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Optimum Design of Reinforced Concrete Agricultural Aqueduct Abutment
and Pier Using Continuous and Mixed-Discrete Optimization Methods

AFST - A
Kim, Jong Ok - Park, Chan Gi - Cha, Sang Sun

ABSTRACT
This study was conducted to find out the best optimum design method for the design of reinforced concrete agricultural aqueduct
abutment and pier structures. The mixed-discrete optimization and continuous optimization method were applied to the design of
reinforced concrete agricultural aqueduct abutment and pier and the results of these optimization methods were compared each other.
It is proved that mixed-discrete optimization method is more reliable, efficient and reasonable than continuous optimization method
for the optimum design of the reinforced concrete agricultural aqueduct abutment and pier.
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Definition of
optimum design

Analysis of optimum
design model

Design variable Mixed-discrete optimization
Method

(area of steel)

Continuous optimization
Method
dimension of concrete section)|

MMFD

Analysis for reliability

Recommendation of optimum
design method for agricultural

Analysis for efficiency >
reinforced concrete structures

Analysis for reasonability

Fig. 1 Overall procedure to optimize agricultural reinforced concrete structure
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45t By Axe v BHYeE Mot o
L AAMSE AAels A0R A (DOR P (Vanderplaats,
1984, 2008).

Minimize Y (X, Xp, = , Xn) (1)

Subject to
fi (X1, Xp, e , Xo) <0, i= 1, 2,=L
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A4 A3t 7 oRe ARSI (Modified Method
of Feasible Directions, MMFD), <=AM@ A& (Sequential
Linear Programming, SLP), <2R2x}AEH
Quadratic Programming , SQP)5-& 28313tk

FAFEYRRS A X 27)A] X°9F HAF 17
L Aok Ao] FEojH 4] (2)o] ety HATE X4}
Sk WRFo R Xgto] AAA gk FoRith

(Sequential

X=X +a" s )

ARG A S v AFALEAE AFslete] ZARIE +
Skl oMol oA AFstste] 223} sl IS ARt 3
£ 7% w77 RHEgl

SR AAEH  (Sequential Quadratic Programming, SQP)
2 WA gARRS AAstal O Wgo R vheset o wol A
A7t WA EEE At B8-S it o]t Zo] gy
FE A5k Ao R HHslE ok WS oAb 2%

ol4ky Aoz E7I8HAM  (Branch and Bound
Method, BBM)®] 7 de] ARGEIL glom 2 dtofi=
BI)3AHE 285190} (Huang and Arora, 1995; Sepulveda,
1995; Vanderplaats, 2008). &7]3HAHS A4 AAs 2|
Holg eafelar, 1L Aol ofste] St ofiksfol] thgh of
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Minimize F (X) =f(x1, X2, ... Xn) 3)

subject to

g()=0:j=1,m,
h(x)=0:k=1,1

xi € Di, Di={dy, do, ... diy} ;i =1, n

iS}(ini ;i=1,n
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i A ARl ik A olkgtolal, g= A AR
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C= CoVp+ CVg+ Crlp

where, C : Cost of construction of abutment or pier.

Ce, Cs, Cr
wages, cost of steel weight/unit concrete volume
and wages,

Cost of unit concrete volume and

cost of form/unit concrete volume

and wages, respectively (Table 1).

Ve, Vs, Ar -

Concrete volume, steel weight and 3}

area of form, respectively.

Table 1 Cost of materials and construction wages

“4)

B g seue) w2 9wl HusHAS st
o] 20079 FEPR AT LAUE F2UA 7129 AT
AL olglol AGRANE FEST (Table 2 % Table
3). thit A 4 F Ak B0 et Ak 54
Al AAAS Aekn] Ao, 2ot AAR 59
42 2adE Sun 1289 HRYA Aot 3204
ot Alof 271 Tefsto] AAJsHs Ao] Hy Sk ®
2 ol pruel 27 o 2ol JAE 4
o Kim 5 0100 S5 AAEUE SR0 AR7E
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Notation Type of materials Cost of materials and construction wages
Ce Concrete (won/m) 54,000/1 m® (21 MPa) + 0.24 people/1 m® X 103,000 won + 0.36 people/1 m® X 69,000 won = 81,960 won/m’
Cs Steel (won/kg) 790 wor/kg (D22) + 0.00276 people/kg X 110,000 + 0.00104 people/kg < 69,000 won = 1,165.36 won/kg
Cr Form (won/m?) 16,000 won/m’ (included wood board + wages)

