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Fig.4-a In-plane stresses Ng and Ng along
the meridian in case of Type-0 imperfection
with a band I=10m, under the dead load.
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Fig.5-a In-plane stresses Ng and Ng along
the meridian in case of Type-l imperfection
with a band 1=10m, under the dead load.

Table.l The value kp=| (MgMgg) /Ngg.wgl at BB
section in case of Type-0 imperfection under
the dead load.
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Fig.4-b Bending moments Mg and Mg along
the meridian in case of Type-0 imperfec—
tion with a band I=10m, under the dead
load.
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Fig.5-b Bending moments Mg and Mg along
the meridian in case of Type-l imperfec-—
tion with a band I=10m, under the dead
load.

Table.2 The value ky=] (Mg-Mgg)/Ngg.wg! at BB
section in case of a band width I=10m under
a static seismic lateral load of coefficient
k=0.5 .

Iwg[=0.3m | lwg|=0.2m [|wyl=0.1m
e [ 8 | g | o | o
2 | 00 | oo | e ] %%
2 | 0 | oos | e | 00
eon | 00 | o | 2L | 0P

wg/1=0.03 Type-0 Type-1 Type-—2
= . .2
wo==0.3m =0 0.26 0.25 0.25
=180 { 0.26 0.26 0.25
= . .21 0.27
wo= 0.7m | =0 0.27 0
6=180 0.27 0.25 0.28

—120—




) AR OZE BRI L0RANGT Nos TGN Ms Tah o .
@ WPABSEEHED L CEZFEENBRCcrbbL T, BEIFOEBIR—c 555,
8 FEMNFROWABROY ., OB TWHABOS 2 = v B 5 BT EMTHET X5

)

(4
AT, 7~V 0420 —OEHKHTR., FOBFOYUMAREEI TCHFINETHE S », EHHE

FEENHORXIBCI VTR 2 UBEAEOKRX

ARELTHIHAS. #0T, AR EBoHE

DB ZEARRERTCO, BMURYEAEE2E T BEEROET 2. Brp Yo x 2L T
-7, ZO#HEHNRISTH 2. BRI, GHARELIBRKEL > T3 @l REYE Ko #t
KELd nhiFn 38, v VBt 0nBL it bi3E No OELLHABLL L 2BRbMr 2,

272 AR & 0

1 [{Ne Negg)/Nso|
@ | (Ne Negg)/ Nso
3 |(Ne Nago)/ Nsol

A

0.2 T BT

0.% T BT

A

0.5 T Bz

[[7aN

CHIETHIEL CED S,

T OB

,Wo/ﬁol

A

0.17 t/Ro
[we /%5 | £ 022 J t/Re (30)
fwe /%] ¢ 032 /t/Ra

1

A

AR CER SR 2B G BET s TESMECRHIOZIr»ELE T, XHBHB IO
05 LD HMSE.3ERIBEREMREO — B s 0, AEBAERHEH AR 4 -
FACOM 230~ 70 BT K REUZH FM £ = # — HITAC 8800 2 T AT~ 0o KREL 2 5\ KA HEY
CTER AR UL ERAEEE MM HEELCRHERLE T

140 |
z
femy |

/ hao]

/
/
L ; - M
-0 -60 -40 =20 0 20  40tm)
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The Effect of Geometric Antisymmetric Imperfections
on the Static Behaviours of Cooling Towers

by Shiro Kato*

Interest in the design method and behaviour of thin hyperbolic shells of one
sheet has increased in recent years. Particularly after the collapses of the
Ferrybridge towers and the Ardeer tower, the research has been focused on the
dynamic behaviour due to wind and the role of the initial imperfections in the
collapse mechanism. The latter problem was discussed by K.O.Kemp and J.G.A.Crdll
who showed the effect of the axisymmetric imperfections of the tower behaviour
due to wind, taking the Ardeer tower as a typical example.

The purpose of the present work, then is placed on the three points.

(1) The development of a computer program to analyse shells revolution with
antisymmetric imperfections including nonlinear effects.

(2) To analyse such shells with antisymmetric imperfections due to dead,static
seismic lateral load and particularly due to wind load.

(3) To estimate both qualitative and quantitative effects of the antisymmetric
imperfections as well as axisymmetric ones on the static behaviours of
cooling tower shells.

In the present analysis the antisymmetric imperfections as well as axisymmetric
ones are asumed to be localized band imperfections within a portion of a tower
at some height. The imperfection is treated by Fourier expansion as Eg. (15).
The analysis is done for the dead load, seismic and wind loads corresponding to
each pattern of the imperfections shown in Fig.(3), ranging from I=10m to I~40m
with from wy =110 cm to wg=%30cm . In the analysis of wind load, the load is
represented according to the British Standard BS4485 Part 4.

From parametric analysis, the effect of the imperfections to the stresses,
particularly, circumferential stress Ng and meridional bending moment Ms are
evaluated. The stresses Ne and Mg are largely influenced by imperfections and in
case of L=10m and wg=%30 cm with thickness t=30cm, the circumferential stress
Ng becomes greater than Ng in every load case and the bending moment Mg at the
place with the maximum imperfection becomes from two times to five times greater
than the maximum circumferential bending moment Mg due to wind.

The most characteristic result is that the effect of the antisymmetric imper-
fection is as same as that of the axisymmetric imperfection in qualitative and
quantitative sence, if the maximum imperfection wy with the same band length L
is equal each other, despite of the type of each imperfection. And empirical
formula is proposed according to the present analyses to estimate the quanta-
tive effect , which is shown as Eq. (30) and Fig.13.

* Associate Professor, Architecture and Regional Planning, Toyohashi University
of Technology, Toyohashi, Japan
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