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ABSTRACT

Piping systems play an important role in industrial engineering in terms of integrity and safety because they are
subject to different dynamic forces or environmental conditions. Auto PIPE boasts of being one of the robust tool
which has been developed in line with the complex piping stress analysis. In this paper, the complex problems that
the piping stress analysis tech ask for are explored, with the aim of uncovering more specific problems, such as 3D
modelling, load considerations, amongst other topics, and presenting a survey about Auto PIPE software and the
results obtained from its usage. However, the paper concentrates on how Auto PIPE provides better stress prognosis,
reduces the designing stage to reasoning, and reduces the time of the project. In addition, this paper contributes to
how dynamic and thermal load analysis can be conducted using AutoPIPE and how it can be applied in analyzing
real-world cases (such as seismic load). Lastly, the paper also presents an outlook on future advancements,
including Artificial Intelligence and Machine learning, cloud computing and how they can make Auto PIPE even
more powerful for piping stress analysis in the future.
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I. INTRODUCTION

The assessment and design of the piping system is a complex field in industrial processes that is as essential as the
human body circulation system to plants. A piping network of an industrial plant plays a significant role in the
performance of a plant; hence, pipeline sizes, layout design of equipment and the criteria for selecting pipelines and
their fittings are popular topics [1]. A particularly important step in the design of these systems is assessment of the
mechanical stress in order to guarantee their safety and reliability in response to fluctuations in operating parameters.
The ASME B31.3 Process Piping Code is the first point of reference for the assessment of piping systems in a variety
of industries ranging from oil refineries and chemical plants to textile industries [2]. These standards assert the concept
of flexibility and routing as well as the materials that need to be used to meet the safety and operation needs.

However, they have evolved rapidly to support transport of industrial energy, support of large structures, and to meet
the safety requirements of today’s piping systems [3]. As a result of these problems, it then divide a sophisticated
software system like Bentley Systems AutoPIPE. In addition, Auto PIPE also provides a complete solution to
engineering process and users are able to construct and stress analyse pipes and Pipe Stress Analysis seamlessly with
other engineering processes to produce precise piping models [4].

This study is motivated by the increasing complexity of industrial piping systems and the increasing demand for tools
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that will enhance safe, efficient and reliable piping stress analysis. Traditional methods dealing with intricate system
designs often fail to meet industrial demands in terms of compliance with stringent regulations as the modern industry
demands. Auto PIPE with its advanced features and seamless integration to engineering workflow makes it the right
solution to these challenges [5]. The objective of this study is to look into how AutoPIPE can facilitate improvements
in design, enhance stress analysis processes for optimized outputs, and enhance safety and more efficient industrial
operations. The contribution of the following research paper to the study is:

e A detailed analysis of Auto PIPE’s features and capabilities, and its usefulness in modern piping stress analysis
techniques is given.

e The contributions are designed to explain how Auto PIPE supports advanced engineering workflows, including
piping system of a complex design and integration with other engineering tools.

e The study illustrates key piping stress analysis challenges and illustrates how AutoPIPE effectively deals with
the same through its advanced features.

e Auto PIPE contributes to improved safety and reliability of piping systems through risk reduction in terms of
stress and strain, it examines these contributions.

e The insights provided by the study are of high relevance to engineers and industry practitioners on using
AutoPIPE in optimizing piping system design, analysis, and operational efficiency.

I1. UNDERSTANDING AUTOPIPE: A COMPREHENSIVE OVERVIEW

AutoPIPE, developed by Bentley Systems, is an application software that focuses on piping stress analysis. It is
renowned specifically in the area of stress analysis and assessment of the dynamic behavior of piping systems in
different load conditions. Auto PIPE helps industries like oil and gas, power generation, chemical processing and many
others where the performance and integrity of piping systems are critical.

