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An analysis of the farm silo supported by ground
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Summary

The reinforced concrete farm silos on the elastic foundation are widely used in agri-
.cultural engineering because of their superior structural performance, economy and
attractive appearance.

Various methods for the analysis and design of farm silo, such as the analytical
method, the finite difference method, and the finite element method, can be used. But
the analytical procedure can mnot be applied for the intricate conditions in practice.
Therefore lately the finite element method has been become one of the powerful and
versatile methads for the solution of various problems in the structural mechanics.

In this paper, a method of finite element analysis for the cylindrical farm silo on
the elastic foundation is presented. A new technigue is introduced to evaluate the sti-
ffness matrix for the elastic foundation governed by winkler’s assumption. A complete
‘computer programs have been developed in this paper can be applicable not only to
the shell structures on elastic foundation but also to the arbitrary three dimensional
structures. ‘

Assuming the small deflection theory, the membrane and plate bending behaviours
of flat plate element can be assumed mutually uncoupled. »

In this case, the element has 5 degrees of freedom per node when defined in the
local coordinate system. However, when the element properties are transformed to the
global coordinates for assembly, the 6th degree of freedom should be considered.

A problem arises in this procedure if the neighboring elements associated with any
one node lie in same plane because the resultant stiffness in the 6th degree of freedom
at this node will be zero. But this singularity of the stiffness matrix can be elimin-
ated easily by merely replacing the zero diagonal by dummy stiffness.

*REABK BRHAZ
MEURER THA2

— 8.8 —



i fEgAtol o HEFAS EMY BARA Aol M A WED

I. # %

—REez A #EyL Hikd KHE Fz =
Aol LEEEE BHAAT, o188 A &Lk
of ¥ol 4 HEt Mg BEL BRI %o
o A3 KRS BRI BLste 2389
EES FEe] FulgEsich, = KRS BEIMK=
R e ot HESIE BELEAE TE
4y shet,

A& e RAAql @k M BHS Efs
2 & HMEE Ay A2 BEsdz 4 Tk
T BE, £EE 2= dAxdz RESFZ Y,

oA w3ty BEYS e 5% SRR W
Fo] Koz oo RelA ot W s
IEHEEE HREA A MEE ®|EE:s WHEE
ol A~ w1867 Winklers}l 188513
Boussinesqe] o)a el W3 HEMERo Ead
F A7 B WERF #EE e g BE 4
FE S ERES FAS o2 EREXRES MAY
iG] o] HgEH Qrimismn,

1981 EEM = EKnle SERBEHEE
BEsts] LHEESS BT 2 piEPo o
el Folv HEH hBH EH xmd 2 2

< Foe A& KAGE YA o)=f AFE
HEE AN BEel EAHAAL, o))
3 BEYS BREAA B = She] #E R
EEel A2 mlE#pe 2 %’M Fole #HE
?9:/4 Bhatmd € BEs Z 97 FEe) e,
& LBE Wyl ﬁjzfmﬂ F@s}ﬂ L
AT BT RS EBY MERTY LEE
+ Ekstz s, ASAA9 HERy BRE: 6
Sl Bl WEdETe] BEE ihfe Winkler
Be RE}E 49 Boussinesq BBz BEde
A5 2 M E KBIE 4 ek, Winkler Hpre
e 2299 BHoR EBEING ik o4
ghol K& = Bhel @alel kst & B
B 2 B Khd E8e F4 gt 3o
o, F WERAEA 2 HESK #HE Elste
HAoloh, 2eivt EEES #ilEE o= BES WES
B BES 2 Jen 2R EE YA &

3ttt ol ool kel WEHE BEHE ERI
2o BB Fale Boussinesqe RE T,
23 ol % MTEd A ke £ES 139

EHe 2 Bl B ZHET oz Hpks
28] B BES IASIZE AFE TEaY
4 33T AAE Aol o Kk & AFH
BRE SE=2 stnz ¥ PEddE BEE Win-
kler #pte A HEss 2 &+,

£ Bigeel Hiwd mfkel WMol 2 fld Fole
BEyS NBH R0 WL BEE FEAE
FEHHAING 24L& Adsted d o] & A8
Hifk-e Winkler #pz REste IR HR=
SES AT Moz & #HERT Bl FHE R
BEA HEEZ AElA Res HEe] M
= 352 fRetR .

