A3} 71 - MMFD,
SLP, SQPHE #-gstal E3lolily 243t 7|32l 749 BBM
= A&ste] Z2te] 7Hel tisto] Z7|AE 57FA1E RISHA|
7IHA HAAAE ealisto] HHHA gk ARkt 2 4
TollA A3t 2|H3t A &A= Fig. 29 Zon X34
IH= Table 3%} QE}

ZAYE A9 H

F A3k AEel § ]
Zo]7F WASHA| b=t et A o
AEol Qlol Etoliky Az A

s =ad As52d As5E, 2010



A% - o] - A

il*i g7l s HeP|HollMe FAshd A% Al o 2AdA 22O A=Al wral & ¢ qlnk
g Ueie Aol ofet Al Hagt gk gl w2 dllM AR 2 A3 HER 571A9 271AE AR

=l A%XJ—E A A whol 24 5 AtAskE AlEel B Sote] HASlE el A At HERHY] e A9
Al A2 SEde S7IE F7HY Aol Basit mel 22 AR skt 22k 2eld 49 Table 3
A AT oA gk SRoldE st 7ol o IA W I} Fig. 30lA B Hief o] VM| 945F APy eR
ERT. T A A gk 2] FHiRfele] Hat L%b’ﬂ o e
0.00 %°lA 2. 86 %A EEE= QI 123 A5y 2 2opl

2. Z|Hso Az e A8side meh Sty 2z s A8 49

i tel a1a1s ‘ o =2 ZPOW H“”OW S3UT. Eﬁ§¢ (BAVE 4= 3

H=E o= 76

*WEJMZIUP E}E t'o“%‘d AR} Zpol7E 0.01 % (0.00028

[ Startl;aasr:i:tr;rgiven ] ><106_%]_)i 7%4 Z]‘O] ]_ H}\(})i[:]» (Flg 4) EE%} 0:]_)1\_”(‘55 _7:&];(‘1/\‘1
—— Az Bgtolkyg HHAAME vlms) M oty 2
desgn variables AAARS HET A Aol ot dBEE AL & 4
! - o - = -
Definion of Definion of QIAE 2 Alol= oflt EtolAly FRAAAY XA
(Continuoouztml‘tlimmiz::ilog: method) Mixed-dis:rz:?:r:im?zsa?ign method 7:"‘3‘ Z:!%B—]'X] %}%}1—% uﬂ-o/] 7] 1/\}']:]] (COHtI‘O 83 417><

T ]_O%von)%~ HWs|EH oF 14 % Ax ZZHAAE 283t Flo]

Constraints for the designJ
] . OMMEFD asLe
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Constraints for the design
(Beam)

Constraints for the design
(Slab)

(Side wall)

[
L Yes
Calculate objective
function

No

'

Analysis for reliability HAnalysis for efficiency H :::ly:;:;?t; ‘ ’

Maximum
iteration

O P N W bh U1 O N 0 WO

Optimum design value (cm, cm?)

No
Xl
Sele_ct reasonab_le
design alternative Design variables
Fig. 2 Optimization process of superstructure Fig. 8 Optimum design values with variables
Table 3 Results of optimum design
. s Mixed- Discrete
Continuous Optimization Method Optimization Method
Structures Design Variables | Dim. | Properties ; B
Optimum Design Value Max. | Percentage of max.
Mean . ; BBM
MMFD SLP QP Diff. Diff.
X cm con. 8.01 8.00 8.00 8.003 0.0100 0.12 8.00
Xo cm con. 8.00 8.07 8.00 8.023 0.0700 0.87 8.00
X3 ot dis. 4.48 4.48 4.48 4.480 0.0000 0.00 5.069
X4 ot dis. 5.29 5.14 5.29 5.240 0.1500 2.86 5.730
Superstructure - = -
X5 o dis. 4.95 4.96 4.95 4.953 0.0100 0.20 5.067
Obj. function 10" Won 269.168 269.196 269.170 | 269.178 0.0280 0.01 287.254
No. of iteration 5 9 7 8
No. of function evaluation 36 59 50 84

* con. - continuous design variables
# dis. : discrete design variables
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