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Composite vessels are widely used in industry due to their high strength and low weight.
In this research, a composite vessel with a metal liner was designed, manufactured, and
subjected to internal pressure. The liner of the tank is made of 304 steel, which is screwed
on its main part with two patterns of polar and peripheral twisting. In this research, S-
glass fibers and epoxy resin 5052 were used. The vessel was subjected to a pressure of 40
bars. Electric strain gauges were used to measure the strain, and stresses were calculated
using Hooke's law. In addition to the experimental method, the vessel was also analyzed
numerically. ABAQUS (finite element) software was used to examine the experimental
data, and the simulation results showed good consistency with the experimental data. The
results of the numerical analysis determined the location of the strain gauges. The results
of the two methods were compared and discussed. It was found that at low pressures
(pressures lesser than 40 bar), composites do not have a significant role in tolerating
vessel stress. It has been observed that changes in the geometry of the structure (the joint
of the spherical part and the cylinder) resulted in turbulences in the strain and stress
curves near the change site.

1. Introduction

A CNG vessel is mainly a seamless cylinder
with spherical caps at both ends of the cylinder.
According to ISO 11439, CNG vessels fall into four
categories. The first type is metal vessels. These
types of vessels are seamless and made of steel or
aluminum. These vessels are manufactured using
spinning or deep drawing methods and have
more weight than other vessels. Their mass-to-
volume ratio is between 1.2 to 1.54 kg per liter
[1]. In the second type, the metal liner is
constrained by composite winding layers. This
type of vessel has a metal liner made of seamless
steel or aluminum, and the cylindrical part of this
liner is wrapped by fibers of glass, armid, carbon,
or a mixture of them impregnated with resin [2,
3]. The third type of vessel is a fully wrapped
metallic pressure vessel. These vessels have a
metal liner, and fiberglass composite fibers are
fully wrapped around the liner. The ratio of mass
to volume is between 0.7 to 1.4 kg per liter [4, 5].
This vessel possesses a liner made of seamless
steel or aluminum, and all of this liner is wrapped
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using helical and hoop winding patterns with
fibers of glass, armid, carbon, or a mixture of
them impregnated with resin [6, 7]. The
composite structure enables decreasing the
thickness of the metal part of the liner, and thus,
this vessel is lighter than type 1 and 2 vessels.
Their ratio of mass to volume is 0.5- 0.7 kg per
liter [8]. Type 4 vessels have a plastic liner. These
types of vessels have a seamless polymer liner
and all internal liners are wrapped by fibers of
glass, armid, carbon, or a mixture of them
impregnated with resin [1, 4]. The liner is usually
made of compressed polyethylene plastic. These
types of vessels are wrapped using helical and
hoop winding patterns with composite fibers and
can be manufactured in larger dimensions and
diameters. For this type of vessel, the mass-to-
volume ratio is 0.35-0.50 kg per liter [1, 9].

Many researchers have studied the behavior
of different types of vessels under different
conditions. Hong et al. studied filament-wound
composite structures by changing the winding
angles through the thickness direction [10-14].
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The optimization of a Type 3 pressure vessel with
the aim of decreasing its weight was done by Kim
et.al. [15] by obtaining a relation for winding and
naming it quasi-geodesic, using a genetic
algorithm. They used a program called PREAFT,
which connects to ABAQUS software, entered the
data into this software, and then obtained good
results by using two types of elements and
different failure theories. They also found
satisfactory results in another paper using a
modified genetic algorithm [16]. Mertini et al.
[17] examined the effect of applying tow tension
during filament winding on the volume
percentage of glass-fiber-reinforced polymeric
composite tubular. They also investigated the
performance of the pressure vessel under
different load ratios.

Pei et al. [18] investigated an analytical model
for stress and deformation of fiber-reinforced
composite filament winding under multiple
combined loads and proposed a new method for
calculating stresses on vessels under multiple
combined loads. Polini and Sorrentino [19]
investigated the effects of winding speed and
winding trajectory on fiber tension and
concluded that by controlling the winding speed
and determining its optimal value, the winding
tension could be kept near the nominal value that
has been intended. Zhao et al. [20] investigated
the effect of applying tension on the chemical
activity of resin due to changes in its viscosity.
Using a program in the ABAQUS software, they
modeled this process for a cylinder and studied
the percentage changes in the fibers and the
temperature changes caused by the start of
cooking.

