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Summary: During exploitation of the vertical cylindrical tank with spherical roof for

kerosene, damages to the some elements of the roof structure were happened. Analysis

all reference influences was carried out in order to determine the actual stress and strain

states of the structure, in regard to determine the causes that lead to the damage. Analysis

of the obtained influences was noted that stresses and deflections of the roof structure of

the tank were exceeded. Based on static influences meas of rehabilitation and phases of

works were adopted. The newly designed rehabilitated structure of the roof of the tank is

designed according to the European standards - Eurocodes.

Keywords: Steel cylindrical tank, spherical tank roof, analysis of the influences of the
load, Eurocode.

1. INTRODUCTION

Tanks represents hermetically sealed warehouses, that provide storage of liquids - water,
chemicals or other dangerous substances in liquid or gas. There are several different types
of tanks that depend on the geometric and structural characteristics, the quality of primary
steel material from which they are made, place and mode of installation, setup mode,
applications and more.

Most widely used tanks are in the form of a sphere, cylinder or rectangular shapes, that
were the subject of study earlier works [1], [2], [3]-

In this paper, special attention will be paid to the rehabilitation of the roof structure of
steel tanks of cylindrical shape, whereas the analysis of the influence of the load and the
designing elements of the roof construction was carried out according to European
standards [4], [5], [6], [7]. [8]
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After performed contol calculation of the existing structures it was determined the need
for reinforcement-rehabilitation spherical roof construction of the tank in order to obtain
calculated values of maximum stresses in the truss less than allowed. Exceeding the
stresses of roof truss appears on the part connecting truss to a cylindrical mantle, and for
this reason this part has been reinforcement by the adding new elements to the roof truss.

2. DESCRIPTION OF THE STRUCTURE

The tank is above ground, vertical and cylindrical. It is used for storage of kerosene.
Diameter of the tank is 10m, height is 7m and the volume is 500m3. It consists of a
cylindrical mantle with thickness 8mm, the main roof truss are positioned radially, cross
sections HOP50x50x3. The structure of the spherical roof consists of a purlin in the form
of annular, cross-section HOP50x30x2 and roofing with thickness of 5 mm (Fig. 1). All
sheets and profiles are made of steel quality S235.

Fig 1. Layout and 3D model of steel tank

3. INSPECTION OF THE CURRENT STATE AND DIAGNOSIS
DAMAGE OF STRUCTURE

During visual inspection of the tank it was noted damage to the bearing elements of the
roof structure. Visual examination revealed the presence of cracks in zones of the support
points of the main roof truss (Fig. 2), and the need for their rehabilitation. As a result of
this damage, there was a change in the geometry of a roof truss (Fig. 3), or to the deflection
of the spherical roof of the tank.
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Fig 2.Damages in zones of the support points of the main roof truss

N

Fig 3. Deflection of bearing roof truss

Deformation of roof sheet metal of the tank (Fig. 4), leads to retention of atmospheric
precipitation incurred as a result of those defects.

Fig 4. Deformation of roofing '

4. ANALYSIS OF INFLUENCE OF LOADS AND STATIC
CALCULATION

An inspection of the current state of the building damages to the roof structure of the tank
were diagnosed, therefore analysis influence of loads and static calculation will be shown
only to spherical roof tanks. Analysis of the influence of the load was carried out in
accordance with European regulations-standards for the following actions:

= Constant load:
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- Net weight of a structure — calculated by model,
- Weight of roof covering (vertical load),
= Wind loads [4] with the basic wind speed v,=23m/s and adopted the terrain
category I,
= Influence of the snow [5].
The roof of the tank is modeled spatial Tower model (Fig. 5), whereby the material is
modeled as elastic and isotropic for all structural elements, with the Young's modulus E
= 210MPa and Poisson's ratio v=0,3.

(DHOP50x50x3
(2) HOP50x30x2

K 930.0 A—670.0—H——780.0——+——790.0————790.0————790.0——250.0¢

Fig 6. The main girder of roof strucutre

4.1. ACTION OF CONSTANT LOAD

The effect of construction own weight was entered by the 3D design model, while the
weight of the roof covering was presented as the action of vertical concentrated forces on
the purlin. Influences on the main girder caused by constant load are given at Fig.7.
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Fig. 7. Scheme of loads and influences due to the action of constant load Nsr [kN]
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4.2. ACTION OF WIND ON SPHERICAL ROOF TANK - EN 1991-1-4

The basic wind speed is v, =23,0 m/s. For the category of the terrain was adopted Il -
areas with low vegetation such as grass and isolated obstacles (trees, buildings), which are
located at least 20 obstacle heights. Minimum height z,,;,, = 2m, length roughness z, =
0.05m.

