REINFORCEMENT OF STEEL CYLINDRICAL SILO DUE TO REPURPOSE
OF TECHONOLOGY AND LOADING

OJAYAKE YEJNMUYHOTI LUNUMHAPUYHOI CUITOCA YCIIEAD
NMPEHAMEHE TEXHOJIOITMJE U ONTEPEREHA

Mila Svilart

Miroslav BeSevic?
Aleksandar Prokic?
Martina Vojni¢ Puréar*
Miroslav Kuburi¢®

Summary: During the exploitation of
the steel cylindrical silo there was a
repurpose of construction that required
the need for creating a revision on the
lower part of the silo. In addition, due to
the change in the type of material
stored in the silo, the load was
increased. An analysis of all relevant
impacts has begun to determine the
actual stress and strain state on the
structure. The construction is modelled
in the Abaqus software package. Based
on static influence, the necessary
reinforcements are foreseen and the
construction is dimensioned according
to European regulations - Eurocodes.
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Pe3sume: Y Toky ekcnnoaTauuvje yenu-
YHOT UWMMHOPUYHOM cuiioca AOWNo je
[0 npeHameHe KOHCTpyKumje koja je
ycnosuna noTtpeby 3a copmMuparem
peBusMje Ha [OOweEM [eny curnoca.
Mopen Tora, ycnea npomeHe BpcCTe
MaTepujana Koja ce cknaguwtu |y
cunocy powno je go nosehawa onre-
pehera koHCTpyKkumje. MNpuctynuno ce
aHanuan CBMX MepodaBHMX YyTuuaja
Kako Ou ce yTBpAWIO CTBApHO HaroH-
CKO CTake U Aedopmauuje Ha KOHCT-
pykumjn. KoHCTpykumja je MopenupaHa
y nporpamckom nakety Abaqus. Ha
OCHOBY CTaTWUYKUX yTuuaja npeasuheHa
cy notpebHa ojayarma M KOHCTpyKuMWja
je ammeHanoHucaHa npema Esponckum
nponucuMma - EBpokogay.

Krby4He peuu: YenuyHu LUnuHOpUYHA
cunoc, ojavare, mogenupanwe MKE.
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1. INTRODUCTION

Silos are used for the storage of various
granular materials such as gravel,
cement, grain agricultural products.
They are widely wused in civil
engineering and agriculture, processing
industry, with full utilization of all the
advantages that they provide.

They are built individually as well as in
battery groups, in the open or indoors,
and represent a typical expression of
modern welded structures. They can be
in a cross-section of a circular, square
or rectangular shape [1].

In this paper reinforcement of steel
cylindrical silo due to repurpose of
construction was presented.
Dimensioning was carried out based on
the Europian standards and previosly
published paper [2]. In these cases of
increasing loads on construction there
is a probability that welded joints can
break down, therefore they can be
checked by modern methods [3].

2. LOAD ANALISYS

During the exploitation of the steel
cylindrical silo, after the repurpose
occurred, there was a need for the
creating a revision on the lower part of
the silo. Due to the change in the type
of material stored in the silo, the load
was increased. All relevant impacts
were analyzed to determine the actual
stress and strain on the structure. In
addition to the usual effects of constant
and occasional load (own weight of the
construction, storage material), the
influence of horizontal wind force was
taken into account when calculating the
cylinder silo. An empty silo is exposed
to winding due to the wind effect [4] due
to its geometric characteristics.

The European standard EN1993-1-6 [5]
contains the theoretical background
and provides a superior methodology
for the explicit evaluation of the
resistance to buckling of silo mantle.
The regulations include analytical

1. yBOoa

Cunocu crnyxe 3a CKNaguwTehe
pasHuX, rpaHynMcaHnx martepujana kao
WTO Cy LWIbYHaK, LEMEeHT, 3pHacTu
NorbONPMBPESHN NPOU3BOAN.