I. ®iFH&

1. EFEE

7h, ik BEAA L RKAOBEA HEHRC
(Winklers] )

o] BEL ERANA HBEAA Y FHol7t ERY
HiR Heatd 28] 22X g& A Lde FZEste
=z & 4 drh

Y. &fZa=lEx
Hate HEe 54, BE=z
E g

o] BEL £adE9 Y2 A2F3E R
xR TEE AT FHEE Jﬁ)f 7 ]
ME S5 zelsEd 20 HA =t AHAY
B BBE tZzA HER RittEe] AR
+4 S 2 E AL Eie] &A=
ol Ao B o Bim ®ErEsr e EA
g4 ok n LB/,

oh, Aoldle] A7t AR H FIE Ao]2o] HM
o fEAste HES BHESZA oed o] *
et

KT L fi=17.94dh % (kg/m?)

G714 d:ERm)

b bR 24E KES (EREMA S B

BrEERe SR MEE
B s

-1

B (m)
BED =X 2—2)
A7 A v EEMS Apoldle] A Aol el kA S
2. WERS| BIEEFS
‘8-figs ofol& el 29 EF ol A7 Ml

—_3 9 —



BENTBAEE B27% $E 25 19854 65

Fi& ot 7o) R,

Model’ ) 44 ‘Total potential
Energy’ @# /I,= Tensor Filkd] ozt g5
7ol Frd .

‘Displacement

H"=J‘p<% D‘“'E"fskl—pi"a)dv—I'Tiu,.ds

@—3)
o 71 4

IT; . Bi5% “e” 9] Potential energy fE!

€;; . Strain tensor components

Diju - BHERE

v B

F, 8% B4

u; D ARG

sIRER

T, : Surface traction
By uol WP e & Highd A BErol HkNH
el A A BREA .

Z u:iNlS, @2—4)
e=Y.B.3, (2—5)

A7 A ix & iE JelE Ao A tensorE
fe opdth zda
N, mEsy == PR
B, : strain-displacement matrix
-0 R@—-5)E R@E—D KA}z 2
8 7] Sl4) tensor #ALE folud

ns= Jv(luiTBDBui—u;TNTF) d”*_].’

2
u,TNTTds 2—6)
o] & vl B WERE oA 24
]]g=_:12_u,.Tk‘u,-—-u,~TFi‘ -7
o] 71 A
k':J BDBdv (2—8)
F gzj NTFJL'—}—J NTTds (2—9)

R & Bz usl S #ostd Q-7
< G5 o] s,
kfu,—F; =0 2—10)

# B METS WENE 2oy 28

AdfsgEyel 48 BEAFS HaEdEe o g i
Ho2 deld F 9t

= KkouS=F0 (2—11)

olglate] 49 WE—RHE FHERIH d4d4E
1% BUBHERE 4=,

K@~ A EHERS B uo] WT ELIRE
E BRETA 1A Fig. 18 e HREERE
@3tz 2%k MEEKEZA et 2& B
e medd.

RS 5 N6 =46 U2 Gotm—1)

(2—12)
BETE:
=0, N:(¢m)=H1—£)0+70)
2=0, N;Gm =2 A+ (1—7)  (2—13)

B &=E& 1e=77;

H2—8) 4 2—9AA dv & dsof AT Mo
B to HREER 46 R dpd] T Moo
= gmsld g el 249,

dv=tdxdy=tdet.Jd&dy

ds=det. Jd&dy (2—14)

g (28 2 -9 ®WHE &7l A
o FAH ez £RIH 457 gt

k= j ' j ' tBTDB det. Jdzdy (2—15)
—1J -1

{_~—0GAUSS POINT”
POSITION

3
ORDER OF NUHBERING—/
OF ELEMENT NODAL
CONNECTIONS

Fig. 1. Orientation of local axes §,7 and’
order of gauss point numbering-
for two dimensional paraboli®
isoparametric elements

— 40 —



s MEyeld HMEMFAS TR

Fe= Ji J NTPtdet Jdédr)—l—jq_lr_lN Tqdédy

+F; (2—16)