Choi et al. [21] used ANSYS software to
analyze a Type 2 composite vessel produced by
the deep drawing method. The vessel was made
of steel liner, fiberglass, and epoxy fiber
composites. Kabir [22] investigated the third type
of composite vessel by considering the load-
bearing capacity of the metal liner. In this paper,
a geodesic winding pattern using grids was
adopted. After calculating the thicknesses and
modeling the vessel with different geometries of
the dome area of the vessel, the obtained
longitudinal and radial stress diagrams were
drawn using the NISA software.

Wang et al. [23] investigated a type 3 vessel
possessing an aluminum and composite liner
with two longitudinal layers 2.6 mm thick and a
2.9-mm circumferential layer with similar
properties to Kevlar and epoxy composites under
autofrettage pressure. They used the ADINA
software and a two-dimensional solid element.
Amraee Rad et al. [24] designed and analyzed a
metal composite vessel under internal pressure.
They used the ABAQUS software for the analysis
of the data. It was found that the netting analysis
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method was not optimal and resulted in
increased cost and weight of the vessel. In
addition, using a softer liner was found to result
in further use of the composite properties which
may yield better performance in special
applications. It was suggested that the complexity
associated with designing metal composite
pressure vessels can be significantly reduced by
using the finite element simulation method.

Onder etal. [25] studied the optimal angle-ply
orientations of symmetric and antisymmetric
designed shells and tested them experimentally.
They continuously changed the pressure during
the test and by changing the temperature and
winding angle, obtained different results. To find
the optimal angle, they compared the results
using the finite element method, and their results
were confirmed using the Tsai-Wu criteria and
the theory of maximum stress and strain. Zu et al.
[26] asserted that the most important issue in
designing an optimal composite vessel is the
optimal design of its profile. Using the classical
plate theory and Tsai-Wu failure criterion, they
examined the stress contours created in different
profiles. They did not use the geodesic winding
trajectory. Different coefficients of friction in
different profiles were analyzed, and a significant
effect of using a non-geodesic trajectory was
confirmed. Koussios et al. [27] investigated the
applications of vessels under friction tests. The
surface quality of the mandrel and the type of
winding process (using wet versus dry fibers)
significantly affected the outcomes. The effect of
fiber speed, roving tension, and fiber material,
however, was not significant. In this research, the
investigation and construction of vessels used in
different industries have been discussed. In this
research, by achieving acceptable numerical
results, there is no need to test prototypes in the
production process, which reduces production
costs. In this research, a composite vessel with a
metal liner was designed, manufactured, and
subjected to internal pressure. The liner of the
tank is made of 304 steel, which is screwed on its
main part with two patterns of polar and
peripheral twisting. In this research, S-glass
fibers and epoxy resin 5052 were used. The
vessel was subjected to a pressure of 40 bars.
Electric strain gauges were used to measure the
strain, and stresses were calculated using
Hooke's law. In addition to the experimental
method, the vessel was also analyzed
numerically.

2. Experimental

2.1. Manufacturing Vessel Liner

In this research, a composite vessel with a
metal liner was designed, manufactured, and
subjected to internal pressure. The liner of the
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tank is made of 304L steel (Table 1), which is
screwed on its main part with two patterns of
polar and peripheral twisting. In this research, S-
glass fibers and epoxy resin 5052 were used
(Table 2).

Table 1. Typical compositions for the metal (wt%)

Element Fe Ni Cr C S Si Mn P

8- 18-
AISI 304 Rem 11 20 0.08 0.031 2 0.045

Fig. 1. The designed liner

Table 2. Mechanical properties of composites

2.2.Details  Determining the  Pressure

Properties Composite Tolerance of Metal Liner
E11 (GPa) 43 Since the stresses on the liner are two-
E22 (GPa) 8.9 dimensional, the Von-Mises stress formula

(Equation 2, 3) was applied to determine the
G12 (GPa) 4.5 pressure tolerance of the liner [26].
V12 0.27 Syz — 062 — 6p0x + UXZ (2)
X¢ (MPa) 1280

p.a .ay (p.a p.a

Syt =) —(—).[=)+(=>)? 3
Xc (MPa) 690 V=) (G G 3)
Y: (MPa) 49 Since the reliability coefficient 3 is considered,
Y.(MPa) 158 to obtain the pressurel, we put one-third of the

yield stress (which will be calculated in the next
section) in the above relation, and the pressure
was obtained P=9.51 MPa. Since the pressure of
210 bars is considered for the vessel, it can be
concluded that the pressure borne by the liner is
about 45% of the internal pressure of the vessel.