OHu ce wupoko ynoTpebrbaBajy Yy
rpaheBMHapcTBY W NoOrbLONpuUBpean,
NpOLECHO] MHAYCTPUjU, ca MNyHUM
uckopuwheweMm CBUX NPegHOCTU Koje
came no cebu npyxajy. page ce kako
nojeAMHayHo Tako W Yy rpynama-
6atepujama, Ha OTBOPEHOM UMK YHyTap
3aTBOPEHOr MpocTopa W NpeacTaBrbajy
TUMWYaH M3pas CaBpeMeHNX 3aBapeHnx
KOHCTpyKumja. Mory 6utin y nonpe4yHom
npeceky KPYXHOr KBagpaTHOr  wunu
npasoyraoHor obnwuka [1]. Y paay je
npukasaHa peKoHCTpyKumja cunoca
ycnea npeHameHe KOHCTpyKumje.
[OumeH3noHucawe je  cnposefeHo
npemMa eBpoOMncKMM CcTaHgapauma u
npeTxogHo objaBrbeHMM pagoBuMa [2].
Y oBakBMM cnyyajeBuma nosehara
ontepeherwa KOHCTPyKUuje mMoxe gohu
TO NTOMa 3aBapeHuX YBOPOBA Te Ce OHU
MoOry NpoOBEPWUTU MOAEPHUM MeTogama
[3].

2. AHAJIN3A ONMTEPEREKA

Y TOKy ekcnnoartauuje  YenuyHor
UUNMHOPWYHOr  cunoca, nowTo  je
JOWno A0 MnpeHaMeHe KOHCTpyKuuje,
HacTana je n notpeba 3a hopmmpar-em
peBusmje Ha AoweM aeny curoca. 36or
npoMeHe BpCTe MaTtepwjana koja ce
CKnaguwTu y Ccunocy pJowsno je Ao
nosehawa ontepehewa KOHCTpyKUMje.
AHanusupaHn cy CBM  MEpPOAAaBHU
yTuuaja kako 6u ce yTBpAUIoO CTBapHO
HaMoOHCKO cTawe W aedopmauuje Ha
KOHCTpyKumjn.  lMopen  yobuyajeHnx
JejctaBa of cTamHOr U MNOBpPEMEHOr
ontepehewa  (concTBeHa  TeXuHa
KOHCTpyKUMje, CKnagulHu matepwujan),
MPUIMKOM MNpopayyHa LUIUHOPUYHOT
curioca y ob3up je y3eT u yTuuaj
XOpU3oHTanHMx cuna Betpa. [pasaH
CUMOC je W3MOXEeH u3BWjawy Yycnea
pejctea  BeTpa [4], 36or cBOjuX
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expressions for calculating buckling due
to strain and also proposes several
numerical methods, such as linear
bifurcation analysis, to obtain a critical
load of elastic buckling, as well as
analyzes involving geometric and
material nonlinearities and
imperfections. An analytical procedure
was also designed to estimate the
resistance of mantle to the buckling,
depending on the thickness of the
sheet. Most of the approaches
recommended by the European
standard require the use of computer
methods, such as finite element
methods for the buckling analysis of the
mantle.

The wind load according to EN 1991-
1-4 [6, 7] was simulated as a distributed
pressure on the circumference of the
mantle. This pressure varies along the
height and volume of the mantle.
However, the variation along the height
of the silo is not significant, therefore it
is assumed that it is constant along the
entire height.

reoMeTpUjCKUX KapaKTepUcTUKa.

Esponckn ctaHgapg EN 1993-1-6 [5]
cagpXu  Teopujcky — no3aguHy u
o6e3behnyje BpXyHCKy MeTOAOnornjy 3a
€KCNULUMTHO BpeLHOBawe OTMOPHOCTU
Ha n3Bujarse nnawTa cunoca. Ogpenbe

YKIbYYYjy —aHanuTuyke u3pase  3a
uspadyHaBarbe usBMjawa  ycnep
Hanpesaka W Takohe npegnaxe

