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ABSTRACT

Piping system is a pipe network using pipe fittings like tees, cross, elbows, etc., and other special
components valves, gaskets, flanges, filters, etc., to perform the necessary fluid transfer mode
(Liquids/Gas/Slurry) from one place to another. The Industrial/International Codes and Standards control the
design of piping systems. The specifications for design, manufacture, and use of materials, testing and
inspection of piping systems are specified by piping codes, and the standards are more applicable to the concept
of application design and construction rules and requirements for piping components. The basic design code
used in our project is ASME B31.3. For petroleum refineries, chemical plants, textile plants and paper plants,
this code contains the process piping code. Stress in the pipe is also the key concern when constructing any pipe
device. Methodologies for the design of pipe systems inside the chemical plant are viewed and analyzed. The

analytical study of piping systems is derived by using CAESAR I software.
Keywords: Piping, Chemical Plant, CAESAR I1, Stress Analysis, ASME B31.3

1. INTRODUCTION

Piping System design and analysis is a very important field in any process and industry. Piping system
is like the blood circulating system in our human body and is necessary for the life of the plant. Design of piping
network system meets various Applications which has health and safety for work environment. The performance
of the plant depends on the pipe line sizing, Equipment layout, components and fittings used. This paper
discusses about the stress analysis and displacement of Process Piping Plants referring to code ASME B31.3.
The basic design code used in this paper is ASME B31.3 Process Piping code which includes textile plants, oil
and petroleum refineries, chemical plants, paper plant, etc. But the piping system, mentioned in thesis is
chemical plant which is used for supplying the chemical for process and treatment Piping stress analysis is a
vital part of the Industrial plants condition assessment. At present, there is much software for piping stresses
analysis, viz.-CAEPIPE, CAESAR-II, AUTOPLANT, PIPE PACK, check STRESS, PDMS, etc. In our project,
Design and analysis of the piping system is done by using CAESAR |1 Software. The CAESAR Il is Computer

Aided Engineering Stress Analysis & Routing is a complete pipe stress analysis of piing system subjected to
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weight, pressure, thermal load, and seismic load, static and dynamic loads. It can Analyses Piping System of any
size and complexity
2. PIPING STANDARD& PIPE CODE

The piping standard is the documents prepared by a professional group or committee which are
believed to be good and proper Engineering practices and which contain mandatory requirement. It is the
application design and construction rules and requirements for piping components as flanges, elbows, tees, etc.
there are many type of piping standard available, they are ASME, ANSI, BIS, ISO, ASME B31, CSI, etc. Of
these standards ASME B31 is used in this paper.

The pipe code is a group of general rules or systematic procedures for Design, Fabrication, Installation
and Inspection methods prepared in such a manner that code can adopted by legal jurisdiction and made into a
law. The ASME B13 Piping Codes are:

» ASME B31.1 - Power Piping
» ASME B31.2 - Fuel Gas Piping
ASME B31.3 - Process Piping
ASME B31.4 - Liquid Piping
ASMEB31.5-Refrigeration Piping
ASME B31.8 - Gas Distribution and Transportation
» ASME B31.9 - Building Service Piping
Among these code ASME B31.3 process piping code is used in our design.

YV V V V

3. PIPING LAYOUT & ROUTING
Piping layout show the overall dimension of the plant/system/unit from where the plants start and ends,
which show the all piping, equipment nozzle, Structure, Piping supports instruments tags, piping components
used. The piping layout is very important for the installing of pipe in the sites. It shows the piping in the plan
view and gives all the information required for preparation of isometric drawings
Piping Routing is the planning of pipeline layout, which includes consideration of neatness, economy
and safety. Pipe routing must consider the effects of vibration, corrosion and normal service on the pipe before
deciding where to lay them.
The following data were used in this paper:
» Pipe Material - MONEL 67Ni 30Cu
» Pipe Nominal Diameter - 11cm

» Operating Pressure - 3.7 bar
> Operating Temperature - 90°-130°
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Figure 2: 3D view of piping layout in Chemical plant

4, METHODOLOGY
The methodology of the project is start with Problem identification in the chemical industry followed
by design of piping system using code ASME B31.3 and choosing of proper material, finally analyses the piping
layout and then concluded the solution, the methodology of any analysis is followed by three steps
» Preprocessing — Create a layout of the piping system by using various component like control valves,
bends etc. and choosing pipe material
» Solution — Applying loads, giving supports and then solve the solution

» Post processing — Finally review the result obtained and check the validity of the solution

5. STRESS ANALYSIS

Stress is a measure of the force per unit area is acting on a plane passing through the point of interest in
a body. Stress analysis is general term used to describe analyses where the results quantities include stress and
strain. The purpose of stress analysis in piping is to calculate the static force in a piping system created by
thermal expansion, static pressure, loads, weights, etc. The stress analysis should be perform according to the
applicable piping code is ASME B31.3, this code provide calculation for the maximum allowable stress in the

piping based on the diameter, wall thickness, and material properties
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Figure 3: Stress analysis Result

6. FLEXIBILITY ANALYSIS

Flexibility analysis is an analysis of the ability of pipe to change its length and deform elastically. This
condition occurs because of load which is affected by high temperature during operation in piping system.
Piping system must be enough flexible, so thermal expansion or movement of support or end point of pipe will

cause failure on pipe and support due to excessive stress.
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Figure 4: Flexibility analysis

A

7. DISPLACEMENT ANALYSIS

Piping Flexibility analysis in accordance with the basic assumptions and requirements of B31.3 is
concerned with two types of stress called sustained stress and displacement stress. Both of these stress must be
considered separately because sustained stress are associated with sustained force and displacement stress is

associated with fixed displacement.
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Figure 5: Displacement analysis Result table

8. FLANGE CHECK

A Flange is a method of connecting pipes, valves, pumps and other equipment to form a piping system.
It also provides easy access for cleaning, inspection and modification in case of any problem in the pipe line.
Flanges are usually welded or screwed. Flanged joints are made by bolting together two flanges with a gasket
between them to provide a seal. The sum of the operating pressure and effective pressure is then compared with
allowable pressure specified in ASME B31.3 or ASME B16.5.The flange loading calculation method outlined is
used to determining the effective pressure in the flange due to

e  External Moment

e External Force
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Figure 6: Flange load Analysis

9. RESTRAINT LOAD ANALYSIS

The Restraint produces that make it possible to quickly and safely restrain fittings at bends, dead ends, tees,
valves, and reducers without the need for concrete thrust blocks or tie rods. These joint restraint products turn
the pipeline into its own thrust block. The key to utilizing these new products is to understand the proper
application of pipeline restraint. The first step in any pipeline restraint design is to define the force to be
restrained: the resultant thrust force. Defining this force at a particular fitting requires isolating the piping

section containing the fitting restraint
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Figure 7: Restraint load analysis result
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10. RESULT

By changing the different material for pipe and applying stress under different load condition, the
results of stress developed in the pipe node is shown in Figure 3. For the same pressure the flexibility occurs in
the pipe is shown at Figure 4. The flange load was applied on the particular node and the result was shown in the
Figure 6. By using various materials for the same piping layout, MONEL 67Ni 30Cu material shows the good
stress intensification factor, which has load withstand capability. From the above results we conclude the piping

layout having high life span and good efficiency.

11. CONCLUSION
The analytical results of this piping layout describe the stress analysis and flexibility analysis of piping
system in the chemical plant is found to be good and economically value. The design and analysis of this piping

layout is carried out by the CAESAR Il Software. Thus, the objective of our project were attained
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