The coefficient of external wind pressure Cpe10 is constant along the arcs obtained in
sections of sphere and plane perpendicular to wind.

—_— .

B

Fig 8. Schematic representation coefficients of external pressure for the dome on a
circular basis [4]
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Fig 9. Coefficients of external wind pressure
Wind pressure that acts on external surfaces we is obtained by expression:
We = Qp(ze) " Cpe
z, = 7m - reference height for external pressure, equal to the maximum height
the observed cross-section above the ground.

Impact of wind pressure, gp(ze), at height z, which includes medium and short-term
fluctuations in speed, should be determined as:

1 1
(@) =[1+7 1,5 p- vi(2)=[1+7" 0,2024] 51,25 21,592 = 0,704 kN/m?
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Turbulence intensity Iv(z.) at height z is defined as the standard deviation of turbulence,
divided by the average wind speed.

ki

L(z) = ¢, (2) - In(z/z2,) - 1-In(7/0,05)

=0,2024 za Zppn <Z < Zpay

¢,(z) - the coefficient of the topography, adopted as a 1,0;
k; - the coefficient of turbulence, the recommended value is 1,0

Average wind speed, v,,,(z) at height z above the ground, depends on the roughness and
topography, as well as the basic wind speed, v,, it should be determined using the
expression:

vy (2) = ¢ (2) " c,(2) *v, =0,9389-1-23 =21,59m/s

The recommended method for determining the coefficient of roughness at the height z, is
given through the expression:

z
¢ (2) = ki Ly (Z—> = 10,9389 za zZ,ip < Z < Znax

o

0,07
k. _019( ) =0,19
Zo, 11
Wind pressure at roof tank: w, = q,(2.) * Cpe 10
A - w, =—0,958 kN/m?
B > w, =—0,422 kN/m?
C > w, =—0,352 kN/m?

Wind loads according to Eurocode and caused influences on the roof of the tank are shown
at Fig.10.
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Fig 10. Scheme of loads and influences due to the action of wind according to Eurocode Nsr
[kN]

4.3.ACTION OF SNOW ON SPHERICAL ROOF TANK - EN 1991-1-3
Loads of snow on the roof for permanent / temporary situations must be determined in

the following way:
s = WiCeCySy
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Wi -coefficient of shape of snow load;

Ce -coefficient of exposure, the recommended value 1,0;

Ct -the thermal coefficient, the recommended value 1,0;

Cx -characteristic value of snow load on the ground, the recommended value 1,0.

Coefficients form of snow load, which should be used for cylindrical roofs in the absence
of snow shield are given by the following expressions:

L<60" ,=02+10h/b=0,85

The disposition of the load which should be used in case of snow without drift is illustrated
in Fig. 11 in the context of a case (1), while the disposition of the load which should be
used in case of snow drifts is shown with the case (l1).

0,8

| Sluéajl |

| swcaim |

Fig 11. Coefficients form of snow load for cylindrical roofs [5]

s = u;C,C;s, = 0,85 kN /m?

The influence of snow is presented in the form of vertical concentrated forces on the
purlin, whose effects on the main girder are given at the Fig. 12.
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Fig 12. Scheme of loads and influences due to the action of snow Nsr [kN]
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5. CONTROL OF STRESSES AND STABILITY OF EXISTING
STRUCTURE

5.1 Applicable load

Table 1. Case of loads Table 2. Combination of loads
No Case of loads Type No Combination of loads [6],[8]
1 Own weight (g) constant 04 1.35xI+1.50x11+1.50x0.60xI1T
2 Snow snow 05 1.35x1+1.50x0.50x11+1.50=I1I
3 Wind EC wind 06 [+1.50x11+1.50x0.60xI11

07 1+1.50%0.50x11+1.50%111
08 1.35x1+1.50%111

09 1.35xI+1.50%11

10 1+1.50x11

11 1+1.50x111

12 1.35x1

13 |

5.2 Control of stresses

The control of stressews for the main girder of the roof structure of the tank was carried
out for load combinations given at Table 2. Exceeding allowable stress occurred in the
poles U1 and O1 due to load combinations 9 (Fig. 13).
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Fig. 13. The control of dtresses for the main girder of the roof structure of the tank
5.3 Control of stability