There are several ways to make a liner, and in
this study, the cold spinning method was used to
reduce costs and make the manufacturing
process more economical. This method, which
serves as a cold-forming process of metals (cold
work), is one of the oldest methods and has been

done manually for many years. Using this 2.3.Determining the Rotation Angle

method, cooled materials can be manufactured To determine the rotation angle in this part of
with more precise tolerances and smooth the vessel, Equation 4 is used [26]. It is calculated
surfaces, but it is a costly process as it requires as follows:

more force to deform the metal. In industrial

sectors, the ini.tial cross-section reduction is df)ne a =sin~1% = 15.23 Degrees (4)
at a very high temperature, and the final D

reduction is done at a lower temperature to take
advantages of both processes. In this method, the
metal sheet is drawn on a rotating mandrel to

where r is the radius of the opening of the vessel,
and D is the diameter of the cylindrical part of the

take its shape. To calculate the liner thickness, an vessel. Since the radius of the heads changes

experimental relation was applied (Equation 1) .contl.nuous¥y, to determine the an.gle. of ro.ta.tlon
[26] in this section, the head segment is first divided

into several segments and the average radius of

D each segment is determined. Then the rotation
t= 250 +1 (1) angle of each segment is calculated according to
Equation 5 [28].
where D is the vessel diameter and t is the liner
thickness. Given that the diameter of the vessel a, = sin1 Z_T (5)

was 158 mm, the minimum thickness of the liner D,
is 1.6 mm. In the design of the vessel, the
thickness of the liner was considered to be 1.6
mm. Figure 1 shows the designed liner.

where a, is the rotation angle of each segment, r
is the radius of the opening of the vessel, and D,, is
the diameter of each segment.

249



Mirzaei et al. / Mechanics of Advanced Composite Structures 10 (2023) 247-256

Figure 2 demonstrates the radius-location
changes, and Figure 3 shows the rotation angle-
location changes.

20

80

0 10 20 30 40 50 60 70 80
x(mm)

Fig. 2. Changes in the radius of the head segments

a(deg)

x(mm)

Fig. 3. Changes in rotation angle of fibers

2.4.Calculation of Composite Thickness Using
the Geodesic Method

Because the vessel used is of type 3, it has 2
types of winding in the cylindrical part, and two
values for the thicknesses must be obtained to
determine the thickness of the composite in the
cylindrical part:

a) The thickness of hoop winding

b) The thickness of helical winding

An algorithm is used to determine the values
for the above thicknesses that are related to each
other [26]. In this algorithm, first, two initial
thicknesses are considered for each of the
winding types, and the stiffness matrices and
forces applied to the reservoir are calculated.
Using the results of these calculations, the strain
and stress values of the vessel are calculated, and
then the results are entered into the Tsai-Wu
formulae. If this relationship is established, the
obtained thicknesses are acceptable thicknesses,
otherwise, these steps will continue. It is
noteworthy that at the stage when the Tsai-Wu
relationship was established, this process can be
continued to optimize this thickness. After
performing the above steps and optimization, the
following values for the thicknesses were
obtained 2 mm for hoop and helical winding.
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To calculate the thickness of the head, the two
following assumptions are made:
a) The volume ratio of fibers remains
constant.
b) The number of fibers in the vertical
cross-section is constant.
Drawing on these two assumptions, the
thickness in the longitudinal direction is obtained
using Equation 6 [26]:

te (6)

where r. the radius of the cylindrical part is, a is
the rotation angle, and t. is the thickness of the
cylindrical part.

As mentioned in the previous section, the
geodesic method has been used for the winding.
In this method, because the rotation angle and
radius of the vessel are constant, the thickness of
the composite in the cylindrical part does not
change. However, since both the radius and
rotation angle change in the heads, the
segmentation of the previous part is used to
determine the thicknesses.

r.cosa,
t=—x%
r cosa

3. Numerical Analysis of Metal-

Composite Vessel

The analysis of metal-composite vessels'
pressure is one of the most challenging issues in
mechanical engineering. With the development of
numerical and finite element methods and
tremendous progress in computer science, the
role of analytical methods in solving these types
of problems has been gradually reduced. In
recent years, researchers around the world have
extensively used the finite element method to
explain the behavior of these types of vessels. One
of the best-known software in this field is
ABAQUS software.

