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ABSTRACT

Materials are one of the areas that require special attention while creating a project’s
master plan as well as during the daily construction progress. The absence of
materials when needed is one of the main causes of loss of productivity at a jobsite.
Inefficient materials management can lead to an increase of 50% in work hours. As a
result, a detailed plan for the materials management of each construction project is
necessary. Currently, materials management functions in the construction industry are
often performed on a fragmented basis with minimal communication and no clearly
established responsibilities among the parties involved. In addition, the collaboration
required among departments has not been considered and implemented. This
fragmentation creates gaps in information flow, which leads to delays in material
ordering and receiving, expediting costs, excessive inventories of some items and
project delays. Total quality management (TQM) is increasingly being adopted by
construction companies as an initiative to solve quality problems in the construction
industry and to meet the needs. TQM should incorporate the integrated quality
management activities in the supply chain. This supply chain context is especially
salient in the quality assurance of construction projects Therefore, aim is to identify
the supply chain management issues in total quality management for electrical
services in construction projects. the strategy, structure and tasks for managing
relationships between TQM in SCM The result will help in providing a greater
understanding of identified TQM and SCM practices that will lead to the successful
implementation of TQM and SCM strategies to enhance business performance in
terms of the improved levels of customer service. Decision models are ever-present in
the materials management processes of industries other than construction and have
proven their worth in improving productivity and profitability. Knowledge-management
concepts were applied to design an integrated, effective system of decision-support
tools for materials-management decisions of an electrical contractor during the
construction phase of a project. The research created detailed mappings of the
essential decisions, decision models and data that are required to support supply-

chain activities of construction throughout a project life cycle
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION
Recent trends in the business world has forced companies to expand their activities into
new regions where they can find qualified manpower, lower production costs, high
availability of raw materials giving rise to wider and more complex supply chains but also
bringing in new opportunities to leverage their competitive advantages. These changes
require the implementation of new organizational models with different suppliers and
partners responsible for an important part of the final product and consequently to provide a
service of excellence to satisfy customers. In order to produce value and optimize
profitability, it is fundamental to establish successful partnerships with the supply chain
organizations that can be achieved by new models of cooperation, improved
communication and integration among all the supply chain partners. The use of advanced
management practices is essential to accomplish these objectives. In this context, the use
of integrated approaches to quality management, and SCM becomes fundamental.
Therefore, it will be important to take advantage of TQM and SCM synergies in order to
improve customer satisfaction, increase employee’s motivation and to promote
performance of the organization.
1.2 AIM
The main aim is to analyze and discuss the issues in supply chain quality management and
brings new insights on their impact in electrical services on construction industry .
1.3 OBJECTIVES

« To identify critical risk in supply chain quality management

» To study about integration of total quality management in supply chain

+ To review the positive impact of quality management on supply chain management

» To study present cases of supply chain improvements through quality management

+ To discuss the best practice recommendations, relationship between total quality

management factors and transition to supply chain quality management

1.4 SCOPE

» To improve customer satisfaction

* Increase employee’s motivation

» To promote good quality performance

* Minimizing time and cost
1.5 LIMITATION

+ Total quality management in supply chain focusing on electrical services in

construction industry

1.6 RESEARCH QUESTION

1. How to integrate total quality management in supply chain ?

2. What are the factors constraining the application of SCM in TQM ?

3. Whether issues in supply chain due to poor quality management ?

4. How to increase the customer satisfaction ?



1.7 METHODOLOGY

» Farming objective and research question
 Analyzing the research paper

Stage 1| * Literature study about total quality management and tools, supply

Stage 3

chain management and electrical services SCM J
N
» Literature study about electrical services TQM
Stage 2| * Best practice to control time and cost overrun
J/
* Live case study
* Collecting data through questionnaire expert interviews
: : ™
» Comparative analysis
+ Using Dss and sparcs tool for scm
+ Using quality tools for tqm y
: ™
* Improve tools and techniques
* Control (Recommendation) — quality checklist . software
* Conclusion y

1.8 TOOLS

Supply chain

Qualitative Quality tool management
software

Fig 1.1 Tools and techniques




1.9 DATA COLLECTION METHOD

Supply Network
Planning

_—

Data
collection
methods

Supply Chain Analytics

Fig 1.2 Data collection method Fig 1.3 supply management software

ri Cause and Effect Digram

1
| Check Sheet
71 Control Charts

Histogram
o lullJ st

=

= EI?.Pareto Chart

| Scatter Diagram
715 | Stratification

Fig 1.4 quality tools



CHAPTER 2

LITERATURE STUDY
2.1 PAPER REVIEW

2.1.1 Research paper 1

Total quality management in construction industry - 1Savita Sangle1, 2 M.C. Aher,
3R.V. Devalkar

Need of study

e The construction industry in many parts of the world suffers from problems such as
workmanship defects, time, and cost overrun. Construction industry for its poor
performance and history of waste and rework, coupled with chronically low levels of
customer satisfaction.

e A need for change becomes inevitable in order to improve the condition of the
construction industry. The industry problems will remain until each organization in the
procurement of construction industry begins to take the responsibility for initiating
changes within their own organization. Such change can be initiated through the
effective implementations of a total quality management (TQM) system.

Objective

e |t is to point out the latest studies which focused on increase the business quality
through implementation of TQM in construction industry and its suitable application in
different phases of project construction and it also describes the basic theory of Six
sigma, principles, methodology, and various tools used for reducing defects.

Elements of tgm

| Leadership

Statistical
process
control

/ .
" Leadership
- | commutment

X 7 ~
~__f> -\ S

Feedback ‘;’"
and | Elements of TQM |
\ 1uechanism_ \

Recognition
and rewards

; \ p
/" Team work y
and i [ 3
; ol ~_ | Education
employee ~4 9 0E
\ Y and training
empowerme / \ =

nt /| Customer
~ | orientation ‘

Fig 2.1 Elements of TQM
4



e Leadership - The first step towards the excellence is the major decision to provide
leadership for quality as a basic strategic goal.

e Leadership commitment - Members of top management must lead to TQM efforts.

¢ Recognition and rewards - It is essential as people need to be accepted by others
and recognition helps them to find themselves in a winning role

e Customer orientation - The customer want value at reasonable price
¢ Team work and employee empowerment - common goal gained at less expense

e Feedback and mechanism - For success of the TQM program, feedback
mechanisms for the both external and internal customers need to be developed.

e Statistical process control - help the organization to reduce the inspection and
improve the quality.

Elements of quality in construction

Effective

Process
manageme
nt

Customer
Leadership ( manageme
nt

Quality
policy and
strategy

Supplier
partnership

Training People
and ‘ Teamwork ’ manageme
nt

Rewards communicati
on

education

Fig 2.2 Elements of quality in construction

Six Sigma is a continuous improvement methodology which known as DMAIC (define,
measure, analyze, improve, control) aims to enhance the efficiency of the existing
processes and increase customer satisfaction through designed products and services.
DMAIC framework is a integration of several techniques such as QFD (quality function
deployment), SPC (statistical quality control), DOE (design of experiments), and FMEA
(failure mode and effects analysis) in a logical direction. This approach is more suitable
when the current design of the products, services and processes are correct and
satisfactory regarding to the requirements, customers and business.

CONSIDER A RESIDENTIAL BUILDING AND TRY TO IMPROVE THE QUALITY OF
INTERNAL FINISHING WORK.

1. Define — SIPOC — Suppliers Input Process Output Customer Measure — Pareto
Diagrams Analysis — Cause and Effect Diagram Improvement — Corrective Action
Control — Control Plan



2. Case Study Data Analysis For Preliminary Survey By using various tools ie. Check
sheets, Pareto Chart, Fishbone Diagram, different analysis and graph data is
obtained and analysis is done.

Table 2.1 check sheets for site work

Type J Check Subtotal
Surface cracks A0 w1 19
Segregation NI 5
Efflorescence Il 11 8
Spalling “HII 5
Blisters ~—~II | 6

Pop outs 111 4
Disintegration -- 00

No of Defiects

o . A0 -—
- I - I a ’ == Curn Porerrtage
r * & ol =
g & 4 & &
2 o .. o
& + o & r

.
Fig 2.3 No of defects in building

Pareto chart

A Pareto Chart can answer the following questions: What are the largest issues facing our
team or business? « What 20% of sources are causing 80% of the problems? « Where
should we focus our efforts to achieve the greatest improvements?

...... r—— r—

Fig 2.4 Pareto chart



Cause and effect diagram

Cause and Effect diagram helps us to visualize in a graphical manner the outcome and
various factors that influence that outcome

I e L e e
A B PEFEGT (MM PR CRACH

Fig 2.5 Cause and effect diagram

Control plan will help us to keep a check on the various preventive measures which are
taken to achieve the desired result two plans are used WHY WHY Analysis and Cause
analysis

Table 2.2 Why why analysis

LLBACKCAN BE HEALED
BY CEMENT GROUTING
2. CRACKS CAN BE

NEGLIGENCE = ¢
IN PLANNING PRI‘TD‘T]‘“ REGULAR
p— FaorIR mErECTIOn
EQUIPMENTFOR EQUIPMENTS o
1 INSUFFICIENT SHORTAGEOF WATER LIFTING; PROPERLY; FAUEETC;EN :x;#a?’:]:]:gr
CURING WATER, WEATHER CONCRETING

DEFARTMENT | 4. AVOIDING
CONCREATING TN

CONDITIONS ARE NOTDONEIN
UNCNTROLLABLE PROFER
WEATHR
CONDITIOR

EXTREME HEAT
CONDITIONS

5.USING STANDATD
METHOS FORHOT
WEATHER CONCRETING

Table 2.3 cause analysis

Isthereany | lf YESwhatis
Causes Standard/ | the :.;Vh.at:fthe I;"'k Whatis | Is there any
asls chec.
specification | specification Spec? & Actual? | Difference?
L] o4 eas
No | Description | ? (YES/NO) | ? B
LABOUR
UNSKILL SHOULD BE
1 | yaxpowmn | NOTALLOWED | o ooy YES TRAINED | NO
TRAINED
ACCORDING
INSUFFICIENT TO HOT
2 |émme YES NOTALLOWED | oo e | HO cxEciep | TE9
CONDITIONS
ADVERSE ACCORDINGTO | ypqpaL
3 WEATHER YES WEATHER 1ES CHECKED | NO
CONDITIONS CONDITION CHECKING

7



Conclusion

It is seen that no proper quality control was practiced on site.

lack of QA and QC resulting into various defects on structure which mainly due to
improper inspection and control.

If we apply 7 QC tools properly on site we can go through details of each and
every defect and Root cause of the defect can be studied deeply and action plan
can be taken correctly.

TQM can bring to your construction business (Improve business quality, increase
customer satisfaction, reduce cost, save time and much more).

The reason that the construction industry has arrived late to TQM is that the
construction professionals unaware of the TQM principles and techniques.

To bring these benefits to the construction industry, more efforts must be made to
spread the culture of TQM among the construction

2.1.2 Research paper 2

Roles of supply chain management in construction - Ruben Vrijhoef1 and Lauri
Koskela2

Concept of supply chain management

The supply chain has been defined as ‘the network of organizations that are involved,
through upstream and downstream linkages, in the different processes and activities that
produce value in the form of products and services in the hands of the ultimate customer

Information flow (orders, schedules, forecasts, etc.)

Suppliers 4> Manufacturers [#»{ Assemblers |« Retailers ¢  Customers

Materials — Fath - Foduel — Sales — Lise or'
manufacture assembly consumption

Material flow (supplies, production, deliveries, etc.)

Fig 2.6 Concept of supply chain management



Methodology of SCM

consists of four main elements:

(1) Supply chain assessment

(2) Supply chain redesign

(3) Supply chain control

(4) Continuous supply chain improvement.

Improve

Control

N

Act
Redesign Q Do

Fig 2.7 Methodology of SCM

h

Assessing construction supply chains through case studies

* In this section, three case studies that were executed in the Netherlands and Finland

are being described, representing three exercises of supply chain assessment.

« The case studies represent three separate analyses of different supply chains.

+ The case studies give some insight in the waste, problems and causes

Table 2.4 Casestudy

Method Case study 1 Case study 2 Case study 3
Quantitative | Measurement Waste: e
analysis time buffers \
Qualitative | Observations, Problems:
analysis interviews etc. controllability problems %,
Implicit Impressions Causes:
analysis efc. traditional trading




1% - Time buffers along a part of a chain process of concrete wall elements in residential
building

2" - Represented a problem analysis (i.e. Qualitative analysis) to identify and locate
controllability problems in a chain process of composite fagade elements in residential
building

3" - Represented a quick scan of the cost impact of trading methods used by a main
contractor to purchase materials

Resident Principal Architect & Main contractor
consultants
Direct suppliers Indirect
& sub- suppliers
i f \ contractors
Initiative ¥ Tendering r# Design | Procurement l l
Fabrication g Parts

l of elements manufacture

Construction Operation Materials

o i Bl on site ni capacity g production

Information flow (orders, schedules, forecasts, etc.)

Material flow (supplies, production, deliveries, etc.)

Fig 2.8 Flow of SCM

Time buffers
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® Process

Sand productionI Elements falbricationI Site assembly

L Time use

.. Wasted time use
2 (about 70%)

Non-value-adding time use
(about 10%)

i
! :::: Value-adding time use
111 (about 20%)
IIIIIIIIIIIIIIIIIIIII .

Process

Fig 2.9 Time measurement of concrete wall elements
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Table 2.5 Casestudy comparison

Case study 1

Case study 2

Description | This case study refers to time
measurement to detect and analyze time
buffers in a part of a supply chain process
of concrete wall elements including the
excavation and delivery of sand, the
fabrication and delivery of elements, and
the site installation of elements.

Involves problem analysis to identify
and locate controllability problems in a
part of a chain process of composite
facade elements. The observed part
included the job preparation, price
bargaining, engineering, assembly,
and site installation of the elements.

end of the sub-processes remarkable time
buffers occurred. The time buffers were
particularly due to inventory and delays.
The share of the time buffers compared to
the total lead-time was quite large (70-
80%). Underlying problems of the time
buffers included separate planning. The
problems referred to various root causes
including inter-organizational barriers.

Objective Analysis of the time use along the Analysis of the controllability problems
process in order to get insight in the time along the process in order to get
buildup, and the magnitude and location insight in the occurrence and causality
of time buffers. among the problems and their causes.

Method Decomposition of the process in sub- Decomposing the process in sub-

processes and activities processes
Time measurement of the activities Uncovering the controllability
Categorizing time use per activity: problems per sub-process
wasted, non-value-adding, value-adding | ldentifying and locating the causes
Locating and quantifying time buffers Finding connections between the
Composing the process time buildup problems and causes
Results It appeared that at the beginning and the The controllability problems were

numerous. Root causes included non-
collaborative working relations
between parties, and adversarial
bargaining. Most problems that were
encountered on an operational and
managerial level were caused by
strategic and cultural issues. These
included lacking common targets,
reluctance and opportunism.

Inaccurate data
Information needs are not
met

Adversarial bargaining

Long search for
needed
information
Incorrect
documants.
Waiting long time
for approval of
design changes

Main contractor Defective supplies
Order changes
Complex delivery

procedures

Job
preparation

Engineer

il Design and
engineering

Problams !

Long storage
Inferior packing
system

Large shipments

Indirect supplier
Assembly

=

Subcontractor

Transport
and delivery, .

= Z
Problems =

Problems

Inflexible
deliveries
Uneasy
packing
System
Complex
ordering
procedures

installation

Fig 2.10 Risk and cause of problem in each stage
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Conclusion

« Based on the insight gained by means of supply chain assessment, the SCM
methodology needs to be fully applied to resolve the problems that were found in the
construction supply chain.

+ Because most problems spread across the supply chain, solutions are needed that
equally cover multiple stages of the supply chain, including the actors involved.

» The range of the solutions and the part of the supply chain involved depend on the

scale of the problems.
Control |Redesig

Control |Redesig

Number of supply chain
issues covered

Control |Redesig

@: Assess

Number of supply chain
actors involved

»

Fig 2.11 Supply chain development
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2.1.3 Research paper 3

A framework for a decision support model for supply chain management in the
construction industry - Jose luis perdomo-rivera

Need for study

» Current materials management practices in the electrical contracting industry are
performed on a fragmented basis with unstructured communication and no clearly
established responsibilities between the parties involved.

« This fragmentation creates gaps in information flow, which affects the decision
making process and lead to delays in material ordering and receiving, among other
problems.

» The investigation considered the entire range of  activities necessary for procuring
the needed material, starting with the estimating process and ending with site
delivery, distribution and storage logistics.

