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Abstract- In Process Industries, like chemical and
petroleum industries designers have recognized the
limitations involved for confining large volumes of high
internal pressures in single wall cylindrical metallic
vessels. In process engineering as the pressure of the
operating fluid increases, increment in the thickness of
the vessel intended to hold that fluid is an automatic
choice.  The increment in the thickness beyond a certain
value not only possesses fabrication difficulties but also
demands stronger material for the vessel construction.
With increasing demands from industrial processes for
higher operating pressures and higher temperature, new
technologies have been developed to handle the present
day specialized requirements. Multilayer Pressure
Vessels have extended the art of pressure vessel
construction and presented the process designer with a
reliable piece of equipment useful in a wide range of
operating conditions for the problems generated by the
storage of hydrogen and hydrogenation processes. In
this thesis, a solid wall and multilayered pressure vessel
is designed according to the principles specified in
American Society of Mechanical Engineers (A.S.M.E)
Sec VIII Division 1.Structural analysis is done in Ansys
for both solid wall and multi-layer pressure vessels using
different materials steel and composite materials C Glass
and Ceramic fiber.
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I. INTRODUCTION

The term pressure vessel referred to those reservoirs
or containers, which are subjected to internal or
external pressures. The pressure vessels are used to
store fluids under pressure.  The fluid being stored
may undergo a change of state inside the pressure
vessels as in case of steam boilers or it may

combine with other reagents as in chemical plants.
Pressure vessels find wide applications in thermal
and nuclear power plants, process and chemical
industries, in space and ocean depths, and in water,
steam, gas and air supply system in industries.The
material of a pressure vessel may be brittle such as
cast iron, or ductile such as mild steel.

1.1 SOLID WALL PRESSURE VESSEL

Fig:1.1 Solid Wall Pressure Vessel

A solid wall vessel consists of a single cylindrical
shell, with closed ends.  Due to high internal
pressure and large thickness the shell is considered
as a ‘thick’ cylinder.  In general, the physical
criteria are governed by the ratio of diameter to wall
thickness and the shell is designed as thick cylinder,
if its wall thickness exceeds one-tenth of the inside
diameter. A solid wall vessel is also termed as
Mono Block pressure vessel.

The standard pressure vessel formulae used for the
shell design is:
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In which,

S = Allowable Stress

P  = Design  pressure

D = Outside diameter

t   = Thickness

But when S = P,

and with D as outside diameter, then the vessel
becomes a solid bar.

Jasper and Scudder continue to point out
that the Lame formula is similarly unrealistic for
high pressures.

With S/P = 1, R1 is equal to zero, the thickness
required is indefinitely large.

The above illustrates that if the internal pressure (P)
acting on the shell is equal to or greater than the
allowable working stress (S) for the material of the
shell, and then no thickness of the shell will prevent
failure.  Thus it is impossible to design a mono
block pressure vessel to withstand internal pressure
equal to or greater than the allowable working
stress.

1.2 Multilayer Vessel Construction

Fig: 1.2 Multi Layer Composite Pressure Vessel

1.2.1 Multi layer construction is used for higher
pressures because

 It provides inbuilt safety.
 Utilizes material economically.
 Uniform stress distribution in entire vessel thickness

may achieved.
 Fabrication and assembly cost is less.
 No stress relief is required

1.2.2 Multi-layer vessels have been built in ranges
from

 350 mm to 5500 mm Inner diameter.
 15 MPa to 233 MPa design pressure.
 10000C to –600C design temperature.
 50 mm to 300 mm wall thickness.
 2 meters to 30 meters length.
 3 to 4 safety factor on minimum tensile strength

1.3 Why Composites?
Composites are able to meet diverse design requirements

with significant weight savings as well as high
strength-to-weight ratio as compared to conventional
materials. Some advantages of composite materials
over conventional one are mentioned below :

 Tensile strength of composites is four to six times
greater than that of steel or aluminium.

 Improved torsional stiffness and impact properties

 Higher fatigue endurance limit (up to 60% of the
ultimate tensile strength).

 30-45% lighter than aluminum structures designed to
the same functional requirements

 Lower embedded energy compared to other
structural materials like steel, aluminium etc.