& EXBETIe SREERG D 233 miK
BoozA TEF ok —Rez K(Q—15) ¥
—16)8] BHBTL BERSE s = =
o 4= ‘Gaussian Quadrature’ 7} ko] F[E =<},
olw] 4o £Fhe EREATN MAFELE U o
Avl HAFAS FEEIRED de B4 |
g oA, TEEOREA A= HEEHS K
OE EE ENRSS EFEDE ERERE 4%
A 2749 BHEEE Zech

Pyiovi
GENERAL NOGE, i T~

Pxi. ui

or
\PARABOLIE SHAPE AND

‘DISPLACEMENT  VARIATION

l——x

Fig. 2. Typical two-dimensional parabolic
isoparametric element

A EHNERS ER{be] A& Mindling] & &
MASGEEA BEES RUEHZA 34 wd &
B ElA 0., 6,24 EHIAST 9o, HHNER
A @imhe ¥ 9% Fig. 59 24,

EAERY BAERY METFC dd4s X
B (16 AA8 Tksligenz 474 4%

MIDPLANE

NORMAL TO MIDSURFACE
AFTER DEFCRMATION

Fig. 3. Deformation of the cross-section
of plate homogeneous section

GENERAL
NGDE,i

o

~
M, B

X

Fig. 4. Generalised forces and displace—
ment for plate bending element

bending

convention for
moments and shear forces (+4ve
sence iondicated)

Fig. 5. Sign

A
3. ‘Winkler' #8ZxR2| RIE TS

Fig. 6] 2qluts} zro] Winkler gt s
223 g2 2d{h & Aoz 29 Ak
ol HHT RE kA Ued S o

& gl Ao KAe o @i EEBIA L
Bl BEST, olHT 2lddAe & Hikd
A9 KA B gz Bire e 9A g

EEEEE E_E—E—E—;

Fig. 6. Winkler foundation

— 41—



SRR TRAEE $278 525 19854 67

sz adzz mAES HESK HRE EHST
A e,

Winkler #gke] 744 e Fig. 7% o] &
g HRE HHE & AT

PLATE

ful
X
L <
v LR
T e

(L]

Fig. 7. (a) The element division of the
plate and the soil
(b) One element section

ol ¥ BREFR KEAY Bie HBEERSEZ
FE e BOBE HpstzE
q,=kw
2, ke EHH (kg/om?/cm)
ol & g0 T HEHENFE Fre BEL
el o] ohgst 2ol FEIST ot
08,7 F;= [ (w) (kw)d A (2—18)

2—17)

=% 8?':[1.01, Wa, ""ws]
FE.:[FI;FZ"'HFB]

EFRY g wd gl Ae BumBE EAs
o mEEEEfre] EBE e gt 2,
w=8,TNT=NS,; (2—19)
% N=[N,N,, -, N,)
Q-1 E K(@—18) fRAZA SF&F 22
AELERS €Tt

F,=k"5; (2—20)

= k”zLNTkNdA
- j " " ENTN det. Jdedy
-1 =1

ol A% HAgel MIEGY ke Bkl  EEUE
Aol g7l A& 2EAESY FH949e #HA
BEe] WRe) FH A ok A,

4. ¢BBEAERS| BK

FAERE EAEES R ox AEHRG 9
shed B HiEES] WSS NS ERBLLS 3A
o [EiAEr S MRS D2 SEiBLe] Widhe] 48X48
3%00] AR BEEIOI .

rkslel 2MEER U EXHE HERY
23 & SHAE E S0 e A% B
R B INE ZEAF F7 ot 7
A 2HEEGR HE BHs 44 351 A3
EREEEFER 8 HAd EWEHEE F1
3 RIESERS 9E Fd 2HEER 2 BRE
B2 o) 5 FHY #HERE RESERE ¢
4 9% 2t