Purchasing q}:ecei\'ingh o  Surplus
Estimating | Bid —»| And B Delivery [—p{ Oloragean "| Handling
Prosiiramiait Installation

Fig 2.12 Framework for SCM

Framework for Decision Models

Descriptive
Model for

Alternatives eo—— .
‘ Material

—-  Performance Measures

® As estimated Purchasing . S)Lll'_plus

e Less than estimated e Projected shortages

e More thanestimated e Indirect costs
Parameters

* Project schedule

= Uncertainty in project schedule
e Storage capacity

e Installation rate and usage

* Procurement cost rates

Fig 2.13 Framework for decision models
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»
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Fig 2.14 Framework for decision models
Procurement Decisions, Alternatives, Parameters and Performance Measures

Table 2.6 Procurement Decisions, Alternatives, Parameters and Performance

Measures

Decision Alternatives Parameters Eerformance
Measures
« Major material e Schedule e On site
What material to e Commodities e Foreman availability
buy? e Consumables e Production and usage
* Needed vs. wanted
* 3 months in advance e Type of material  lateness
e 1 month in advance (commodity vs. major) | e earliness
« 1 week in advance e Storage Capacity = direct costs
e 1 day in advance e [ ocation of the project | e indirect costs
* Same day e [ocation of the
supplier
When to buy e Criticality of the
material? material

Order to install vs.
order to pre-fab
Supplier’s
performance and
ability to meet
schedules

Where to buy
material?

Local supplier

* Non-local supplier
e Vendor Managed
Inventory

Arrangements with
suppliers
Availability
Criticality

Location of supplier
Location of project
Supplier’s
performance
Discounts

= [ ateness
e Earliness
e Quality

= Quantitics

How Much to
order?

* As estimated
Less than estimated
* More than estimated

(]

storage capacity
installation rate and
usage

Ccosts

discounts

e surplus
= shortages
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* Jobsite
» Warchouse/Pre-fab

e Storage capacity
* Immediate installation

o Availability
when needed

shop vs. critical item not be | @ Quality
= Subconiractor installed immediately | e Quantity
Wihisic t ilclives? ¢ To be used in pre-fab |  Costs
or not
+ Costs
» Location of the project
* Location of the
warehouse
* “Sea cans” » on-floor space ® loss
Where on site to | ® on floor inside the available o theft
store? building ¢ schedule » damage

» re-handling

The typical tasks associated with a material management system are

¢ Procurement and purchasing

e Expediting

e Materials planning

e Materials handling

e Distribution

e Cost control

¢ Inventory management / Receiving/ Warehousing

e Transportation

Purchasing and procurement deals with the acquisition of materials to be used in the
operations. The primary function of purchasing and procurement is to get the materials at

the lowest cost possible, but keeping in mind quality requirements
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2.2 TOTAL QUALITY MANAGEMENT

2.2.1 Introduction

Total Quality Management is a management approach that originated in the
1950s and has steadily become more popular since the early 1980s.

Total Quality Management (TQM) seeks to improve the quality of goods and
services delivered through the participation of all levels and functions of the
organization.

Total Quality Management has proved to be a useful tool in ensuring the
achievement of set standard and successful productivity improvements in the
construction industry.

TQM is a method to refining the competitiveness, effectiveness, and flexibility of
the whole organization

TQM is a way of thinking about goals, organizations, processes, and people to
guarantee that the right things are done right the first time

The construction industry differs from the manufacturing in such a way that
makes introducing TQM more challenging.

The construction industry suffers from the problems such as workmanship
defects, time and cost overrun.

Poor or non-existent quality-control and quality assurance procedures can allow
costly errors to go undetected in the design and contract document

2.2.2 Evolution of TQM

Inspection

Aimed at checking, measuring and testing of one or more products.

Usually performed by specialized personnel and does not fall within the responsibility
of production workers.

Products that dont comply with the specifications are rejected or returned to
improve.

Quality control

It involves verifying the product or evaluating a product with the requirement
specification.

Testing is the key technique used to perform product evaluation.
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« QC is work product oriented; it measures the product, identifies deficiencies and
suggests improvement

Quality
control

Quality
assurance

total quality
management

Fig 2.15 Evolution of TQM
Quality assurance

« ltinvolves the entire development of process, monitoring and improving the process,

making sure that the agreed upon standards and procedures are followed throughout
the life cycle.

» Itis oriented to preventing the defects from occurring in the products.
» Audits are key techniques for process monitoring

Total quality management

e Total quality management can be summarized as a management system for a
customer-focused organization that involves all employees in continual improvement.

e It uses strategy, data, effective communications and involvement of all level

employees to integrate the quality discipline into the culture and activities of the
organization

N

N
/ Better -
. S 1 customer ™
4 a \ satisfaction // N\
Improve N /
budget \\\‘1/ / Reducz
. performance \ TeRRL
) N . i T
Realizing y 4 \‘j
long term P ‘\\ [ Reduce non
strategic / \ \ conformities
\ plans 4 | Benefits L :
W | N 4
N 4 -
y \ ///" \\\
Increased /[ . \
competitive { I_élghf .
advantages \ procucigiy
> 4 N i N\
" Reducecost | Reduced

of poor { waste of
quality \ resources

\ \ ’/// \\ \ y //

Fig 2.16 Benefits of TQM
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2.2.3 Factors of TQM

Commitmen Continuous .
tfromthe People Process Relationship

. mprovemen decision Management
leadership ts .
making

engagement Approach

Fig 2.17 Factors of TQM

Customer Focus - Quality management process aims to meet customer requirements and
deliver beyond expected levels of product or service.

Commitment from the leadership - the leadership is responsible to create a conducive
environment so as to achieve the quality objectives of the organization.

People engagement - This principle states that all the people in the organization must be
competent, empowered and engaged in delivering value. This also enhances the capability
to create value.

Process Approach - All the activities should be managed as interrelated processes to create
consistent and predictable results. These interrelated activities function as a coherent
system

Continuous improvements - An ongoing focus on improvement is a fundamental principle
for the success of an organization.

Evidence-based decision making - The decisions are based on the insights gained from
analyzing and evaluating data. This will help to produce desired results.

Relationship Management - Organizations should manage their relationships with interested
parties such as suppliers very well. This will help to sustain the levels of success achieved.
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Fig 2.18 Principles of TQM

2.2.4 Why not having TQM

Lack of a continuous improvement process will allow a product to stagnate, while the
products with which it competes continue to improve in quality, function, and use.

« TQM involves discovering the deficiencies that exist in the production of a product,
and reducing the number of defective products that get delivered to the consumer.

« A continuous improvement program can decrease manufacturing costs by
decreasing defective product, can increase production through continuous analysis
and refinement of the manufacturing process, and can find and eliminate
inefficiencies throughout the organization.

The workforce will become disengaged, decreasing productivity and increasing attrition.

« TQM requires that employees be engaged and involved in the development and
manufacturing process from beginning to end on a continual basis.

* Without such involvement, workers will come to believe that their ideas are not
wanted or valued, relegating them to an “eight-and-the-gate” mentality.
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« Without incentive or involvement, morale will suffer, productivity will decrease, and
seasoned employees will leave the business in favor of more satisfying work,
increasing training costs and the likelihood of increased defective manufacturing as
younger, inexperienced workers move in to take their place.

Lack of a customer satisfaction program will drive customers to look elsewhere for
similar products from companies who respond to their needs.

+ Total quality management has continuously improving customer satisfaction at its
heart.

* A company that is not committed to satisfying customers will quickly lose them to
competitors who do respond to consumers demands.

* In a competitive environment, alternate products that continue to improve in quality
and meet the needs of customers will win the hearts and minds of consumers, who
will migrate to that product, reducing market share for the stagnant company.

Lack of a document control and management system will prevent a business from getting
better at what it does, because it has no formal starting point.

« Total quality management sets out requirements for the development, approval,
and periodic review of procedures that govern a business’ activities.

» Without such documents, the workforce is left to operate as it sees fit, with no
accountability and no recognized method of manufacture or product control.

» Long-term employees who leave the company take irreplaceable information with
them, leaving others to figure it out and the business to suffer in terms of quality.

» Itis also virtually impossible to pinpoint the cause of a defect in the process develop
corrective actions without formal procedures, leaving a company to founder with
excessive costs for scrap.

Not having a formalized quality management system can prevent a company from
obtaining contracts or doing business with top-tier organizations.

* Quality management systems requires that suppliers to a business have a formal
quality management system of their own.

+ Since most major businesses subscribe to TQM in some form or fashion, they
require their suppliers to have similar programs.
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+ Without a quality management system, a business will not be asked to bid on or be
granted a contract, limiting the ability of the business to expand its outreach and
position.

2.3 QUALITY MANAGEMENT TOOLS
2.3.1Stratification

Stratification also known as a flow chart or run chart is a technique that separates the data
gathered from a variety of sources so that patterns can be seen i.e., the path an entity has
taken through a defined process.

Legend

Variable (Y)

Variable (X)

Fig 2.19 Stratification
2.3.2 Check sheet

Check sheet is a structured process which helps to collect and analyzing data. It is an
effective tool that can be for a variety of purposes.

Type of Defects Checks Frequency
Wrong Specification | A 44 17
Cracks HH 1
Surface scars # 1
Broken i 4
Others I )
Total defecs A B L 4l

Fig 2.20 Check sheet
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2.3.3 Histogram

Histogram is commonly used a graph that shows the data and its frequency of distribution
to help users identify each different value in a set of data occurs.

Frequency

Group

Fig 2.21 Histogram
2.3.4 Cause and Effect Diagram

» Cause and Effect Diagram also known as Fishbone Diagram helps in identifying the
potential causes of an effect or a problem.

* In addition to sorting ideas in respective categories, it also helps in understanding the
areas of opportunity through effective brainstorming.

» Fishbone training empowers you to identify the potential cause in the problem.

Fig 2.22 Cause and effect diagram
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2.3.5 Pareto chart

The Pareto chart operates according to the 80-20 rule. This rule assumes that in any
process, 80% of a process’s or system’s problems are caused by 20% of major
factors, often referred to as the “vital few.” The remaining 20% of problems are
caused by 80% of minor factors.

A combination of a bar and line graph, the Pareto chart depicts individual values in
descending order using bars, while the cumulative total is represented by the line.

Frequency

Fig 2.23 Pareto chart

2.3.6 Flow chart

Flowcharts are most commonly used to document organizational structures and
process flows, making them ideal for identifying bottlenecks and unnecessary steps
within your process or system.

Mapping out your current process can help you to more effectively pinpoint which
activities are completed when and by whom, how processes flow from one
department or task to another, and which steps can be eliminated to streamline your
process

omEmEoc
mEm 2 ==

Fig 2.24 Flow chart
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2.3.7 Scatter diagrams

Scatter diagrams can prove useful as a quality control tool when used to define
relationships between quality defects and possible causes such as environment,
activity, personnel, and other variables.

Once the relationship between a particular defect and its cause has been
established, you can implement focused solutions with better outcomes.

Variable (Y)
&

Variable (X)

Fig 2.25 Scatter diagrams

2.4 SUPPLY CHAIN MANAGEMENT

2.4 1 Introduction

In general supply chain is a network of organizations involved, from the supplier of
the supplier until the client of the client, on the different processes and activities that
produce value in the form of products and services for the final client.

Its major components are the suppliers’ network, the transformation unit and the
clients’ network.

The effective management of the supply chain is necessary for successful
competition in today’s global markets.

SCM is a philosophy that describes how organizations should manage their supply
chains to achieve strategic advantages.

Its goal is to synchronize the client requirements with the materials and information
flows along the supply chain, until reaching a balance between the client satisfaction
and the cost.

24



It refers then to the coordination of the activities of all that participate in the supply
chain, to knowing the production requirements with the purpose of satisfying the
client, to delivering of products of higher value and to reducing the costs of the
organization that apply these principles.

Table 2.7 Problems in different interfaces in SCM

DIFFERENT INTERFACE

PROBLEMS

Client / Feed, Design Interface

difficulties in finding out client’s wishes, changes of
client’s wishes, long procedures to discuss changes,
intertaces with other relevant parties throughout feed
and design period.

Feed Design / Engineering Interface

incorrect documents, design changes, extended time
for design changes and approval, wrong calculations,
designs not in accordance with the well-known
construction methods, no constructability:

Engineering / Procurement, Vendors
Interface

maccurate data, engineering drawings not fit for use.

Engineering / Site Interface

engineering team not present on site for the field
engineering

Engineering / Commissioning,
Procurement / Commissioning, Main
Contractor / Commuissioning,
Subcontractors, Supplers /

Commissioning Interfaces

difficult interfaces between various disciplines,
problematic completion due to quality problems.

Project Completion / Commissioning
Interface

problematic completion due to qualty or safety
problems, problems with local communities.

Procurement, Vendors / Suppliers
Interface and Procurement, Vendors /
Subcontractors

inaccurate data, technical specifications not met,
other changes, lack of coordination, collaboration and
commitment between suppliers, poor quality of
materials and components.

Procurement / Logistics Interface

not proper logistic studies, not eftective logistics
routes, not obtained permuts & licenses needed,

customs clearance delays.
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DIFFERENT INTERFACE

PROBLEMS

Logistics / Site Interface

large shipments, not proper packing, bad weather
or political conditions, long storage period.

Main Contractor / Subcontractors
Interface

deliveries not according to planning late deliveries
of permanent materials, wrong and defective
deliveries, large shipments, long storage period,
interfaces with several subcontractors and
suppliers, poor training of contractor’s suppliers,
subcontractors and workers, inadequate
management within the supply chain, mainly poor.

Suppliers and Subcontractors / Site
Intertace

deliveries not in conformance with planning,
wrong and defective deliveries. long storage
period, subcontracted work not delivered according
to main design, contract and planning, low
productivity of several subcontractors, poor
training of workers, deficient communication and
information transfer.

Site / Completion of Project and Project
Completion / Commissioning
Interfaces

problematic completion due to quality or satety
problems, problems with local communities.

Commissioning / Operation Interface

unresolved quality and technical problems, delayed

operational time due to late completion.

Strategic
planning

Management
commitment

Strategy and
e ti I :
Objectives e Organizational
and goals structure

Application of

Information
technolog

Information
integration

sSCM

Process
improvement

Focus on
the client

Requirements
analysis

Pull production
system

Collaboration and
coordination

Communication

raining and
education

Fig 2.26 Application of SCM
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Fig 2.27 Flow of SCM

¢+ Strategic planning analysis

*  Sc processes identification
Sc processes description
* Waste identification in sc

N OI‘gCIHISCITIOH structure CII1CI|\/SIS

* Application of management
principles

*  Coordination and integration
strategies

*  Objectives & action plans generation

*  Performance measures development

Analysis of swot
Brainstorming

Mapping of critical function
Process mapping

Client — supplier diagram
Flow diagram
Responsibility matrix
Productivity measurement
Client satisfaction survey
Waste identification survey
Pareto diagram

Cause and effect diagram

*  Involvement of organization

personnel

Involvement of suppliers

*  Achievement of effective
coordination

Team work

Training activities
Operational planning tools
Documentation system
Effective meeting techniques

* Involvement of organization
personnel

Involvement of suppliers

*  Achievement of effective

coordination

Team work

Training activities

Survey of clients satisfaction
Suppliers evaluation

Fig 2.28 Different stages, causes and tools used in SCM
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Fig 2.29 Flow diagram different stages, causes and tools used in SCM

2.4.2 Definition of Construction Project Supply Chain

In the construction of the project, the core contractor control information flow,
logistics and capital flow, and integrate the consulting company, the designer, the
design subcontractors, the material suppliers, the engineering subcontractors and
the labor services, and form complete supply and demand network model.

The supply chain management not only emphasizes the inter-departmental
integrated management within the enterprise, but also emphasizes the integrated
management of with external companies. By establishing common strategic goals
among enterprises, perfect trust and cooperation mechanisms, collaborative work
patterns and information sharing mechanisms, the enterprise can improve
performance and respond quickly to customer needs, thereby enhancing our core
competitiveness.
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2.4.3 Composition of the Construction Supply Chain

Broad-sense construction supply chain starts from specific project needs, through the
preparation, implementation, acceptance, delivery and use stage, until the expansion and
demolition of the later stage of the building and other related organizational activities. The
narrow-sense supply chain is based on the needs of the owner and takes the general
contracting as the core; it connects the engineering material supplier, mechanical
equipment supplier, designer, subcontractor, consulting company and owner into a network
through information flow, material flow and capital flow.

2.4 4 Characteristics of the Construction Supply Chain

Each project in the construction supply chain have different requirements for the project
construction, which drives the flow of information flow, capital flow and material flow in the
project supply chain. The relationship of the various enterprises in the supply chain ends
with the completion of the project, which has certain dynamics; moreover, because the
enterprises are not very close, it has a certain temporary nature. There are many risk
factors in the supply chain of the construction project, which will reduce the production
efficiency of the construction supply chain, therefore, it is necessary to cooperate and
negotiate with the enterprises to complete the project better.

2.4.5 Advantages of Supply Chain Management in Construction Projects

« Modern construction enterprises pay more and more attention to the competition of
customer response time and construction time, after implementing supply chain
management, construction enterprises can reorganize and integrate production
process by removing some duplicate links and process, and implement multiple
projects at the same time, which can greatly reduce unnecessary waiting time and
consumption, thus speeding up the construction progress.

« Construction project supply chain is a supply network of construction products and
services based on reasonable division of business and long-term partnership, this
cooperation based on enterprise core competence and specialized division of labor
will greatly improve the business competence of each supply chain member, improve
the skilled degree and technical level of workers, and continuously improve the
engineering quality of construction project.

