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ABSTRACT

Prestressing tendons in the wall of circular storage tank are investigated from the viewpoint of equivalent load
method. Special attention is paid to the effectiveness of eccentricities of the hoop and vertical tendons. Local effect
at the bent point of vertical tendon in the wall with varying thickness is examined. Some aspects which are
frequently overlooked or misinterpreted in the conventional analyses of vertical tendons are discussed. Numerical
examples are presented to emphasize the significance of accurate analysis of the vertical tendon in practice. It is
expected that the equivalent load method can be effectively used to simplify the analysis of tendons in the circular

wall and to minimize the errors.
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Fig. 1 Design of hoop tendons
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Fig. 2 Tendon arrangement in the circular wall (left face : inner face)
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(a) Undeformed shape and equivalent load of vertical
tendon

(b) Deformed shape by shell analysis

(c) Deformed shape by equivalent beam analysis

Fig. 3 Vertical tendon-induced deformation
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Fig. 4 Equivalent loads by the eccentrically located
vertical tendon

Fig. 5 Deformed shape by the eccentrically located
vertical tendon of Fig. 4

761



Al wiAE A
Al dt,

Fole A= tE 7l A9 ¢l

3.3.2 AluA]e] AR HE FAlq)

7189 PSC #d @"Wolut AAEMA o8 5
AdEe] JAua] FAE A% A4 95 22 F 9
on, 53] Fig. 49} 2& 49 1dd o] Halo) o3t |
A BHE M= Pe?g 1sle] 8lae] BE oldA
B8HE 0= Pe - o/IZ WFsh= Zlo] 7P Wiwd ¢
ojty. A7]olA = ®A| A3kt dejdojde] i
OIARHE, c= WAl FHoLZFE FANE Aol

ol HUEY HAE  AYTZE(determinate
stmcmre)i/ﬂ«l pedHE BE o FHdch ey
Fig. 49 953 HAS wdAue] A8 ALz
HE Aol Lulan ol AR LzEo] ol BAR L2
(indeterminate structure)lo] ApHa}c},

PSC 7220 HAAY B¢ 14 RHE ojeldx A
Aurelof o 22 HUEE 1ol d4H, o]&3t 14}
9 2z RUEZ 3Agl 2rdves 989 AAE=

:L_:{mn&.,

2+ E—=—= "Hued © =1
Aol &uke Aol Iy oY WHES 9FY
HA Hzrol AAE A Al sk A
2 ~xe] ggo] BF wio] HEg 23 FHES T

ste A7k ohg BAsa HA 8] A
mebd NdHOE % o W

9RE ARHAD 4 Qe dHe oA SAlaEoln

ol 9N e mist Lo] Wele] Pz 44A)E

92 Fig. 49} o) Yt oL YFoly AFY ol

e Fase Zlolt

-~

34 HETHH HHo| 2|

ING Adeash g2 94 Ageae] 3¢ 84 s
AN RAEZL 2A WAEER Hdds k% = o]

Wk B9eld Y A4 ING
ARl A Fig 69 o] WA el 122
o skl 108 WoRe A2 2T, AgEe
FAdd 2 Al wAe Fig 69 2ol ¥A] nhg
vold 93 AdE fAsE BAoE AFHUY. o

agAel A _?_7}

ﬂ

24 Semst wene] whis TolH FAude] Zlol
= @S D e, MR e SAude H

F490l dheled 84S A Aek
ol Fyol Wl UM 33240 oRE 2
of A% AT AF F& F o, S uRAg B
& gl ofs) wAsh= ksl sl d4Ey 4
2 A = RdE

ook 3o S
ol F1g 401]/\19} 7101/} Ei]t%o]

o yd o pE ok
zoL_',

o) Wue WA AAN £3] akslo] gk
P9l A7) WA 9 upgHol HdEE ZinE g

lo R
ﬂ,

B W 3234 go] S 4 3lek oAl 29 o] A
FEBAA WU 187] 67 18] 27 erehe 4
Auge AR 44 e 3719 57Tl
Y £ 08E U9 AN T3 2t
400 A
41 ofF 1 : ERICiD) Zoksule| st

F1g 72 F99 ING Ad9ae fAlg g 7t
A A ool o, WA BRI SAelA w1z
o}%lgml A A 7he el FuHes byt
Aok vhEEE ol AER 1AYeR ZAlgsigth
Mol 2o ARE vhast o] AAo] AAGE Hsh
At o7leA ZeAEAY 32 AL dheldo] g
E4F Folrt.

AANERE T fo= 400 kef] om®

E =10, 500Y400+ 70, 000
=92.8x10° kaf] cm® = 2.8x10° tf/ m?