3.1. Vessel Modeling

In the current study, for modeling the vessel,
first, the rotation angle was defined as a unit in
the cylindrical part due to the constant thickness
of the metal liner and the composite. Considering
that there is a hoop welding in the center of the
cylinder, to model the vessel cylinder with
ABAQUS software, at each step, half of the
cylinder part is modeled, then both halves were
placed together. An 8-node S8R element is used
for vessel meshing. The reason for using this
element is to show well the changes of stress and
strain in the thickness of the shell. Also, several
factors have been specially considered in
determining the number of meshes during
meshing. As mentioned earlier, the thickness of
the composite and the rotation angle are not fixed
in the head segment. Therefore, the segmentation
used in the previous section was considered,
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determining the thickness of the liner and the
composite as well as the type of materials used in
each segment [29]. Also, due to the symmetry of
the vessel with respect to the XY plane, half of the
vessel is modeled in software to simplify and
reduce the amount of software computation. In
addition, fiber pre-strain was ignored in vessel
modeling. After modeling the vessel using the
ABAQUS software, all parts of the vessel must be
networked for analysis [30]. The 8-node shell
element was used for networking the vessel. This
element type was used in this study because it
properly represents the stress and strain changes
in the shell thickness under loading. Also, using
the optimal number of networks while
networking the vessel is very important to reduce
software computations. So, during this process,
the number of networks changes several times
until the optimal networking pattern was
determined and applied.

Considering the symmetry of the vessel, half
of it was modeled for analysis, using the software
[20]. For the correct analysis of the plane of
symmetry under study, some constraints on the
nodes should be considered, which is done in
Figure 4.

I

TN
I
i

Fig. 4. the vessel with constraints on its surface

Drawing on the finite element analysis, there
should be loading on the vessel. Since this study
aims to investigate the results of numerical and
experimental stress and strain distribution in the
elastic region, the loading was performed at a
pressure of 40 bars. Figure 5 shows the vessel
under loading conditions.

Fig. 5. the vessel under loading conditions

4. Discussion and Analysis of the
Results

4.1. Numerical Analysis of Metal-Composite
Vessel

Figures 6 and 7 show the numerical values for
longitudinal and circumferential strains
respectively. Also, the measurement was started
from the middle of the cylindrical part of the
vessel to its end.
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Fig. 6. Numerical analysis of strain distribution of the vessel
in the longitudinal direction at a pressure of 40 bars

1000

N

600

£(1s)

300

200

100

0 20 40 60 80 100 120 140 160 180 200
X(mm)

Fig. 7. Numerical analysis of strain distribution of the vessel
in the circumferential direction at a pressure of 40 bars

Figures 8 and 9 show numerical values for
longitudinal and circumferential numerical
stresses, respectively. Also, the measurement
was started from the middle of the cylindrical
part of the vessel to its end.

120
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80

6(MPa)

40

0 20 40 60 80 100 120 140 160 180 200
x(mm)

Fig. 8. Numerical analysis of stress distribution of the vessel
in the longitudinal direction at a pressure of 40 bars
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o 20 40 60 80 100 120 140 160 180 200
x(mm)

Fig. 9. Numerical analysis of stress distribution of the vessel
in the circumferential direction at a pressure of 40 bars

4.2. Experimental
Composite Vessel

Analysis  of  Metal-

The results of theoretical methods, whether
analytical or numerical, are acceptable if
confirmed by experimentation.

Theoretical, analytical, and numerical
methods will be the basis of design in practice
when they are experimentally verified. Thus, the
experimental method (observation and testing)
is of significant importance in engineering issues.

The analysis of composite shells is
challenging, and it is not possible to solve the
differential equations that govern their behavior,
so the geometric or numerical solutions always
contain different approximations, especially
when the structure includes several thin shells.
While the vessel under study is a closed structure
possessing a simple shape with a cylinder and
two hemispherical caps, it does not possess a
robust solution.

While there are numerous challenges
associated with performing accurate tests on
thin-walled composite pressure vessels, this
study conducted an experimental analysis of the
behavior of the vessels under internal pressure.

