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ABSTRACT

This paper describes the application of discretized continuum-type optimality criteria (DCOC) for

the multispan partially prestressed concrete beams. 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 and lower bounds on design variables
as stipulated by the design code. 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. The self-weight of the structure is included in the equilibrium equation of the
real system, as is the secondary effect resulting from the prestressing force. Two numerical
examples of multispan PPC beams with rectangular cross-section are solved to show the
applicability and efficiency fo the DCOC-based technique.

1. AME

TEHHERE A THAYYEES o4 FAHNET JHYFZ AT AN Y F
Ziz et dvHoz £33 WYEL AAWUSG YA S AFHY A HA
A HHERTD £ o 83 geA Ik a2y, AANESEY 7t Z78A =Y HAd =
g3t7] A3 ARG a7HE AL 2 F2 ANN Y 7t Z7H8HA Hol £xF TP A
HEY T AFS A Pk gutdos ¥AWS AIRPe £ BA HE HAHY 7
T 2AE F 4 dEse] 2t B84 E 2 gtk olgd A $HAASI e WY R
kg Ze EAEY A48 HAA 7 (Continuum-type Optimality Criteria, COC)HF 3+ &8+ Q A 8]
A& dZste WEYnEE S AW Rozvanyst Zhou', 183l o] HZ ZaYE B JAAH
A7l $4% Adamudt 29 FEATRAE? o8 ZHJAT. 2, COCo 2AS PYUS L o]
HEFE Ad BEFE 72EY sHdrutadioin) Al A" A /)1HEE & T (prestrain effect) S

FoH ool 7 Wi A4 HEAol AA=HNUT, NFF FRET Ao HELHY

olzld AEH 82E AAFNY] A olitd ALY H A FF(Discretized Continuum-type
Optimality Criteria, DCOC)ell A% ¥ E°] Zhoust Rozvany*Poll ojs] A=t 25 044

«  FEo%a ooy =23ety waay
22y%n FHUS ERBHY we, FeuAL A

~171-



TEAN L i YA JHPFE S FAZH e & P24 Khun-Tucker HHA
Z23& o8ty FEHHAT e, A4 FXFHANAM FERHANLE Bt B FAHAEYE o8
3o £88 3 A Adamud} Karthaloo™®& ZAHEW @ T84 3 Khun-Tucker H3 A4z
£ ol &3t HIITIAYER Al2dE AT HH3} duYEFL NLsidon o Wy L&A
%*a‘° dF3rA

ATFolNE BRI PPCTEY HE7Hs A7 olo] oAy A48 HAAYFEEE AN
%‘?}‘?‘;3 e OAG B RE ZgdreEf2E 238 E(Partially Prestressed Concrete, PPC)H.
of &% - A&t AHYHAEN FLnYFo] X PPCRY HAFUAEAEAE 7] 98
FEHAT G714, AHgd dARFEE Be fFEAON(Y, Xzt wel WgE msds 9 A
Ul 4A), sifEEE 23ete] XEAM oz A 13 HANAY, 28 Rk
A 840 wet AFEA At AL LS I Ak

ERgse FIYUE o), AZA Ry, a8z B2 AFY FHE XFste dAdu Loy,
AgzAozE Fold AztdAe HAYsEANY 18z, AYE 2 APEAY A8 ¥ Avy
A 2 AQALS AT ¥, AFH 1FH A o]F AHEY YIS AA Alxd
AelA sttt TRz PPCE did HAY7ES 2o M AJA LS g4 g7 %Y
Ao 78Tt £¢ HdAWNTES] MAS T HEAAF S =S

2. HHLAZA

21 HAWS

AAReE 4 ABMY B dHY FEZ 7, VFA Hd) HAAZ a3, 2D B 84
W A2 702 HaU " E oy, 1A dWy A,, a2z wihdEs (a9 1 F
Z)e AT, ol 22 YARER FR 1, AL Ao A& B A& FIIh
Z} X7l A9 1A u)(tendon steel ratio) xi' & A,=x x5x;9 BANCZRE ALdsigch A
HZ eme A mo 84 e W AANFYLE 7L, FHZA me AT molA dA&A #A
He AU S Jepdd