HEKOMMKO HYMEpUYKMX MeToAda, Kao
aHanusa nuHepaHe 6udypkauuvje, 3a
pobuvjakbe  kpuTUYHOr  onTepeheta
enacTU4HOr M3BMjaHa, Kao M aHanuse
Koje  yKIbyyyjy — reomeTpujcke U
maTtepujanHe HefMHeapHOCTW.
OcmuwrbeHa je 1 aHanmuTMuka
npouegypa 3a npoueHy OTNOPHOCTU
nnawra Ha u3Bujarwe, y 3aBUCHOCTU Of,
nebronHe numa. BehuHa npuctyna
npenopy4eHnx oA Esponckor
cTaHgapaa, 3axTeBajy ynotpeby
payyHapckMx MeToAa, Kao LWTo cy
MeTode KOHayHUX enemeHata 3a
aHanusy nssujara nnawuTa.
OnTepehene BeTpom npema EN 1991-
1-4 [6,7] cumynupaHo je  Kao
pacnogerbeHn nputucak no oboay
nnawrta. Taj nputucak Bapupa AyX
BucMHe. Mehytum Bapujaumja LOyx
BMCUHE CuIlOCa HWje 3HadvajHa, npema
TOMe ce npegnoctae/ba pa je
KOHCTaHTHa AyX Liene BUCKHE.

m=1 m=2

Cnuka 1 — Pacnogena nputucka BETPOM, Ha UMIMHAPUYHM nnawwT [8]
Figure 1 — Distribution of wind load, on cylindrical mantle [8]
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Cnuka 2 — Pacnogena nputucka BeTpa PejHonacosum 6pojesuma [9]
Figure 2 — Distribution of wind pressure with Reynolds numbers [9]

3. SILO GEOMETRY

The paper presents the calculation of
the steel cylinder silo before and after
remedation. The volume of the silo is
V=60m3, the diameter of the cylindrical
part is D=2,87m, the height of the
cylindrical part is Hc=8,4m, the roof
height is Hk=0,54m and the height of
the leaf is HI=1,7m. Silo pillars are 8.0m
high. The mantle of the silo is made of
6 layers of different thickness of the
sheet. To accept the horizontal
component of the load on each joint of
the sheet, a horizontal U80 encircling
and vertical bends L60/60 are installed
in order to further enclose the silo. At
the bottom of the cylindrical section
there is a reinforcement with the ribs of
10mm are positioned in order to further
strengthen the places on which the silo
lies on the pillars. Roof is made of 3mm
thick sheet. The sheets are mutually
welded together. The roof is conical
with a hole at the top of R=0.68m on
which there is a stiffness made up from
U100. The silo's leaf is made of 4
segments of 4mm thick sheet, with
horizontal and vertical stiffnesses, at
the bottom of the leaf there is an
opening of 0.68m.

It was necessary to carry out the
remedation of the silo, in order to
enable the repurpose of the structure,
which was demanded by the revision
opening at the bottom of the cylindrical
part and additional reinforcement of this

3. TEOMETPUJA CUITOCA

Y pagy ce npukasyje npopadyH
YenWYHOr LMIUHAPUYHOr cunoca npe
caHauuje 7] HaKOH caHauuje.
BanpemuHa cunoca V=60m3, npeyvHuK
uunuuapuyHor gena D=2,87m, BucuHa
uunuuapuyHor aena Hc=8,4m, BucuHa
kpoea Hk=0,54m, a BucuHa neBka
HI=1,7m. CtyboBu cunoca Cy BWCOKM
8,0m. lMNMnawT cunoca usBeneH je og 6
crnojeBa pasnuuutux AebrbuHa numa.
3a npuxeaTame XOpW3OHTarnHe
KOMMOHEeHTe ontepehewa nnawTa Ha
CBakoM Ccnojy numa je mnocTaBfbeHo
xopusontaHo  ykpyhewe U880 wu
nocTaBrbeHa Cy BepTMKkanHa ykpyhewa
L60/60, kako Oux AOO0AaTHO YKPyTMIM
cunoc. Ha gHy umnuHgpuyHor gena ce
Hanase ce pebpa og 10mMm kako 6u ce
[ofdaTHO ojadana MecTa Ha Kojuma ce
curoc ocnawa Ha crtyboBe. KpoB je
uspaheH og numosa AebrbuMHE 3MM.
KoHycHor je obrnvka ca OTBOpOM Ha
Bpxy o R=0,68m Ha kom ce Hanasu
ykpyhewse  U100. JleBak cunoca je
ugpaheH og 4 cermeHata numa
nebrbnHe 4MM, ca XOpPU3OHTanHUM U
BEpPTUKaNHUM ykpyhewuma, Ha [OHY
neska ce Hanasu otesop oa 0,68m.
Buno je notpebHO M3BpPLIMTK caHauujy
cunoca, kako O6u 6una omoryheHa
npeHamMeHa KOHCTpyKuuje, LWTO je
3aTeBano PEeBU3NOHU OTBOP NpU AOHY
UUNUHAPWYHOr  germa W gopaTHa
Ojayatba TOr OTBOpPAa M  fdHa
uunuugpuyHor pgena. 36or Tora je
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opening and bottom of the cylindrical
part. Because of this, another
reinforcement with the ribs above the
existing one were added to receive this
additional load.