F6=kG8¢ 2—21)
d71A kS=TTk'T (2—22)
k' =k=+kb+k* (2—23)
FC=F™1kt | F? (2—25)
T . EEBEmiTH
k*F= : mRER BIETS 2 SHEND
45
kP EANER BIETF L SEEED
| g
k*,F~ TR RIESS 2 SHEEEN
4 5

thak k° 9 Fee= 3 F3te EHA 84 54
o) Fv] g $& EBRY AgdE ol BLE
#@e LEL o

23 EREE T78 ©Red A 578 B
2 #;,0;,W;,0,5,05;7k0] ERF Qo= 2 AR K
ESFAE 1% 549 B4 LSAE 1A @
AEH#G,) S 2A"AY, EE o] BAEES ¢
FolA FRTF AAT ERES Histd 28
ka3 MBS BREE B&st @R
HE 9J3tq 0.F BEAEED Mo HEE Ak
sted duA B/ML BRdA FEdy georz
ERAE 7700 BET B FE5& doz=E4
o e BLARRE RRESF I,

M,;=0-6, (2—26)

oldA stz A KA AT BIETII8X48)
o] R (2—27)3k o] HRATh.

ol bt e EERE 751¢ 2WEERE BRI
o 28AIE 771¢ B8 o\ T Highd o]

—4 2~



nE HEetel o MEMES EMY Bzl fd 33 WHECD

=100 0
{"”gooog

k= k (2~27)

fooo !
tooo
ftooo oo

N

00i00 0i0}"

T EE BRE A— FHELd ¥A %cbd EHH
o] glxiut Atelze ulgd FXREF ol FH— F
Lol 2 A fed e BATEME REE T2
37l Al AE HERo] A, & BIET
Fle] §7%imo] ‘Singular’ = =7 o 2o =9 ¥
+ TE&F fASL oS MES Rkl B
qe 2714} ded

AR = BEERS 2MEER Adold mEg
BITAS (PSS B (u0w) o (AT
rirby)ol A K4 ohe LMEFERS FH)
= Aol & BREERAA 549 BIRSS
HEEERE B0Y FdE zd 2 #Ee 5%
olzh, o] kel std HEY 28 AHEE
EU949 dolA AFH ] ERMBESY SRS HHS
F IAS £ERRS FE 3XRIT #Eyd Ba4
BEEBHATITFS] o1 E go] AADT,

Fi4A Hkeze A— FEld 9+ EEEY
o] Role HiZel EAEMHIES HgA o4 F
& FIERE bt AUy BEEERIAY
FEABRE FTERAA &3 2] zid2e A
oj o},

kyr0,:=0 (2—28)

HR 0 B ZEE AR gz 25
HERA Wilfe] oz, £8Y k. < AlER
BE REs s e #&Rd ERMsT, o) HEe
AWA Sike] A 288 AHE WM A
o HES FERGTS FRSd9 THE HE
ojztz ¥ YA HELY FEE Hstd Ei
Fyd Kol et Al

¥ R AT BA e RiEsty EESHRS
BHoHA ¥t FHeel Freagd —fgike Fdo
et

5 D29l #k

28 REAENY BEL @ od Az
BMEE RERE ST 45 &% Exde AF
B @AY BRE ERd BYPHEREE BA
#t& ‘frontal solution method’ & A g3lg o},

ojs}go] BE2A AL AFHE FEHE F U
=t

=% HHBE BREY T BER o¥sed
weba % EERE A SMABH BRE RS
of |3 vtzutoz HWRANE AslA HEAE 3
BN fpREol HEd dArld dE2E T o
He¢ glolr] A4 EFEe S5 4 WEd B
o HHE AELE F 9+ Z2aPe I
o}, ¥l oVt A HFEo| A% HEIESHI M
o] A ‘dummy stiffness’ o] 4q] & 5-E 78t
LBEF A 4 HE BEGY #EET E
‘dummy stiffness’ & A4l 3l =29 & BEES
22N BE fpe] AFeE A4 —Hsld BB
Hez FHEALE sthc, & HLAA BBEdA =
2o B bl ¥ 4 #EY £33 oM
2 ok7ke] RS Mndche EE AT Brd
fEHTel FiRE P ] 9

i
-y
x
S
=,
<
o
x
=
o
a
=
=

=i
|

e
.8 Sl TTREN ]

|
]
H I
e N1 &jji o S

«mﬁ SESTURERCT ]
Sl T
o |

sTQ0P

Fig. 8. Main program flow chart

— 43—



BRERTBEEEE 5274 £ 2% 19854 68

2 FEA Y TEagLe A dg =
Ea2Yst 29709 JuTdez HREe eow o
o BES B2E=Ed g8 A Fig. 85 o] #mss
=},

I. #RE ®xo EH

1 = @&
7B 15 £00 15
el e p— I =
e e
A R
! o
’ |
| 2l g
| 4 2
! P
1 o !
\
i

—_ o
T spring[

k»——gw%—qGround

(CASE D) {CASE II)