 Composites are less noisy while in operation and
provide lower vibration transmission than metals

 Composites are more versatile than metals and can
be tailored to meet performance needs and complex
design requirements

 Long life offers excellent fatigue, impact,
environmental resistance and reduced maintenance

 Composites enjoy reduced life cycle cost compared
to metals

 Composites exhibit excellent corrosion resistance
and fire retardancy

 Improved appearance with smooth surfaces and
readily incorporable integral decorative melamine
are other characteristics of composites

 Composite parts can eliminate joints/fasteners,
providing part simplification and integrated design
compared to conventional metallic parts
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II. Design of Solid wall and Multi layer
Composite Pressure Vessel

(a) Design Data of Solid Wall

Fig: 2.1 Design of Solid Wall

Design Pressure(P) - 21 N/mm2, Hydrogen Design
Temperature (T)-200C

Inside Radius of vessel(Ri) -1143 mm

Inside Diameter of vessel(Di) - 2286 mm

Joint Efficiency(J) -1

Safety Factor(F.S) -4

Corrosion Allowance(C.A) -3.0 mm

2.1.1 Material Constuction:

Table 2.1 Material Properties

Description Material UTS
MPa
(Min)

YS  MPa
(Min)

Vessel SA 515 GR
70

492.9 267.6

Dished Ends SA 515 GR
70

492.9 267.6

2.1.2 DESIGN PAREMETERS
The design of solid pressure vessel includes,

(a) Design of Vessel thickness

(b) Design of Dished ends thickness.

(c) Calculation of Hydrostatic Test Pressure

(d) Calculation of Bursting Pressure

2.1.3 DESIGN OF VESSEL THICKNESS (t)
The Vessel holds the fluid under pressure and the
tangential stress is taken as design stress.  A joint in
the longitudinal direction, which is considered in
terms of joint efficiency, forms the Vessel.

The thickness of the Vessel is calculated from the
equation

= 219 mm

Thickness of Solid Wall Vessel, t = 219 mm

2.1.4 DESIGN OF HEMISPHERICAL DISHED
END
The thickness of the dished end is given by

= 102.26 mm

Adopted Thickness of the dished end is, td = 219
mm

2.1.5 CALCULATION OF HYDROSTATIC
TEST PRESSURE

(In horizontal position)
The hydrostatic pressure is taken as 1.3 times the
design pressure.

.

= 1.3 * 21

= 27.3 N/mm2.

2.1.6 STRESS DEVELOPED DURING
HYDROSTATIC TEST
(i) In Vessel
The Stress developed inside the vessel is calculated
from the equation,

S = 157.33 N/mm2.

The stress developed (157.33 N/mm2) is less than
the allowable stress value( 240.8 N/mm2 which is
90% of the Yield Stress)
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(ii) In Dished End
The Stress developed inside the Dish is

given by the equation,

=     73.97  N/mm2

2.1.7 CALCULATION OF BURSTING

PRESSURE (PB)

U.T.S is Ultimate Tensile Strength of the material
= 492 N/mm2

K = Outer Diameter / Inner Diameter

= 2724 / 2286 = 1.191

The bursting pressure is calculated as per Lame’s
method

2.1.8 Stress Developed During Bursting Test

The Stress developed inside the Dished
ends is given by the equation,

S = 231 .06 N/mm2

The stress developed (231.06 N/mm2) is less than
the allowable stress value

( 267.6 N/mm2 which is 100 % of the Yield Stress).

Hence design is safe.

(b) Design of Multi pressure Composite
pressure Vessel

2.2.1 DESIGN DATA OF THE VESSEL

Fig 2.2 Multi Pressure Composite Pressure Vessel

Design Pressure P -21 N/mm2, Hydrogen.

Design Temperature, T -200C

Hydrostatic  Pressure  PH - 27.3 N/mm2

Table :2.2 MATERIALS OF CONSTRUCTION

Descriptio
n

Materi
al

Type of
Steel

UTS
(Min)
N/mm
2

YP
(Min)
N/mm
2

Shell
Liner

SA 515
GR 70

Austeniti
c

492.9 267.6

Shell
Layers

SA 515
GR 70

Austeniti
c

492.9 267.6

Dished
Ends

SA515
GR 70

Austeniti
c

492.9 267.6

Allowable Stress values:

Shell Liner & Layers ;164 N/mm2

Dished Ends : 123 N/mm2

Input Data
Design pressure, P: 21 N/mm2

Inside radius of shell, Ri: 1143 mm

Inside Diameter of the shell(Di): 2286 mm

Corrosion allowance, C.A: 3.0mm

Joint efficiency, J: 1.0

Permissible Stress for shell material,

S: 164 N/mm2

Thickness of shell, t: ?