84m

4

Figure 3 — Cunoc npe pekoHCTpyKuuje

Figure 3 — Silo before remedation

4. CALCULATION OF SILO IN THE
SOFTWARE PACKAGE ABAQUS

4.1. Model of silo construction

The software package ABAQUS [10,
11] was used to simulate a silo with
geometric and material properties
similar to the existing construction and
to perform the required analysis.

ABAQUS 6.7 is a software package
based on FEM (Finite Element
Methods), which consists of a number
of engineering programs. It is
developed by Hibbitt, Karlsson &
Sorensen Inc. ABAQUS is one of the
comprehensive programs designed to
solve a wide range of problems, both

JoaTt jow jegaH nyk ca MNpCTEHOM U
pebpuma usHag nocrtojeher, kako Gux
npuMunu To gogaTtHo ontepehetse.

RRRESC)

Figure 4 — Cunoc nocrne pekoHCTpyKLUmje
Figure 4 — Silo after remedation

4. TIPOPAYYH CUNOCAY
NPOrPAMCKOM MAKETY
ABAQUS

4.1. Mogen KOHCTpyKuMje cunoca

KopuwheH je nporpamcku  naket
ABAQUS [10,11] kako 6u ce cumy-
nMpao cunoc ca reoMeTpujuckum 1
martepujanHuM  CBOjCTBMMA  CIIMYHM
noctojehoj KOHCTPYKUUju 1 Kako 6u ce
n3spLmna notpebHa aHanwusa.
ABAQUS 6.7 je codTBepcks nakeT
3acHoBaH Ha MKE, koju ce cactoju o
HuM3a NHXEHEPCKMX nporpama.
PasBujeH je og ctpaHe Hibbitt, Karlsson
& Sorensen Inc. ABAQUS npepactasiba
jepaH op cBeobyxBaT-HMX Mporpama,
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related to mechanics, and to other
fields of science.

The silos model is made up of thin
shells (3D shell deformable part), where
all the parts, the mantle as well as all
the stiffnesses are modeled as thin
plates surface-rigidly bound.

On the lower part of the silo, the
supports are placed, which simulates
the silos on the steel beams. Since all
parts are modeled as thin plates, S4R
element is used for all parts of the silo.
It is a rectangular-shaped, double-
curved, infinite shell with reduced
integration and 4 knots. Each node has
5 degrees of freedom: moves in the
direction of each coordinate axis and
two rotations in the coordinate plane.
Such characteristics meet the
requirements of modeling EN 1993-1-6
[5]. The material is modeled as elastic
and isotropic for all structural elements,
with the Yang modulus of elasticity 210
GPa, and Poason's coefficient v = 0.3.

4.2. Influences on the silo caused by
constant loading

Horizontal pressure on the mantle of
the cylindrical part, as well as pressure
on the mantle leaf, is presented in the
form of a horizontal distributed load.
While the vertical load due to friction is
presented as a vertically distributed
load applied by horizontal stiffening,
with an appropriate intensity. Table 1
and 2 show the load values that are
variable in height.

