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Abstract: Considering the shear deformation, a circular water tank was treated as a thick shell, and the
differential equation was derived, which was the same as the interactive equation of a Timoshenko beam on a
Winkler foundation. When the shear stiffness of tank wall tended to infinite, corresponding equations of thick
shell theory can be degenerated into that of thin shell theory. Using the initial parameter method, the solutions to
the circular water tank were resolved and the transfer matrix method was established. A two stepped circular water
tank with clamped bottom and free top under a triangular distributing load and a radial load was analyzed to
demonstrate the shear deformation effect; the transverse deformation, rotating angle, shear force and bending
moment were presented to describe the changing with the tank height. Results of thin shell theory, thick shell
theory and Ansys software were compared. Numerical analyses indicate that shear deformation leads to small
results and thin shell theory used at present is safe. Shear deformation affects the bending moment and shear force
more than the loop force and radial displacement. The initial parameter solutions and the transfer matrix method
enrich the computing theories of a circular water tank and a Timoshenko beam on a Winkler foundation.
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Fig.1 Force analysis of free body for circular water tank

FREBIVIARI IR, R RAE 7 R gk 3
RIUHH Ay 1B S
oy
. (1)
FEAA BRI 2 AT SR A AR M A I N AR
RIRARN:

Xx =

E. =&tz .,

WAs 5/ DR FE RS, AFBEH T
Wi I BIER ) o, R AR D 1 TN g i R, 5

PR N - AR R RN«

E
o, =——=(&+u-¢&)=
1-p

E _ _
1_#2 ($X+Z‘ZX+/I‘$‘9+‘LI‘Z'Z‘9)
A3)

E
Ué.z—l_luz (ep+u-€,)=

E _ _
w(59+z‘le+ﬂ'5x+ﬂ‘z'lx)

LA JEEAT B N J ] e N ARG SRAT, AR AR



26 T s

I

A(3), B EH:

N, =L (¥ .a_u)
l-u” \R Ox 4
M, =-D (a—'/’+ izj
ox R
oy w
M,=-D| u ¥+
1 (,U a Rz)
3
st Do B
12(1-u7)
RIS R , Fetkeby et
0
szc(_w_‘//j 5)
ox

K. C=5Gh/6
TN, ﬁ(4)q:%ﬂ,@m%wm, 1

AV ETI I s W 111 W A1 L RS I BN R
o IWSF
sz—D-a—‘”
ox ©6)

Mg:_ﬂ.D.a_l//
ox

ATFEE, EHDRREKEERTY, A% &
e B i Iy g, )3 — U

ou w
P (7
BRDRAR@IE =X, -
Eh
M= ®)

F &Y M5, R B R 7 45 K B
AT IR -

Ox R )
oM , —0.-m=0
Oox

— T D E A, 4 m=0, ¥
K@)~ 6)« BN F, B w. Hffiw
R, AT RS T R R S AE o A A 2 p VEF R I
Wy RN -

o*w Eh &*w Ehw _ P
oxt CR® o’ (10)

DR> D
M(10)T AR, 25 S BT UIARTE 5200 (1) [R] TB
Kbk T FE S Winkler #idE I Timoshenko YR 42/

oy R =S MEIINIE C—otf, R (10)
SRR AN % EE B ) AR T [0 5 T K it i o J Rl 2,
5 Winkler #15 [ Euler %2002 5 f— 212,
PRI 2C(10) 72— M 7 21 v 58 7 AR 3 3 [ 38 o
AR,
2 WIBHERERBRERE

A A0) 7 Iy R R 22 PO iR 34TSR A,
RIS ik, ABRIeSE . MR T B A B
VI B BURIEAR R — R e i 5 50 B fr 5
JEIIEE(E &y Winkler HiJE | Timoshenko %,
2 fioR, GE AR A7 EAT S 1A v Aup 80RN 43 A
P

p(x)

BEREREALE

- L -
P2 By 5 PV B PR A P ey ORI
Fig.2 Load and position of unit width tank wall
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Fig.4 Transverse deformation of stepped circular water tank
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Fig.6 Shear force of stepped circular water tank
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Table 1 Extreme values comparing of two methods and Ansys

P B AR B/mm B 35 0/(kN/m) EH/(KN-m/m)
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