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Summary

The purpose of the present study is to set up an efficient optimum design method for
the large-scale reinforced concrete cylindrical shell structures like intake tower of reservoir
and to establish a solid foundation for the automatic optimum structural design combined
with finite element analysis. The major design variables are the dimensions and steel areas
of each member of the structures. The construction cost which is composed of the concrete,
steel, and form work costs, respectively, is taken as the objective function, The constraint
equations for the design of intake-tower are derived on the basis of the working stress
design method. The corresponding design guides including the standard specification for
concrete structures have been also employed in deniving the constraint conditions,

The present nonlinear optimization problem is solved by SUMT method.

The reinforced concrete intake-tower is decomposed into three major substructures, The
optimization is then conducted for both the whole structure and the substructures, The
following conclusions can be drawn from the present study.

1. The basis of automatic optimum design of reinforced concrete cylindrical shell structures
which is combined with finite element analysis was established.

2. The efficient optimization algorithms which can execute the automatic optimum desigh
of reinforced concrete intake-tower based on the working stress design method were developed.

3. Since the objective function and design variables were converged to their optimum
values within the first or second iteration, the optimization algorithms developed in this
study seem to be efficient and stable,

4. The difference in construction cost between the optimum designs with the substructures
and with the entire structure was found to be small and thus the optimum design with
the substructures may conveniently be used in practical design,

5. The major active constraints of each structural member were found to be the tensile
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stress in steel for slab, the minimum longitudinal steel ratio constraints for tower body
and the shearing stress in concrete, tensile stress in steel and maximum eccentricity constraints

for footing, respectively.

6. The computer program developed in the present study can be effectively used even
by an unexperienced designer for the optimum design of reinforced concrete intake-tower.
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(1) BetdE @l 74l =6,000ke

(2) HigME 21’ fR{.0HiE =20,000ke

(3) BIE=E <2 9o B4ME =400ke/m
4) #BEE B ¢=120cm : 1,000kg/m

VI. REReET R R IR
1. RERE HBR

frAkdh BUKSE e iR RIS RS T
stevle FAENRGHES @A RN 28 #
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Table-1. Results of Optimum Design.

Substructure Slab Tower Body Footing L
; 7 7 Objective
Design Ts Ags T, T A, A} A, A T, A, R, .
Case . Function
Variables (o
won,
Iteration NoN\! (m) | (') | (m) | (m)| (m) { ()| (m)| () [ (m)| (o) | (m)
Initial Value |0.2400 [0.0008 |0.8000({1.0000[0.0250 ]0.0190(0.0320[0.0200 [0.8000 | 0.003000(4.6000(20.999,137|
1 0.2451 |0.001199{0.8381{0.907510.0236 |0.0164]0.0252(0.01820. 5415|0.001928(4.2346]19.853,969
2 0.2436 {0.001208| 0.8381[0.9075]0.0236 [0.0164]0.0252]0.0182 0. 5415[0.001928)4.2346 19,851,397
WSSUB 3 0.2421 10.001218/0.8381[0.9075(0.0236 [0.0164 [0.0252]0.0182]0.5415/0.001928|4.2346119.848,685
4 0.2404 {0.001228{0.8381/0.9075]0.0236 [0.0164[0.0252]0.0182|0.5415/0.001928]4.2346(19,845,821
5 0.2387 ]0.001239{0.8381{0.9075|0.0236 ]0.0164(0.0252]0.0182 (0. 5415(0.001928]4.2346|19,842,791
Optimum Value [0.2387 {0.001239]0.8381/0.9075(0.0236 [0.0164]0.0252(0.0182 [0.5415]0.001928] 4.2346]19.842,791
Initial Value [0.2600 [0.001300| 0.8250{0.975010.02700(0.02100.0370(0.0240( 1. 4000| 0.003150( 4.7500123,218.287
1 0.2333 10.001401]0.9118]0.9519]0.0275710.019310.0267|0.0201 ]0. 7357[0.002384( 4.6893|21.911,046
2 0.2333 |0.001401]0.9118]|0.9519]0.02757{0.0193 [0.0267[0.0201 ]0. 7357 0.002384| 4.6893]{21.911.039|
WSENT 3 0.2333 [0.001401]0.9118]0.9519{0.02757]0.0193 ]0.0267 [0.0201 |0. 7357 0.002384 4.6893|21.911,041
4 0.2333]0.001401]0.9118|0.9519]0.02757]0.0193|0.02470.0201 ]0. 7357]0.002384| 4.6893]21,911,044
5 0.2333{0.001401/0.9118/0.9519]0.02757]0.0193]0.0267[0.0201 |0. 7357]0.002384[ 4.6893{21,911,048
Optimum Value }0.2333]0.001401]0.9118]0.9519{0.027570.0193]0.02670.0201 {0. 7357{0.002384] 4.6893]21.911,048
e o) Bitshe A% WSENT)s) 3
WSS B A BolERE el A %
fohe A9 (WSSUB)#) F7b4 Jkoz ur Lot
o4 fisrash. L
ole}zr X Frkx| A2 HAEME TI RERE .
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Fig.8. Convergence Behavior of Objective Fig. 9. Iteration History of Design Variables
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Fig. 10. Iteration History of Design Variables
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BE SUMTE st HmEME THL
KA =2 Brgel & it 5ol
f& A2 %% Fig.8~Fig 103 2},