22 213N €y
TEXST AstAlY 1FA L T2 Bz MRS ANz " F4e 1Yl
(@~ #2& Al 71X FEER FAHY b3 2ol 2dE F Utk

5 SYNNT=s PN N5 i T
T aulpiN S| [T -
1 Tapl ' TJed 2 = s ] ’ x

Section 1-1 Section 2—-2

(a) (b) {c)

28 1 oA PPCE : (a) Type A-#&dFd dexAg &7, (b) Type B-Ul&=7L,
() Type C-$205] G&AAE A2 [5 o 57 o He 24 A7 H2YR<]

-172 -



23 Fooiwsol Ay
231 YUT TFAS A AMHSHE
AAE 9% AYURAEE 38T gon),

M= M3+ Moy, (1

A7\N, My & AFAAsNF A% HYrRdAEo R, My < HUEUE T4 GddN 1739
of ojgh 2xERE |t}

232 =220 CfEt HoHMARTH
AAvge oew gon,

M7 = M+ Pe

Vem Vill w;n 3m Mm+mMmr (2)
L M¢=M‘1B’Z‘—Per

A71M, MLt M= 2z o Xzt Weld A WA 849 F&2d 1 v WA 82

(N, = 4) 9] 9 &2ddoAe] AW HRWE T Pe Aol ¢, e, AN mY HZI &
zgrolje] WA eIt
24 =xES

NS AZE 23 7 A N, AY 842 Wrold oAz Bol U@ SAFEE a4
24 g3} 2ol yerd 4 itk

0= 3 S 4mGE, e A ®
714,
P = xTm + x5 x5 my + m3( % + G )+ CI]L (4)
m = (x1+2¢cr)c, my= x1(ce—1.0)c,
my=2A,(cp—1.0)c. alnd + (xn+2d)cile.

25 MANMAZA
251 MNEMF
PPCRe) AFALE A% A 2 axdde BAYEE Ged 2 BUATL AgHA,

EI"= 1Lz | A7\, " = 0.045Ex, )

AR AFe g 2ol BEAH.

N, en
Doo— 8 <0, A7V, D= 2 ;—T:%—) (6)

—-173—



252 UMY
£ ATlAE IRUREDS

M—M—I.O <0 M

dagon, BIE A%e Bes 2ol U £ ek

ki

7] A,

253 HTHZTH <t
AGZG AR BRG] g AdFE g ne)e thLa o] Vel & gk

""‘—%—1.0 <0, €]

£ =y

7)1,
Ver=0.93¢.,V 00 27

26. o 2agx|et g

shvhel WA s oY ZEAG 2 FAALGS e FFHI} FAY FU G
(augmented lagrangian)&4& oS3 2t}

N, N,

m=l; +ﬂ[ ‘;( Ql;m:_g;o)z.} )_Aal+ 77]

N,

1 6= ﬁ‘l/]m[g’em+wfm] 9
’}T[{P}—[B]{Ff}ma”} [{ P —[B]{ F

Z“ ﬂxem( x]em_'_xll + _tzem)+ 2 227 (xz _x1u+ _tiem)

A7NM, u, A7, {a), (@), A" 2B yEL PaBE $4500%, g WG &Y
(Slack)@olm, of", 47, LTES qgrEeln. 4 @9 $u ul WAs DA 3
& 27 A AN 2T FARHA L el
3. w=Eny

31 HFNME
) & A m(m=1,..,N)NA x7o izt @ ¥z

S 0g™ _ 3u(QUH Q) o M| oM
b2 1)

3.76%” Zl(xz )4 ! (M,e;’: 2 ax§”

em | Vo] 0V o pem emy _
AZ (Vif:)z a x] +/1 uc (BZ 72 )—0

—174 -



2) xol Y 0 o WEE

oM,y 3| Ml
L& e, u 0T | M e e~ M7
m=1é= 0%3; ll(xz) axgs 1 (Mi': 2 (1D
A" I
+ Ilzzr: 9%, — (83"~ 73 )]=O
3) A me & L2044 " WY P WER
8¢m __qem |Memm_L aMz’: _ em __emy|