* In addition, supply chain management of construction projects reduces uncertainties
through information sharing, which leads to supply delay and interruption of
upstream enterprises in supply chain, and increases construction costs in
downstream enterprises due to stopping work and waiting for materials, it reduces
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construction costs and reduces risks through integrated management and
coordination of supply chain

2.4.6 Major Risk Analysis of Construction Project

Risk of Material Purchase

Timing, purchase place and purchase times control in the purchase process of
building materials will cause material purchase risk in external project contracting. In
the whole life cycle of a project, purchase involves a long-time span, which plays a
vital role in the progress, quality and cost control of the project, only by strictly
grasping the purchase link and controlling the purchase risk, can the goal of
construction progress, quality and cost be more effectively supported

If the materials cannot be supplied in time and cannot meet the construction
progress and quality requirements, it will inevitably lead to adverse consequences

If we store material as much as possible for supply at any time, on the one hand, the
cost of stock increases, on the other hand, because a large number of raw materials
purchases occupies additional funds, which because circulating capital cannot to be
allocated more reasonably, potentially increasing logistics costs

Different building materials need to be purchased from different suppliers; quantity,
quality and performance require many inspection processes to complete, it will take
time and effort.

Risk of Natural Condition

Natural condition risks refer to the factors that may have adverse effects on project
construction, such as geological hazards, bad weather, interference sources around
the project and bad transportation conditions.

For example, unpredictable geological disasters such as earthquakes, debris flows,
and abnormal bad weather such as rain, snow, freezing and bad transportation
conditions may cause supply disruption, etc.

According to the risk theory of project management, the risk brought by natural
conditions belongs to the risk of force majeure. These risks are the most
unpredictable and the most difficult to control.

Risk of Project Information Flow

The delay and inaccuracy of information transmission are caused by the separation
of construction management units and construction sites.
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Sharing and coordination of information is not smooth, which affects the
completeness of information retention, the relevance of information processing and
the timeliness of information records, these are the key factors of project construction
quality, schedule and cost control.

Delays the progress, and it is not conducive to the realization of project construction
objectives

2.5 ELECTRICAL SERVICES SCM

In order to achieve the maximum productivity of the crew it is very important to have
the material, equipment and tools at the right place and when needed.

Common literature classifies the products used by electrical contractors into two
major categories: power products and equipment, and low voltage products and
equipment.

Power products and equipment are products used to deliver energy to the customers
and products that use that energy.

Among such products and equipment the following examples can be included:
» Boxes & Fittings
+ Emergency Lighting
+ Fixtures (lighting)
* Floor Boxes
* Fuses
* Lamps (lighting)
+ Lighting Controls
* Metal-clad Cable

*  Meters & Sub meters

Low voltage products and equipment refer to products that are not directly related to energy
transmission. Examples of such products and equipment include:

» Fiber Optic Cable

» Fiber Optic Components
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* Fire Alarm Systems

* Intercom & Nurse Call Systems

* Premise Wiring Hubs (voice/data)

* Raceway (voice/data)

* Routers (voice/data)

+ Security Equipment

+  Smoke Alarms
* materials purchased by electrical contractors fall into two categories;
* miscellaneous material or commodities,
* major materials.

» Miscellaneous materials refer to off-the-shelf items such as cables, conduits, straps
and fittings.

Major materials include switch gears, lighting fixtures, alarm systems and other items that
need to be designed/fabricated specifically for a given job.

Transformer- A device that changes, or transforms, alternating current from one voltage
to another.

Switch- A device that closes and opens an electric circuit by moving two electrical
conductors into contact to close the circuit or separate them to close the circuit.

Switchgear- A freestanding assembly including primary (disconnect) switches,
secondary (feeder) switches, and overcurrent protection device (fuses and circuit
breakers).

Lighting Fixture- An assembly having one or more lampholders, or a lampholder used in
lieu of such an assembly.

Control Panel- A panel, cabinet, or enclosure containing two or more controllers,
contractors, relays, or other control devices for the control of electrical circuits,
equipment, apparatus or system.

Circuit Breaker- A switch which stops the flow of current by opening the circuit
automatically when more electricity flows through the circuit than the circuit is capable of
carrying; resetting may be either automatic or manual.
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Distribution Panel- The main electrical control center, which contains switches or circuit
breakers, is connected to the service wires, and delivers current to the various branch
circuits.

Substation- an assembly comprised by voltage switches and circuit breakers, a step
down transformer, meters, buswork, and secondary low voltage switchgear

Raceway. Any channel courses supporting and protecting electrical conductors,
including conduits, wireways, surface metal raceway, cable trays, floor and ceiling
raceways, busways, and cable bus.

Panelboard- A single panelboard or group of panel units designed for assembly in the
form of a single panel including buses and with or without switches or automatic
overcurrent protective devices, or both, for the control of light, heat, or power in a
cabinet or enclosure placed in or against a wall or partition and accessible only from the
front; also called a Switchboard.

Busway- An assembly of copper or aluminum bars in a metallic housing used when it is
necessary to tap onto an electrical power conductor.

Electrical Metallic Tubing (EMT) - Unthreaded light weight piping for running electrical
conductors; easier to handle than rigid conduit and installed more rapidly because of the
type of non-threaded fittings used with it; also called Thin Wall Conduit.

Flexible Conduit- Electrical conduit made of a spirally wound metallic strip.

Aluminum Conduit- A pipe constructed of a light alloy material used to enclose electric
wires to protect them from damage.

Plastic Coated Conduit- A type of conduit for electrical wiring that is used around moist
areas and highly corrosive fumes.

PVC Conduit- Lengths of rigid plastic pipe made of polyvinyl chloride.

Steel Conduit- A pipe, tube, or channel used to enclose electric wires or direct the flow
of a fluid.

Fitting- A device used for connecting pipes together.

Cable Fitting- Couplings, elbows, tees or unions used to form a junction or connect
cable lines together.

Hanger- A device attached to walls or other structure for support of pipe lines.

Cable- A bundle of two or more electrical conductors.
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e Wire- A metal drawn out into the form of a thread or thin flexible rod, used for fencing,
binding, or to conduct an electrical current

e Bolt- A threaded metal rod or pin for joining parts, having a head and usually used with a
threaded nut.

e Nut- A small square or hexagonal flat piece of metal or other material with a threaded
hole through it for screwing on the end of a bolt to secure it.

2.5.1 Phase 1: Bidding

The materials management process starts from the time that the contractor receives
the drawings and specifications.

The materials takeoff and identification process is the first step in this phase and
involves identifying the materials needed as well as any special requirements or
special materials to be used in the project.

Quantities needed are estimated and a bid package is put together and submitted,
typically to the GC.

Most of the contractors create “electronic” or computerized estimates by using a
software package (e.g., Accubid, TRF, and ConEst) or by preparing a customized
program that is suitable for their needs by using a computer application such as
Microsoft Excel.

The majority of the companies that make computerized estimates use assemblies
(e.g. gear box) for material takeoff that are embedded in the software packages
rather than estimating the individual components (e.g. wiring or piping).

The use of these assemblies makes the estimating process easier and faster.

Other companies prepare manual estimates, which are verified several times prior to
submitting the bid.

Some companies use internal cost codes for material takeoff and identification that
are assigned to the material being estimated.

In some companies, project managers are involved in the estimating phase. The
involvement of the project managers could lead to the preparation of more realistic

estimates due to the project manager’s knowledge of electrical systems, materials
and equipment.
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After successfully winning the bid for a particular project, some companies schedule
a kick-off meeting that includes the superintendent, the project manager and all the
foremen.

At this meeting, the foremen and the project manager re-estimate the quantities for
major material and commodities.

They generate a material requisition schedule (e.g. release forms) specifying
material types, quantities needed, dates when the material should be delivered and
any additional information needed for clarification. In addition, any notes related to
particular items and the drawings for the job are included.

Other companies do not re-estimate the project as long as the quality and clarity of
drawings provided is good and no changes were made to the design. In these
companies, the initial estimate is verified 2-3 times before submitting the bid.

NO

Estimate

Y

Plans, work Takeoff and -~
schedule and Classification of S
specifications YES{  materials > racage > WinBid
provided (Major and
(Usually by GC) Miscellaneous)

Y

Material Requirement
Projection

Identify product -Development of the list of all
_speciﬁc material required
requirements and/ What material to buy
or special . - Identify when materials are
materials Cmfl?;r:n{;tlon needed on site
Fig 2.30 Bidding

2.5.2 Phase 2: Sourcing

The selection of suppliers is critical and the contractor needs to verify that the
supplier is capable of delivering the right material (i.e. type, quality and quantity)
when needed (i.e.at dates specified).

In general, most materials (miscellaneous and major) are purchased through
suppliers/distributors.
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iscellaneous Material Contract for the

Most EC’s prefer to buy materials from their local suppliers and from suppliers with
whom they had worked before.

Some companies have specialized agents within their purchasing department for
supplier selection and procurement.

In order to do business with these suppliers, they need to verify that the supplier is
capable of delivering the material when needed.

In addition, in order to get reasonably good prices for the material, they request
quotations from different suppliers. Suppliers are usually selected based on lowest
price, however, contractors may consider suppliers with higher prices but that will
provide better service or that have a record to supply the right material in the
quantities needed at the times specified.

In some situations incomplete proposals from suppliers may delay the selection
process.
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Fig 2.31 Sourcing

2.5.3 Phase 3: Material Procurement

The material requisition and expediting phase is very critical to the success of a
material management process.
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The person in charge of procuring materials or the purchasing department, in the
case of a large company, needs to ensure that the correct materials in the correct
quantities are delivered. This person also needs to verify the release dates at which
the material is needed and to clearly specify those delivery dates and the location of
delivery to the supplier

In many companies, this process starts with the generation of a material requisition
schedule. In large jobs, the schedule is usually prepared by the site staff and then is
sent to the purchasing department for material request from the suppliers/distributors
under contract.

In smaller companies or in smaller size jobs, material may be requisitioned directly
by the field personnel. In companies that have a warehouse, the purchasing
department first verifies availability of materials in the warehouse before
requisitioning any materials from suppliers

Prepare stock
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-How much to order
-When to schedule

Project Manager
sends the form to
purchasing. Material
releases are

Purchasing
department procuras
the material from
suppliers

Yas deliveries summarized
Purchasing
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7 Summarize
Foreman Project Manager Releases
Mo 3
Prepare stock Project Manager
requisition form prepares a computer Project Manager
-How much to order

Purchasing
- When to schedule
deliveries

form and procures the
material from the
suppliers

—

summarizes material
releases

Fig 2.32 Material procurement

2.5.4 Phase 4: Construction

Material delivery usually occurs during the construction phase. Material is generally
requested for delivery to the jobsite.

In some instances material delivery to the jobsite may not be feasible due to storage
or access limitations Material is delivered to a warehouse in cases such as when
critical specialty items are ordered early and are not going to be installed
immediately, when storage area at the job- site is unavailable, or if the material will
be used for pre-fabrication.
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Storage of the material at the warehouse prior to moving it to the jobsite increases
indirect costs due to re-handling

Some companies utilize a pre-fabrication shop facility to assemble components in a
controlled environment.

Advantages of pre-assembly include increased production time and reduced labor
costs compared to performing the assembly process in the field where poor weather
conditions and space limitations may cause work delays.

The increase in productivity and savings in labor costs out weigh additional costs
encountered due to pre- fabrication and re-handling.
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2.5.5 Phase 5: Post-Construction

After installation of the materials on the structure, the EC has to manage any surplus
material.

The surplus is handled differently depending on the type of material and also
whether or not the contractor has a warehouse.

If the company has a warehouse, the surplus material is stored in the warehouse for
use in future projects.

Other companies return surplus material to the supplier for reimbursement.

Usually, there is no penalty or re-stocking fee for commodity items. For specialty
items there is usually a 20-25% penalty.

An effective material management system is essential to avoid material shortages,
misplacements, loss, and theft which might result in increases in crew idle times, loss
of productivity and delay of activities.

Electrical contractors should implement an efficient material management system
due to the fact that in most of the cases they are asked to squeeze their bids in order
to keep the costs of project under budget.
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Fig 2.34 Post construction

39



2.5.6 Material Requisition Process

Material requisition problems greatly affect the construction stage and failure to
manage this phase effectively could result in project disruption and possible delays
due to late deliveries, stockouts due to small quantities bought, material delivered to
the wrong locations, material backordered and effects in overall costs.

The requisition process for miscellaneous material starts in the construction phase
and is focused on how much material to buy, when to buy this material, where to
deliver this material, when to deliver, which supplier to buy from, where to store on
site.

The decision of when to deliver requires knowledge of the schedule and actual
installation rates.

The decision of which supplier to buy from depends on contract agreements,
specifications and performance of the supplier.

The decision on where to store on site depends on site restrictions and space
availability.

The purpose of this form is to keep records of the material being used in the project
and the balance available for requisition. A copy of the summarized releases is sent
to the foreman.

The purchasing department requests the material from pre-selected
suppliers/vendors and instructs the supplier/vendors about material type, quantities
needed, time when the material is to be delivered and instructions for delivery
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2.6.1.1. Design
Bidding

» The materials takeoff and identification process is the first step in this phase and
involves identifying the materials needed.

* Quantities needed are estimated and a bid package is put together and submitted,
typically to the GC.

Sourcing

» The selection of suppliers is critical and the contractor needs to verify that the
supplier is capable of delivering the right material (i.e. type, quality and quantity)
when needed (i.e.at dates specified).

2.6.1.2. Manufacture and assemble

Diesel engine
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The engine shall be fitted with following accessories subject to the design of the
manufacturer:

* Dynamically balanced Fly wheel

» Necessary flexible coupling and guard for alternator and engine

* Air cleaner

» A mechanicall/ electronic governor to maintain engine speed at all conditions of load.

« Daily fuel service tank of minimum capacity fabricated from M.S. sheet with inlet, outlet
connections air vent tap, drain plug and level indicator (gauge) M.S. fuel piping from
tank to engine with valves, unions, reducers, flexible hose connection and floor
mounting pedestals, twin fuel filters and fuel injectors. The location of the tank shall
depend on standard manufacturers design

* Dry exhaust manifold with suitable exhaust residential grade silencer to reduce the
noise level.

» Suitable self-starter for 12 VV/ 24 VV DC

+ Battery charging alternator unit and voltage regulator, suitable for starting batteries,
battery racks with interconnecting leads and terminals.

* Necessary gear driven oil pump for lubricating oil, priming of engine bearing aswell as
fuel systems as per manufacturer recommendations.

* Naturally aspirated/ turbo charger
* Lubrication oil cooler
* Lubrication oil filters with replaceable elements

* Fuel injection: Engine should have suitable fuel injection system in order to achieve low
fuel consumption

* Fuel pump with engine speed adjustment

» Engine Control Panel: fitted and having digital display for following:
o Start/stop key switch.

o Lube oil pressure indication

o Water temp. indication
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o RPM indication

o Engine Hours indications

o Battery charging indication
o Low lub. QOil trip indication
o High water temp. indication
o Over speed indication

« All moving parts of the engine shall be mechanically guarded in such a mannerthat a
human finger cannot touch any moving part

Fuel system
Pipe sealant should be used for sealing for all connections. No Teflon tape to be used.
Lubricanting oil system

* Necessary priming pump for the lub. oil circuit as per recommendation of
manufacturer shall be installed, to keep bearings primed.

« This pump shall be normally automatically operative on AC/ DC supply available
with the set.

Starting system

» Battery capacity shall be suitable for meeting the needs of starting system

» The system shall be capable of starting the DG set within 20-30 sec.

Common bed plate

* both units shall be mounted on a common bed plate together with all auxiliaries to
ensure perfect alignment of engine and alternator with minimum vibrations.

* The bed plate shall be suitable for installation on suitable anti-vibration mounting
Earth therminals

+ DG Set of 500 KVA capacity or above:- Copper strip

+ DG Set below 500 KVA capacity:- Gl strip
Fault tripping
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In the event of any fault e.g. over voltage/ high bearing temperature/ high winding
temperature or an external fault, the AVR shall remove the excitation voltage to the
alternator. An emergency trip shall also be provided.

Battery / electrical system
» Batteries supplied with Genset are generally dry and uncharged.

» First charging of uncharged batteries is very important and should be done from
authorized battery charging centre. Initial charging should be done for 72-80
hours.

» Batteries should be placed on stands and relatively at cool place.
Diesel generator control panel

» The control panel shall be sheet steel enclosed and shall be dust, weather and
vermin proof providing a degree of protection of IP-52.

» Sheet steel used shall be cold rolled and at least 2.0 mm thick and properly
braced and stiffened.

+ Control panel shall be provided with hidden hinged door(s) with pad locking
arrangement and suitable brackets/channels shall be provided for floor mounting.

« All doors, removable covers and plates shall be gasketed all around with
neoprene gaskets. All accessible live connections shall be shrouded and it shall
be possible to change individual switches, fuses, ACBS without danger of contact
with live metal.

« All live parts shall be provided with at least phase to phase and phase to earth
clearances in air of 30 mm and 25 mm respectively.

» Adequate interior cabling space and suitable removable cable gland plate shall
be provided. Necessary number of cable glands shall be supplied and fitted on to
this gland plate. Cable glands shall be screwed on type and made of brass.

» All sheet steel work shall be degreased, pickled, phosphate and then applied with
two coats of finishing powder coating both inside and outside of shade Siemens
Gray

Piping Work

« This shall include necessary flexible pieces in the exhaust, fuel, lub. oil and water
lines as are necessary in view of the vibration isolation requirement in the
installation.

