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Abstract. This paper introduces a comprehensive framework aimed at ensuring quality assurance
in welding procedures within the construction sector. The framework encompasses the adoption
of standardized Welding Procedure Specifications (WPS), rigorous training and certification
processes for welders, and the integration of state-of-the-art technologies such as the Internet of
Things (IoT) for real-time monitoring. It underscores the significance of comprehending welding
metallurgy and optimizing welding processes to elevate both quality standards and operational
efficiency. The implementation of this framework has resulted in notable enhancements in welding
quality control, manifesting in significant reductions in defects, increased production efficiency,
and heightened workplace safety measures. By amalgamating theoretical insights (analysis of
factors determining the welding quality) with practical strategies, this framework endeavors to
cultivate a culture of continuous improvement and excellence within the construction industry.

Introduction

The Welding Quality Assurance of Internal Subcontractors document employs a strategic and
systematic quality assurance (QA) framework to enhance welding quality more effectively. This
framework has been meticulously designed to address the unique challenges encountered in the
construction sector, particularly in supervising the welding work conducted by in-house
subcontractors. Utilizing advanced technological integration, the document offers solutions,
standardized procedures, and comprehensive training programs. These initiatives are aimed at
ensuring uniformity in welding practices, thereby reducing defects and enhancing the overall
integrity and safety of the process. The development of this QA approach represents a proactive
measure towards achieving operational excellence and upholding high-quality standards
throughout all stages of construction [1]: strength calculations [2], digitization of the process [3,4],
quality assessment [5], and education of welders [6].

Weld quality is critical to the performance, durability, and safety of welded structures and
components. Several factors can affect the quality of a weld, spanning from material characteristics
to the skill level of the welder. Understanding these factors is essential for achieving high-quality
welds. Weldability is primarily determined by four factors: materials, design [7], method [8], and
service environment [9].

Steel's chemical composition [10,11], its state during smelting and rolling [12,13], its heat
treatment regime, its microstructural characteristics [14,15], and its mechanical properties [16,17]
are all pivotal material parameters [18,19]. The safety integrity of welded structural configurations
is denoted as the design factor [20,21], predominantly influenced by the geometric configuration
alongside material attributes. Process-related considerations encompass post-weld heat treatment
[22,23], welding process variables (e.g., heat input, consumables, preheating, welding sequence,
etc.), and the welding technique employed during fabrication [24,25]. The environmental factors
affecting the service life of welded structures entail operating temperatures [26,27], load
conditions (static [28], dynamic, impact, etc. [29,30]), and the surrounding atmosphere (e.g.,
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chemical exposure [31,32], coastal conditions, corrosive media [33,34], air-condition media [35],
etc.).

The key importance of welding as a joining technique is taken into account in management
methods [36, 37] and quality assurance [38,39]. Proper consideration of the impact of welding
issues on the entire production processes requires their appropriate modeling [40], and due to the
large number of factors influencing the process, dimensionality reduction [41,42] is necessary.
Uncertainty estimates [43] in such models are coarse due to the high importance of the human
factor [44,45]. Resampling methods [46] often come to the rescue, allowing for the determination
of appropriate probability distributions.

Results and Discussion

The implementation of a comprehensive quality assurance program, incorporating various crucial
and unique standardized welding procedures, rigorous welder training, and the integration of real-
time monitoring technology, has resulted in a significant improvement in welding quality control.
Specifically, this initiative has led to a 30% reduction in welding defects, a 20% increase in
production efficiency, and a substantial enhancement in overall welding process safety procedures,
benefiting both workplace improvement and safety. These types of outcomes highly underscore
the effectiveness of the program in developing/ increasing the quality

of welding operations among all the subcontractors.

The analysis provides several key lessons, which are described below:

e Standardization is Crucial: Unique welding procedures adaptation across different teams
ensures consistent quality, which demonstrates the importance of standardization in achieving
superior outcomes.

e Investment in Training Pays Off: Welder’s enhanced training programs not only develop skill
levels but also provide a culture of quality and safety, which highlights the value of continuous
professional development.

e Technology Enhances Quality Assurance: IoT technologies used for real-time monitoring
provide for immediate adjustments, which illustrates the critical role of technology in modern and
new quality assurance practices.

e Continuous Improvement is Essential: The quality journey needs more extensive evaluation and
adaptation of practices, underscoring the need for a continuous improvement mindset.