32 dAYSo] M

AZEE AT x7& FEAL 4 AAA Y A AARF x7, 257, TR x5 9] HAE =
Qite AsASGRAEY 7@ 2L g3 2o

D A@% A=A %Y 2% (D-F)

2) AZQA%F w579 @A e] 23 (D-L)

3) A= xg"e] F@AG] 2IEF-U)

4) ASF=A G} JFEAGFH] 28 (V-F)

5) ol x3'9] x|t & AfHe] =%

oldel 2HENAM HHY HEE T3 449 BE AN HE Hoz veid £ o

33 2az=xs$el DHLR{A A

FAu ARzAL FA37) 98 FAARFE AP B Yolg Hetn FErt 248 Auishe
%o N BaRAEsEe] 2R a2 /)AYLERE AT 1FSHEL LT B B
Agzdee dzgozyy naAsh

DAY WA= AGze] HAS Ause 3%

2) xyst xf"e) VAt BHEAG HAE Avise A¢-

3 AGd AGzdI} the ASzdte 2go] HAE A B

A%, BaPzes pe APA%RPRY Adgc 4A7 AR AuPE AP
Np2 YRR A2k8& Nu(N,=N,+N,)E EAge] 4313)% go] Yerd & ok

PR W 2{(@ +MI[4 (™)}
pt= (13)

- T 20+ @I hGD)

4. X0

FR e HEA] 4 AL 4718 242 UFAL(N,=4), SEEI}F oA Foi =t Ao
AFL 2 AR FAAHAM SAYTT AT 223, AR APl fxzie] P
e 5718 8A4F Ade At 3R 0°. B 1€ FAGS0A A48 Az S47 4A
dlojetol Tt

—-175-



E1 AsEAY 2 AAdele

Ae 5 2 A o A
T3 E a2 2 2 F A
e =95.89
=35MPa
' =1910MPa Cpe=42.78
E.=29800MPa 0,=400MPa
3 Opy/ 04y =091 cr=012
w,=245KN/m

*) G = 532109/m’, G, =51025009/m’, G =22765009/m’, G =65009/m’2 % ¥ 2&d A
7H] Q.

4.1 3X|Zt PPCE

E 2 3% PPCE] HxZu| A didt vj7pis 47

B xn X Xs X X3 X3 Oimw Dot Bopr Aa Aw As Au  As  As

&
R

mm mm mm

1.360 1000 200 0.005 747

831 293 17421 15448 1360 535 535 535 2730 1854 1064

1.360 1200 220 0.005 747 831 293 20.439 15.448 Ag As As Aaw  Aa1 Aaz

g & &8

1.360 1500 250 0.006 747 831 293 25437 15448 1.360 1064 2565 3179 846 925 925

LL =40KN/m
DL=30KN/m
L] b| jc d| je
(@) LUIHHIHHIHHHIHH e —
A yay x A a b Tc dl LI Te
L 7000mm = 10000mm = 8000mm = R 7000 L 10000 R 8000 .
~ T T -1
561324 659905
1 A=2730 | Jso
avesws |
378078 ®
A,
747
(s)] Al T4
. L3
- S esef | oo i
300 300
622068 636542 Section a-a Section b-b
3 - '
844.670 x10° 1033.860 x10° AN B L
@
A,
/\ 958 956 831
An
(c) A, ®
@ - - —
348,856 x10° T |_a=s25 | leo
497. 730)(10 A,=1064 _IGO 300
KL 360
663270><10

Section c-¢ Section d—d Section e-e

X 1 (a) B3 3HE, (b) AFH =N,

a9 2 3AZ PPCRY HAH9dd h3 aAd
YRHEE Zg2ed4e ARE TFe)]

() FRAEEWN-mm) (A

—-176—



4.2 4x|ZI PPCH

¥ 3 4RI PPCEY] HAAH|EA ] gt wiAbS A7

B Xop X3g x50 X Xp X3 Xy o X @ im D ope
mm mm mm mm mimn mm mm
1.320 2000 600 0.006 2153 2543 1919 1497 662 196.679 194.264
1.320 2200 620 0.006 2156 2540 1918 1487 662 214.020 194.248
1.320 2500 650 0.006 2159 2538 1918 1497 662 240.033 194.239

Bopt Aa Aw As Au As As Ay As Asw Awo Aal Aaz Aaz A Aas Aas
mm’ mm’ mm’ mm’® om' ' mm omm' omm? mm? oom® mn? o mm? mm? o mm?