» Piping of adequate size shall be used for lub. oil of the material as per
manufacturer standard. only M.S. pipes for the exhaust shall be used.
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» For fuel lines within the acoustic enclosure, PVC braided pipe as per can be
used. However, for fuel lines outside the acoustics enclosure only MS pipe be
used.

» The pipe work shall be inclusive of all fittings and accessories required such as
bends, reducers, elbows, flanges, flexible connections, necessary hardware etc.

» The installation shall cover clamps, supports, hangers etc. as are necessary for
completing the work.

Air System

» ltis preferable to provide vacuum indicator with all engines to indicate choked
filter.

« Maximum air intake restrictions with clean and choked filters should be within
prescribed limit as per OEM/ manufacturer recommendation for the particular
model of the engine.

» Gensets should be supplied with medium duty/ heavy duty air cleaners

* Heavy duty air cleaner should be used for installations in dusty or polluted
surroundings.

» Cooling System
» System should be designed for ambient temperature of 40 Deg.C.

+ Water softening/ demineralizing plants should be used, if raw water quality is not
acceptable.

* Radiator fan flow should be free from any obstruction.

» For radiator cooled DG Set, proper room ventilation should be planned at the time
of construction of DG room.

2.6.1.3. Factory Tests

* The alternator of each type and rating shall be type tested for the all tests as per
1S:4722, IEEE 115 & BS:5000. Required type test certificates shall be furnished
for information.

* The alternators and the starting motors shall be tested for the routine tests
* The control panels shall be tested/checked for following

(a) Compliance to drawing, data sheet and this specification.

(b) Check for workmanship, wiring, conformity to functional requirements.

(c) Calibration of instruments, meters C.T., P.T. etc.
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(d) H.V. Test —high voltage
(e) I.R. Test insulation resistance before and after HV test.
» The acceptance and routine tests of battery shall be done
a) All routine tests as per relevant IS.
b) Test for ripple factor & regulation
c) Heat run test (as type test)
d) Operational and functional tests.
2.6.1.4. Packing
There are four common ways to pack dg sets.

« Each genset manufacturer has their own standard packing method. Usually,
manufacturers will confirm it with their clients.

» If clients do not have special requirements, they will just follow the standard packing
way. But the way may be changed due to different special requirements, distances or
different shipping methods.

Soft Packing

This is the most common way to pack diesel engine generators. They use foam,
plastic wrap or bubble film to wrap the whole dg set with two or three layers. This
packing way is cost-effective, convenient and efficient.

Wooden packing

The cost of wooden packing is much higher than the soft packing, but it will give a
safer & stronger protection for genset unit. And it is also convenient for loading and
unloading. It should be noted that all the woods used in the packing should be
fumigated

Carton Packing

Cartons are always made to order in bulk based on a certain size. Some cartons will
be with brand, logo or other information printed on the surface.

Iron Packing

This way is always for clients' special requirements, which is seldomly used. The
whole machine is packed with iron sheet & steel tube. The cost is really high, but it
also gives the genset unit a great protection, even with weather proof effect.
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Fig 2.38 packing types
2.6.1.5. Erection

* Unload the DG Set from the base rail/enclosure by lifting with proper DG Set lifting
tackle or nylon sling /steel rope of suitable capacity and crane so as to ensure no
damage to oil sump, air cleaner, radiator pipes etc

» Do not lift the DG Set from engine and alternator hooks. These are designed for
lifting individual items only.

+ Keep the DG Set covered with polyethylene or tarpaulin during installation to ensure
that water does not enter inside.

« Spreader bar / spacer plate of suitable size must be used to avoid damages to DG
Set components. While unloading/ shifting of DG set.

Fig 2.39 unloading of DG

Location

» The emergency power supply (such as generating sets) should not be allowed to be
installed above ground floor or below the first basement level of the building.

» position the DG set so that the prevailing wind do not enter into the
radiator/exhaust outlet. If this is not possible, install a wind barrier
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SKETCH A4

ACOUSTIC ENCLOSURE IN OPEN AREA

» The height of diesel generating (DG) set rooms shall however be not more than
3 000 mm above the DG set height, unless required due to DG room ventilation

requirements

Space design

» Adequate space shall be provided for storing of fuel.

+ relative to the location of the installed equipment has to be kept in the layout design

for removal of equipment or sub-assemblies for repair or maintenance.

Access

 When it is located at a place, other than the ground level with direct equipment
access, a hatch or ramp shall be provided.

Table 2.8 spacing guidance for DG

A6 Spacing Guidance

No. Description DG set with DG set with Open DG set in
Acoustic Acoustic room.
Enclosure in Enclosure in
Open Area. Covered Area.
1 Free space on both sides | Min. 1.5 m Min. 1.5 m Min.2 m
2 Free space at front side Min.3 m Min. 3m Min. 1.5 m
(Radiator- - Hot air outlet (with ducting to avoid
at front) re-circulation)
3 Free space at front side Min. 1m Min. 1.5m N/a
(Radiator- Hot air outlet at
top)
4 Free space at rear side Min. 2 m Min.2m Min.2 m
(Alternator)
5 Fresh air inlet opening N/A N/A Min 1.5 times of
area the Radiator
area.
6 Hot air discharge opening | N/A N/A Min. 2.5 times of
area the Radiator
area.
7 Distance between two sets | Min 1.5m Min 1.5m between Min 1.5m
between two two canopies between two
canopies foundations.
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Ventilation

If installed in the enclosed space, facilities for forced ventilation shall be provided
such that there is minimum derating of the equipment.

Providing forced air thru axial flow fans at rear side of DG set and hot air outlet
through louvers provided at DG front area

Providing forced air thru axial flow fans and hot air exhaust through axial flow fans.
Exhaust fan capacity should be less than 70 to 75% of fresh air supply fan capacity.

Providing natural air from rear side of DG set and hot air exhaust thru axial flow fans
from front side of DG set

Foundation

Do not install DG Set on loose soil or sand clay, unless kept temporary

Foundation should be designed considering safe bearing capacity of soil and DG set
static and dynamic load. Anti-Vibration Mounts (AVMs) are provided to reduce
generator set vibration and noise transmission to the surrounding structure

It is recommended to have foundation elevation 150 mm above finish ground level. It
helps to maintain cleanliness of DG Set. For areas having heavy rainfall, a higher
platform/ rain shed (not mandatory) may be required to prevent water entry and it
also helps in operator’s safety

Fig 2.41 foundation of DG
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Avoid transfer of vibration and noise

The generating set should preferably be housed adjacent to MV switchgear in the
substation building to enable transfer of electrical load efficiently and also to avoid
transfer of vibration and noise to the main building

Exhaust system

Use of thimble is must while passing the pipe through concrete wall. The clearance
around the pipe in wall is must, for free movement and expansion.

DG set duct entry to stack should be at an angle of 45 deg. max

Earthing

The generating set and all associated equipment, control and switch gear panels
must be earthed before the set is put into operation.

Numbers earth pits are required as per Indian Electricity rules or local electricity
board.

earthing pits for genset / control panel body
earthing pits for neutral

Copper or Gl strips of suitable size may be used for earthing. Please note that for
normal soil, earth resistance should not exceed one ohm.

For gensets with AVM’s between engine / alternator and base rail. The earthing
MUST be done at the engine / alternator and NOT at baserail.

2.6.1.6. Commissioning Check Tests/Performance and Guarantee Test

Load Test

The engine shall be given test run for a period of at least 13 hours depending upon
the actual power factor of the load and set shall be subjected to the maximum
achievable load without exceeding the engine or alternator capacity.

This full load test is to be followed immediately by a 10% overload run for one hour.

The performance of the engine, alternator and exciter shall be satisfactory at the end
of this overload run.

At the end of the full-load run, and again at the end of the over-load run, tests for
temperature rise and insulation resistance of the alternator as specified shall be
taken. « During the load test half hourly records of the following shall be taken:

a) Ambient temperature b) Exhaust temp. C)when exhaust thermometer is fitted. d)
Lubricating oil pressure e) Speed f) Voltage, wattage and current output. g) Oil tank
level h) Stored diesel oil temperature
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Regulation Test

The automatic and manual regulation of the alternator load at half and full rated load
shall be 1 tested for a nominal volts of 240 volts, between phase to neutral and at 0.8
p.f. to verify the requirements of voltage and frequency variation Speed and
Governing

The speed of the engine shall be verified to ensure that it conforms to the
requirement

Vibrations

The vibrations shall be measured during full load test as well as during the overload
test and the limit shall be limited to 250 microns.

Check of Fuel Consumption

A check of the fuel consumption shall be made throughout the test run of full load
and overload.

Insulation Resistance of Wiring

On completion of the engine tests, the insulation of each unit of local wiring in the
control cubicles and other components of the engine set, shall be tested with a 500 V
insulation tester. The insulation resistance shall not be less than one mega-ohm.
between wires in a cable and engine set frame of cable sheath.

Functional Tests

Protective equipment on the engine against excessive cylinder temperature and low
lubrication oil pressure

Type of starting provided for the engine.
Pilot and fault indication lamps.

Safety guidelines

DG room should have proper escape routes.

An escape map may be displayed in the DG room which should be clearly visible to
all would be helpful during any accident or fire.

provide proper Fire Extinguishers in DG Set room area.
put Hazard Signs for Electricals Panels, Fuel and Lubricants etc.

Personal Protection gadgets like -Safety hand gloves, goggles and ear plugs for
protection of all operators, engineers and staff would make them safe, while working
in DG Set room.
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2.6.1.7. Statutory approval

2.6.2.

Vendor shall give necessary inputs for designing the foundations & shall be
responsible for design, erection shall happen after completion of foundation works

Vendor shall co-ordinate with other agencies like electrical contractors, civil
contractors etc.

Further to erection, testing and commissioning of the DGs, the termination of cables
at DGs, Between DGs and Main LT panel end shall be done by the main electrical
contractor.

Calibration of CTs, approval from statutory authorities like electrical inspectorate,
PCB etc shall be the responsibility of the DG supplier.

DG supplier shall coordinate with main electrical contractor for necessary control &
power cable termination.

Panels — LT, HT, MV, DB, swtich board

— design

—  planning

—  Ordering

— manufacture

— Factory inspection

— Packing

{ Handling and transport

Asse

| e SN
R

—|  Test

Fig 2.42 scm of panel
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2.6.2.1. Design

» The panel board shall be designed such that the switchgear, instruments,
relays,bus bars, small wiring etc. are arranged and mounted with due consideration
for the following:-

« Facility for inspection, maintenance and repairs of testing terminals and terminal
boards for ease of external connection.

* Minimum noise and vibrations.
* Risk of accidental short circuits and open circuits.
» Secured and vibration proof connections for power and control circuits.
* Risk of accidental contact and danger to personnel due to live connections.
* Mountings at approachable height.
2.6.2.2. Planning
Bidding

* Quantities needed are estimated and a bid package is put together and submitted,
typically to the GC.

Sourcing

» The selection of suppliers is critical and the contractor needs to verify that the
supplier is capable of delivering the right material (i.e. type, quality and quantity)
when needed (i.e.at dates specified).

2.6.2.3. Ordering
* make a purchase order for panels with clear specification
2.6.2.4. manufacture
Structure

« It shall be metal clad enclosed and be fabricated out of high quality CRCA sheet,
suitable for indoor installation, front operated and floor mounting type.

+ CRCA sheet steel used in the construction of It panel shall be 2 mm thick for
structure, 1.6 mm thick for doors, covers shrouds and 3 mm thick for gland plate and
shall be folded and braced as necessary to provide a rigid support for all
components.

» Joints of any kind in sheet shall be seam welded, all welding slag grounded off and
welding pits wiped smooth with plumber metal.
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The It panel shall be totally enclosed, completely dust and vermin proof and degree
of protection being no less than IP-54 confirming to IS 2147.

Gaskets between all adjacent units and beneath all covers shall be provided to
render the joints dust proof. All doors and covers shall be fully gasketed with
neoprene gaskets and shall be lockable.

All panels and covers shall be properly fitted and secured with the frame, and holes
in the panel correctly positioned. Fixing screw shall enter into holes taped into an
adequate thickness of metal or provided with bolts and nuts. Self threading screws
shall not be used in the construction of pccs / mccs / pdbs.

A base channel of 75 mm x 75 mm x 5 mm or as per the weight of the panel shall be
provided at the bottom.

Lt panel shall be arranged in multi-tier formation

Lt panel shall be of adequate size to facilitate enough space for maintenance and
cooling.

The size of the It panel shall be designed in such a way that the internal space is
sufficient for hot air movement, and the electrical component does not attain
temperature more than 40 degree Celsius. Openings shall provide for natural
ventilation, but the said openings shall be screened with fine weld mesh.

Knockout holes of appropriate size and number shall be provided in the It panel in
conformity with number, and size of incoming and outgoing conduits / cables.

Alternatively the It panel shall provided with removable sheet plates at top and
bottom to drill holes for cable / conduit entry at site.

Powder coating

All sheet steel material shall undergo seven-tank process after all the necessary
shearing and other mechanical works are completed.

After the seven-tank process powder coating treatment shall be adopted using
powder of reputed make.

After the powder coating is complete welding in the panel or any sort of shearing,
bending or cutting activity shall not be done.

The colour shall be Siemens Grey 631
Circuit compartment

Each circuit breaker and switch fuse units shall be housed in separate compartments
and shall be enclosed an all sides.
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Sheet steel hinged lockable door shall be duly inter locked with the breaker / switch
fuse units in ON and OFF position.

Safety interlocks shall be provided for non-opening of the door when the breaker is in
ON position. The door shall not form integral part of the draw out position of the
circuit breaker.

All instruments and indicating lamp shall be mounted on the compartment door.
Sheet steel barriers shall be provided between the tires in a vertical section.

Instrument compartment

Separate and adequate compartment shall provided for accommodating instruments,
indicating lamp, control contactors, relays and control fuses etc.

These components shall be accessible for testing and maintenance without any
danger of accidental contact with live parts of the circuit breaker, switch fuse units,
bus bars and connections.

Terminals

The outgoing terminals and neutral link shall be brought out to a cable alley suitably
located and accessible from the panel front.

The current transformer for instrument metering shall be mounted on the
disconnecting type terminal blocks.

No direct connection of incoming and outgoing cables to internal components
connection of the distribution board is permitted. Only one conductor may be
connected in one terminal.

Wire ways

A horizontal PVC wire way with screwed covers shall be provided at the top to take
interconnecting control wiring between different vertical sections.

Bus bar

The switch board shall be single bus bar pattern with air insulated encapsulated
busbars housed in a separate compartment, segregated from other compartments

Material

The bus bars shall be of high conductivity electrolytic copper rated as specified with
a minimum rated current of 630 Amps.

The bus bars shall be sized for carrying the rated and short circuit current without
overheating. Maximum bus bar temperature shall not exceed 95 degree C.

Small wiring
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The small wiring shall be carried out with minimum1.5 sq. mm FRLS/ HFFR insulated
copper conductor cables.

CT wiring shall be done with minimum 2.5 sq mm wires with color code: RYB, Gray
for auxiliary DC circuits and Black for auxiliary AC circuits.

The wiring shall be securely fixed and neatly arranged to enable easy tracing of
wires. Identification tags shall be fitted to all wire terminals to render identification
easy and to facilitate checking in accordance with IS 375.

Cable boxes

Cable boxes shall be situated in a compartment at the rear / side of the housing as
specified.

Cable entry

Provision for top (bus ducts preferred for top entry) / bottom or such other side entry
shall be made as per requirement with sufficient head room for cable termination. 3
mm thick removable gland plate shall be provided for cable termination

Breaker Truck

The breaker carriage shall be fabricated from steel, providing a sturdy vehicle for the
circuit breaker and its operating and tripping mechanism.

The carriage shall be, moving on guides, designed to align correctly and allow
emounted on wheelsasy movement of the circuit breaker and for removing the
carriage for inspection and maintenance purposes.

2.6.2.5. Factory inspections / testing

b)

* checked for rigid mounting, earthing connections, proper rating and size of
components, internal wiring, etc.

+ All mechanical fasteners and electrical connections shall be checked and tightened
before installation.

Type test
* Type test certificates for all switchgears shall be provided.
Routine Test

Mechanical endurance test shall be carried out by closing and opening of all the
ACB's, MCB's switches etc.

Over voltage and Insulation resistance test shall be carried out between phases and
between phase to earth bus, keeping the isolating switch in ON position. Similar test
shall be carried out keeping the isolating switch in closed position.
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c) All the interlocks, controls and tripping mechanism of the switchgears shall be tested

for their proper functioning.

d) High voltage test, Continuity test, Control circuit test shall be carried out

2.6.2.6. Packing

The switchboards are usually shipped complete with circuit breakers, voltage
transformers fitted into the relevant compartments, except when otherwise agreed.

The circuit breaker with draw able truck are packed inside the respective panel and
positioned in the isolated/test position.

Each switchboard section is packed in preparation for containerised shipping.

Each group is protected by an aluminium sheet which is heat sealed. The bags are
vacuumed and desiccant bags placed inside each bag.

Each panel group is placed on a wooden pallet and a wooden crate surrounds the
group. This crate serves to protect the panels during transportation and also to
provide lashing points.

Fig 2.43 packing and loading of panel

2.6.2.7. Transport, unloading and storage

Follow the symbols and instructions shown on the packaging carefully.

