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Abstract:

Industrial training forms an essential part of the Diploma in Civil Engineering curriculum, allowing students to relate
classroom knowledge to real manufacturing practice. This paper presents a study of structural steel fabrication as
observed and practised during a twelve-week industrial training programme carried out at Diamond Engineering,
Ahilyanagar, a structural steel fabrication and engineering unit. The paper discusses the manufacturing workflow of
structural steel hardware, including foundation bolts, sag rods and bracing members, covering the stages of
measurement, cutting, filing, threading, bending, bolting, plating, painting, sorting, bunching and dispatch. It also
examines the quality control instruments and safety practices used at each stage of production. The study shows that a
structured, machine-assisted fabrication workflow improves dimensional accuracy, consistency, and product reliability
compared with informal manual practice, while also highlighting the continuing importance of engineering judgement,
inspection and documentation in a small, growing fabrication enterprise.
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Introduction

Structural steel components such as foundation bolts, sag rods and bracing members form a critical part of industrial
sheds, structural steel frameworks and allied civil engineering projects. These components anchor structures to their
foundations, resist sagging of purlins, and provide lateral rigidity to steel frameworks, and their manufacture requires
close attention to dimensional accuracy, thread quality and surface protection.

Civil engineering is a major branch of engineering concerned with the planning, design, construction and maintenance
of infrastructure such as buildings, bridges, roads, industrial sheds and structural frameworks. While much of a civil
engineering curriculum focuses on design and analysis, the manufacture of the structural hardware used in these projects
is equally important, since the strength and reliability of an assembled structure depends directly on the quality of its
individual fasteners and members.

Industrial training gives Diploma students direct exposure to this manufacturing side of civil engineering. In the past,
small fabrication workshops relied largely on manual filing, cutting and fitting, which is useful for understanding basic
principles but is time-consuming and difficult to reproduce consistently across a batch. Modern fabrication workshops,
even relatively young and small enterprises, increasingly combine hand skills with cutting, threading and bending
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machines, along with dedicated measuring and quality-control instruments, to achieve consistent, dispatch-ready
components within a short turnaround time.

This paper is based on a twelve-week industrial training programme undertaken at Diamond Engineering, a structural
steel fabrication unit in Ahilyanagar, Maharashtra, engaged in the manufacture of foundation bolts, sag rods, bracing
components and other structural steel hardware. It documents the organisation, processes, equipment, quality control
and safety practices observed, and discusses their significance for civil engineering practice.

Aim of Study

The main aim of this research paper is:

“To study the manufacturing processes, quality control practices and safety procedures used in structural steel
fabrication, and to understand how a structured, machine-assisted workshop workflow improves the accuracy,
consistency and reliability of structural hardware used in civil engineering.”

Objective of Study
The main objectives are:
e To understand the organisation structure and general layout of a structural steel fabrication unit.
e To study the manufacturing process of foundation bolts, sag rods and bracing members.
e To understand the role of cutting, filing, threading, bending and bolting operations.
e To study surface treatment processes such as plating and painting.
e To examine the measuring and quality-control instruments used at various stages of production.
e To study the safety procedures and protective equipment used in the workshop.
e To compare manual fabrication practice with machine-assisted workshop fabrication.
e To identify the limitations observed during the training period.

e To understand the future scope of structural steel fabrication in civil engineering.

Literature Review

Structural steel fabrication has long been an important part of construction practice, and its quality directly affects the
safety and durability of the finished structure. Design codes such as IS 800 for general construction in steel and IS 1367
for technical supply conditions of threaded fasteners lay down the dimensional and material requirements that fabricated
components must satisfy.

Earlier fabrication work in small workshops relied primarily on manual filing, hand cutting and fitting. Studies on
workshop practice indicate that manual fabrication, while useful for developing basic skills, is comparatively slow and
prone to variation between workers, making it less suited to producing large, consistent batches of fasteners such as
foundation bolts.

The introduction of dedicated cutting, threading and bending machines, along with measuring instruments such as
vernier calipers, go/no-go thread gauges and torque wrenches, has enabled small fabrication units to achieve a level of
accuracy and repeatability that manual methods alone could not reliably deliver. Surface treatment processes such as
zinc or chrome plating are widely used to protect structural steel hardware from corrosion, particularly for components
used in outdoor or industrial environments.

The literature also emphasises that quality control cannot rely on machinery alone; systematic inspection at each stage
of production, proper sorting and classification of components by grade, and accurate dispatch documentation remain
essential to delivering reliable structural hardware. Industrial training exposes students to this combination of machine-
assisted production and human quality judgement, which is central to modern structural steel fabrication practice.
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Methodology

The methodology adopted for this research paper can be divided into the following stages:

Step 1: Orientation and Collection of Information

Information about Diamond Engineering, its organisation structure and its products was collected through direct
observation, discussion with the founders and workshop supervisors, and reference to the internship daily diary
maintained during training.

Step 2: Study of Workshop Equipment and Layout

The machinery, hand tools and measuring instruments used in the workshop were studied, along with the general layout
of the raw material storage, processing sections, quality inspection area and dispatch yard.