Fig. 9. Model structures

LEGEND
—— FiM

———

MEMBRANE THEORY

120¢ %
G \"\
= B
- ‘g
3 Y
S hY
T N
‘ | GAe
w
|
I
: AN
400+
:\ .
| gy
N N
E e
e
[ - - 4
i 8 12

s ————= HOOP STRESS (kg/Cad)

Fig. 10. Comparison of hoop stress hetween
F.E.M. and membrane theory for
case |

%00
LEGEND
. —o— k= kkg/[m/(m

— k=15 kg/(m/cm
\ —=— MEMBRANE THEORY
1200
E
=
-
xI
=
ES
1 800 5\
! kS
‘ N
i ,
1] R
N
r BV e L /\«\
— e N _
~30 0 30 o0 YR 12%0

= HOOP STRESS (kg/Crf)

Fig. 11. Comparison of hoop stress bet-
ween F.E.M. and membrane th-
eory for case |

=24 MEHEZAE Fig. 99 2& o] l6m &
& 6mA & Aol 2o TiMe] EEd A% (Case )
S EHE 9m & ERE 2E Abo) 25} Bkt -
A FANE ATE Motz ode EEHT &
e RENER 9% WESHEIAE tegs ®
A% Ao Fig. 105+ 11ej}, Aoz fEE8S) L
AAE £BHABH] HERI dids Jon
= BB #gel 98 33 2 —~FIz Qod
TRAA e ERT Q' AL Wi #Hnk o)

4

Y
l__/ L@1526m

N

L@1.5

<
&
S / M
/ ! v X

Ec=240000 kg/Cm’
Po=0.17 t

t =500 Cn '/11000 kg
2002 kg

Sw= 00024 kg/Cm

/ﬂ i 1000 kg

|

i 2000 kg
1000 g

Fig. 12. Model st_ructures for case [

—d 4 —



g @Yl d MEFRS BEY BEEYol22 By 23 WE(D

e A7E ERY BRD., 2®AS-198
el A7 e SEEAR K el BEEES
FHE FHE wEsges AS-18 224
AgE Ko fo] BHHES 33 —HA A,
EY Bk bl Mgl obd Atd £ B
+ EHse Mskel. & Fig. 129 e MEHE
fRtTete] 033l B o] A% @t HEEA
Fig. 130]t}, <7k} o} ZE} A& FiRE
BirfEe Ze Ay e s @ dol
HEA sl E WEEYS B BE A-AY
wiEhe] A=l e Rl B#% &FEINS AE
olet,

olRozA E WAANA RED MK FEws
HEE T At

DISTANCE ALONG X- AXiS(m)

0 1020 30 w0 50 4p
= g . T T T e e e e T
= | T .
P -
2 0l LEGEND \
S e FEm e
™| e BEAM THECRY R
i e
40 e
.

Fig. 13. Comparison of displacement be-
tween F.E.M. and beam-theory
for case §

V. # &

BRI B b B9 4 #Eye @B
T gl —EY BITEEL BEcly mAEAS
TESEDE Rk ¥ Bdge MTHXE WL
T Rojrh, drlA REL WITHXE 8EE olo]
£ HHEY FHREXE @8y e s #Eiigsde 9
7lo] Winkler %o W2t mBELE BAstd
s #iEy Aol MEFAS EEtd Bs
= HEo2A 19 HREES HERE @ &
BaAd, HEMAE Bild #RY BRe HEiy
o Tl EEIAY =& #ifgo] HHH A5 of
A @@ 44 =¥ BRHES 982 R
dob, =3 HFEe 4E 2 ook MR sy
Erlo s 32 HRENY BE S RE %
+ AFH R4 —Estd AENez £BE= 5
Z2a3 % fERE A, £ Rl AS ERER
A g T 5ol drjA BEEE Teale A 5
JEfte] glo] s bol Fol: HTH Hat BF

BYS LE 3K #EYY B/l oz i
#3to) WEMEMC] §lo) EAEIS mAELE M
ol wE #iEwel Mz BRLS A VA
o Aeldh, EEe ol oA E— FHE LA o
= BfSgte] Roj MiRte EAEEHIE o5
A ‘dummy stiffness’ & Aqet= 24 HEgET —
BEERY FHE S, =3t 8EH ofol& st
B EY EXzA KRE EURAAANZ24
BERE Ze HBER ANz od & glo] B
Fio] wlgkstet,

& BHE RERMEHES FRRA o shd o]
2o 2 4.

