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INTRODUCTION

The filtering structure, that filters the air, is a lar-

ge construction that consists out of four horizontal-
ly placed tank's layers stacked into the pyramid (see
Fig. 1.). In the bottom layer, there are five tanks settled
on a reinforced concrete pads. Each tank is suppor-
ted by two pads, symmetrically at an equal distance
from the ends of the tank throw stiffening rings - ribs
glued to the tank outer surface. Each pad support
surface shape, which is in a contact with a tank (via
the stiffening rib) initially, is a circle, that's mean
the rib matches the pad - between the rib and the
pad, in initial state, there is no gaps. The second
layer in the structure consists out of four tanks, the

third out of three and the last-fourth out of two.

The second “layer” tanks are based on the first “layer”

tanks through the stiffening rings, and are supporting
the third “layer” tanks. The third “layer” tanks are ba-
sed on the second “layer” tanks and through the sti-
ffening ribs are supporting the fourth “layer” tanks.

Each tank is 6 m long, cylindrical shape (internal dia-

meter is 2.4 m) with a flat bottoms. Each tank on one
side bottom has input opening and on the second
side has output opening. Openings are located — one
lower than the level of the filter fixed horizontally in
the tank middle part and second upper than the le-
ver of the filter (see Fig. 1.). Tanks are thin walled and
to impart rigidity to them symmetrically to the out-
side of each tank the stiffening ribs are fitted to the
ends and glued. At the middle of the tank, applied to
the inner lateral surface of the tank is placed the bio-
filtering element (is covering the whole tank's middle
part crossection) with a height of 1m and the specific
weight of 500 kg/m®. Polluted air entering at the bot-
tom of the tank under pressure is extruded through
the filter mass and accumulates at the tank's part
above the filter. Then through the outlet opening it
is going to the entry opening of the next tank. Tanks
construction material is layered fiberglass. Tanks are
made using two techniques. The first is manually sp-
reading the material on a cylindrical shape mandrel
impregnating it by a resin. Second is winding fiber-
glass tape on the rotating cylindrical shape mandrel
impregnating it by resin. Later at the cylindrical shell
symmetrically away from the ends are winding stiffe-

ning ribs (impregnating them with a resin).
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Filter construction strength was appreciated in few
following steps:

1. The whole filtering construction’s model (accor-
ding to symmetry only one forth part of the cons-
truction were observed (see Fig. 2)) was simulated
by FEM using Solid Works software. Deformed sha-
pe and stress fields in tanks walls as well as in the
stiffening ribs were obtained.

2. With the goal to particularize the results, the rigid
model of the construction was created. Was sup-
posed that tanks are not deformable and mutual
interaction forces between tanks were obtained.

3. Sequentially different tanks were modeled by FEM
using Solid Works software. More precise meshes
were used comparing with the case a). Deformed
shape and stress fields in tanks walls as well as in
the stiffening ribs were obtained.

Than tanks walls thickness was varied, every time
analyzing the most loaded tanks and most heavily lo-
aded tank’s or rib's areas. Dependence ultimate (in the
most heavily loaded local area of whole construction)
stress — wall thickness was obtained.

STRESS MODELING OF THE FILTERING

CONSTRUCTION IN THE DEFORMED STATE
With the goal to determine the stress state in defor-

med filter construction was created precise geometri-

cal model of the construction (with a goal to reduce
the size of the numerical model, according to sym-
metry only one forth part was modeled as is shown
in Figure 2). Geometrical model was meshed using
SolidWorks software and construction’s dead weight
was applied. First numerical calculations using coarse
mesh were shown that the inlet and outlet openings
in the tanks are not influenced the location of most
heavily loaded places in the construction. Because
that, in order to avoid too complicated geometric mo-
deling, GEM meshing and the size of numerical task
further construction was viewed without opening as

shown in Figure 2.

Filtering construction consists out of a large thin-
walled tanks, acting gravity forces leads to tanks defor-
mation. Tanks are contacting one with another throw a
stiffness ribs. During the deformation process contact
areas sizes between two adjacent contacting tanks are
changing, some sliding between them is possible. It
worth to mention that it is additional quit sophistica-
ted task. Numerically, this situation can be modeled in
the following way. Tanks deadweight can be applied
in few steps, step by step, simultaneously monitoring
deformed shape of every tank in construction. At every
step two calculation runs must be done - with initial
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[image: image3.jpg]contact surface between adjacent tanks and with
final value of contact surface between adjacent tanks
(which went into contact during the previous loading
step). Then the new surface should be meshed by the
contact elements and next increase of applied loads
must be done (the deadweight of the attached struc-
ture). Tanks deform the contact place and the contact
surface changes (changes in location and size) and slip
with friction between them is possible too.