A. General Historical Evolution or Development of the Concept

AutoPIPE was first developed as an application to deal with challenges arising from increased levels of complication in
piping systems for industrial projects. Over the years, it has advanced and adopted new technologies and tools into the
process, offering engineers highly sophisticated software products for piping stress analysis [6]. It consumes more
stock shares from point of view of essential capacities and open benchmarks, making it indispensable in present-day
engineering:

B. Core Features and Functional Modules
Auto PIPE stands out due to its comprehensive feature set, including:

e Static and Dynamic Analysis: Auto PIPE is capable of considering pressure and weight load and other
dynamic conditions such as earthquakes and vibration loads.

o 3D Modelling and Visualization: The software permits detailed designing of the piping system in 3D, so that
the republican engineers are offered a proper outlook on the layout and the potential straining boondocks of
the system.

e Compliance with Industry Standards: Major codes and standards such as ASME B31.1 and B31.3 Pipe Stress
are incorporated into Auto PIPE, thus minimizing outright risks of the design.

e Thermal and Fluid Dynamics: It takes into account the thermal environment, the effect of temperature on
components, expansion and fluid flow, offering a complete stress solution [7].

e Integration and Interoperability: Auto PIPE has links to other products, including STAAD. Pro and Open
Plant, which enable interdisciplinary work.

C. Industry Adopters and Trends

Auto PIPE has been widely used by engineers, attracted by its easy-to-use graphical user interface, analysis functions
and its ability to design piping systems with intricate geometry. It has been applied broadly in many fields including
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pipe systems for production of oil from offshore structures or schematic designs of heating, ventilation and air
conditioning systems in tall structures. The software is capable of modelling the piping systems and its analysis and
validation which qualifies it as a necessary tool to the engineers or project managers [8].

Through precision, versatility, and conformity to international standards, Auto PIPE retains the position of one of the
essential tools in the current piping engineering to guarantee the safety and effectiveness of critical installations.

D. Advantages Over Traditional Methods and Competing Tools:

o Efficiency and Speed: Simplifies multistep calculations, does this much faster and with fewer mistakes than
calculations done with the old ways.

e Accuracy and Compliance: Integrated design codes, in turn, guarantee the designs meet safety and regulatory
standards.

e Enhanced Visualization: The large-scale piping configuration, beyond the scope of practicality of typical
manual methodologies or simple tools, is effectively explainable through the use of 3D modelling.

e Broad Application: Universal and accommodates multiple pipes and their arrangements in different industries.

e  User-Friendly Interface: Easy-to-use interfaces and assisting guidelines for engineers make it less challenging
to grasp the program.

I11. PIPING STRESS ANALYSIS TECHNIQUES

The optimal placement of pipes, machinery, and structural supports may be determined by piping stress analysis, an
interactive design technique. The pipe system has to be flexible enough to withstand thermal expansion and different
loads. Thus, it's important to plan the architecture with the pipe support and stress in mind. Consequently, piping stress
analysis makes it possible to choose the best pipe system by using a variety of pipeline materials and cross-sectional
characteristics (while taking pressure, temperature, and loads into consideration) [9]. The effectiveness of the pipe
system design depends on the layout being precisely balanced between the strains.

A. Traditional Methods in Piping Stress Analysis:

Many conventional piping stress analysis methods have been instrumental in achieving the goal of safe and reliable
piping systems [10][11]. These methods did not involve much computational work and involved several assumptions
and relatively simple instruments. Here is an overview of these techniques:

e Manual Calculations: In the past, engineers used classical mechanics equations to do stress analysis on
components. These calculations were largely manual and usually took a lot of effort and sometimes the input of
experts to get the right results.

o Simplified Assumptions: In traditional approaches, it was common for certain parameters to be assumed in
order to reduce the complications of the system. For example, the pipes were assumed to be straight and certain
forces, external or otherwise, were assumed to be negligible. As effective for elementary conditions, these
assumptions somewhat inhibited the accuracy of analysis.

e 2D Diagram-Based Analysis: The last problematic feature was the use of 2D drawings for modelling systems.
The utility of the system was that engineers put together a network of pipes and fleshed out the full geometry of
a piping network, as well as all interactions between it and other systems [12].

e Code-Based Approaches: The codes ASME B31.1 and B31.3 were typical for stress analysis, considering
material resistance and operational conditions. Nevertheless, these codes sometimes had no allowance for
special configuration.

e Limited Computational Tools: In the past, engineers relied on use of slide rules, manual calculations, or
simple computing systems, and very little modelling or simulation.

