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1. Introduction

In this research, a field study was accomplished on the implementation of the storage tanks in a refinery
site, and the resulted imperfections were identified and categorized. One imperfection experimentally
modeled and the buckling behavior of these tanks was evaluated under uniform external pressure. The
cylindrical tanks were examined using finite element analysis, and the results were compared with the
experimental results. Investigating the findings demonstrated that such imperfection has a significant role in
reducing the number of environmental waves in the body and increasing buckling resistance of the tanks under
uniform external pressure.

2. Methodology
2.1. Field Survey

By the field study on the implementation of the tanks and statistical inference from the imperfections
introduced in all the 8 tanks being constructed in the refinery site, the frequency distribution graph of the
imperfections is drawn, as shown in Fig. 1-a. It can be seen that imperfection types 2 and 6 occur more
frequently than others, respectively. Imperfection type 6 is shown in Fig. 1-b. In this research the effect of
imperfection type 6 named that oblique body imperfection is studied on the buckling behavior of steel tanks.

80
60
£ 40 87 85

20 46 a1 3¢ 43
26

(@)
Fig. 1. (a) Frequency distribution graph of the imperfection types in all tanks, (b) oblique body imperfection

2.2. Experimental study

To experimental evaluation of the impact of oblique body imperfection on the buckling behavior of tanks,
three experimental specimens are made: Specl has a continuous circumferential plate in an integrated form
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without intended imperfection. Spec2 has an intentional oblique body imperfection with size of 15 mm over
the tank height. Spec3 has an intentional oblique body imperfection with size of 30 mm over the tank height.
These specimens are shown in Fig. 2.

Oblique body
Imperfection

Oblique body | (3cm
Imperfection
(1.5 cm)

Fig. 2. Experimental specimens

In order to evaluate the buckling behavior of experimental specimens influenced by uniform external
pressure, suction device, LVDT, strain gauge and pressure sensor are used. External pressure is gradually
applied to the tank, and the initial buckling of the tank body begins. By increasing the external pressure, the
number of waves formed in the tank body is also increased, and the tank moves toward full buckling. Then the
tank failure suddenly happens, and the tank becomes unstable. In Fig. 3 failure of the all experimental
Specimens are shown.

Failure Location

Fig. 3. (a) Full buckling of Spec1 and instability threshold, (b) Failure of the Spec 1.

By taking the data obtained from the measurement devices installed at different parts of these tanks, strain
and radial displacement graphs of these points are drawn relative to the applied external pressure. Fig. 4-a
shows the horizontal strain diagram in terms of external pressure and Fig. a-b shows the radial displacement
of the body of tanks at the location of LVDT3 in terms of external pressure. This point is almost close to the
buckling and instability site of specimens.

Horizontal Strain Radial Displacement
*Pa 1
2 E H,
-
0"
l\'
g H L
H ) ] g
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« 4 5
‘ =
'I a
.............. B
(*10* mm/mm)
> 2800 3
(a) s
______ —_— C—

Fig. 4. (a) Horizontal strain diagram, (b) Radial displacement of three specimen tanks at the failure location

2.3. FE modeling

Numerical modeling of the specimens is carried out by the ANSYS software with the same characteristics.
In finite element models, support conditions resemble real tanks so that there is a fixed connection between
the floors and the grounds of the models, and ring beams are used in the connection of floor and roof to the
body. Loading of models is an external pressure that is applied on the specimen's body and roof uniformly
similar to the actual state. In Fig. 5, the full buckling of the modeled specimens is shown before instability in
the nonlinear state. In the experimental specimens, after full buckling and before the instability of tanks, 12
waves in model 1 and 10 full waves in the models 2 and 3 are formed in the body of the tanks to observe a good
correspondence.
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Fig. 5. Full buckling of the FEM models and created deformations in the nonlinear state

3. Results and discussion

By concluding the results obtained for the experimental specimens, finite element, and the approximate
relationship, the diagrams of Fig. 6 are drawn.

| b ¥ i Gomparison of Experiment-FEM. Theory Results for spreimen No.2
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Fig. 6. Comparison of the experiments, FEM and theory results for buckling behavior of all specimens

Diagram (a) illustrates the obtained results for the first specimen, which is without intentional imperfection.
(b) illustrates the obtained results for the second specimen, and (c) illustrates the obtained results for the third
specimen. The strain of Specl comparing to Spec2 and 3 is different. In Spec2 and 3, when pressure amounts
to 13 KPa i.e,, about 60% of the failure load, local buckling occurs in the specimens in a certain point at a 90-
degrees distance from the location of the imperfection. Deformations of Spec1 are less than other specimens,
and the deformations of Spec2 are greater than all others. This issue demonstrates the good membrane
strength of the healthy tanks with respect to other tanks with imperfections under the external pressure. Also,
Spec3, exhibits a good membrane strength with respect to Spec2. It seems that the existence of this type of
imperfection in the tanks causes delayed failure with respect to the healthy tanks. In other words, this issue
reveals the positive effect of the oblique body imperfection on the buckling behavior of the tanks and their
failure.

4. Conclusions

Field investigation of steel tanks construction shows that oblique body imperfection after imperfection due
to the vertical welding line is the most prevalent type of imperfection seen in the steel tanks. The presence of
this imperfection causes reduced created waves in the body of the tanks; the lengths of generated waves are
not equal. There are smaller waves at the location of the imperfection and larger waves in the opposite regions.
The tanks with oblique body imperfections exhibit good initial strength against buckling due to external
pressure so that the generated strains in these tanks at 50% loading causes complete failure, equal to the
generated strains in the healthy tank at 20% loading which results in failure. The failure location in the tanks
with oblique body imperfection is observed at 90-degrees from the imperfection point.
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