Transport the panels upright. Take the high centre of gravity into account. Only carry
out loading operations when it has been ensured that all precautionary measures to
protect personnel and materials have been taken.

The wooden crate must be fixed to the vehicle by means of ropes so as to avoid any
violent impact or turning over in case of sharp turns or sudden stops. Moreover, the
vehicle must be fitted with a canvas covering the whole load.

The capacity load of the lifting equipment must guarantee proper weight distribution.
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If the apparatus is unloaded in the warehouse or in the installation room, the access
must be at least 3m high x 2.5 m wide with an area at the same level. Small
differences in level can be compensated with temporary structures using wooden
boards.

Control on receipt
On receipt, immediately check the packing and apparatus conditions.

If the panels are going to be used immediately, open the packing and check that no
damage occurred during transport and make sure that the rating plate data
correspond to those listed in the Substation general arrangement.

Intermediate storage

Store the panels upright and do not stack panels. Store the units protected from the
weather in a dry, dust-free, non-corrosive place and safe from any damage.

Check the packing for damage and regularly check for any condensation until
installation is started. If any damage to the packing is noticed, carefully open the
packing and inspect the units for signs of transportation damage or water ingress. If
no damage is noticed, replace the drying agents and re-seal the aluminium bags.

When the maximum storage period is too long the protective function of the packing
can no longer be guaranteed and suitable action must be taken if intermediate
storage is to continue.

The packaging contains dehydrating bags that must be replaced every six months. In
particular instances of very long storage, it is advisable to store the units in an indoor
space.

Moving & lifting

The importance cannot be over stressed regarding the care in handling, rigging,
hoisting, rolling, or moving assembled panel into place.

LT panels are designed to be handled only in the upright position and should never
be handled in any other way without first consulting with the factory.

When lifting shipping units with a crane, it is preferable to use two hooks
simultaneously, one on each end. Each pair of lifting hooks should be equipped with
a spanner bar to prevent excessive distortion. If only a single hook crane is available,
arrange spanner to lifting rig.

Lifting from front and rear of units permits placing shipping sections side by side for
bolting without interference from lifting rig or hooks.

When cranes are not available, equipment can be rolled into place on shipping skids
when provided. Pushing or pulling forces should be applied to the skid .
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» Shipping skids can be removed by using a foot jack in each corner of the shipping
section after the switchboards has been moved to its final location.

2.6.2.8. Erection
INSTALLATION

* The LT panels should be fully compartmentalized in dust and vermin proof sheet
steel enclosures.

Base frame

» The base frame shall be of minimum ISMC 100, integral to the LT panels and shall
be suitable for tack welding to the purchasers floor embedded channels.

Working space

» This space must be at least 6.5 feet high and three square feet away from the wall,
and must have a 30-inch width. This allows for safe, simple service when needed

Doors

« Each module, bus bar chambers, cable alley should be provided with hinged
independent doors.

» All the elements of LT panels (frames, cubicles, doors etc.,) shall undergo seven
tank surface treatments.

» All the doors and covers shall have gasket to prevent any ingress of dust. The
enclosure shall be for Indoor type and completely dust, damp and vermin proof.
Gasket used for doors shall be of double-lipped neoprene.

Paint

» Panels shall be painted by powder coating of approved shade / color process with
two coats of zinc chromate primer and two coats of powder painting. painting should
be done to get a smooth, scratch free and corrosion resistance surface.

Height

* LT panels shall be of uniform height, not exceeding 2400 mm. The operating height
shall be restricted to 300 mm minimum & 1800 mm maximum.

Construction
« The LT panels shall have provision to expand horizontally for future requirements.

« The LT panels shall be metal clad, compartmentalized, fully Type Tested assembly
floor mounted, free standing, modular type suitable for indoor installation.

« The LT panels shall be of bolted construction (No welded construction).
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The panel shall be fabricated in no.of sections so that it is for easy for transportation
and positioning the panels in the panel rooms after which they can be integrated

Removable gland plates shall be provided at the bottom of the switchboards for
bottom cable entry.

LT panels shall be easily extendable on both sides by addition of vertical section
after removing the end cover.

Single piece rubber mat of suitable grading confirming to Indian standard shall be
provided in front of the LT panels.

Labels

Engraved Aluminium sheet labels shall be provided on all incoming and outgoing
feeders.

Single line circuit diagram showing the arrangements of circuit inside the distribution
board shall be pasted on inside of the panel door and covered with transparent
laminated plastic sheet.

Name plate

A name plate with panel designation in bold letter shall be fixed at top of the central
in panel.

A separate name plate giving feeder details shall be provided for each feeder module
door.

Inside the feeder compartment, the electrical component, equipments, accessories
like switchgear, contactor, lamp, relays etc. shall suitably be identified by providing
stickers.

Engraved nameplates shall be of Aluminium strip of black colour and silver letters
format.

Danger notice plate

» The danger notice plate shall indicate danger notice both in Hindi and English and
with a sign of skull and bones.

* Overall dimension of the danger notice plate shall be 200 mm wide and 150 mm
high.

» The danger notice plate shall be made from minimum 1.6 mm thick mild steel sheet
and after due pretreatment to the plate, the same shall be painted white with vitreous
enamel paint on both front and rear surface of the plate. the figure and the sign of
skull and bones be painted in single red colour

Indicating Lights
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» Indicating lights shall be of transformer type with connected lamps rated at 6.3 volts
1 watt filament.

+ The indication must be clearly visible from front at a distance of 15 meters in a
normally illuminated room.

* The bodies of indicating lights shall be ventilated to ensure efficient heat dissipation.
Connection to lights shall be by screw to clamp terminals, soldered termination are
unacceptable.

Earthing

» Copper earth busbar of minimum 25 mm x 6 mm size shall be provided for the entire
length if panel.

» As per the rating of the main busbars the size of earthing busbar shall be decided.

« The framework of the LT panel shall be connected to this earth busbar. Provisions
shall be made for connection from earth busbar to the main earthing bar coming from
the earth pit on both sides of the LT panel.

« The earth continuity conductor of each incoming and outgoing feeder shall be
connected to this earth bar.

« The armour shall be properly connected with earthing clamp and the clamp shall be
ultimately bounded with the earth bar.

Power connections
« The installation work shall cover assembly of panels lining up, grouting the units etc.

* In the case of multi panels switch boards after connecting up the bus bar all joint
shall be insulated with HV insulation tape or with approved insulation compound.

» A common earth bar shall be run preferably at the back of the switch board
connecting all the sections for connecting the earth system.

» All protection, indications & metering connections and wirings shall be completed.

*  Where trip supply battery is installed the unit shall be commissioned, completing
initial charging of the batteries.

« All relay instruments and meters shall be mounted and connected with appropriate
wiring.

2.6.2.9. Testing and commisioning
» Operation checks and lubrication of all moving parts.

* Interlock function checks.
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+ Continuity checks of wiring, fuses etc. as required.
* Insulation tests.
* Trip test and protection gear tests.

» The complete panel shall be tested with 5000 V megger for insulation between
poles and poles to earth. Insulation test of secondary of CTs and VT to earth shall be
conducted using 500 V megger.

* Any other tests as may be required by the Licensee / Inspector shall be conducted.

* Where specified, the entire switch board shall withstand high voltage test after

installation.
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Fig 2.44 panel

2.6.3. Substation

Fig 2.45 scm of substation
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2.6.3.1. Design

» A sub-station installation is a combination of a number of major equipments like
Transformers, High Voltage Panel, Medium Voltage (MV) Panels, Inter-
connecting Cables, Bus Ducts, Protection and Metering etc. individually
engineered in each case depending upon the requirements, size and capacity of
sub-station and in coordination with the licensee of the area concerned.

ITEMS OF WORK

A sub-station installation work shall generally comprise of supply, installation, testingand
commissioning of the following:

(a) High Voltage Panels.
(b) Step down Transformers, complete with associated auxiliaries as specified.

(c) High voltage cable for inter-connection between the H.V. panel and transformers
including terminations.

(d) M.V. Panel(s).

(e) L.T. cable, for upto 400 KVATransformers and Bustrunking for higher than 400 KVA
transformers, inter-connection between transformer’s M.V. terminals andthe M.V.
Panel as specified.

(f) Power factor improvement capacitors/ Power Conditioner Savers.
(g) Earthing system.
(h) Safety Equipments.
(i) Emergency M.V. Panel if required.
(j) Miscellaneous items.
2.6.3.2. Construction and assemble
» Construction of sub-station building.

« The contractor should select such equipment for installation as can be properly
installed in the spaces shown in specification drawings.

» Cable trench, entry pipe for cable, manholes for drawing of cables, manhole
covers etc. as per requirements.

» Construction of necessary soak pits, drainage arrangement for soak pit etc., if
required. Provision of storage space at site during the contract period free of cost.
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All minor building works, such as equipments foundation if required cutting and
making good holes, grouting of channels belts as required. Cutting and making
good damages etc.

Provision of supports / clamps for equipments, cables etc. wherever required.

Small wiring, inter-connection etc. inclusive of all materials and accessories,
necessary to comply with the regulations as well as proper and trouble free
operation of the equipment.

Closing of the cable entry points in sub-station against seepage of water, rodents
etc.

Tools and tackles required for handling and installation. Necessary testing
equipments for commissioning.

Watch and Ward of materials and/or installation and equipments till their handing
over to the department

Other Requirements

The substation should preferably be located in a separate utility building and may
be adjacent to the generator room, if any. Location of substation in the basement
should be avoided, as far as possible.

In case there is only one basement in a building, the substation /switch room shall
not be provided in the basement. Also the floor level of the substation shall not be
the lowest point of the basement.

Oil-filled installation- Substations with oil-filled equipment require great
consideration for the fire detection, protection and suppression.

Substations with oil-filled equipment/apparatus (Transformers and high voltage
panels) shall either be located in open or in a utility building. They shall not be
located in any floor other than the ground floor or the first basement of a utility
building. They shall have direct access from outside the building for operation and
maintenance of the equipment.

Dry-type Installation: In case electric substation has to be located within the main
multi-storeyed building itself for unavoidable reasons, it shall be a dry type
installation with very little combustible material. Such substation shall be located
on the ground floor or on first basement and shall have direct access from the
outside of the building for operation and maintenance of the equipment.

In case of two transformers (dry type or transformers with oil quantity less than
2000 litres ) located next to each other without intermittent wall, the distance
between the two shall be minimum 1500 mm for 11 kV, minimum 2000 mm for 22
kV and minimum 2500 mm for 33 kV. Beyond 33 kV, two transformers shall be
separated by a baffle wall 4 h fire rating.
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» Each substation should have provision of addition for at least one transformer
and extension of LT Panel to take care of future growth of load.

2.6.3.3. Erection
Location and Other Requirements

» Availability of power lines nearby may be kept in view while deciding the location of
the substation.

« The substation should preferably be located in a separate utility building and may be
adjacent to the generator room, if any. Location of substation in the basement should
be avoided, as far as possible.

» In case there is only one basement in a building, the substation/switchroom shall not
be provided in the basement. Also, the floor level of the substation shall not be
lowest point of the basement.

» |deal location for an electrical substation for a group of buildings will be at the
electrical load centre. Generally the load centre will be somewhere between the
geometrical centre and the air conditioning plant room

Openings

» All door openings from substation, electrical rooms, etc, should open outwards.
Vertical shutters may also be acceptable provided they are combined with a single
leaf door opening outwards for exit in case of emergency.

« For large substation room/electrical room having multiple equipment, two or more
doors shall be provided which shall be remotely located from each other

* No service or ventilation shaft shall open into the substation or switch room unless
specific to substation

« All the rooms shall be provided with partitions up to the ceiling and shall have proper
ventilation. Special care should be taken to dissipate transformer heat and where
necessary fresh air louvers at lower level and exhaust fans at higher level shall be
provided at suitable locations.

Height

* The minimum height of substation room/HV switch room/MV switch room shall be
arrived at considering 1 200 mm clearance requirement from top of the equipment to
the below of the soffit of the beam .

* In case cable entry/exit is from above the equipment height of substation room/HV
switch room/MV switch room shall also take into account requirement of space for
turning radius of cable above the equipment height.
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Coordinate according to water :- (strom water , plumbing water tank , flood)

In order to prevent storm water entering the transformer and switch rooms through
the soak- pits, the floor level of the substation/ switchroom shall be at least 300 mm
above the highest flood water level that may be anticipated in the locality. Also,
facility shall be provided for automatic removal of water.

Substation shall not be located immediately above or below plumbing water tanks or
sewage treatment plant (STP) water tanks at the same location

In places where flooding can occur and water level may go above 1 000 mm, the
base substation may be located on one level above the ground level of a utility
building. In such cases, one feeder should feed ground level and levels below with
automatic tripping of the feeder to avoid electrocution in case of live electricity
coming in contact with water.

In case of cable trench in substation/HV switch room/MV switch room, the same shall
be adequately drained to ensure no water is stagnated at any time with live cables.

Substation Safety

Enclose any part of the substation which is open to the air, with a fence (earthed
efficiently at both ends) or wall not less than 1 800 mm (preferably not less than 2
400 mm) in height to prevent, so far as is reasonably practicable, danger of electric
shock or unauthorized access

sufficient safety signs of such size and placed in such positions as are necessary to
give due warning of such danger as is reasonably foreseeable in the circumstances;

Take all reasonable precautions to minimize the risk of fire associated with the
equipment; and

Ensure that, in addition to provisions mentioned in, name and emergency telephone
number of the authorized personnel shall also be displayed at the substation and
instructions covering schematic diagram; requirements of switchgear interlocking
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Care of buildings

Care shall be taken, while handling/ installing the equipment to avoid damage to the
building.

On completion of the installation, the contractor shall arrange to repair all damages
to the building caused during plant installation so as to bring to the original condition.

It shall also arrange to remove all unwanted waste materials from substation room
and other areas

Painting and protection

All damages to painting during transport and installation shall be set right to the
satisfaction of the department before handing over.

All structural frame work for support of various items of equipment shall be given the
final coat of paint of approved shade at site after erection is complete.

Additional protection measures against corrosion shall be provided when installed in
special environment.

2.6.3.4. Inspection and testing

When the installation is complete, the contractor shall arrange for inspection and
testing of the installation.

Test results obtained shall be recorded. The installation shall not be accepted until it
complies with the requirement of these Specifications.

The Sub Station installation shall be got inspected by the contractor from local
licensee and/or CEA and their clearance taken before energizing the Sub Station.

Guarantee

The contractor shall guarantee the entire sub-station installation as per
specifications. All equipments shall be guaranteed for one year from the date of
acceptance against unsatisfactory performance or break down due to defective
design, manufacture and installation.

The installation shall be covered by the conditions that whole installation or any part
there of found defective within one year from the date of taking over shall be
replaced or repaired by the contractor free of charge as decided by the department.
The warranty shall cover the following:-

Quality, strength and performance of materials used.

Safe mechanical and electrical stress on all parts under all specified conditions of

operation.
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Satisfactory operation during the maintenance period.
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Fig 2.47 scm of transformer

2.6.4.1. Design and planning

Transformers may be used only in sub-stations located in separate single or two
storied service buildings outside the main building structure and there shall at least
be 6 meter clear distance between the adjoining buildings and sub-station such that
fire tender is able to pass between the two structures

Transformers installed inside buildings, where the oil capacity exceeds 2 000 litres of
oil, shall be provided with oil soak pits.

Oil soak pits may also be made of rcc tanks.

For indoor transformers, oil soak pits shall be provided either under the transformer
or outside the transformer room.

If two or more transformers are installed side by side, they shall be separated by fire-
separation walls. Fire separation walls are deemed to be adequate from fire-safety
point of view, even if oil capacity of individual transformers do not exceed 2 000
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litres, and total capacity of all transformers installed side by side exceeds 2 000
litres.

« The capacity of the oil soak pit shall be such that to soak the entire oil content of the
transformer, it is intended for individual soak pits for each transformer with capacity
as above or a common soak pit to contain the entire oil content of the biggest of the
transformers shall be adequate.

+ Soak pits shall be designed in such a way to provide for safe draining of liquids to
soak pits.

2.6.4.2. Assembly
» The transformer shall be complete with the following fittings: -

» Qil conservator with oil level indicator, minimum level marking and drain plug for all
transformers of capacity 50 KVA and above.

» Off circuit type tap changer with position indicator and locking arrangement for all
transformers.

« Thermometer pocket with plug for all transformers of capacity 100 KVA and above.

* 100 mm dial type /stem type thermometer with metal guard Dial type thermo- meter
may have max. temperature indicator and resetting device for all transformers of
capacity 250 KVA and above.

+ Lifting lugs for all transformers.

» Bi-directional /Unidirectional Rollers to be specified.

» Rating diagram and terminal marking plate for all transformers.

» Explosion vent for all transformers of capacity 400 KVA and above.

» Additional Neutral separately brought out on a bushing for earthing for all
transformers.

+ Earth terminals (2 Nos.) for body earthing for all transformers.

+ Valves for filtration, drainage and filling etc. with necessary plugs for all transformers.
* Radiator assembly for all transformers.

» Silica gel breather for all transformers.

» Air release plug for all transformers.
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First filling of oil to IS 335:1993 including make-up fill during installation for all
transformers.