B. The Shift Towards Software-Based Solutions:

Stress analysis in pipelines has now evolved from manual analysis and use of conventional methods to computerised
techniques [13]. This development has brought a huge change to the area as it has a bigger accuracy, efficiency and
flexibility [14].
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e Increased Computational Power
Software solutions define methods and algorithms that help perform the difficult calculations of the piping
systems faster than manual calculations. These tools can handle large volumes of data as well as cause
different outcomes with less administration by people.

e Enhanced Modelling Capabilities
Utilisation of contemporary programs like AutoPIPE warrants engineers to develop 3D models of piping
systems, facilitating comprehension of the interconnection of spaces.

e Integration with Industry Codes
Software solutions include existent compliance with safety standards as ASME B31.1 and B31.3 thereby
minimizing the possibility of human forgetting/ignoring compliance with such safety standards.

e Dynamic and Nonlinear Analysis
Improved tools are used in conducting the dynamic analysis, factors such as the seismic loads, thermal
expansion, and fluid transients included. It was difficult to accomplish this using the conventional techniques
of data analysis.

e Time and Cost Efficiency
Cuts in the time and effort to perform stress analysis and alleviate stress are possible through efficient use of
automation tools and fine mathematical modelling.

C. Emergence of Tools Like AutoPIPE:

The development of such tools as AutoPIPE has been the key to the progress and enhancement of piping stress
analysis:
1. Comprehensive Analysis
Static and dynamic analysis is conducted using AutoPIPE, incorporating effects that are thermal expansion,
seismic loads, and fluid transients.
2. Integration with Standards
Designed to meet codes such as ASME B31.1 and B31.3) It is for an objective of safety and compliance to
regulations.
3. 3D Modelling and Visualization
It helps in creating fine-scaled 3D models for realistic spatial analysis and design improvement.
4. Automation and Efficiency
Automated features reduce manual input, saving time and minimising errors.
5. Collaboration and Integration
Integrates with other engineering tools and supports collaborative workflows.

IV. ROLE OF AUTOPIPE IN MODERN PIPING STRESS ANALYSIS

AutoPIPE by Bentley Systems is a dominant software for piping stress analysis that provides a professional set of
solutions with enhanced functions to increase efficiency, accuracy and safety in an engineering environment.

A. Increasing Clarity of Stress Calculations

Auto PIPE helps to reduce the time for calculation of piping stresses, loads and deflections of pipes under static or
dynamic loading circumstances. The application has a good graphical user interface, and the powerful modelling tools
help engineers analyse problems with accuracy and efficiency. These aspects of the software help to cut down on input
and, therefore, increase efficiency and decrease the margin for mistakes.

B. Enabling Subsequent Steps for Advanced Engineering

It works well with other design and analysis applications, which allows for a smooth engineering process. This
interoperability facilitates realisation of comprehensive data sharing and communication across various platforms
thereby increasing effectiveness of teams working across the different specialty areas. Auto PIPE’s ability to
incorporate designs which are compatible with different code and standards of different nations is also present and
these make advanced engineering effective.
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C. Application of the Document to the Complex Piping Dimensions

AutoPIPE can efficiently consider complex piping arrangements; therefore, it can be applied in oil and gas, power
stations, and chemical manufacturing businesses [15]. This prompt is an advantage for engineers to capture and
evaluate the performance of intricate systems with a high level of precision. For example, the software is capable of
performing seismic stress analysis, which is important in the design of piping systems in areas that are prone to
earthquakes.

D Roles in Risk Management and Safety

Auto PIPE is used in analysing various load conditions of piping systems thus helping in identifying key failure areas
of concern. Preventive analysis allows engineers to put changes into designs that help minimise risks of system failures
and maximise safety. Further, satisfaction with the essential standards required in the industry protects safety aspects
effectively by considering Auto PIPE in designs.

V. MODERN TECHNIQUES IN PIPING STRESS ANALYSIS

Current methods of assessing piping stress have come so far removed from the older non-destructive testing (NTD)
whereby, although volume defects and crack ailments could easily be diagnosed, stress could not be sensed, welded
sections were quite difficult to appraise, and external forces such as soil pressure were barely possible to consider. Such
restrictions frequently indicated pipeline failures brought on by metal stress fatigue. These shortcomings are filled by
modern methods like finite element analysis or FEA, Auto PIPE and so on, capable of determining stress
concentrations, taking into cognisance environmental factors and making failure predictions. They facilitate dynamic
and real-time simulation as well as improved means of evaluating a pipeline’s safety factor, offering better pipeline
integrity and reliability.