 t*2

 tP0.2RP
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The thickness of the shell is calculated from the
ASME modified membrane theory equation as

= 161.64 mm

Provided thickness, t = 162 mm   ( 12 mm Liner ) +
25 layers of 6 mm thick)

The Thickness of Liner (core Tube)= 12 mm

The Thickness of Each Layer =    6 mm

Number of Layers=    25

2.2.2 Check for minimum Shell Thickness
The minimum shell thickness required is checked
by the equation as per API-ASME code for welded
pressure vessels is as

Where S = Design stress value for total thickness
and is given by

Sc = Allowable stress at design temperature of liner
=  164MPa

Sl = Allowable stress at design temperature
of layers  = 164 MPa

n = Number of layers.

tc = Thickness of liner or core tube

tl = Thickness of layer

= 164 N/mm2

η = Weld Efficiency is given by the equation,

The minimum required shell thickness:

= 160.2 mm

Provided thickness (162 mm) is more than the
required, Hence the design is safe

2.2.3 DESIGN OF HEMISPHERICAL DISHED
END
Input Data
Design pressure, P: 21 N/mm2

Inside radius of shell, Ri: 1143 mm

Strength of the material(S):123 N/mm2

Corrosion allowance, C.A: 3.0mm

Joint efficiency, J: 1.0

Thickness of the dished end, td: ?

The thickness of the dished end is given by

= 102.26 mm

The adopted thickness of the dished end = 162 mm.
2.3.4 Calculation of Hydraulic Test Pressure (in
Horizontal Position)
The hydrostatic pressure is taken as 1.3 times the
design pressure.

.

= 1.3 * 21

= 27.3 N/mm2.

2.3.5 Stresses during Hydrostatic Test
(i) In Shell

The Stress developed inside the
shell is given by the equation,

=     208.99 N/mm2

The stress developed (208.99 N/mm2) is less than
the allowable stress value(240.8 N/mm2 which is
90% of the Yield Stress)
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(ii) In Dish
The Stress developed in side the Dish during
Hydrostatic Test is given by the equation,

The stress developed (99.03 N/mm2) is less than the
allowable stress value (240.8 N/mm2

which is 90% of the Yield Stress).

2.3.6 Calculation of Bursting Pressure (PB)
U.T.S is Ultimate Tensile Strength of the material
=  492 N/mm2

K = Outer Diameter / Inner Diameter

=  2610 / 2286

= 1.141

Bursting Pressure,

(i) Stress During Bursting Test in Dished Ends:
The Stress developed inside the Dish end is

given by the equation,

The stress developed (234.06 N/mm2) is less than
the allowable stress value(267.6 N/mm2 which is
100 % of the Yield Stress)

Hence design is safe.

III. ANALYSIS

3.1 ANALYSIS OF SOLID WALL AND MULTI
LAYER COMPOSITE PRESSURE VESSEL

3.1.1 MATERIAL – steel, Ceramic fibre, C
glass epoxy

Fig:3.1 3D Model

IV. Results
3.2 STRUCTURAL ANALYSIS
SOLID WALL PRESSURE VESSEL

Table 3.1 Results of Solid wall pressure vessel in
Structural Analysis

Total
deformation(m
m)

Strain Stress(Mp
a)

Steel 0.78101 0.00100
89

201.78

Ceram
ic fiber

1.8621 0.00197
54

171.64

C-glass 3.1383 0.00310
25

155.09

3.3 MULTI LAYER PRESSURE VESSEL
Table 3.2 Results of Multilayer pressure vessel in

Structural Analysis
Total
deformation(mm)

Strain Stress(Mpa)

Steel 0.82939 0.00071583 138.45

Ceramic
fiber

0.8598 0.00073844 129.53

C-glass 0.61578 0.00053442 93.852

By observing the graph to be concluded
deformation of solid wall and multi-layer in that
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deformation of multi-layer wall is less deformation
comparing with solid wall.

V. CONCLUSION
Structural analysis is done in Ansys for both solid
wall and multi layer pressure vessels using different
materials steel and composite materials C Glass and
ceramic fiber.

By observing the structural analysis results, the
displacement, stress and strain values are less for
the design with multilayer than solid wall pressure
vessel. By comparing the results for materials, C
Glass Epoxy is better since the results are less for
that material.

So it can be concluded that using Multi layer
pressure vessel is better since stresses are less and C
Glass Epoxy due to less stresses and also more
strength to weight ratio than steel.
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