Stability control for the main girder of the roof structure of the tank was carried out
according to the rules for the design of steel structures - EC3, part 4-2: "Tanks" [7]. Control
calculation is analyzed for the capacity of cross sections on the pressure, or tension, and
bending. Also, verifying capacity of elements to the buckling and capacity to lateral-
torsional buckling was carried out, too. Rod O1 has not fulfilled the criteria of the
calculation, which is shown in Fig.14.
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Fig. 14. Control of stability for the main gireder of the roof structure of the tank
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6. NEWLY DESIGNED STATE OF THE STRUCTURE

After performed control of the calculation of the existing structures the need for
reinforcement of the roof structure of spherical tanks was identified. Reinforcement is
achieved by the addition of new elements of box HOP50x50x3 and cold formed profiles
L50x50x5. New elements were added on the part connecting truss to a cylindrical mantle,
as shown at Fig. 15
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Fig. 15. Main girder of newly designed roof structure

6.1 CONTROL OF STRESSES AND STABILITY OF NEWLY DESIGNED
ROOF STRUCTURE

6.1.1 Control of stresses

On the newly designed roof structure control of stresses was repeated due to the same load
combinations, Table 2. Fig. 16 shows the stresses of all the rodes of the main girder. It can
be concluded that the stresses for steel quality S235 are in acceptable limits.
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Fig. 16. The stress control of newly designed main girder of the roof structure of the
tank

6.1.2 Control of stability

The results of stability control for the main girder of newly designed roof structure of the
tank are shown at Fig. 17. The capacity of cross sections on the pressure, or tension, and
bending, as well as the verification of capacity of elements to buckling and lateral-
torsional buckling were controlled. All rods of newly designed truss structures satisfy
criteria for stability according to the Eurocodes.
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Fig. 17. Control of stability for the newly designed main girder of the roof structure of
the tank

7. MEAS OF REHABILITATION AND PHASES OF WORKS

After the stress and stability control of the newly designed roof structure it was found that
adding new elements of box-HOP 50x50x3 and cold formed profiles L50x50x5 regulate
the phenomenon of exceeding the permissible stresses at a rehabilitated structure.
In addition, the rehabilitation provides removal of deformed metal sheets of spherical roof
and replacing them with a new one after setting cold formed L40 x 80 x 3 profiles under
the purlins, in order to achieve a corresponding slope of the plane of the roof and remove
the influence of deformed structure of the roof.

Phases of works:

1. Removing the deformed part of the roof covering of the tank to the red line at Fig.18
throughout the volume of the tank.
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Fig. 18. Plan of removing deformed roof covering
2. The rehabilitation of the supports of the roof structure (Fig. 19) consist of:
= reinforcement mantle with sheets #450 x 250 x 5 mm below the supports of the truss;
= adding sheets # 300 x 200 X 4mm on the truss;
= setting up of new elements in the main truss of HOP50x50x3 profiles and cold-formed
profiles L50x50x5

Fig. 19. The rehabilitation of the supports of the roof structure

3. Rehabilitation of the roof cover is shown at Fig. 20. Before installing new roofing
sheets it is necessary to set the cold-L40 x 80 x 3 profile beneath the purlins, in order
to achieve a corresponding slope in the level of the roof and remove the influence of
deformed supporting structure of the roof.

B=p——

Fig. 20. Rehabilitation of roof covering
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CAHAIINJA KPOBHE KOHCTPYKIIAJE
[MAJIMHIPUYHOT PESEPBOAPA ITPEMA
EBPOKOJY

Pesume: 'V moky excnioamayuje @epmuKanaHoz YUIUHOPUYHOZ2 pe3epeoapa cd
chempHOUM KPOBOM 30 KEPO3UH, OOULIO je 00 ouimelierba nojeOUHUX efleMeHama KpogHe
Koncmpykyuje. [lpucmynuno ce aHanusu ceux MepooasHux ymuyaja Kako Ou ce
Yymepouna CmeapHa HANOHCKA cmara u deopmayuje HA KOHCMPYKYUju, OOHOCHO
ymepounu yspoyu Koju cy oogeau 00 ouimeherwa. Ananuszom 0obujenux ymuyaja je
KOHCMAmMOoBano 0a Cy NpekopaveHu HanoHu u yeubu KpogHe KOHCMpPYKyuje pe3epeoapa.
Ha ocnosy cmamuuxux ymuyaja yceojene cy mepe canayuje xao u gase usgohera.
Hoeonpojexmosana canupana KoHCMpyKyuja Kposa pesepeoapa OUMEH3UOHUCAHA je
npema Eeponckum nponucuma- Eeporxodosuma.

Kwyune peuu: Yeruunu yununopuunu peszepeoap, c@hepHu Kpose pe3epeoapa, aHanusd
ymuyaja 00 onmepehenja, Egpoxoo.
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