Fig. 7904 » @ g3 Z7F 98g= Wxo) v & 2
AE, ke ¥A FA, L2 94 Eolo|t) Fig. 79 98

REREIES ‘5}% A (DT} 2ol g7t HE3] & golnm
Fig. 8 2 A (2)9 22 Long shell?) 212 & 4 )tk

AdwHo R »>2.901 Long shelld] ®Fe] 59 A
Aol py7.34%0H SR 4 (20N

Inter face Out face
, P
Vertical
tendon
«—Hoop
0
[+
B

C \tendon
Wall '

centroid

N

Fig. 6 Equivalent load at the bent point of vertical
tendon

gmE3e|EslsE| =2y HM143 53(2002)



LA, wy o] A7)= d@dor sl 3 vp7t

r=0.5d=43.375m
e N BASHE Ao bS] FF 4 ok AdRE sn
. P F7h AAROIER wy R 6,9 A7|e 2 W
| o) WelE Qo WHES surel we miE
. AN M= & o
| Vertical tendon
! 2D 2D yPr
N My= wo= - =—14.8¢- m/m ()
: SUACLIER] | B 07 2 02 ( En )
|
. 4 ()9 Ao 9B L) olge] DAzl Hota)
[ JL A T Aotk WL Fote A T Y ANSYS®
f o 243 FUHULASHELLSDE Aesto] WA 2ol
& 4o 1072 E¥et] Fdesdds 4%
Fig. 7 Numerical example 1 Azt MO:_ 15.2 tf - m/mZA A (5)9] wAxe dat
o} H|58k ghs Ak
TN A4 79 LNG Ao U, ING A%, dgd
Holl o3t sb5-g dAEtTe R AHPS W FHA WA
SRo A WslE RHIET} 430 - m/mAEC)BE,
Z o] ] 4@* FRHES = o]yt AARAES
0 % TEOE 2E g Qo] £ dAY Afole fele
El’l‘i B=R )\ o) ];]_
QG —> < o
M AL 42 OIF| 2 : $REEe| Y3o| H3
Mo Mo Fig. 92 599 ING Agga" F daries 1
Hak Zoln AAle) Wv R Py FAuHe x
Fig. 8 Long shell [Refer to Eq. (2)] YAEHA TS AX oA 13 o] 373.24/ me|oh
wys WHAEY 9 Wk Woln, g T RHE wA 9 edde] AEe 4% g o 2k
Myl g5 udolnt 095
Arctan( 1535 )= 0=0.0163 rad 6)
”:%—%“14-5 (1)
86.7540.75 B2o) 4 (12) 2 4 (13)025¥ €rle] 83 Rid|
A S 5710 AFaE PO 7)1 e g
M 2D 2D 1. .
0 2 0
=| # # %) !
@l | _4p _2p|| 4 |
o “ | : x
Vertical
! tendon 15.35m
A i .
0:17] 1, i N (Constant thickness)
B t 0.75m —> «—
___EW _ _ . i v
D 20D 101,734 ¢ - m 3) : A
. : 15.35m
(7h) 2 | (Varying thickness)
p= T =4.3Tm 4 : 1.0m
[3(1—2%)] ' A
W) seeel Tl gisithd #42 pol o9 st
Hoj|x] "lx]E2] 9]& ko w w9 wy H 6,(=0) 7} Fig. 9 Numerical example 2
HEH R A= HRe| HIE viX|of cHet & 763



P FEAYE =6.1/m

POl #54% ~0

P.S SRR e WA sgolnz Aad
of Sl Agehe st Wepggeln mebd 4%
AN

2 93X gtk 250 B AS- 3 sl Ygiw
tlo] ZEE 4% e 2EewY ¥ 21540|R2
o|E Y¥eha Wil WX 43.375m=E o] BESE
oz FEHH Ydde] =5 mel 2154//43.375m
~ 5.0t/m® 35 BA AFWgoF AT ot
gha FAdE ] d3e] ofgkon A3 F9jola] gl
d lolde] aapt s oideln, o|2 st dshy
& ARUssHel HE5e Ay A ddo] dAy
TFsAdel Ak B2 PO AR o3 FHAoR
WA Zo|ud fo] WAl itdo] S & itk
T ApgAd e e d3a gbd 1AL §l
onz oo BAANZRE AFA §
Stk 7] A79} o] Hrhd AJZbdolx

235 R vrke 334 9o A8 IS e 54

i

it

i 2.

D 9899 wAe FA6 da olgA AR A
Adete 72750 2 Aol glom, o) Wae) A4
o5el 9212 Falo} o2 0w 49Y £ )

& BANA SEitE HAY Fo A
A AR % B @sAPlE ol ad,
438 B o 53Uz o] FHRUEY
ol 7)ef3A

3) 71y

4
2
iz
i

2 Al lojA FAE™
e A% ARG o i
tdoh A ow gae S}

Ol
= 7
o3l
o
o
¥0
v

an
o
e

A

p

b

1o
)
o>
it =
>
=2
g 1o 4

o o r:
b
=

A A

O

764

29 Jue Wl & o FRAOR QWYY okt

$eg 2aA 7FsHel gk meA, A 2 2

Vb 9 BF e BIUL T %a AN WY

0% 2AMAL WAsh L] wAsTn Azt
e

1. Lin, T. Y. and Burns, Ned H., “Design of Pre-

stressed Concrete Structures,” 3rd edition, John
Wiley & Sons, 1981.