The bending method was used to build the
vessel. In the process of bending metals, the
amount of ultimate strength and yield stress of
that metal changes.

To assess the mechanical behavior of the
metal after bending, first, two tensile models
based on the E8 standard were prepared from the
liner and then tested with the INSTRON 5500R
tensile device (Figure 10), and using the
diagrams, the yield stress and the ultimate
strength can be measured.

Figure 11 shows the output diagrams of the
first models of the tensile test.
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Fig. 10. Tensile testing devices
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Fig. 11. Tensile test of the first sample

As shown in Figures 12 and 13, using the slope
of the curve in the elastic region, the elastic
modulus of the metal used in the construction of
the vessel can be calculated (E = 155.5 GPa). Also,
according to the ASME standard, if we move away
from the origin of the stress-strain diagram by
0.2% and draw a line parallel to the line of the
elastic region, the intersection of the line with its
value diagram will be the yield stress value. Using
the maximum values of the above diagrams, the
ultimate strength of the metal is calculated, which
is equal to 0 = 420 MPa and oyts = 520 MPa.

The area between the yield stress and the
failure point of the metal is greatly stretched,
which indicates the toughness of the metal. Also,
based on the diagram, it can be concluded that the
metal under study is close to the elastic-perfectly
plastic state. The values for the modulus of
elasticity calculated in this test and provided by
the company slightly vary. These changes are due
to measurement errors, as the modulus of
elasticity cannot be changed under these
conditions. However, when using mechanical
properties in numerical analysis, the modulus of
elasticity provided by the manufacturer is used.
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A strain gauge is connected to a selector
device to measure and read the strain values. The
values were displayed by a program on the
computer screen. A 16-channel instrument was
connected to the strain gauges to read the results.
Hydraulic tests are often used to test pressure
vessels. To apply internal pressure to the vessel,
a hand pump that allowed increasing the
pressure up to 1000 bar was used. The pump
system was equipped with a hand-held
barometer with an accuracy of 10 bar. The stress
distribution model obtained from the numerical
analysis was used to determine the desired
points for installing strain gauges. Due to the
geometric symmetry and loading of the vessel,
the main directions of stress and strain were
along longitudinal and peripheral axes. Thus,
strain gauges were installed perpendicular to
each other in these directions.

Figures 12 and 13 show the location and
installation of the vessel strain gauges.
Considering that the welding belt creates a
bending moment in the middle of the liner, and
this bending moment, according to the sheet and
shell theory, causes compressive and tensile
stresses up to a certain range of the welding belt,
by installing a strain gauge near the welding belt
and the connection point of the spherical part to
the cylinder, changes in stress and strain is
measured.

‘ X=35 mm

| X=77 mm | | X-152 mm |

| X=20 mm || X=55 mm “ X=102 mm ‘

Fig. 12. Location of strain gauges

Fig. 13. Fully filament-wound composite pressure vessels

Figure 14 also presents a schematic
representation of the experimental test.

Figures 15 and 16 show the longitudinal and
peripheral experimental strain diagrams,
respectively. Also, the measurement was started
from the middle of the cylindrical part of the
vessel to its end.
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Fig. 14. Schematic of how the vessel was
experimentally tested

Ho
X(mny

Fig. 15. Experimental strain distribution of the vessel along
the longitudinal direction at a pressure of 40 bars
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Fig. 16. Experimental strain distribution of the vessel along
the peripheral direction at a pressure of 40 bars

The experimental strain was calculated in the
previous section, and the relations governing the
composites were used to calculate the
experimental stress. The angle of the fibers at the
locations where the strain gauge is installed and
the resulting strain was obtained is used to
calculate the stresses. Equations 7 and 8 were
used to calculate the stress, and the values
obtained for the stresses show good consistency
with the numerical results [26].

u, =R, =R, =0 7)

u, =uy, =R, (8)

The longitudinal and peripheral experimental
stress diagrams were shown in Figures 17 and



Mirzaei et al. / Mechanics of Advanced Composite Structures 10 (2023) 247-256

18, respectively. Also, the measurement was
started from the middle of the cylindrical part of

the vessel to its end.