Constant load:

filter up: Q=1.75 kN/m"

transition part: Q=0.49kN/m’

vibro bottom: Q=3.04kN/m’

HaMEeHEHUX 3a pe-llaBake LUMPOKOr
AvjanaszoHa npo-bnema, Kako Be3aHux
3a MexaHuKy, Tako 1 3a gpyre obnacTu
Hayke. Mogen curnoca je cacTaBrbeH 0f,
TaHkmx nnoya (3[ shell deformable
part), npu 4Yemy cy CBM OeNoBW, nNnawT
Kao un cBa ykpyhewa mogenvpaHu kao
TaHKe MNoYe  MOBPLUMHCKA  KPYTO
BesaHe. [lo powem ob6ogy cunoca
NOCTaBIbEHW CYy OCMOHUM Yume je
CMYNMpaHO OCnakarwe curoca Ha
yenuyHe rpege. C o63npom ga cy ceu
[enoBy MOAENMPaHN Kao TaHke nrove,
3a CBe [enoBe curoca KOpuULITEH je
S4R enemeHT. To je enemMeHT npaso-
yraoHor o6rnuvka, 4BOCTPYKO 3aKpUBIbe-
Ha 6eckoHayHa rbycka ca CMaHeHOM
uHTerpaumjom n ca 4 ysoposa. Csaku
yBop wuma 5 crteneHn cnoboge:
nomepara y npasLy CBake oce n ABe
poTauuje y KoopAWHaTHOj paBHU. Te
KapaKTepucTuke 3ag0BOSbaBajy 3axTe-
Be wMmogenupawa EN 1993-1-6 [5].
MaTtepwujan je mogenupaH kao enactu-
YaH 1 N30TPONaH 3a CBE KOHCTPYKTUBHE
eneme-HTe, ca JaHroBum MoAynom
enactny-Hoctn 210 GPa ,u [MoacoHo-
BUM KoeduumjeHTom v=0,3.

4.2. YTMuaju Ha cunocy ycnen
AejcTBa cTanHor ontepehewa

XOpu3oHTanHM npuTUCaK Ha nnawT
LUMMMHOPWUYHOT Aena, Kao M nNputu-cak
Ha MnawT neBka, NpeacTaB-IbeHo je y
BUOY XOPWU3OHTAnNHOr pacnogerbeHor
onTepehewa. [ok je BepTUKarnHo
ontepeheke ycneq Tpewa
npeacTaBrbEHO Kao BEPTM-KarnHo
pacnogerbeHo ontepeherwe HaHeTo Mo
XOpU3OHTanHUM  ykpyhe-wuma, ca
ogroBapajyhum  uHTeH3u-TeTom. Ha
Tabenn 1 M 2 cy pate BpPeQHOCTU
ontepehewa Koje Cy NPOMEHIbUBE MO
BMUCVHW NrawuTa.

CrtanHo ontepehemse:

dunTep rope: Q=1.75 kN/m'
npenasHu komaa: Q=0.49 kN/m’
BMb6po AaHo: Q=3.04 kN/m’
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Tabena 1 — PacnogerbeHo ctanHo ontepehewe Ha nesak y [KN/m?]
Table 1 — Distributed constant load acting on the leaf in [KN/m?]

z Pressure on the leaf
8.2 29.98
8.7 30.87
9.2 27.81
9.7 23.08
10.2 16.44
10.6 9.99

Tabena 2 — PacnogerbeHo ctanHo ontepehewe Ha nnawT y [KN/m?]
Table 2 — Distributed constant load acting on the mantle in [kN/m?]

Vertical load due to friction Horizontal pressure on the mantle
0 81.23 0

0.9 67.14 5.25
2.4 269.10 9.1

3.9 531.97 13.86
5.4 794.18 16.65
6.9 1151.89 20.02
8.4 1486.62 21.9

N \m

T\

e

I
I

ke,

Cnuka 5 — 3[] mogen cunoca (neBo-npe pekoHCTpyKuuje, AeCHO-Noce
PEKOHCTPYKUMj€E)
Figure 5 — 3D models of silo (left —-model before remedation, right —after remedation