1.320 2573 2573 2573 5521 4050 3246 3246 7056 11153 2821 2821 4732 7509 1420 1420 1420
D-L D-L D-L D-F D-F D-L D-L D-F F-U F-F F-F F-F F-U F-L F-L F-L

LL=20KNmM
O=5KNVm
1 ib Ic Id e
@ Wﬂw P T %
f f -+ t —] |._20000 4 " 30000 \ 30000 L. 20000 a
1897300 153806
14815 - ASA050 i s
‘ ®
A
(o) l 2156 1918
2540
Seseid 1307124
A A
17472 176162 ® ®
A=2573 | 70 a=2821 | |70
6 Section a—a __J Section c—¢
4,908 X
6765.149 x106 14808 10 584,665 X100 500
A=7508 70 Section b—b
@
Auw 1487 1487
(© A
®
R.=T428 70

ey <1l s ><1o6 509,50 ><1o6 20 56 x10f

Saction d-d Section e—e

3% 3 477 PPCHE] HZ Yo tig duzd 22X @ (a) FA4H 315, (b) AFIE(N),
(©) FRYEEN-mm) (493 FEAEE Z2edie 2348 Egec)]

5. 8 B

ANFYREE 2 GAY ¥R THssdsEEadEve g@ H24WAAE 48 DCOCA YEd
NHE $EAAT 2AYSG HANGEASL HANSER FAE DAY MAgeoln. A 1%
o2 ¥ vEASY ALY BT At Bgsy] WEel ANIHIN 1Y 5 AES s PYe

=]dagitt aga, B deAe A3 84 374 FeHe TEATTE HuzAd HHFEHEY £
Eag AAMsEe] AN BAAL Bdo] st £, AFe AdE HYWAd x3te
o LHSART. BAL FETZYLEY2E FAHERY HAE Y& /L8 DCOCA 712§ dngdde o
FRH FEAE Hol7] st AAAA BAGEL AANAL, W T2 FAYE S F 3k

—177—



References

1. Rozvany, G. L. N., and Zhou, M., Comtinuum-based Optimality Criteria (COC) Method :
An Introduction. In; Rozvany, G. I N. (ed) Optimization of Large Structural Systems.
(Proc. NATO ASI, Berchtesgaden, Germany, 1991), Kluwer, Dordrecht, pp. 1~26, 1993,

2. Adamu, A., Karihaloo, B. L., and Rozvany, G. I. N., Minimum Cost Design of Reinforced
Concrete Beams using Continuum-type Optimality Criteria, Struct. Opt., 7, pp. 91~102,

1994,

3. Zhou, M., and Rozvany, G. I. N.,, DCOC : An Optimality Criteria Method for Large
Systems, Part I: Theory, Struct. Opt, 5, 12~25, 1992.

4. Zhou, M., and Rozvany, G. I. N,, DCOC : An Optimality Criteria Method for Large
Systems, Part I: Algorithms, Struct. Opt., 6, pp. 250~262, 1993.

5. Adamu, A., and Karihaloo, B. L., Minimum Cost Design of RC Beams using DCOC,
Part I . Beams with Freely-varying Cross-sections, Structure. Opt., 7, pp. 237~251, 1994

6. Adamu, A., and Karihaloo, B. L., Minimum Cost Design of RC Beams using DCOC,
PartIl: Beams with Uniform Cross-sections, Struct. Opt., 7, pp. 237~259, 1994.

7. Han, S. H.,, Adamu, A., and Karihaloo, B. L., Application of DCOC to Optimum
Prestressed Concrete Beam Design, Eng. Opt, 25, (3), pp. 179~200, 1994.

8. AXNRFR, ‘EIUERFALA, HFEEEF, 19%.

9. Gilbert, R. L, and Mickleborough, N. C., Design of Prestressed Concrete, Unwin Hyman,

London, 1990.
10. AL “ZP2EY2E EFFYE" FHAL 1997

-178 -~