Facility to connect up Buchholtz relay for all transformers of capacity 800 KVA and
above.

Inspection covers on tank cover for access to terminal connections for all
transformers.

Bushing terminations or cable box terminations as specified.

Necessary hardware, clamps, lugs etc. for termination on HV/MV etc. for all
transformers.

2.6.4.3. Manufacture

Explosion Vent

Explosion vent or pressure relief device shall be provided of sufficient size for rapid
release of any pressure that may be generated within the tank and which might result
in damage to the equipment.

Means shall be provided to prevent the ingress of moisture and of such a design to
prevent gas accumulation.

Rating and diagram plates

The following plates shall be fixed to Transformer in a visible position.

A rating plate of weather proof material bearing the data specified in the appropriate
clauses of IS 2026:1977.

A diagram plate showing the internal connection and also the voltage vector
relationship of the several windings in accordance with IS 2026:1977 and a plan view
of the transformer giving the correct physical relationship of the terminals.

Joints and Gaskets

All gaskets used for making oil tight joints shall be of proven material such as
granulated cork bonded with synthetic rubber gaskets or synthetic rubber or such
other good material.

Gas and oil actuated (buchholtz) relays

Buchholtz Relay shall be provided for transformers of capacity 800 KVA and above.
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* The design of the relay mounting arrangements, the associated pipe work shall be
such that mal-operation of the relays shall not take place under normal service.

« The pipe work shall be so arranged that all gas arising from the transformer shall
pass through the gas and oil-actuated relay.

* The oil circuit through the relay shall not form a delivery path in parallel with any
circulating oil pipe, nor shall it be tied into or connected through the pressure relief
vent.

« Sharp bends in the pipe work shall be avoided.

« All wiring connections, terminal boards, fuses and links etc. connected with gas
actuated relays shall be suitable for tropical atmosphere.

» Any wiring liable to be in contact with oil shall have oil resistant insulation and the
bared ends of stranded wire shall be sealed together to prevent seepage of oll
entering connection boxes used for cables or wiring.

2.6.4.4. Factory tests

* In addition to the prescribed routine tests, temperature rise test shall be invariably
done on one transformer of each design.

« A copy of the impulse test certificate done on the same type/ design of the
transformer shall be furnished in accordance with IS for purpose of record.

« If no impulse test was done in an earlier unit of the same design and capacity, one
transformer will be subjected to impulse test in consultation with the Inspector at the
firm’s cost.

+ Copies of the certificates for pressure test, test for bushings, and type test for short
circuit shall be supplied to the Department.

2.6.4.5. Packing and dispatch
« Transformers after processing and testing are despatched from the factory either:
a) dried and completely filled with oil, ready for service;
b) with oil covering core and coil, balance space filled with dry air or inert gas; or

c) completely filled with dry air or inert gas at a small positive pressure.
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+ All external fittings such as bushings, conservator, Buchholtz relay, de-hydrating
breather, explosion vent, radiators, rollers, etc, which are liable to damage in transit
shall be removed and packed separately.

« All fragile parts such as temperature indicators, oil level gauges, bushings, etc, shall
be carefully packed to avoid breakage in transit.

2.6.4.6. Transportation
» Multi-axle tractor driven low-platform trailers are used for road transport.
+ The tractors are to have adequate hauling capacity and the trailers loading capacity.

» Width of the road - normally not less than 5 M.

Fig 2.48 transportation

2.6.4.7. Inspection

» Transformers are liable to get damaged during transit and therefore it is
recommended that immediately on arrival, the transformer should be unpacked and
examined for any sign of damage in transit, particular attention being paid to the
following:

a) Tank sides or cooling tubes dented,
b) Protruding fittings damaged,
c) Oil sight-glass broken,

d) Bushings cracked or broken,
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Bolts lose due to vibration in transit,

Oil leakage ( if filled with oil ) particularly along the welds or reduction in the pressure
of the gas ( if gas filled); and

Damage to auxiliaries.

oil samples from the top of the conservator and the bottom of the transformer should
be drawn and tested for presence of moisture and also for dielectric strength. If both
the samples are free from moisture and the windings indicate satisfactory insulation

resistance

2.6.4.8. Storage

Transformers received at site and not expected to be installed immediately are likely
to absorb moisture.

Indoor type transformers should be stored under cover and the transformer should
preferably be filled with oil to reduce the extent of possible condensation of moisture,
and the breathing pipe should be plugged.

Transformers which are required to be kept in storage for long periods should
preferably be drained of oil and the tanks should be filled with dry nitrogen under
slight pressure.

However, if it is necessary to store them outdoors, these should be covered to
prevent moisture and foreign material entering into the tank.

2.6.4.9. On site testing

The following tests are to be particularly done before cable jointing or connecting up
the bus bar trunking:

Insulation test between HV to earth and HV to MV with 5000 volts Megger.
Di-electric strength Test on oil.

Buchholtz relay operation by simulation test when fitted.

Tripping tests

Calibrate earthing resistance

See that neutral earthing switches are closed before making alive

load test
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Check alarm circuit , fans and pumps

2.6.4.10. Installation and commissioning

Necessary support channels shall be grouted in the flooring.

The transformer shall be moved to its location and shall be correctly positioned.
Transformer wheels shall be either locked or provided with wheel stoppers.

All parts of the transformers which are supplied loose, such as conservator, radiator
banks, Buchholtz relay, dial thermometer, bushing etc. shall be fitted on the
transformer.

Transformer oil supplied in drums shall be topped up into the transformer after duly
testing/filtering upto the correct level required.

Wiring of devices such as Buchholtz relay, dial thermometer etc. shall be carried out
as per drawings,

Earthing of neutral and body of the transformer shall be done

Drying out of transformer winding will be necessary when the di-electric strength of
the oil is lower than the minimum value as per IS10028 or the transformer has not
been energized within 6 months of leaving the works or where the radiator assembly
is done at site.

The transformer shall be dried out by one of the methods specified in IS 10028.
Drying out with centrifugal or vacuum type filters will, however, be preferred.

The contractor shall carry out the process of drying without interruption and shall
maintain a log sheet indicating time, oil temperature and insulation resistance.

After complete drying out of the transformer, oil sample shall be collected by the
contractor and shall be tested for di-electric strength as specified in IS 335:1993 with
approved test kit.

All devices such as dial type thermometers, Buchholtz relays and main alarm and trip
contacts shall be checked for satisfactory operation.

Indoor

The most important thing to be ensured with transformer installed indoors is proper
ventilation, that is, free moment of air round all the four sides.
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The level of the transformer base should be higher than the highest flood and storm
water level of that area.

The transformers should be kept well away from the wall. The minimum
recommended spacing between the walls of the transformer periphery from the point
of proper ventilation

The site should be so chosen that it is not normally damp because besides corroding
the tank body and tubes, the dampness may find its way to the bushings and may
cause them to flash over.

There shall be no chance of water dripping either on the transformer or anywhere in
the transformer room itself.

Chemical fumes, particularly acid fumes, should not be allowed in the transformer
room as they corrode the tank and also cause the oil to deteriorate.

For indoor installations the air inlets and outlets shall be of adequate sizes and so
placed as to ensure proper air circulation for the efficient cooling of the transformers.
The inlets should preferably be as near the floor as possible and the outlets as high
as the building allows to enable the heated air to escape readily and be replaced by
cool air.

Minimum clearance between the highest point of the conservator tank to the ceiling
of the transformer room should be sufficient to remove the mounting on the
transformer like the conservator. However, this clearance should not be less than 0.5
m.

Foundation

Since the transformers operate without moving parts, generally a simple foundation
is satisfactory provided it is firm, horizontal and dry. The transformer should not rock
or bed down unevenly so as to tilt, as this may strain the connections. The base
should be horizontal to keep the oil level correct.

For outdoor installations, a level concrete plinth above the maximum flood or storm
water level of the site, of correct size to accommodate the transformer in such a way
so that no person may step on the plinth, with, if necessary, bearing plates of
sufficient size and strength, should be provided for transformers.

Cabling
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Cable trenches inside sub-stations and switch stations containing cables shall be
filled with sand, pebbles or similar non-inflammable materials, or completely covered
with non-inflammable slabs.

In many installations it may be advisable, for reasons of ease of maintenance to
locate equipment centrally with cable galleries serving the purpose of cable trenches.

Where a number of cable trays or racks are used, the spacing between them should
be 150 mm or more, depending on the cable sizes.

The trays may be made from suitable materials such as galvanized iron or aluminium
sheets, or expanded metal.

The cables should not be exposed to heat from other equipment.

The cable trenches should be suitably sloped and arrangements should be made for
draining them or preventing them from getting filled with water.

Precaution for fire
Remote indication of undue rise of the temperature inside the transformer room

Remote disconnection of the supply, and Fixed automatic fire-fighting equipment
shall, Such equipment should be supplemented by suitable portable extinguishers.

A number of these should be kept adjacent to but not inside the area of risk, so that
access to them is not impeded when a fire has already started.

For large outdoor sub-stations, protection may also be provided by the installation of
a sprinkler system, activated by fire-detecting units.

Safety Precautions

The transformer should be so installed that there is no risk of anyone receiving an
electric shock.

Although, with all metal parts of the metal tank bonded together and properly
earthed, the tank may be considered quite safe,

yet consideration should be given to the arrangement of the connections.
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2.6.5. Bus bar

— Planning

— Assembly

— Factory test

Fig 2.49 scm of bus bar

2.6.5.1. Planning

it is important that busbar routes are carefully planned, taking into consideration how
the system will accommodate other elements within the facility such as ceilings,
walls, doors, and other key infrastructure. The following key planning considerations
can help to improve busbar route efficiency.

Such as

Early Specification
Planning accurancy
Conductor choice
System flexiblity

Access

2.6.5.2. Assemble

Expansion joint

Expansion joint made of aluminium/copper .strips shall be provided wherever
necessary, to take care of expansion and contraction of the bus bars
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* Under normal operating conditions.

» This shall be invariably provided whenever the length of the rising mains exceeds 15
m.

Enclosure

» Sheet steel of min 2mm thickness shall be used for fabricating the enclosure

Current density

* Bus bars shall be of sufficient cross-section so that a current density of 130A/sg.cm
(800A/sq.inch) is not exceeded at nomial current rating for aluminium bus bars, and
I60A/sg.cm (1000A/sq.inch) for copper bus bars.

Insulation
« Each bus bar shall be suitably insulated with PVC sleeves/tapes.

» The insulation of the rising mains shall be-capable of withstanding the voltage of
660V of A.C.

Bus bar supports

» Bus bar support insulators shall be class F insulators made of non-hygroscopic, non-
combustible, track resistant and high strength FRP/SMC/DMC material, and shall be
of suitable size and spacing to with stand the dynamic stresses due to short circuit
currents.

* The spacing between two insulators should not exceed 250 mm.

» The supporting structure for the bus duct shall be strong enough to cater for the
various static and dynamic loadings, such as weight of the bus duct, short circuit
forces, wind load, seismic forces

Ventilation

« The bus ducts shall be normally natural cooled. Forced cooling may be considered
beyond 10 000 amperes ratings.

2.6.5.3. Assembly
Bus bar Clearances

* The minimum clearance to be maintained for enclosed indoor air insulated bus bars
for medium voltage applications shall be as follows:
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* Between Phase to earth — 26mm min clearances
* Phase to phase - 32mm min clearances

* Bus bar joints shall be thoroughly cleaned and a suitable oxidizing grease shall be
applied before making the joint

* High-tensile bolts, plain and spring washers shall be provided to ensure good
contact at a joints

» The overlap of the bus bars at the joints shall be not less than the area of the cross
section of BusBar

Marking

Each bus-bar or bus duct shall be provided with a name plate or plates carrying the
following data, marked in a durable manner and located in a place such that it is visible and
legible when the bus-bar is installed :

a) Manufacturer's name or trade-mark;

b) Type designation or serial number;

c) Rated voltage;

d) Rated frequency;

e) Rated current;

f) Rated short time current;

g) Number of phases; and Country of origin.
2.6.5.4. Factory tests
Type Tests - The following shall constitute type tests :

a) Impulse voltage test

b) Temperature-rise test

c) Short time current test and

d) Power frequency voltage with stand

e) Routine Test

f) Power frequency voltage withstand test
80



2.6.5.5. Storage
+ Store bus duct at site continuously in warm dry locations.

» Bus bars or bus duct will be rejected if they have been roughly handled, or marked at
joints or connection points, or plating is damaged in any way.

» Do not install bus duct until that portion of the building is enclosed and dry.
2.6.5.6. Installation

+ Each section of the enclosure shall be suspended from the ceiling slab with suitable
MS suspenders and support angles/channels. The runs shall be neat and the route
shall be as directed by the Engineer-in-Charge .

« The bus trunking shall be supported such that its weight does not come on the
terminations.

« Danger notice board shall be provided on the bus trunking enclosure at suitable
intervals in every room through which it passes

» The earthing strips shall be properly terminated to the earth bars at both ends.
2.6.5.7. Site test
The following site tests shall be carried out after installation of bus-bar at site :
a) Power frequency voltage withstand test
b) Insulation resistance test for enclosure circuit
2.6.5.8. Construction

« The enclouser shall be bolted type,box type, welded type or any other type as per
the manufacturer's standard practice;-and shall be made out from sheet steel of
minimum 2mm thickness.

« The front cover only shall be detachabile.
« The section of the bus duct shall be rectangular.

» The enclosure shall be sturdy so as to withstand the internal and external forces
resulting from the various operating conditions.

» The bustrunking enclosure shall be fabricated in convenient sections for easy
transportation and installation.
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2.7.

2.7.1.

The sections shall be connected to form horizontal and vertical runs as required at
site.The enclosure shall be provided with flanged ends with drilling arrangements suit
the flanges at the switchgear and transformer terminals. AU flanges shall be
provided with gaskets,nuts,bolts, washers etc.

The entire bus trunking enclosure shall be designed for dust and vermin proof
construction The enclosure for outdoor installation shall be additionally in
weatherproof construction .

The enclosure shall have a degree of protection not less than IP 42 for indoor
application, and IP 54 for outdoor application

Bustrunking, if required to be installed outdoors,shall be provided with a metallic-
protecting & canopy of adequate size above the bus trunking ,fabricated as part of
the enclosure

Neoprene gaskets shall be provided to satisfy the operating conditions imposed by
temperature,weather etc: and durability

Two numbers of Copper earth strips of appropriate size shall be provided along side
the bus trunking enclosure and shall be bolted with each section of the bus trunking.

BEST PRACTICE TO CONTROL TIME AND COST OVERRUN IN SCM AND
TQM

Database systems

commonly used by owners, track status of engineered equipment and major critical
materials items.

The requisitions and purchases can be tracked and sorted according to data file
parameters among other capabilities

Comprehensive, integrated systems

commonly used by contractors, track status of bulk materials as well as engineered
equipment.

The requisitions and purchases can be tracked and sorted according to data file
parameters.

These systems are capable of interacting with the contractor’s estimating, scheduling
and accounting systems. Other capabilities include: can interact with CAD drawings,
computer takeoff assistance, analysis of vendor quotations, generation of purchase
orders, trial allocation, generation of inventory reports among other capabilities
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2.7.2.

2.7.3.

QMS Materials Management System was developed by QA Software.

The purpose of QMS in regard to materials management include: management of
changes to the bill of materials, automatic generation of inquiries and purchase
orders for materials, management of the impact of a changing bill of materials on
material orders, management of expediting of materials, control of material
deliveries, management of material shortages both on fabrication and construction,
control of material issues and movements, inventory/stock control management,
management of material traceability, progress monitoring.

The program offers a variety of modules to keep track of changes to the bill of
materials, summarize bill of materials in minutes, with automatic documentation
generation for both bid packages and/or purchase orders, keep a complete history of
all changes to purchase orders, recording the receipt of materials simple with typing
only of the quantities received, analyze what can be fabricated or installed, automatic
generation of issue slips/dockets and/or movement dockets to save time and
improves accuracy. At all times the exact quantities of material at any location is
known.

Bar code

Bar code applications in construction are mostly intended to provide accuracy in data
collection, to improve productivity and to save time in the data collection process.

Typically, bar codes are used for materials and inventory management.
The scope of bar codes extends beyond materials management.

Bar codes provide the advantage of relatively error free data collection, which
improves productivity and avoid errors.

Some construction firms that use bar codes claim that it saves time, money and labor
while improving the accuracy of inventory.

The major applications of bar code
Field material control

This technology can be used to control receiving, inspection, storage and issue of
consumables, parts, equipment, and all the items that could be controlled with bar
codes.

A report can be kept when materials are taken from the storage. These materials can
be scanned and the report of issuance of materials can be completed.
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2.7.4.

Warehouse maintenance and control

When materials are received and stored, the assigned location can be entered into
the computer system by scanning the bar code of the particular material.

Bar codes allow performing inventory by scanning the bar codes of the materials.

As the project progresses and materials are used, a better overall picture of available
materials is accessible for forecasting and scheduling purposes.

Inventory control applications and tool and consumable material issue

Although some time might be spent entering bar code data into the computer
system, it might eliminate misuse of consumables. The inventory can be kept up to
date as the materials and resources are consumed.

Purchasing and accounting

Forms used for purchasing or other functions related to cost control can be printed
with bar codes.