. ACI 373R-97, “Design and Construction of Circular

Prestressed Concrete Structures with
Circumferential Tendons,” American Concrete
Institute, 1997.

. PCI Committee on Precast, Prestressed Concrete

Storage Tanks, “Recommended Practice for
Precast Prestressed Concrete Circular Storage
Tanks,” PCI Journal, V. 32, No. 4, July-Aug.
1987, pp.80~125.

. BS 7771, “Flat-bottomed, Vertical, Cylindrical

Storage Tanks for Low Temperature Service:
Part 3,” British Standards Institution, 1993.

. ACI 372R-97, “Design and Construction of Circular

Wire and Strand-Wrapped Prestressed Concrete
Structures,” American Concrete Institute, 1997.
SHE AR, ‘el WA BAS ZEiE
g4 "o Mol ZABESS =7, All41 6
2, 2002, 12. (AASA).

. Brondum-Nielsen, T., “Linear Transformation of

Center of Gravity of Steel Line in Statically
Indeterminate Prestressed Concrete Structures,”
ACI Structural  Journal, Vol. 89, No. 2,
March-April 1992, pp.139~140.

. ACI 3341R-92, “Concrete Shell Structures Practice

and Commentary,” American Concrete Institute, 1997.

. Brondum-Nielsen, T., “Prestressed Tanks,” ACI

Structural Journal, Vol. 82, No. 4, July-Aug.
1985, pp.500~509.

10. Ghali, A. and Elliott, E,, “Prestressing of Circular

11

12.

Tanks,” ACI Structural Journal, Vol. 83, No.
6, Nov.-Dec. 1991, pp.721~729.

Ghali, A., “Circular Storage Tanks and Silos,”
2nd edition. E & FN Spon. 2000.

Priestley, M. J. N., “Analysis and Design of
Circular Prestressed Concrete Storage Tanks,”
PCI Journal, Vol. 30, No. 4, July-Aug. 1985,
pp.64~&b.

FnEaelEas) =2 H148 55(2002)



13. Nawy, E. G., “Prestressed Concrete: A Fund- Fig. 10014 HIo] 4= Ro] FAAEHT} AJujHo]

amental Approach,” Prentice Hall, 1989. W, dubxel WA gua o] g7} AL uos o}
(o4, dRANAFA, 5 QWA AT g 2AE AR £ g,
B = BEAHFAL 714 A 2 M(Technical Part),” &
F7FEEAY, 1999, P.°) %% = Psing~P¢ (12)
15. “ANSYS 56 - User’s Manual,” ANSYS, Inc.,
1999, Pl #3448 =P sinB=2Psin o g smﬁ
272 (13
72 . 37 Pé. 3}§9-| T3 9 FIME _opl=c080 _ pi_ o500
(=] | - 2
Fig. 60114, 0
- _r_0 Horizontal
20+ (x—0) +2a=2z a=5- ® 2 companant
atprE=r o pg=L (9) :
2 2 3
§ Vertical
7HRIEsSE P.Y A7)E g component
P,.cos 3= Psind (10) 3
. @ N 0 J'IZ'/2 >
. 2sin = COS &
S P.= pSinb _p- 2 2 _ 2Psm (11) ®
COSB COos —26-

Fig. 10 Magnitude of equivalent load vs

meb] P9 +9 2 FAARe 2l e 2k

bent angle of vertical tendon

= ok
Il =

FhbeEe Zexeds) dde] s FaEd Aeke oHogA meshs JoR, muxEYAY FiE WE
S AN S BesATE S PRI 2 ATdAE SrlaENe) BN d9da Bel daun o S
of WAy FaZe) PAT %S oM oR FAlon, AhE A AMeA st A= ST é:l?is— 14
A2 @ 9L vE £E e A}f‘%‘éﬂl el wsioleh. dgede] BANAA QRe] 2Molge) delr) dystng of
Wik AHuA M FEAEE A FERA G AR ARdn. i, 7)E] ﬂﬁiw A7 5 sfAel O‘OW
BAA) 99 TUE EHE A% AT ool 0 S RS ANSHIT: DA FAdHe B
Aoz 2 Tt Qoha B7le P ACE Agdn AU dHste) Lol JM A0 9] 23] Mr
gol gtod, dAle] EAAn fes dgdae) TR A4 82 9%E vAsE vty g

O
O
-

HUBOY @ ZyrEy2E gare, 4993, FrE, 489, F90d

I

SRS A o] HEH BiX|o) thet D& 765