Influences on the silo caused by YTuuaju Ha cunocy u3asBaHu CTarHum
constant loading are given in Fig. 6 and ontepeherwem, AaTu Cy Ha crnvkama 6 n
7. 7.
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Cnuka 6 — HanoHu ycnen concteseHor ontepehemna, 3a Mogen npe caHauuje
Figure 6 — Stresses due to their own load, for model before remedation
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Cnuka 7 — HanoHu ycnepn conctseHor ontepehena, 3a Mogen nocne caHauuje
Figure 7 — Stresses due to their own load, for model after remedation
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4.3. Influences on the silo due to the 4.3. Ymvuaju Ha cunocy ycnea
wind effect aejcTBa BeTpa

glN]

g .
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1369
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_ 1798

Cnuka 8 — Pacnogena v BpegHocTu ontepehera BETPOM
Figure 8 — Distribution and wind load values
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Cnuka 9 — HanoHwu ycnep aejcteBa BeTpa Ha curoc, 3a MoAen npe caHauuje
Figure 9 — Stressess due to the effect of wind on the silo, for the model before
remedation
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Cnuka 10 — HanoHu ycnep gejctBa BeTpa Ha CUIioc, 3a MoAen nocre caHauumje
Figure 10 — Stressess due to the effect of wind on the silo, for the model after

4.4. Analysis of the influences

remedation

4.4. AHanu3sa yTuuaja

Tabela 3 — HopmanHu HanoHu gati y MPa y npasuy BepTuKanHe oce
Table 3 — Normal stresses given in MPa in the direction of the vertical axis

models
point Befpre . Befpre . After remedatio, After remedatio,
remedatio, basic | remedatio, wind - .
basic load wind load
load load
1 2.01 -2.15 1.09 0.34
2 2.24 -0.29 2.11 0.17
3 3.85 -0.41 5.15 0.48
4 6.93 0.23 5.52 0.35
5 -30.53 0.28 -24.51 1.16
6 0.00 0.00 -7.88 -0.13
7 -32.54 -1.10 -29.50 0.24
8 13.31 -1.38 13.30 -0.42
9 -24.85 -4.95 -24.01 -3.23
10 12.28 -1.91 23.53 -2.49
11 -13.72 -5.07 -12.78 -4.52
12 8.47 -1.96 8.29 -0.92
13 -5.58 -5.10 -5.81 -4.92
14 4.62 -1.79 4.43 -0.92

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 32 (2017) |




15 -1.92 -3.95 -2.24 -3.88
16 1.00 -1.12 0.90 -0.59
17 -1.25 -1.83 -1.50 -1.77
18 2.89 -0.40 1.65 0.02
19 0.37 1.14 -0.19 1.05
20 -2.72 -18.51 -3.18 -17.21

5. CONCLUSION

In the calculations on the model
before remedation, very high values of
stresses are obtained in the part where
the silo lies on the beams. For this
reason, another reinforcement was
added above the existing one, which
additionally and sufficiently reinforced
the silo. After calculating the model
after the remedation, it can be seen that
the reinforcements that were added
around the revision hole prevented
buckling of the mantle due to their own
load and obtained satisfactory stresses.
From all of the above, it can be
concluded that the stiffening is
necessary, however silo failure would
not occur.
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5. 3AKIbYYAK

Y npopayyHy Ha Mofeny npe caHauuje,
nobujajy ce Beoma BENWKM HaMoOHW Yy
Oeny rge ce cunoc ocnaka Ha rpege.
M3 Tor pasnora gogarto je jow jeaHo
Ojayawe u3Hag noctojeher, wTo je
AO0AATHO M JOBOSBHO Ojavano curoc.
HakoH npopadyyHa wmogena nocne
caHauvje, MOxe ce BugeTM pa cy
Ojayawa Koja cy gopgatra  OKO
peBM3nOoHOT oTBOpa cnpeyuna
u3BMjake nnawrta ycneg CONCTBEHOr
ontepehere " nobujajy ce
3agoBorbasajyhm HanoHn. W3 ceera
HaBeJeHOr Mo3e Ce 3aK/byuuTn ga cy
ykpyhewa HeonxogHa, kao He 6wm
[AOLUo 4O XaBapuje curoca.
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