o] Figoll4 Biule} o] & A-¢ BF]1~
28] LAl OscillationBB & glo] @l Mgk
sk el

olefgt SR B (2D) (22) (23) ¢ HR —
Barel, 28l m® o] BfgdlA RS s
< Mgt Aol A zhR el wE R Folt B
golzhi HE=lt,

Lt. EFTAEME

BHATREIES Qolal BlE HREA Hsh
o EH 23l @R Skl HREREA
S\jh EEMNTS ko= Etsl ek

145 Table-19) SR MEY X5 BRATHE
g o= fEls et

webA A Bl 4 S el E2 kit

kel flizketol MRATHER Ao2 HEE
=,

Ch ExEtH AR

BEmL 2B E il Rits
*’1353‘%‘ G S ey

& HEra 2 *ﬁlﬁ}% G2 T4 Fatshe 7
—1—7} efme s Zitste A4 oF 91%7t
ol 9% HEe] #£R & Eoluh, ol T &£
Rt Bomse Jroa &itshe A% BER
A8 kel oFzk 24 HESZ HEQl AL
Hgdet o0 2Rebd REE&AA 2 B
Bk gf doer BEHsHEE BB REHRDS
Bl A ek fEFIGE AoHEE el A Rt
she HiEd FAYL + AL o= BHAH

2t EHH

SRR FHIK B B BAskE IR
FES ol Rt HIFORRMEoI T KBS Ae RTM
Bl Bl o IRl ARl 2leiA
= MREE SO R RIRUERME, Bl BAete
SIRME A el HIHOME:, RO A
FIEfE o] R ol et

W%’/M BUk# e Bt A ol EWHIGME

< Fis AEEE A FHelolop 2 AR B
H%\’/P.

Of. HERESREO 25t 485

WSSUB,WSENTY] 7$=2 F=iAl &S
ol o 3}ed ﬁﬁﬂﬁ?(ﬁwﬂ olabo] HEEREHTS ol A
LM A4E Hitel 2 oSk 2ol

1) %31119] gt

RERATESR T S8 EiEe T
A2 EHE Tzt EAEL HEED
(0ca) 3+ HE#ZELT Fig. 119} 2o},

Fig 11¢f}4] ¥l 2712 74-¢ 25 AAl 44y
e fEhel HAEND LT AS o + Ak
wheb4, o] PrEANA T A -2 #E
etk o] glohi= Aol mRsIgdeh

2) e

(h) £33z Eol BAsle EEMEED S #T

EHgel BRAM (x-Hi) 2 FHHEHM (y-Fh
A) 8] K BMEHNS Tt FAEH HE
3 2= Table-92} 7o},

— 77 -



WEE TG H30% £ 25 1988F 67

(Comp.)
110
100p
Limit Value for WSSUB

DF and WSENT

80-
Legend

Jop —e— WSSUB
e WSENT

y-Stress (kg/cl) for Ws WSSUB and WSENT
(6]
[=]

(Ten.) 20L

C \.l/ 2 L3 4 5
10 Tower Body Wall
a

Fig.11. Comparison of Stresses with Their
Limit Value in Slab.
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Table-2. Comparison of Stresses with Their
Allowable Stress in Tower Body.

Case | wssSUB | WSENT

Item
Allowable Stress (kg /crl ) 84.0 84.0
Maximum Hoop Stress (kg /cxf) 5.40 5. 54

Maximum Meridional Stress 18. 75 12, 56

(kg /cn )
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Fig.12. y-Moment Variation along Height in
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Table-3. Comparison of Design Results betwen Optimum Design with Analytical Analysis and

with F. E. M. Structural Analysis.

e [ @ ®
to Optimum with Analytical with F. E.M.

Cost & Design Structural Analysis Structural %X 100(%)

Design (WSENT) Analysis

Variables Unit
Cost Won 21,911,048 20,518,710 93.65
Ts m 0,2333 0.2355 100. 1
A m 0,001401 0.001293 92,29
T, m 0.9118 0.7820 85.76
T, m 0.9519 0.8923 93.74
A, m 0.0276 0.02344 84,93
Al o 0.0194 0.0168 86.60
A, m 0.0267 0,0248 92,88
Aj m 0,0201 0.0199 99.0
T, m 0,7357 0.8721 118,54
Asr o 0,002384 0.003251 136,36
R, m 4,6893 4,7259 100,78
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