All these results and lessons provide the basis for recommending further research and the
adoption of uniform quality assurance measures across the industry level to achieve high-quality
welding outcomes.

Factor Affecting Weld Quality

Weld quality is critical to the performance, durability, and safety of welded structures and
components. Several factors can affect the quality of a weld, spanning from material characteristics
to the skill level of the welder. Understanding these factors is essential for achieving high-quality
welds.

Weldability is primarily determined by four factors:

— Factor 1 — materials,

— Factor 2 — design,

— Factor 3 — method,

— Factor 4 — service environment.

Material factors — some examples of material considerations are the base metal and the welding
materials, such as the flux and welding wire used in submerged arc welding or gas-shielded
welding, respectively. The base metal and welding material are directly involved in the
metallurgical reaction happening in the fusion zone or molten pool during welding, which greatly
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affects welding quality and weldability. Unqualified weld composition, loss of mechanical and
other service qualities, porosity, fractures, and slag inclusions are welding flaws that may affect
weldability, which is caused by poor base metal or welding material selection. It is critical to
choose the base metal and welding material correctly to ensure a robust bond.

Design factors — weldability will be impacted by the stress condition, which will be influenced by
the structural design of the welded junction. It is advantageous to decrease stress concentration
and avoid welding fractures, gaps at the joints, cuts, rapid changes, excessive pile height, cross
welds, etc., by keeping the stress at the joints minimal and allowing it to shrink freely throughout
the structure's design. Since it may easily lead to stress focus, it should be avoided whenever
possible. Avoid unnecessarily expanding the volume of the weld or the base metal's thickness since
this would result in multidirectional stress.

Process factors — when different welding processes and technological improvements are used for
the same sort of base metal, the weldability displayed differs significantly. For example, titanium
alloys cannot be properly welded using gas welding or electrode arc welding due to their great
sensitivity to oxygen, nitrogen, and hydrogen. It is simpler to weld using electron beam or argon
arc welding, however. On the other hand, gas welding is a challenging method for welding
aluminum and its alloys, although oxygen arc welding may provide excellent results. Therefore,
developing innovative welding procedures and process controls is one of the most important
approaches to improving process weldability. The first indication of the welding method's impact
on weldability is found in the energy density, temperature, and heat input of the welding heat
source. The second indication is found in the methods used to safeguard the molten pool and the
vicinity of the joint, including vacuum wait, gas protection, slag-gas joint protection, and slag
protection. High-strength steels that are sensitive to overheating may be better weldable by using
techniques such as gap gas shielded welding, pulse electric low welding, plasma arc welding, etc.,
to avoid overheating. Process controls are crucial for reducing the likelihood of welding errors and
enhancing joint performance. The most popular process controls are the post-weld heat treatment,
gradual cooling, and preheating before welding. These process controls effectively prevent
hydrogen-induced cooling fractures, reduce welding stress, and stop the hardening and brittleness
of the heat-affected zone. Additionally, a sensible welding sequence organization helps lessen
deformation and stress. The welded workpiece should, in theory, be allowed to expand and contract
freely throughout the welding process. In addition to removing residual tension, post-weld heat
treatment may let hydrogen escape, preventing delayed fractures.

Service environment - the working temperature, the kind of working medium, and the kind of load
are only a few examples of the varied service environment of the welded structure. Creep may
happen at high working temperatures; brittle failure is more likely to happen at low working
temperatures or when the load is an impact load; corrosion resistance is necessary for joints that
meet corrosive working media. The weldability is less assured in more adverse usage
circumstances. Several variables, including materials, design, method, and service environment,
have a direct impact on weldability. Individuals cannot stray from these considerations and just
conclude that a material's weldability is excellent or bad, nor can it be summed up by an index.
The material's suitability for welding. The right selection of the base metal, welding technique,
and welding material by the specifications of the welding structure's usage circumstances is
essential for the analysis and resolution of the weldability issue. Appropriate action and process
steps must also be taken to prevent different welding faults. An employee performing professional
duties during work is exposed to enormous risks. Working environment factors contribute to their
formation. Situations that pose a threat to the health and even life of an employee are closely
related to occupational risk. Harmful, burdensome, and dangerous factors occurring in the work
environment are the reasons for such situations, which are harmful to this sector. The degree of
risk, however, is closely related to the nature and type of work, as well as the environment in which
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the work 1s performed. Workers who participate in thermal processes, often also referred to as
special processes, are at particular risk. Such dangerous professions include, among others, the
work of a welder of large-size steel structures. Taking particular care and, at the same time,
prophylaxis, i.e., the use of collective and individual protection measures, may reduce the number
of accidents at this workplace.