This procedure is time consuming (is necessary to
monitoring all vessels contact point), and severely
complicates the calculations. To avoid to be forced to
solve this additional task, it was accepted that tanks
are contacting small soft elastic pads having low elas-
tic and shear modulus. Such pad easily allows for two
adjacent tanks to deform and to rotate at small angle
one according to another.

Formulated in the following way task is shown in
Figure 3 (SolidWorks software was used).

Material properties used in calculations: The pad’s
material Young's modulus E =6.1%10°Pa, shear mo-
dulus G =2.9%10°Pa, and Poisson ratio u,=0.49. Tank
wall and ribs material — results are shown for manually
created laminated fiberglass with a Young’s modulus
E =25%10"°Pa, £, =1.25*10°Pa, £;,=1.25*10""Pa, she-
ar modulus G',=2.43*10°Pa and Poisson ratio 4’,= 0.2,
fiberglass specific weight y'=1800kg/m’, filtering

element specific weight yf= 500kg/m’, Young's
modulus E' =6.1%10°Pa, and Poisson’s ratio ufz 0.49.

The calculations were made with a tank’s wall
thicknesses varied from 8 to 100 mm with rib width
200 mm and a height varied from 20 to 100 mm.
Deformed filter construction in the case when
tank’s wall thickness is equal to 7 mm and the rib
geometry is a width equal to 200 mm and a height
is equal to 100 mm is shown in Figure 4 and 5 (for
better visualization magnitude of displacements is

increased).

It's worth to mention that numerical task is quit

massive and for future making results more precise se-
cond calculations approach was realized.
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In order to clarify the problem solution results second
calculations approach was realized. At first step mutual
contact forces between tanks in filtering structure were
calculated under assumption about full rigidity (no de-
formability) of the tanks. Obtained contact forces were
used as boundary conditions for each particular tank. At
second step all more heavily loaded tanks (in our case
all tanks in first two layers) were separately numerically
analyzed (using FEM software SolidWorks). Forces ac-

ting between tanks are shown in Figure 6.

The forces acting on tank No. 1 (see Figure 6) (the upper
row of the tanks in construction) is shown in the Figure 7.

Angle, which is equal to 34.68 ° s also shown in the
SolidWorks model, which shown in Figure 8.

Projecting the interaction forces between the tanks
on the vertical and the horizontal axis we are obtaining
the equations system (1). In the system (1) force P is a
one-tank weight and is dependent on its wall thick-
ness and two stiffening ribs geometry.

2-x,-cosa =P
X, COSa + Xy -cosa = P+x, -cosa
x,-cosa=05-P+x -cosa
X5 COSQ + X, -cosa = P+x,-cosa
X, -COSQ + Xy -cosa = P+ x; -cosa + x, -cosa
X, -sina —x; -sina —x, -sina =0
X, -sina —x, -sina —x, -sina=0
X -sina+x, sina =x, sina+x;-sina (1)

Numerical solution of the system in the case of the
tank’s wall thickness h = 8 mm and a "rib” width 200
mm and a height of 100 mm is shown in equations (2).

x, =4.3453-10*(N);
x, =8.69059-10*(N);
Xy = 4.3453-10%(N);
x, =8.69059-10*(N);
x5 =1.30359-10°(N);
5o8 =4.3453-10*(N);
x, =1.30359-10°(N):
x; = 8.69059 - 10%(N). (2

When interaction forces between tanks are deter-

mined, we are going to second step — consequential-
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DEFORMED STATEMENT AND INTERNAL
STRESSES DETERMINATION IN SINGLE
PARTICULAR TANK

Tanks located the in different places in two lower

tank layers are loaded differently (symmetric and
asymmetric) and there is no possibility based solely
on the applied forces to determine the most heavily
loaded tank. Therefore, numerical analysis (FEM met-
hod) was subsequently subjected to all the lower two
“layers” tanks. For strength criteria were used the lar-
gest stress criteria and the von Mises criteria. Von Mises
criterion of the equivalent stress:

Op = / Oiz — 033099 + 045 + 30 (3)

determines location in the construction with lar-
gest shear stresses (and is commonly used as plastic
deformation’s criterion in metal constructions), in our
case it's possible to use it only formally. It can serve as
a second order surface in abstract stress space. Per-
formed calculations showed, that bending loads in a
plane (plane crossing the stiffening ring) and is ort-
hogonal to tank’s longitudinal axis, in the place where
the stiffening ring is connecting the tank’s wall, are the
largest in whole construction are with a strong domi-
nance of circumferential stress, due to that von Mises
criterion and criteria of the maximal normal stresses
are determined as a most dangerous the same place.
Calculations were performed changing the thickness
of the tanks wall (with a step of 1 mm) from 8 mm
to 100 mm and height of the ring from 20 mm to
100 mm. According to technological conditions a ring
width was taken identical with 200 mm. Comparing
the equivalent stress values at the tank’s most loaded
point in the different tanks is possible to conclude that
the most loaded tank is a tank with the number 6. This
is the outside tank in the bottom row (Fig. 6).

To make sure that the most loaded tank is a tank

with the number 6 was performed numerical analysis
for tanks Nr. 7, 8, 4 and 5. For example, when the wall
thickness is 9 mm and height of the stiffening ring is 100
mm, the maximum equivalent stress at the most loaded
point of the tank Nr. 6 according to von Mises criterion
is 22.4 MPa, the maximum equivalent stress in the tank
Nr. 7 — 21.6 MPa and in the tank Nr 8 is 13.8 Mpa, but
the maximum equivalent stresses in the tanks No. 4 and
No. 5 are much lower. The maximum stresses for all tanks
from the bottom row are in the ring’s base (Fig. 10), in a
ring’s section under the point of contact between tank
number 6 and tank number 4. The calculations showed
that the tensile stress in the tank’s number 6 concrete ba-
sements (both basements lateral horns) is larger than the
maximal tensile stress in the tank’s wall. Tank number 6 is
trying to break the horn (see Figure 9). It must be taken
into account in construction of concrete basements. In

Figure 10 is shown more heavily loaded tank number 6.
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The place of highest equivalent stress is marked
by the red spot on the tank. External loading is trying
to break the ring (bending it in its plane), the largest
stresses are located in the ring at its internal surface.
By this surface ring is connecting with the tank wall.
Equivalent stress on the ring’s inner side, going along
it and making whole circle is shown in Figure 11. Pa-
rameter value 0 and 1 correspond to the same place
on the ring. Peak on the curve corresponds to stress

equivalent to the value of 22.4 Mpa.

Study name: Study 1
Plot type: Static nodal stress Stress|

—

Results of largest equivalent stress calculations,
changing the thickness of the tank (by the step 1 mm)
from 8 mm to 100 mm are shown in the Figure 12.

Mucas biezums, mm

According to technological conditions was ac-
cepted that ring width is 200 mm and a height is
100 mm. Safety factor for this construction is 8, the
allowable tension is 22.5 MPa. Equivalent tensions
were received by Mizesa strength theory, which gives
slightly higher results.

ABSTRACT

This article is containing results of strength calcula-

tion for a large air filter structure consisting out of a set,
assembled into pyramid, cylindrical fiberglass tanks.
Inside an each tank is fixed filter element. The tanks are
connected by pipes so that the polluted air is entering
the first tank is going further throw all another tanks
and is purifying by filters are located in them. The cons-
truction is static and the stress states in walls of each
particular tank is forming by the deadweight of the
tank, as well as, by the weight of the tanks are located
above this tank in the structure. Two approaches were
executed. First — all structure (according symmetry
conditions one forth part of the structure was obser-
ved) stress state was simulated using FEM software So-
lidWorks. Second- contact interaction forces between
tanks in the structure were calculated using MathCad
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[image: image7.jpg]software under rigid interaction assumption. More
heavily loaded tanks were numerically investigated
(using fine FEM mesh). The model and the calculated
deformed states were carefully analyzed. Acceptable
tank’s wall thickness corresponding to lads existing in
the structure was obtained.