Table 2 Constraints for the abutment design

Section Design method Constraints Notation
M FS, * Safe factor of overturning
Overturning stability G(1)=FS——+<0 M, * Resisting moment
M, .
M, Overturning moment
FS, Safe factor of sliding
L - P, . Coefficient of friction
Sliding stability G(2) = FS4— i <0 " . .
Stability of P P, Total vertical force
abutment P, Total horizontal force
. . . : Maximum contact pressure of acting in the ground of abutment base
Soil bearing capacit G(3)=Guax— 7. < 0 e~ . .
N capacity (3) = G~ q, * Soil bearing capacity
B e + Eccentricity distance that acting point of external force and resultant force from the
e<B/6 G4)=e— T=0 middle of foundation
B : Length of foundation slab
. 17, - Flexural moment of stem and parapet wall in i section
Flexural design G(5) = My, — DM, <0
M, - Nominal flexural moment of stem and parapet wall in i section
Concrete stem Shear desien G6) = Vy— .V, < 0 Vi -+ Shear strength of stem and parapet wall in 1 section
and psrapet wall 8 oo nbi = V,,; - Nominal shear strength of stem and parapet wall in i section
esign - -
Maximum steel ratio G(T)=P,— P <0 P,;+ Steel ratio of stem and parapet wall in i section

Minimum steel ratio GB)=Py,— P, <0

i

P,;+ Steel ratio of stem and parapet wall in i section

Flexural design of heel|  G(9) = M, — @0, <0 | 11 + lexural moment of hecl
& o = 1,,, - Nominal flexural strength of heel
. . : Shear strength of heel
Shearing design of heel| G(10) = V,,—®,V,, < 0 Vin .
s desig (10) o nh V., - Norminal shear strength of heel
; . M, * Flexural moment of toe
Flexural design of toe | G(11) = M, — &M, < 0 " .
Spread foundation M, - Nominal flexural moment of toe
design V., . Shear strength of toe
Shearing design of toe | G(12) = V,,—®,V,, <0 “ .
8 desig (12) W T vV, - Norminal shear strength of toe
Minimum steel ratio of G(13)=P,,— P, <0 P, * Steel ratio of heel
heel and toe G(14)=P,;,,— P, <0 P, Steel ratio of toe
Maximum steel ratio of G(15)=P,— Py < 0
heel and toe G(16)=P,— P, <0
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Table 3 Constraints for the pier design

Section Design method Constraints Notation
M Overturning moment
: p My B . . AT
Overturning stability Gl)=—-—=><0 V= Total vertical force acting in pier
V6 - . .
B - Width of footing foundation
Stability of pier . . H : Sliding force
Sliding stabilit 2)=H—-H, < .
1ang Stabiity c(2) =0 H,: Frictional force
. . . @ - Maximum contact pressure acting in the ground of pier base
Soil bearing capacit G3)=Q—Q, <0 . . .
& capactty B)=0-e. @, Soil bearing capacity
P, Factor axial force of pier
Axis direction G4)=P,,—®,P, <0 P, Nominal axial force of pier
Column design &, Strength reduction factor
. : Flexural moment in i section
Flexural design G(5)= M,,;—P;M,, <0 ”*"
M, - Nominal flexural moment in i section
. . Muﬁ Factor flexural strength in i section
Flexural design G(6) = M~ P;M,; <0
! e 1,; - Nominal flexural strength in i section
Foundation design V., Shearing strength
Shear design GTN)=Vy,=dV,; <0 V,; - Nominal shearing strength
& Strength reduction factor
B,. * Maximum bearing strength acting in the base of column
Column G@8)=B,— B, <0 . anns s N
Bearing Strength B, * Design bearing strength of column
Foundation G9)=DB,—B; =<0 By + Design strength of bearing strength
. . AP,;,  Minimun area of pier
Minimum area of pier G(10)=AP,;,, —AP<0 min P

AP Area of pier (X - Xy)

G(11)=pPP-P_, <0

max —

Maximum steel ratio
G(12)=P,,,—PP<0

P,;, - Minimum steel ratio of pier
P,.x - Maximum steel ratio of pier
PP Steel ratio of pier (Xs/ (X; - X))