A. The Role of Finite Element Analysis:

Finite element analysis (FEA) is an extremely knowledge-area in piping stress analysis as it provides accurate
geometrical displacement and stress/strain solutions through simulation [16]. It breaks large piping systems into
convenient parts and determine how varied forces such as pressure, temperature, and other load forces alter the system.
By acquired valuable information from FEA, stress concentration zones, material fatigue, and failure mechanisms can
be predicted with ease and designs enhanced to prevent failures. This capability to model real-world conditions,
including thermal expansion and earthquake effects, makes FEA a critical tool in the attainment of safe, reliable and
engineering-code compliant pipelines.

B. Integration of Computational Techniques with Software Like AutoPIPE:

Modern piping stress analysis has significantly benefited from the combination of computation methods with software
such as Auto PIPE. Knife and fork features such as state-of-the-art algorithms adjusted with field-specific rules make
Auto PIPE a handy tool for simulating stress, strain, and deformation of piping systems. The software includes various
computing models like finite element analysis (FEA) to estimate various complicated conditions such as thermal
expansion, dynamic loads and seismic forecasts. This integration saves time and increases precision, offering granular
visualisation while removing the burden of monotonous work to enable engineers to provide high-stake solutions
regarding design, compliance and failure evaluation. It is an attempt to narrow gap between analysis and practice in the
assessment of stress for structures such that it is done faster and with high accuracy.

VI. APPLICATIONS OF AUTOPIPE IN PIPING STRESS ANALYSIS

AutoPIPE is widely recommended in piping stress analysis in many industrial sectors mainly because of the new
features it offers and the tested reliability of the software. Its applications include:

A. Design Validation
Auto PIPE guarantees that piping systems meet necessary standards (ASME, ISO, etc.) through stress
analysis, pressure checking and thermal impact test on models to verify the designs.
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B. Seismic and Dynamic Analysis
It determines the effects of earthquakes, shaking, and other transient loads so as to design systems capable of
functioning under dynamic environments.

C. Thermal Stress Assessment
Auto PIPE accounts for the expansion and contraction due to temperature and allows for prediction of stress
significant points to guarantee system dependability in the fluctuating temperatures[17].

D. Pipeline Integrity and Safety
It is done respecting the principles of mechanics of materials and fracture mechanics, understanding stress
concentrations and estimating factors of safety — all that is necessary for the engineers to manage certain risks
of failure and enhance operational safety.

E. Oil & Gas and Power Generation
It is widely used by various industries including oil and gas to analyse complicate piping system of refineries
and power plants and optimise the piping layout to reduce layout time and validate compliance to major design
codes.

VII. LITERATURE REVIEW

This section reviews recent advancements in piping systems, focusing on PIP free span analysis, LNG carrier piping
strength, Al-driven design, and the use of open-source simulation tools. A summary is provided in Table I.

Rao et al. (2021) detail the steps to take in order to assess the piping system's strength on LNG carriers. Here is a
method that takes into consideration the ship's wave load, hull motion acceleration, and deformation caused by thermal
expansion and contraction when the ship is at sea. A petrochemical manufacturing facility in Mangalore will have new
pressure vessels erected as part of the project so that the fluid used in the plant can meet its process requirements [18].
Huo et al. (2023) demonstrate the results of a three-dimensional finite element simulation of the reinforced concrete
bifurcation pipe used in the building and operation of the Laojiao River hydropower facility. In order to determine the
maximum stress and its location at different working conditions, the calculation process takes eight combination
working conditions of the reinforced concrete bifurcation pipe into account. The rules for stress distribution between
the bifurcation pipe and the surrounding rock are then worked out. For reinforced concrete bifurcation pipes, the rules
of stress variation are solved at various calculation points depending on the wall thickness and bifurcation angle, as
well as the stress variation conditions of the surrounding rock [19].

Liu et al. (2022) offer AutoPipe as a solution to both issues; it has i) a planner that can swiftly and automatically
generate a balanced pipeline partition scheme using a fine-grained partitioner. This partitioner uses a heuristic search
approach to discover the balanced scheme and groups DNN based on the sub-layer granularity; and ii) a micro-batch
slicer that, in accordance with the planner's findings, uniformly divides the micro-batch in order to lower the startup
overhead of the pipeline. This slicer will figure out how many micro-batches to separate automatically. The
experimental findings demonstrate that Auto Pipe significantly reduces startup cost by 50% and pipeline design time by
an order of magnitude while simultaneously speeding up training by up to 1.30x compared to the state-of-the-art
distributed training system Megatron-LM. Auto Pipe: A Balanced Partitioning and Micro-batch Slicing Approach to
Fast Pipeline Parallelism [20].