ABSTRAKTS

Raksta ir ieklauti stipribas un sieninu biezuma no-

teikSanas rezultati lielam gaisa filtram, kur$ sastav no
stiklaplasta tvertném saliktam piramidala konstrukci-
ja. Katras tvertnes iekSpusé ir nostiprinats filtréjosais
elements. Tvertnes ir savienotas ar caurulém ta, lai
piesarnotais gaiss ienakot pirma tvertné talak nonak
secigi ari visas paréjas tvertnés, un izejot cauri filtriem,
kuri atrodas tajas attiras. Konstrukcija ir statiska, tapéc
spriegumu lauks katras tvertnes sieninas veidojas no
tvertnes passvara un to tvertnu svara kuri no augsé-
jiem slaniem spiez uz doto tvertni. Divas dazadas
pieejas tika realizetas. Pirmaja gadijuma izmantojot
simetrijas nosacijumus visas konstrukcijas ceturta dala
tika geometriski modeléta, sadalita galigos elementos
un spriegumu deformétais stavoklis taja tika skaitliski
sarekinats izmantojot GEM programmu SolidWorks.
Otraja gadijuma starp tvertném tika noteikti kontakta
spéku lielumi ( uzskatot, ka tvertnes ir cietas un nede-
forméjamas). Aprékini tika veikti izmantojot program-
mu MathCad. Vissmagak slogotas tvertnes tika péti-
tas skaitliski (izmantojot GEM programmatdru Solid
Works). Bija noteikti tvertnu sieninu biezumi atbilstosi
tvertnu geometrijai.

ABCTPAKT

B pabote NpuBOAATCA pe3ynbTaTbi PaCcYeToB NPoYy-

HOCTU  KPYMHOrabapuTHOrO BO3AYLIHOMO  QWAbLTPa
COCTOALLEro M3 CTEKNONNACTUKOBBIX LNCTEPH-EMKOC-
TeN CNOXEHHbIX APYr Ha Apyra B MUPaMUAANbHYHO
KOHCTPYKLMIO. BHYTPU KaXaoW eMKOCTU 3aKpenseH
GUNLTPYIOLLMIA 3neMeHT. EMKOCTU COeaMHEHbI Tpy-
bonposogamu Tak, YTOObl 3arpA3HEHHbI  BO3AYX
noctynaa B MEPBY0 EeMKOCTb MOCNeaoBaTeNbHO
NPOXOAUN fanee uepe3 BCe OCTaBLIMECA EMKOCTM
OUULLAACL MPU NPOXOXKAEHWM HAXOAALMXCA B HUX
dUNLTPOB. KOHCTPYKUMSA CTaTU4HE, BO3HUKaoWMe
HanpsxeHua v aedopmaunm B CTEHKaX OTAENbHOM
PacCMaTpPUBAEMON EMKOCTW ONPEAEensioTca TOMbKO
BNMAHMEM COOCTBEHHOMO BECa EMKOCTU U BECOM
EMKOCTE/l  HaXOMAWMWXCA Hajg  paccMaTpMBaeMo
EMKOCTbIO MAaBALLMX Ha Hee. bbinu peann3oBaHbl ABa
Pa3nyHbIX Mogxofda. B nepsom ciydae, ucxogs u3
YCNOBUIA CUMMETPUM, Obina PaccMOTPeHa YeTBepTb
KOHCTPYKLIMW, KOTOpPas reoMeTpUYecku MOAENUPO-
Banach, pasdreanacb Ha KOHEYHbIE 3NEMEHTHI Moc/e
YEro  HanpAXeHHO-LedOPMMPOBAHHOE  COCTOAHME
B KOTOPOW pacymTbiBanocs nocpeactsom MK npo-
rpammbl Solid Works. Bo Bropom cnyuae, 8 npuénu-
KEHUW KeCTKOTO B3aUMOLENCTBMA, PacCyYUTbIBANUCH
CUbl KOHTAKTHOTO B3aWMOAENCTBUA MEXIY EMKOC-
TAMUW. [locne yero HanpsxeHHO-AedoPMUPOBaHHOE
COCTOAHME Havbonee HarpyXeHHbIX eMKOCTEeN WC-
CNefoBanoch yncneHHo mcnonsya MKS nporpammy
SolidWorks. B pesynbrate 6binv monyyeHbl gonyctu-
Mbl€ TONWMHbI CTEHOK eMKOCTel B 3aBUCMMOCTU OT
Pa3MepPOB eMKOCTEN.

76