%0

0 20 a0 &0 80 100 120 140 160

x(mm)

Fig. 17. Experimental stress distribution of the vessel along
the longitudinal direction at a pressure of 40 bars

o(MPa)

o 20 40 60 80 100 120 140 160
x(mm)

Fig. 18. Experimental stress distribution of the vessel along
the peripheral direction at a pressure of 40 bars

4.3. Comparison  of  Experimental and
Numerical Results

Figures 19 and 20 demonstrate the diagrams
comparing the longitudinal and peripheral
numerical and experimental strain, respectively.
The measurement started from the middle of the
cylindrical part of the vessel to its end.

Figures 21 and 22 demonstrate the diagrams
comparing the longitudinal and peripheral
numerical and experimental stress, respectively.
The measurement started from the middle of the
cylindrical part of the vessel to its end.

As shown in Figures 19 to 22, the stress
distribution and strain curves showed similar
behavior, as expected. As the diagrams show, the
location of the disturbances and the distribution
of stress in the longitudinal and peripheral
directions follow the strain behavior of the
structure.

The performance of the composite vessel
under the pressure of 40 bar in numerical and
experimental analysis shows that different
curves are rather similar. Maximum stress and
strain appear at the connection of the cap to the
body. By moving away from the edge of the joint
in all curves, the curve tends towards uniformity.
Based on the diagrams, the overall behavior of
the vessel shows consistency with the numerical
results. The appearance of the maximum stress

on the cylindrical wall and near the joint relates
to changes in the geometry and the edge effects in
this area.

—— Numerical Strain e Faperimentsl Strain
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Fig. 19. Comparison of experimental and numerical strain
distributions of the vessel along the longitudinal direction at
a pressure of 40 bars
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Fig. 20. Comparison of experimental and numerical strain
distributions of the vessel along the peripheral direction at a
pressure of 40 bars
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Fig. 21. Comparison of experimental and numerical stress
distributions of the vessel along the longitudinal direction at
a pressure of 40 bars
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Fig. 22. Comparison of experimental and numerical stress
distributions of the vessel along the peripheral direction at a
pressure of 40 bars
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In the analysis of thin-walled cylinders
without a cap under pressure, no axial
compressive force is applied to the end of the cap,
and only the compression along the radial
direction exerted peripheral stress on the
cylinder. However, in cylinders with a cap, the
compressive force applied to the cap causes an
axial tensile force from both sides of the cylinder,
which leads to the irregular distribution of stress
on the cap and the wall at the joint. By moving
away from the joint, the amount of this force
decreases and the curve becomes horizontal.
Conversely, by moving to the other side of the
vessel and approaching the joint, these forces
reappear, and the curve gets symmetrical to the
center plate of the vessel. The values obtained for
stresses and strains at critical points show a
difference of 20%, which can be justified by the
type of composite used, the quality of materials,
and the manufacturing methods that are
sometimes far from existing standards.

5. Conclusions

In the present study, a composite vessel
possessing a 304 steel liner was designed, and
based on this design, the vessel was
manufactured. The vessel then was tested under
a pressure of 40 bar. The strain was measured
using electric strain gauges, and then the stresses
were measured. The finite element method was
also used to analyze and compare the results. The
main findings are as follows:

a) Maximum stress and strain appear at the
connection of the cap to the body. By moving
away from the edge of the joint in all curves,
the curve tends towards uniformity. The
appearance of the maximum stress on the
cylindrical wall and near the joint relates to
changes in the geometry and the edge effects
in this area.

b) A change in the geometry of the structure
(such as a change in the joint of a spherical
part with the cylinder) causes disturbances
in the strain and stress curves near the
change site.

c) The behavior that the strain curves of a
structure show is considered a model of the
stress behavior of that structure.

d) It is recommended to model the problem in
finite element software to predict the
experimental behavior of the structure
before performing any experimental test.
This saves money and time.

e) The method adopted in this research to
model a type Il composite vessel meets up to
80% of the designer's expectations.
Considering the unavoidable errors such as
the creation of bubbles during screw
threading, errors in the baking process and
errors caused by the angle of fiber placement
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on the liner, associated with the behavior of
the composites, the results of the numerical
method can be reliable and acceptable.

f) The method adopted in this research can be
used in the construction and testing of vessel
liners as well as experimental testing of
vessels for industrial applications.

g) This study used an effective and efficient
method of experimentally testing the vessel
and accumulated sufficient information and
experience to carry out a similar study.

h) Considering that 45% of the pressure is
borne by the liner, an optimum design of the
liner can reduce the liner thickness and
reduce the weight of the tank.
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