Step 3: Study of Manufacturing Processes

The manufacturing workflows for sag rods, foundation bolts and bracing members were studied in detail, covering
measurement, cutting, filing, threading, bending, bolting, plating, painting, sorting, bunching and dispatch.

Step 4: Participation in Practical Tasks

Hands-on exposure was gained across the four major process areas — Sagrod, Sagrod Plating, Foundation Bolting and
Bracing — on a rotational basis over the twelve-week training period, from 25/05/2026 to 15/08/2026.

Step 5: Comparison

Machine-assisted workshop fabrication, as practised at Diamond Engineering, was compared with traditional manual
fabrication in terms of accuracy, time, consistency, quality control, surface finish, repeatability and documentation.
Step 6: Analysis

The observations collected during training were analysed to understand the effectiveness of a structured fabrication
workflow in producing reliable structural steel hardware for civil engineering applications.

Comparison Between Manual Fabrication and Machine-Assisted Workshop Fabrication

Parameter Manual Fabrication

Machine-Assisted Workshop

Fabrication

Accuracy Depends heavily on the fitter's manual High precision achieved through vernier
skill and eye judgement calipers, thread gauges and jigs

Time Slower; each component filed, cut and Faster; cutting, bending and threading
threaded individually by hand machines increase output

Consistency Varies from piece to piece and worker to | Uniform dimensions and thread quality
worker across a batch

Quality Control Informal, based on experience Structured checks using go/no-go gauges,

plating thickness gauges and torque
wrenches

Surface Finish

Limited protective treatment

Zinc/chrome plating and painting applied
systematically

Repeatability Difficult to reproduce identical Machine-assisted processes allow
components repeatable batches
Documentation Minimal record keeping Dispatch notes, inventory updates and
inspection records maintained
Suitability Small, one-off or highly customised jobs | Batch production of foundation bolts, sag

rods and bracing members
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Results and Discussion

Based on the study, structured, machine-assisted fabrication provides significant benefits in the manufacture of structural
steel hardware used in civil engineering.
The major observations are:

e Cutting, threading and bending machines allow consistent dimensions across a batch of components.

e Filing and finishing remain important manual skills, particularly for irregular surfaces and fine tolerances.

e Go/no-go thread gauges and vernier calipers provide reliable, repeatable quality checks.

e Plating and painting significantly improve the corrosion resistance and presentation of finished hardware.

e Sorting and classification by grade (e.g. Grade 4.6 or Grade 8.8) are essential to prevent mix-ups before
dispatch.

e Bunching and proper documentation reduce errors during loading and site installation.

e Safety practices such as PPE use, machine guarding and proper material handling reduce the risk of workshop
injuries.

e A young, small enterprise can still maintain strong quality control through close founder involvement and
systematic inspection.

The comparison with manual fabrication indicates that machine-assisted workshop practice significantly improves
accuracy, consistency and turnaround time, especially for batch production of foundation bolts, sag rods and bracing
members, while manual skill and engineering judgement remain necessary for finishing, inspection and problem-solving.

Conclusion

Structural steel fabrication, as observed during industrial training at Diamond Engineering, plays an important role in
civil engineering by supplying the foundation bolts, sag rods, bracing members and allied hardware used in industrial
sheds and structural frameworks. The training provided practical exposure to the complete manufacturing workflow,
from raw material preparation through filing, cutting, threading, bending, bolting, plating, painting, sorting, bunching
and dispatch.

Compared with purely manual fabrication, a workshop combining hand skills with dedicated machinery and measuring
instruments offers important advantages such as improved dimensional accuracy, consistent thread quality, better surface
protection and more reliable batch production.

However, machinery alone is not sufficient to guarantee quality. Systematic inspection, correct use of measuring
instruments, proper sorting and classification, safety awareness and sound engineering judgement remain essential
throughout the fabrication process. Industrial training of this kind is therefore an important part of preparing civil
engineering students to understand how the structural hardware specified in their design work is actually manufactured,
checked and delivered.

Recommendations
The following recommendations can be made:

e Civil engineering students should be given hands-on exposure to structural steel fabrication processes, not
only design and detailing.

e Colleges should strengthen coordination with local fabrication units to provide structured, rotational industrial
training.

e Students should practise using measuring and quality-control instruments such as vernier calipers, thread
gauges and torque wrenches.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM67560 | Page 4



https://ijsrem.com/

ARy

International Journal of Scientific Research in Engineering and Management (IJSREM)

Ao
é‘{IJSREM
e Journal
w Volume: 10 Issue: 09 | Sep - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

e Workshop training should be accompanied by an understanding of relevant standards, such as IS 800 and IS
1367.

e Safety training and correct use of PPE should be emphasised before students are exposed to workshop
machinery.

e Documentation practices, including inspection records and dispatch notes, should be taught as part of quality
management.

e Small and growing fabrication enterprises should be encouraged to formalise quality-control checklists as they
scale up production.
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