Shipping forms from vendors can include bar codes to facilitate the receiving
process.

RIFD
Many researchers have used RFID in previous studies to apply them to construction.

RFID systems could be used in the same way in which bar codes are used.
However, the cost is a major factor.

There are other applications in which RFID systems work better than bar code
systems.

RFID had been used for material tracking and material receipt in the construction
industry.

RFID allow tracking materials as the move in the jobsite since direct contact is not
required for data collection. This can avoid theft and lost since managers can notice
when materials are not where they are supposed to be.

Materials Receipt

Materials can be easily verified as they arrive to the site. The type of materials
received can be known easily and verify if the right quantities were received.
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2.7.5.

JIT

Just-in-time, or JIT, is an inventory management method in which goods are
received from suppliers only as they are needed. The main objective of this method
is to reduce inventory holding costs and increase inventory turnover.

Importance of just-in-time

Just in time requires carefully planning the entire supply chain and usage of superior
software in order to carry out the entire process till delivery, which increases
efficiency and eliminates the scope for error as each process is monitored.

Reduces inventory waste
Decreases warehouse holding cost

Gives the manufacturer more control
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3.1 EXPERT SURVEY

CHAPTER 3

LIVE CASE STUDY

SUPPLIER

3.1.1. supplier 1

SC ASKS
DISTRIBUTOR FOR
PRICE

DISTRIBUTOR
CONTACTS
MANUFACTURERS

DISTRIBUTOR
APPLIED GROSS
MARGIN

MATERIAL
DELIVERD TO
SUBCONTRACTOR

CONTRACTOR

PROJECT
MANAGER

Fig 3.1 samples taken

SUBCONTRACT
ESTIMATE FROM

DRAWINGS AND

SPECS

sSupplier A limits
their business to 1-2
manufacturers  for
partnering purposes
and to get better
prices

*Supplier A contacts
manufacturers, gets
prices and adds a
profit margin

*Subs
distributer based on

select  the

lowest price ([ ?5%
of times)

*For small panels
Supplier A will
assemble them, for
big projects the
manufacturer  will

assemble them

*Depending on the size of project
subcontractor limit the number of
distributors

*Sub takes off job and gives a list
different
distributors to get prices. They ask

of materials to

mostly for prices on distribution
equipment (switch gears, safety
switches, panels) and lighting.
*They send copies of the project
schedule with expected installation
dates for distribution equipment
and for lightning.

*|If the sub calls the manufacturer
first, the
invalved, since the material has to

distributor  still  gets

go through the distributor

SC ASKS FOR

PRICE FOR
SPECIALITIES
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*Sub asks for prices on specialty
typeitems such as cable tray and
under floor ducts sometimes



3.1.2. supplier 2

3.1.3. contractor 1

CUSTOMER CONTACYS SUPPLIER BY PHONE

CUSTOMER ASKS FOR PRICE/
PRICE MATCHING

CUSTOMER SPECIFIES THE
QUANTITIES NEEDED

SUPPLIER VERIFY THAT THE

QUANTITIES REQUIRED ARE
AVAILABLE WITH DELIVERY DATE

ORDER PLACED

MATERIALS REQUIRED ARE
GROUPED TOGETHER

MATERIALS ARE DELIVERED

| ESTIMATE |

*Plan and specs
needed

*Custome
computer
program used
*No
as long as there

re estimate

are good quality
dwgs & there are
no changes
*Price for some
commodities

known

yearly
*100% of

material

through

estimated
ordered

QUOTATION FOR

ASK FOR

SUPPLIER

AWARD
CONTRACTTO
SUPPLIER

PROCURE
MATERIAL

DELIVER
MATERIAL

INSPECT
MATERIAL

OR BY VISITING THE STORE

*Pm in charge of all releases based

on schedule
*Date & quantity of material needed
specified in po

*Material delivered to site always
*Stored in storage facilities

*Superintendent checks delivered
material against po

*Inspect for quality & quantity of the

STORE & INSTALL
MATERIAL

materials
*|If there any problem with quantity &
quality superindent notifies the pm

\4

*The pm calls the vendor to solve
problem with materials

*Material are stored in o site storage
facility as per IS standard & CPWD
*Materials are stored until the time

that they will be used
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*If it is in good condition

-25% for

,pay penalty
speciality items

RETURN TO
SUPPLIER

Y

IS THERE ANY
SURPLUS N

ADDITIONAL
MATERIAL
NEEDED

\LY

BUY FROM THE
SAME SUPPLIER




3.1.4. contractor 2

FINE TUNE CONTACT AWARD CONTRACT
ESTIMATE BID WON ESTIMATE SUPPLIER TO SUPPLIER °

*Cost for some *Pm  revises *Pm requests
commodities estimate & quotes for
taken from create a list non blanket
books,others of detailed materials
from blankets quantities for *Pm clarifies
*Major materials scope

material,quotes
from supplier
*Excel ussed for

the estimate >
PURCHASE
UBMITTAL DELIVERY INSTALL URPLU
*shop drawings, *standard  document  for || *Deliver to site *Sent to wadre
material  data, delivery date specified as often as house to be
samples, and *Commodities buy less than || possible used in future
product data estimated *Sometime to projects
verify that the *Purchasing department buys || warehouse until *Sometimes
correct products the commodities installation return to vendor

*Foreman has small purchase
orders for small things

*Pm incharge of maijor
material

3.2 LIVE CASESTUDY
3.2.1. JIPMER karaikal campus

» The second campus of JIPMER AT KARAIKAL was started after a notification from
the Ministry of Health and Family Welfare, New Delhi to establish an off-site campus
of JIPMER at Karaikal.

» 38 acres of land at Kamaraj Salai for the Residential Campus
» 3 star rating by GRIHA

+ 10 floors — under construction

* Using mivan technology

« Constructed by — CUBE (center for urbanization , building and environment) IIT
madras
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Fig 3.2 JIPMER campus

Scope of main electrical contractor
The Electrical contractor’s scope covers the following.

1. Submission of application to state electricity board / distribution companies for
getting load sanction, necessary follow-ups, releasing the sanction and successful
commissioning.

2. Preparation of entire building drawing including equipment details, submission to
CEIG, getting approval for installation.

Arranging inspection, getting safety certificates and energise the installation.
Supply, Installation, Testing and Commissioning of Transformers

Supply, Installation, Testing and Commissioning of RMG & HT VCB Panels
Supply, Installation, Testing and Commissioning of DG Sets

Supply, installation, Testing and Commissioning of Light fittings.

Supply, installation, Testing and Commissioning of required UPS, Inverters etc

© © N o g »

Provision of Power outlets, provision for laying Data cabling.

10. Supply, Installation, Testing and Commissioning of LT cables, Cable trays & earthing
etc

11.Supply, Installation Testing and Commissioning of MPCC & sub panels, DB’s. etc
12.Necessary earthing arrangements

13. Supply, Installation of Lightning Protection system
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SCM flow — project manager

Verify Materials

*Verify quantitiesreceived against packing slip

*Verify quality and types of materials received

ASK FOR *The contractor stores as much as they can
PRICE FROM sInvoice paid at the end of the month (the 30™)
SUPPLIERS MATERIAL MATERIAL
INSPECT STORED
DELIVERED TO MATERIAL MATERIAL DELIVERED TO JOB
WAREHOUSE SITE AS NEEDED
CONTRACT
AWARDED Materials Delivered RETURN TO
TO SUPPLIER *Delivered to site when possible SUPPLIER
*Big materials delivered to warehouse

. AND PAY
*Invoice sent to PM
PROCURE MATERIAL [— *Materials ordered ot once PENALTY

*Biggest problemis to keep track of materials

DEAIT\ICEIE?EI[?"-I'O INSPECT STORED INSTALLED lS;:EYRE L STORE IN
W,
SITE MATERIAL MATERIAL MATERIAL SURPLUS AREHOUSE
N
MATERIAL REQUEST | Y| ADDITIONAL |N
DELIVERED || FROM |€— MATERIALS [=>| STOP
TO JOB SITE SUPPLIER NEEDED

ESTIMATE Contract Awarded to supplier

*Quantity takeoff of items list in drawings done manually *If the contractor is the lowest bidder, the contractis
*Takeoff based on assemblies awarded to the supplier based on the lowest price
*No classification of materials used *Purchase order is used as an agreement of prices

*Quantities are input into the computer and quantities

*TRF computer program used to generate list of materials *The supplier submits submittal (8-9 copies)
*Some items are customized in the software *The agreement is valid upon approval of the
*Estimate is verified 2-3 times submittals

Checklist

Table 3.1 checklist for cable laying and installation of db

s/N [CHECK LIST FOR CABLES LAYING CHECK LIST FOR INSTALLATION OF

DISTRIBUTION BOX

Are the working drawings/ shop drawings and DB
1 pchedules
hpproved and available at site?

Technical Data Sheet / GTP made available at site.

1

2 |Approval of cable, size / make and avdilability at site.

3 |Availability of tools required for joining / fixing lugs at site.

Is the trench excavation, sleeves or ducts, sand bed as per the approved documents /
technical specification?

cable laid, encasement (if specified), protection tiles, caution tapes as per approved drawing 2 |Approval of materials and availability af site
and specs. 3 [Cleanness of DB found ok?
Has earth continuity been checked, cable dressing been done, cable testing been carried out, lare the number of MCB's & RCD's fixed as per approval
5 [cable end termination been conducted A rawings?
testing & final check been done?
6 |Protection provided as per specs. 5 |Are the wires identified with necessary ferrules?
Review report for the Earthing connection & Earth continuity of . .
7 - 6 [Check for the tightness of terminals been done.
cable tray from the testing documents.
8 |Check IR value of cable drum before cutting the cable for laying. 7 [Check Level, location, plunpness and projection elc.
ISegregation of the cables like HT, LT and Control Cables and support - - -
9 i blos is ok? [Designation of the DB, drawing pasted and name plate of
of the cables is ok s |heDBs
10 Ifter cable laying before charging cables IR value measured and o
recorded in the commissioning report. -
11 |identification labels approved and fixed. 9 [[Tas concreting and cleaning around D/B been done.

12 |Check Bending radius of the cables as per the standards followed.

10 [DB dressing as per approved checklist?
13 |Check Voltage and current rating of the cables.

4 Check Cables laid in the cable frays are neatly dressed and if any 1 lei(;elvlng end, the cable /wires mentionin the DB is found
jumping to be cross proper manner.

Check ELV cables / HT cables and LT cables should not mix at any points, same should be
15 |laid in the separate segregated cable trays in

[Testing and conumnissioning report as per approved format
12 juade

the tier arrangement form. wvailable?
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Table 3.2 checklist for installation of ht panel board

N CHECK LIST FOR INSTALLATION OF HT P Incoming and outgoing cables entry marked with the required arrow marks with the
J 5 k
PANEL BOARD directions in the cable alley feeders.
1 Approval of shop drawing with feeder details and 17  [Each feeder mention with the cable’s sizes and number of the cables 1uns is mentioned.
availability at site?
7 e < er ov 1 9 18 [Incoming cables mention with received end feeder details with locations of the panel.
2 [Is the HT panel as per approved material/malke/type? & P
Approval of manufacturer drawings and received panel as 19 [Check for the Current and Voltage rating.
3 [pet the approved drawings 20 [Check for proper Lifting Tools and Tackles.
with over all dimensionsis same? 21 [Designation of each feeder, spare feeders available or not.
4 I; 'rh§ 1nita]1anon done as per approved location/layout 22 [Check for the Shrouding and Check Painting shade as per the approved color?
drawing?
5 FﬂC_TIOIEi iismlg carried out and test cerfificate made 53 [Cheekfor any Physical Damages occurred during transit or during erection. like fiont door
lavailable? 23
5 Are front/rear/side accesses /Clearances OK as per the operative kit or handle ete.
T o
(Z;EIG flomms’ — - 24 [Check for Bus bar material and dimensions as per the approved drawings.
_ [Cable entry requirements satisfied top or bottom or side
entry? 25 [Type of the breaker is it VCB /ISOLATOR/GIS/SFG as per approved drawings.
8 |Is cable termination access OK?
9 |Is the panel enclosed properly? Power pack self-type or external type with control voltage as per the approved drawings
P propetly 26
I\mﬁc_atioln lamps /Meters /Relay Protection measures - - vailable?
10 [functioning are as per approval ; ; N -
. < _ [Check Control voltage fiom battery charger with voltage and backup as per the approved
and any damages found. 77
1 Testing and conmissioning report as per approved format drawings or technical specification?
imade available. N - - . : .
- — 28  [Check Control cable entry point from side or bottom or top as per the approved drawings
12 Panels board name plate details marked, Caution Plates o ontoe ype om side or bottom ortop as b pproveda 8
~ |danger boards signs avaulability. 29 [Trolley for the breaker draw out type is made available at site.
2 2 ) Y YP
13 [Earthing flats connected to the main /grid earthing. 30 [Check spare breaker available as per the technical specification.
g 2 IS T P D
14 [Panels are grouted with bolt or welded with the base plate. 31 [Operating height of the panel is as per the CEIG notms.
= E — 32 [Functional test to carried out for the relay protectionin the field record to be reviewed.
15 [Panel base channel available. Y P
Table 3.3 checklist for earthing and electrical conduit and modular box
IS/N CHECKLIST FOR ELECTRICAL CONDUIT AND MODULAR BOX
SIN [CHECK LIST FOR EARTHING _ _ - s
1 Check for the detailed approved drawing Good for Construction available
- . o ] 1 site.
1 pApproval of shop diawings and availability at site. 2 Check for Size of conduits are on par with approved drawing.
- . e . 3 [Check for Level and location of conduits.
2 |Approval of material and availability at site. - — - - - -
pproval o ateted and avaniabiy atsite 4 ICheck for Blocking of ends of the conduits.
“heck for all joints (nuts, bolt & welding joints) been | |< “heck All Conduiting are done as per Colour Coding for Power, Fire Fighting and UPS Supply and
3 cartied out. " [Data/Voice line.
- - - - - - 6 [Check for All Drop point tightness is to be ensured with reinforcement Bar
“heck for all electrical equipment for carthing 7 |Check for all conduit tightness of pipe with reinforcement bar
4 feonnection been 8 |Check for all conduit end points are taped properly
carried out. “heck for modular boxes & junction boxes are fixed at the location on par with approved
9 ] P PP
“heck for all mechanical equipment for earthing “onstiuction Diawing.
5 [connection been 10 [Check for Reinforcement Detail Around Modular Box/ fixity of Modular Box.
carried out. m “heck for hot water pipe/cold water pipe embedment inside the concrete
6 (Check for water line earthing been done. wall/slab.
Tixing of Copper or GI earth used together whether 12 [Check for cut outs of waste water line/Sewer line sleeves in concrete slab/wall
- tmetallic stiip 13 [Check for concrete grooves for fixing the water ine pipe in kitchen.
is used or copper flat end coated with lead in the 14 “heck for concrete grooves for fixing the hot/cold water line pipe in
olting area. athrooms.
8§  [Location. type & size of earth pit. 15 [Check for switch boxes inside the apartment are fixed at approved height from FFL.
9 [Earth cable laying and terminations s “heck for AC adopter box are provided as the construction drawing and fixed at approved height
e ; ~ from FFL.
10 [Check for water supply pipes earthing. 17 “heck for AC conduit duct pipe cut outs/pipe sleeves/openings are
provided as per Drawing.
11 [Testing as per approved format made available. _ . ] T ]
18 [Check for junction box provisionin all the rooms are located and placed as per drawing.
12 Earth pit value is recorded in the commissioning
~ Jreport. 19 [Check for fan box hooks and all light points are provided as per the construction drawing.
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3.2.2. R&D building
« Client - KONE ELVATORS
» Contractor — ocean life space pvt . Ltd
+ Consultant — CRN
» Location - sripermbatur
* Research and development block
« It's a lift testing building
+ 16 floors
* Built up area - 1,00,000 sqft
+ Site extent — 25 acres
+ Typology — industrial building
* It consist of 2 area
1. Tower area
2. Non tower area
+ Tower area consist of shear wall using mivan technology
* Non tower area is a office space it was constructed by conventional method

» Substation is located common for all the blocks

Fig 3.3 R&D building
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Schedule

KONE _ Phase 2 _ Proposed Testing

MEPF - Low side (BASEMENT TO 19 FLOORS)

days

Sun 31-05-20

Aon 22-02-21

. 561.06 days  Fri22-11-19 Fri 21-05-21
Tower Constreution

Pre - Construction Phase 42.06 days Fri22-11-19 Thu 02-01-20
Sub Streuture 133 days Thu02-01-20  Mon 11-05-20
Shell & Core 338 duys S$un 19-04-20  Sun 14-03-21

£ 34,06 days Sar 15-02-28 Fri 30-04-21

Submission af Shaop drawings 30 days Sat 15-02-20 S 1 5-03-20 2FS+85 days
Approval of Shop drawiigs 30 daps Thie 25-02-20 Thie 24-03-20 HEQEE 10 daps
Ordering of Long Lead items 30 days S (01-03-20 St 20-03-20 M81SS+5days