Irina et al. (2022) the goal of this project is to create a method that uses thermo-optical creation of acoustic vibrations to
test the material of particular pipes for residual stresses without damaging the pipe. Measurements of residual stresses
in specific pipes are outlined in this article, along with the primary methodological techniques. An immediate need in
the responsible manufacture of costly mechanical engineering products is the development of methods for non-
destructive assessment of residual stresses. Special pipes are one kind of product that falls within this category.
Particular pipes are subject to stringent standards on their straightness, a crucial operational attribute [21].

Mighouar et al. (2020) the stress concentration factor is dealt with in four models to analyse stress concentration in
dented steel pipes under cyclic internal pressure, this research. They use a finite element model to simulate a pipe in the
linear elastic range to compare the predictions of these simulations. The numerical model is used in two simultaneous
but independent complementary simulations. The first step is to create the dent, and in the second, they compute stress
around the flaw given the distorted pipe geometry. Next, they may assess the stress concentration factor in longitudinal,

transversal and spherical dent forms [22].
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References Focus On Key Findings Objectives Pros Challenges
Rao et al. | Strength Procedure  accounts | Develop a method | Addresses real- | Complexity in
(2021) evaluation of | for wave load, hull | to evaluate piping | world conditions | modelling dynamic
piping systems | motion acceleration, | system strength | like wave loads | and thermal
on LNG carriers | and thermal | under dynamic and | and thermal | interactions.
expansion/contraction. | thermal conditions. | effects.
Huo et al. | Stress analysis | Stress distribution | Understand  stress | Detailed analysis | Requires extensive
(2023) of reinforced | rules and variation | distribution and | of stress under | finite element
concrete conditions are derived | variations in | multiple working | modelling and
bifurcation pipe | under eight working | bifurcation  pipes | conditions. computation.
in  hydropower | conditions. and surrounding
stations rock.
Liu et al. | Pipeline AutoPipe accelerates | Develop a  fast | Significant Limited to specific
(2022) parallelism for | training by up to | pipeline parallelism | reduction in | distributed training
distributed 1.30x, reduces startup | approach with | pipeline startup | frameworks;
training overhead by 50%, and | balanced overhead and | scalability to other
frameworks improves pipeline | partitioning and | improved systems untested.
planning. micro-batch slicing. | training speed.
Irina et al. | Non-destructive | Developed acoustic | Create a technique | Non-destructive | Requires advanced
(2022) testing of | method with thermo- | for non-destructive | testing method; | equipment for
residual stresses | optical generation for | residual stress | applicable to | thermo-optical
in special pipes | residual stress | testing in special | expensive acoustic
measurement. pipes. mechanical measurements.
engineering
products.
Mighouar | Stress Analytical models and | Analyse stress | Provides insights | Limited to linear
et al., | concentration finite element | concentration into stress | elastic range; may
(2020) factors in dented | simulations assess | factors for dented | concentration for | not account for real-
steel pipes under | stress  concentration | pipes under cyclic | various dent | world material
cyclic pressure for three dent shapes. | internal pressure. shapes. behavior under
extreme loads.

VIIl. CONCLUSION & FUTURE WORK

Safety, reliability, and efficiency of industrial operations are dependent on piping systems through assessing and
designing them. Today, it has since become one of the software tools that are being used widely nowadays in piping
stress analysis called AutoPIPE, which is known as an advanced one if compared with dated methodologies and tools,
with the ability to also fulfill industry standards and even dynamic analysis. It is an indispensable resource to engineers
in various industries because it can integrate with other engineering tools and cater to complex piping arrangements.
AutoPIPE significantly contributes to the discussion of the advancement of piping system design and analysis towards
addressing the challenges of the traditional methods and to improve safety and operational efficiency.

In future, AutoPIPE can be interfaced with other recent developments in the field, for instance, Artificial Intelligence
and Machine Learning, for predictive stress analysis and automated detection of fault. Furthermore, its capabilities can
be extended to tackle other industrial requirements that require piping system designs to be more sustainability or
carbon footprint conscious. The study also may provide room to innovate in piping stress analysis through approaches
such as the integration of AutoPIPE with cloud-based solutions, as well as real-time monitoring systems.
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