2 EF XM

1. Linghtfoot, E. and Michael, D., “The An-
alysis of Ground-supported Oper Circular
Concrete tanks” (Part I) Civil Engineering
and Public Works Review, December, 1963.
pp ; 1524~1527.

2. » “The Analysis of Ground-supported
Open Circular Concrete Tanks” (Part II)
Civil Engineering and Public Works Review,
January, 1964. pp ; 92-95.

3. , “The Analysis ov Ground-suppo-
rted Open Circular Concrete Tanks” (Part
III) Civil Engineering and Public Works
Review, September 1965. pp ; 1307-1313.

4, » “The Analysis of Ground-suppo-

rted Open Circular Concrete Tanks” (Part
IV) Civil Engineering and Public Works
Review, October, 1965, pp ; 1503-1505.

5. Timoshenko, S.P. and Woinwsky-Krieger,
S. “Theory of Plates and Shells” McGraw-
Hill Book Co., New York.

6. Hinton and D.R.J. Owen “Finite Element
Programming” Academic Press Inc., Ltd.,
1977.

7. Zienkiewicz, O.C. “The Finite Element Me-
thod in Engineering Science®” McGraw-Hill
Book Co. Ltd., 1972.

8. Johnson, C.P. “The Analysis of Thin Shells
by a Finite Element Procedures” Thesis for
Ph.D. University of California, Berkeley

—_4 5 —



10.

11.

12.

13.

BRERIBERL F78 H2 9 19855 6H

Sept. 1967.

. Sukhvarsh Jerath and Arthur P. Boresi

“Stress Analysis of Bins by Shell Bending
Theory” Journal of the Structural Div.,
ASCE, Vol. 105, No. ST 6, June, 1979, pp
; 1069-1087.

Bela Goschy “Soil-Foundation-Structure In-
teraction” Journal of the Structural Div.,,
ASCE, Vol. 104, No. ST, 5 May, 1978, pp
; 749-766

Cheng, Y.K. and Zienkiewicz, O.C. “Plates
and Tanks on Elastic Foundational Applic-
ation of Finite Method” Int. J.
Solids Structures, 1965, Vol, 1, pp ; 451-461
Davies, J.D. "‘Influence of Support Con-

dition on the Behaviour of Long Rectang-

Element,

ular Tanks” Journal of the American Con-
crete Institute, April 1962, pp ; 601-608.
Otto J. Svec “Thick Plates on Elastic Fou-
ndations by Finite Elements” Journal of the
Engineering Mechanics Div., ASCE, Vol.
102, No. EM 3, June 1976, pp ; 461-476.

— 4 6 —

14.

16.

17.

18.

Richard Bolton “Stresses in Circular Pates
on Elastic Foundation” Journal of the Enge
ineering Mechanics Div., ASCE, Vol. 98, No
EM 3. June, 1972, pp ; 629-640.

. FFA, “GAARLY FUYzgrE daz
ZazE "Ba Ao AT A7 1984, F 4
A3tz gy TGS =8
2AF, 447, 249, “Feadd 9%

PC 59 Aolze 4 JAAT ALRE
“§3 3 A, A23d A 43 pp; 60-74.
2R, 289, ¥47, “FLLP AT
FHE Aoz 4] #F AT A22—"
I3 FIEIA F2ug A 3%

John Duncan Davis, “The influence of su-
pport conditions on the behaviour of cylin-
drical concrete tanks”, proc. of The Instit-
ution of civil Engineers, 1962, pp ; 379-388.
Y.K. CHEUNG, D.K. NAG, “Plates and.
beams on elastic founda tion”, Geotechniquer
18 : pp ; 250-260.