9] E_]?ﬂ,/gz] e AR dgsty w7 9 udjef skeeR [ Start based on given
AE3He AR Aol AXEES & & w7t 9 ur parameter
ol AAAAE 43¥5F%TH Definition of
optimum design
x| A A ZFo| £=1 i i '
4 —Ll 7:” BA— | =4 } Generate initial design variables Generate initial design variables
} (Continuous optimization method) | {Mixed-discrete optimization method
& Aol HAEA g 2] fiRt IS Fig. 49 [ I
ZEH;]' ) %Lg’ zJ:L_,_g_ﬂ_]::‘_ ?‘—JZ—% %‘ ‘/[\‘iﬂ-g] jj]_Z_I]"TL}— EEH MMEFD SLP SQP BBM
TF2E9 A5t AAIE flste EAE dHAe, Tl
g W= oo 7 2] Hg) Oﬂ s 2_]&11%}.% R Constraints for the design Constraints for the design
W vhEsto) paelgict. o)) 2aelE whuel x5t A (Abutment ) Fien)
29| TS AW o) 2 Wet Adzdel 2aE 72 s
AAZIEY AR B BESHe groR AYEw, oy i it
HA A o =2E 59 FHAAAIMM= MMED, SLP, !
SQP% Zﬂ'—g—‘é‘]—ﬂ gg_olj‘\_ﬁé -;‘qzjl}g. ]7]&]0"}\11— BBM‘%‘ Z%]‘g‘ Maximum i
Sk A7loIM AR 2 we gl ule AgEs Sag s
S (DS vl HYe) sjg Fobhes sk, o)
. . _ - Select reasonable
A9 3= ZIYEL WhHA4, A2 dHA U AAAS design alternative
HE ksl gros AAst ofet T2 el A2 ¢ Fig. 4 Optimum design process of agricultural reinforced
RIS 737 Han] Hojo wEage BAg) 43 concrete structures
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3 o2 Siglch wof BATSTL SEekA kom ST W A ekt A mzte] ALY B AokRzIAe] B
7] Ao s} 7] HEow ghekech
. dot=A U 0F 1. 2[H4A 7 |Ho T2 21t
598 AoEae cend wg Y wde) Agug g U5 ST SRoly Susus vad su
TR= Table 4 % Fig. 59 2t} 49 Hsplag mgg oo AeVE ISR (e 6). ol T8 S O
ol 710 A6l Selelol w8 AP ERg Hasllve) s 54 ue
745 Aif= A 22 HHR|of| =39} Table 4014 o7 92g A AT FIGHAL AR 122
H]‘Q’]' 71’0] 37]'Z] ﬁ‘i\‘_o -;:(433'327 Tﬂgi —SHX] Z&]?@A‘]ﬁ] q] Q5 [[Hl_ 5t 1;]_2” = 7]-0 }\]“9‘0}7“ E]Eq z‘sl-o]A]—'&:]
2t SAole) ol i Mebe arjel A9 000 % Shde HHsh © e o17] o)
8 e 8% 000 %  gxsp)ge Axst @ AR vk A48T 5 W] wEo
oA 0.29 %7A], 1e]a wzke] 74$- 0.06 %olA 18.78 % Ho] AL ok7ko] xjol7} WAL, o]o] ule} A
7;};] Bagolr) BEAFRE0] ALo)= wh= 0.05 %, 22k oA Etolaly HAAAMET: A4E HAHA7]
= 5.4 %= YERth wZe] A5 adjo] s oftk 2 Hlo] £t ATE vehd Zlofth
Table 4 Results of optimum design
Continuous Optimization Method l\/'ﬁx'ed-'Discrete
. Design ' _ Optimization Method
Structures Variables Dim. | Properties Optimum Design Value ) Percentage of
Max. Diff. . BBM
MMFD SLP SQp max. Diff.
X1 cm con. 14.55 14.55 14.55 0.00 0.00 14.55
Xo cm con. 12.16 12.17 12.16 0.01 0.08 12.17
X3 cm con. 105.87 105.75 105.79 0.12 0.11 105.80
X4 cm con. 21.35 21.39 21.35 0.04 0.19 21.37
X5 cm con. 28.87 28.87 28.86 0.01 0.03 28.88
Abutment Xs e’ dis. 17.74 17.75 17.74 0.01 0.06 19.272
X7 cnt dis. 17.15 17.20 17.15 0.05 0.29 19.272
Xq ent dis. 17.15 17.20 17.15 0.05 0.29 19.272
Obj. function 10° Won 4.62604 4.62819 4.62600 0.00219 0.05 4.93725
No. of iteration 7 4 3 7
No. of function evaluation 89 37 30 92
X1 cm con. 59.99 61.92 63.55 3.56 0.06 62.15
Xo cm con. 20.00 20.05 20.00 0.05 0.25 20.03
X3 cm con. 11.86 10.02 10.00 1.86 15.68 10.95
X cm con. 65.38 71.88 69.68 6.50 9.04 70.12
X5 cm con. 62.29 56.58 58.35 5.71 9.17 59.42
Xs ent dis. 37.48 30.44 31.08 7.04 18.78 34.20
Pier X7 ent dis. 1.14 1.21 1.32 0.18 13.6 1.267
Xs cm” dis. 1.27 1.13 1.22 0.14 11.02 1.986
Xg cm’ dis. 4.24 3.63 3.91 0.61 14.39 3.871
X0 e’ dis. 2.81 2.79 2.39 042 14.95 5.067
Ob;. function 10° Won 3.85140 3.64348 3.69513 0.20792 5.40 3.76265
No. of iteration 10 31 50 46
No. of function evaluation 141 358 645 652

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