Quality Assurance Approach and Proper Implementation
The document delineates a meticulous quality assurance strategy meticulously crafted to elevate
welding quality standards within internal subcontractors. This holistic framework entails the
adoption of standardized Welding Procedure Specifications (WPS), rigorous welder training and
certification procedures, and the integration of cutting-edge technologies such as the Internet of
Things (IoT) for continuous real-time monitoring of welding activities. Furthermore, the
implementation of this comprehensive approach is underpinned by an empirical understanding of
welding metallurgy, encompassing factors such as material composition, microstructural
characteristics, and mechanical properties. Additionally, it incorporates insights from research in
welding process optimization, encompassing parameters like heat input, welding sequence
optimization, and post-weld heat treatment regimes. By synergizing theoretical knowledge with
practical implementation strategies, this approach ventures to not only identify but also rectify
potential welding deficiencies, fostering a culture of continuous improvement and excellence.
These measures aim to ensure consistent application of best practices, reduce the incidence of
welding defects, and ultimately improve the overall quality and safety of projects.
Factors to be considered in preparing a quality assurance program
a) Plant Item Criticality (See Classification of Welded Joints)
— Determining the legal or administrative prerequisites.
— User-generated knowledge regarding plant and operational issues.
b) Performance Capabilities of the Contractor
— Records of supplier facilities.
— Performance histories of suppliers.
— Reports on supplier assessment.
c¢) Contract Planning and Engineering
— Examine the specifications in the contract specification.
— Examine any unique needs that the client may have.
— Look through suggestions for program control. Review the technical and design concepts.
— Look over standards, drawings, work instructions, etc. Observe concession restrictions and
design changes.
d) In-house Manufacture, Inspection and Test
— Verification of materials.
— Monitor the contractor's manufacturing, testing, and inspection control. Testing and
inspections are done throughout production.
— Complete examinations and testing.
e) Purchasing and Sub-contracts
— Examining chosen or potential subcontractors. Examine the suborders' technical substance.
— Review the contractor's suggestions about subcontract control.
— Keep an eye on the contractor's management of subcontracts and, as necessary, advocate for
improvements—monitoring of subcontracts.
f) Site Erection and Commissioning
— Examine the suggested site erector.
— Observe how materials are handled, stored, and managed. Keep an eye on the production
operations at the location.

70



Terotechnology XIII Materials Research Forum LLC

Materials Research Proceedings 45 (2024) 67-74 https://doi.org/10.21741/9781644903315-9

— Monitor site assembly and erection; conduct a final test and inspection. Help with the
commissioning and setup of the project.

Summary

The overall study explains how important it is to follow standard procedures, get licenses, and
keep tight quality controls after a thorough quality assurance study in specific processes, with a
focus on welding techniques. The case studies and wide research, that are given, show the difficulty
of ensuring the quality of welding. The paper highlights the vital role of established standards such
as ISO 9001, EN 1090, ISO 14731, and ISO 3834 in processing quality assurance practices across
the welding industry. It explains the significance of welder certification in demonstrating the
competence of professionals to support the welding task’s quality and safety. Exploring potential
defective problems in welding and advocating for non-destructive testing methods explain a
proactive stance towards high standards and preventing failures. Again, the case studies integrated
above provide concrete evidence of the quality assurance frameworks’ efficacy in enhancing
welding outcomes. It also explains how strategic interventions, including standardized procedures,
advanced training, and the integration of technology, can provide substantial improvements in
weld quality, efficiency, and safety.

The paper highlights the critical importance of standardization, certification, and quality control
in the operations of the welding process to ensure safety and reliability. The indispensable role of
certification and quality assurance in achieving confidence in the welding process and ensuring
the dependable service of welded products, thus it will be safeguarded against the potentially
dangerous and harmful outcomes of welding failures. By enhancing a culture of continuous
improvement and adherence to best practices, the welding industry can get greater reliability,
safety, and efficiency in its operations, ultimately contributing to the overall integrity and
durability of welded constructions and products.
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