Basement Floor 28 days Sun 31-05-20 Fri 19-06-20
Conduiting, cable tray & raceway
istallation - AL MED semices IO days St 31-03-20 Tiie 00-06-20 30085 +20 days
Wiring - ALl MEP services i O days FriQ3-00-20 St 1 4-00-20 48355 +5 days
MEP - High side 184 days Mon 82-11-28  Fri30-04-21
Site Clearance  day iSat 20-12-20 S 2 7-4 2-20 REOFS+10 days
Distribuition Boards Installation 80 days Mon 18-01-21 i 04-04-21 73QFS+20 deays
Muachinery Panel Installation B0 days Ao 1 8-01-21 St 04-04-21 730FS+20 days
Power Panel Installation 80 days Man 18-01-21 S 04-04-21 730FS+20 deays
Lighting Panel Installation B0 days Ao 1 8-01-21 St 04-04-21 730FS+20 days
IS (LD 39 S DA 20 days Mon 18-01-21  |Sun04-04-21 73075 +20 days
Installation
HIZAC Panel Installation B0 days idam § 8-01-21 S 04-04-21 730FS+20 deys
Fire Panel Installation B30 days Mo 18-01-21 St 04-04-21 7IOFS+20 days
UPS Panel Instaliation B0 days idam § 8-01-21 S 04-04-21 730FS+20 deys
Emergency Lighting Fanel Installation |80 days Mo 18-01-21 St 04-04-21 7IOFS+20 days
Lightrning Protection System Installation|i 0 days N or § 8-01-21 Srapr (-0 2] FIOFE+20 deys
Cable termination B30 days Mo 18-01-21 St 04-04-21 7IOFS+20 days
Electrical Testing & Commissioung [0 days S (d-04-21 Wed 1 4-04-21 750
Table 3.4 schedule
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Table 3.5 customer statisfactory measure

5.NO Service Attribute and Department | 5 4 3 2 1 |[Remarks
E. |[Electrical Design
Department:

1 [Level of accuracy of BOQ/
Specifications and Estimates

matching customer’s
requirements.
2 Quality ot Design|

Deliverables

3 Completion of the indrvidual
activities and progress of the
project and adherence to
agreed timely schedule.

SCM flow — contractor

MAJOR
MATERIALS

PURCHASING MATERIAL DELIVERED TO

MATERIALS STORED &
USED AS NEEDED

DEPARTMENT PROCURES
& ISSUES POs SITE WHEN NEEDED

W *Major materials are switch gears and lighting fixtures

*Purchasing department requests bids from manufacture unless the manufacturer is specified in the contract

INSPECT

*Excel used for *A quotation request form is sent to the suppliers to ask for prices for the material

estimating *Bidding is more beneficial because the company can get better prices when manufacturers are competing against each other

*Pricing for project
done by estimator

*Purchasing department coordinates supplier and job site for material deliveries

*Packing slip sent to purchasing for payment purposes

and pm
*Prices are known ||| MISCELLANOUS
through MATERIALS STOSEI?ND SURPLT%S =
experience and VERIFY IF MATERIAL BUY NEEDED
WAREHOUSE
Y?G"ly corﬁrdc? IS AVAILABLE IN MATERIAL FROM DEthl\\/AETREszgA;ITE .
with suppliers WAREHOUSE SUPPLIER
YEARLY CONTRACT *Miscellaneous material include wire fitting straps, pipes, wiring devices
Request bids from *If the warehouse has a small amount of the materials needed then all the

material are brought from supplier

PM CONTACTS
suppliers for yearly VENDOR

price based on volume *Tempordry po given to supplier for contract agreement, valid only upon

- approval of submittals *If there are problem with material
*Sometimes orders are split into multiple order to avoid over stocking on site delivered pm contacts the vendor
*Purchasing department coordinates suppliers with field personnal for *Packing slip is sent to purchasing for
material delivery payment purposes (weekly basis)
Contract awarded to *Purchasing department issues pos to the supplier for material ordered *Project get credit if the surplus
supplier for o yearly *Date and quantities needed specified to the supplier material are in good condition

confract
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Checklist

Table 3.6 checklist for ht panel and db

HT PANEL
INWARD

[Type of HT Panel as per Approval

DISTRIBUTION BOARD
INWARD

Make / Model / Capacity of HT Panel as per Design / Approval

[Type of Distribution Boards as per Approval

All Components of HT Panel ate Delivered as described in BOQ / Approved Tecluucal Subimittal

(Check whether the HT Panel confitms to Manufacturer's Digs

Make / Model / Capacity of Distribution Boards as per Design / Approval

Examine any damage or displacement of parts, loose or broken connections, dirt or foreign maternal and
moisture during shipment

Check whether the HT Panel matches to the casted foundation and provisions.

(Check whether the Body & Neutral Earthing as per CEIG / CEA/NEC / IS 3043 standards / recommendations

Test/ Warranty Certificates Attached

IAll Components of Distribution Boards are delivered as described in BOQ/
IApproved Technical Submittal

[Examine any damage or displacement of parts, loose or broken connections,
dirt or foreign material and moisture duzing shipment

Any deviations, revisions or changes to be recorded for As Built

INSTALLATION

Is level and Finush of HT Panel Foundationas per the specification

Ensure all Safety Standards / codes during installation

Check the Orientation, mounting & supports as per design & drawing

(Check whether Power Cabling works done properly

(Check whether Control Cabling works done propetly

(Check the Body & Neutral earth Links are fixed properly

[Test/ Warranty Certiticates Attached

|Any deviations, revisions or changes to be recorded for As Built

INSTALLATION

s surface and levels of DB mounting places are propely finished

Proper cable termination with gland earthing is done as per specification

Check cable sizes, numbers & terminations conform with design & drawing

(Check the door to ensure that it can be opened and closed smoothly

Check that all bolts and nuts are securely bolted

(Check that the earthing Links are cotrectly connected to the panel earthing bars and the latter to substation earth
at one point

Check the neutral and body earthing done and size of earth strips

(Check the locations, mounting & supports as per design & drawing

(Check the neutral and body earth link are propely fixed.

Check adequate phase link cables are provided & fixed properly

(Check knock out provisions are provided for incoming/outgoings

(Check cable sizes, numbers & termunations confirm with design & drawing

(Check the Cable routing are laid as per approved shop digs

Check the HT Panel clearance are provided as per approved shop drgs / local electrical authority regulations

Is there any physical damages during Installation

All external and inter-panel control wirings should be checked
for correct ternunation and continuity.

Ensure HT Breakers and Potentional Transformers are properly inserted.

Ensure Rubber Chromets, Rain sheild cover and sealeant are properly done.

(Check the door to ensure that it can be opened and closed smoothly

(Check that all bolts and nuts are securely bolted

s there any physical damages during Installation

(Check DB and Circuit identifications done

Body earthing and gland earthings are done

Table 3.7 checklist for earthing

EARTHING
INWARD

Type of Earthing Material as per Approval

Approval

Malke / Model / Capacity of Earthing Materials as per Design /

Submittal

All Malerials are delivered as described in BOQ / Approved Techaucal

Examir

cment of parts, loosc or broken
connections, dirt or foreign material and moisture during shipment

any damagc or displac

[Test / Warranty Certificates Attached

Any deviations, revisions or changes to be recorded for As Built

INSTALLATION

Checlk the earthing installations 1s carried out as per the drawings

Ensure the depth of the earth pit is as per approved BOQ/Drawings

Checlk all joints arc properly connected

Check the earth plate/Elecliiode/Rod/pipe as per the approved
drawings

Checlk the earth pits are done as per approved layout

Checlk earth pits identifications are done as per layout.

Check cable sizes., numbers & terminations contorm with design &
drawing

Checlk that all bolts and nuts are securely bolted

Ts there any physical damages during Tnstallation

95



Specification

Main power control center an panel boards

Supply transporting and unloading of cubicle type floor mounting swtich board
fabricated as per specification and drwgs

Incoming

630a mccb 50ka with connected accessories — 1 no as incomer

Instrumental compartment

Digital type multi function meter , indication lamp with mpcb , on and off trip
indicating lamp

Out going

400 A mccb 35kA — 3 nos
200 A mccb 35kA — 1 nos
125 A mccb 35kA — 4 nos
100 A mccb 35kA — 2 nos

aluminium bus bar providing kwh meter on/off/trip indication lamp in all outgoing
feeders

Aluminium bus bar for cable termination door interlock

630 amps neutral bus bar — all neutral bus bar shall have half the capacity of phase
bus bar

Distribution boards

PDB - 8 WAY , 12 WAY
Supply ,fixing , testing and commissioning of the double door type
Tinned copper bus bar, interconnections , eart bus , neutral bus .

Board shall be powder coated type fixed with concealed system in wall/ fixed in
column

Works include civil work — foundation , chipping and rough plastering etc..,

Wiring and connected accessories
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* Minor civil work , necessary supports are required

* Wiring to the light point /6A plug point using 3c of 1.5 sgmm multi strand pvc
insulated copper conductor in sutiable size ms pipe in open system in above false
ceiling and concealed system in below false ceiling

Direct db control

« Circuit main using 3c of 1.5 sgmm multi strand pvc insulated copper conductor in
sutiable size ms pipe in open system in above false ceiling and concealed system in
below false ceiling with all accessories like bends, elbows, junction boxes , clamps,
gi flexible hose

Swtich boxes
* Ms conduit, pvc conduit were used
» Supply and laying of pvc insulated copper conductor in existing floor trunking

* Aluminium channel raceway including stiffner at required intervals in recessed
system in floor including cutting chippling , plastering in the floor / wall to make good
finish

Cables and termination
« Supply and laying of xlpe/pvc insulated outer sheathed

» Copper /aluminium armored and unarmoured conductor cable partly laid in existing
cable tray and in wall / column with supporting clamps at every 1m interval

« Cable tags to be provided at every 50 m interval

» Gland earthing plate prefabricated as per gland size

Earthing

* Minor civil works and necessary supports required

* Supply and installation of earth pipe electrode as per is 3043

* 3000mm long with 100mm dia

« Watering funnel should be detachable type connection with main pipe

» The chamber will be of brick wall chamber with cement mortar and paint on all sides
inner and outer
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Plate cover with hinge and stainless steel bolts nuts
The cover should be painted at site with black and green color

The earth pit shall be bore earthing / compressed air breaking and weather coated
paints inside and outside with name plate in polycarbonate

Excavation of hard rock and back filling with alternate layer of salt , charcoal, clay/red
sand , ramming and compacting the soil etc as required full depth

Fig 3.4 panel boards , bus ducts

. HCL Madurai

Location: ELCOT (The Electronics Corporation of Tamil Nadu Limited) MADURAI,
TN

Total site area: 6.75 ACRES

Total built up area: 6,00,000 SQFT (approx.)/ 55,750 SQM approx.
Total nos. Of seats: 4,865 SEATS (11.5 sqm/ person)

No. Of towers: 3

No. Of floors: B+G+4 FLOORS (TOWER 2 & 3), G+2 (TOWER 1)

FSI: 1.43

Ground coverage : 39 %

Construction start date: MARCH, 2016

Phase 1 (tower 1) completion: september, 2016

Phase 2 (tower 2 & 3) completeion: july, 2018

Major clients: merk, deutsche bank, johnson & johnson, baxter etc
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Consultants
» Architect/ structural/ mep : ¢ r narayana rao architects & engineers pvt Itd
* Project coordinators: cbre

« Landscape consultant: dhruva landscape architects

Fig 3.5 HCL Madurai
SCM flow — project manager
SUBMIT REQUEST
FOR PRICING TO AWARD PURCHASE
Major material ] SUPPLIER /MANUFA contract | | SEMTAS T aremials
-CTURE
*Team decision *Individual purchasing agents
*Per job basis *Not necessar dependin on type of
| ESTIMATE | | BID WON | |REEST|MATE l_ *lf it is o unique based on price bu>; mqferiqlsg "
system talk directly value provided *Material purchase based on
*Major materials *Meeting pm, to manufacturer “Supplier ostimate
prices negotited foreman, *If it is not unique evaluated  based *Material is requested in
per job superinfendent system  talk  to on internal cirteria several releases as neeeded
*Commodities *Develop  material suppliers developed *Releases dates are specified
prices known requistions
through  blankets *Include specific notes
estimators for the material L] AWARD SUBMITTALS PURCHASE
takeoff quantities *Major purchase of CONTRACT MATERIALS
purchasing major items  wires,
deparment  puts pipes,  generators,
prices pm for the alarm system, *Supplier  known *Warehouse agents in
project involved lighting, swtich gears through blankets charge on purchasing
*Specify if any pre *Material requested as
assembly is needed needed
Specify  size  of *Go to manufacturer if
pallets, delivery time, there is a  specified
reledses manufacture if not go
to supplier
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Site plan and list of makes

Table 3.8 list of makes

SITE PLAN SHOWING POINT OF SUPPLY, HT CABLE ROUTING LAYOUT:
————— DESCRIPTION MAKE/MODEL
...... E
[ awer «c
o] O &
. | BE
on w
>
E
3
Lk
[ ] HsowarD
[ rMmG/vece ROOM
] sUBSTATION / UTILITY BLOCK
1 —— 1000 MM CABLE TRENCH
E i —— 1480 MM CABLE TRENCH
; %‘szww y
T A%anwine RoA ko NORTH
SERVICE MAIN ENTRY/ EXIT
ENTRY/ EXIT  24M WIDE ACCESS ROAD W,
Fig 3.6 site plan
ELECTRICAL SUPPLY |

+ PLANS_SUBSRTION BLOCK:

DG [l
| ————— R < —

e
LOCATION OF

200UM THY,G00MM HIGH
00K SIL WAL WTH
LOUERS 60 P10

| 11kv-RMG

Lo

RMGANDHTVCBROOM:

HOORING ;
BASIC CEMENT FLOORING HAS BEEN DONE
INIDETHEVCB& RMG ROOM

@ o morx 3 o (B)

« CATERPLLAR dLENT DG SET
HAVE BEEN INSTALLED EACH OF ‘

[ suRerfe

CAPACITY 1500 KVA, 1500 RPM |
WITH 0.8 POWER FACTOR, AMF |
WITH AUTO LOAD SHARING &

.— o L]
LOCATION OFHTPANEL ROOM

AUTO SYNCHRONIZATION
PANEL

+  SUPPLY TO DG FROM DIESEL SECTION YY
TANK

[1000 LTS=-2 NOSTANK ]

Fig 3.7 electrical supply
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DESCRIPTION

Table 3.9 site and NBC

AS PER SITE AS PER NBC

Table 3.10 earthing in substation

DESCRIPTION  BODY NEUTRAL DEDICATED  CABLES/FLAT
EARTHING EARTHIN EARTHING  (TYPE)
PITS G PITS PITS (NOS)
(NOS) (NOS)

RMG 2 - - CUFLAT
WCB PANEL 2 - - CU FLAT
TRANSFORME & 6 ] CUFLAT
R (3NOS)
SUBSTATION
PANELSAND - ] CU FLAT
BLOCK CHILLER UNITS
DG-3NOS & . . CUFLAT
TIKVHT 2 - ] CUFLAT
PANEL
20KVAUPS 2 16 SQLMMXLPE
INS. CU. ARM
CABLE
TOTAL 27 8
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TRANSFORMER

= Qutdoor Oil type Transformer with OLTC, 3Nos 1600KVA, 11KV /415V
*Input — 3 core

= Qutput — 4 core (3phase + 1 Neutral )

ELECTRICAL SUPPLY _ HIGH SIDE :

RMG/VCBROOM SUB STATIONBLO CK
SUPPLY ROMMAIN
SOURCE(EB) L L
~11kv- 1R-3C x 300 Sq.n}\ //ﬁkv- 1R-3C x 300 Sqamm ™
( XLPEinsulated Arm. Al \ XLPEinsula ted Am. Al A
Cable Cable
5 VCBS [ 1 Input, 3 outputfor
transformersand 1 standby ]

11kv- 1R-3C x 300 Se.mm
{ XLPEinsulated Am, Al )
“Cable e

3200A 50kA 433V 50HZ 4P
Sandwich type copper
Indoor/OutdoorBusduct

DG ( 1500 KVA 3 SYNC HRONIZING MV PANEL
NOS) PANEL

(Cross-linked polyethylene) xlpe

cable has a high chemical 2500A 50kA 415V 50HZ 4P 3200A 50kA 433V 50HZ

i i Sandwich type copper Indoor ) 4P Sandwich type copper | 3.5C x (240- 400 )Sq.mm
res!“c’”ce o motsture (\ Busduct " " /} . InduanOUMouerBusdT:i /| XLPEinsulated Am. Al.
resistance. Xlpe cable can be v _ ~_ sl | cable

used at high temperatures and

high voltage applications o
SEPERATE

PANEL BOARDS (Located in
Electrical room) FOR ALL 3
TOWERS

Busbars distribute electricity with
greater ease and flexibility thay

some other more permanent
Via rising
ma

forms of installation and distributi
on. They are often metallicstrips
of copper, brass, or aluminum
that beth ground and cenduct

SUPPLIED TO ALL AOORS
USING RISING MAIN

ELECTRICALROOM

electricity

Fig 3.8 high side

POWDER

COATED PERFORATED
PERFORATED CABLETRAY

CABLETRAY

LADDER
CABLE TRAY

Fig 3.9 cable tray planning
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B & LEGEND
_ T s
okl T | v | v oeor s
e sty TIJ ..T 5| o | e oror s
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3| oo | oo comenn
N[ ® | wmmomo
'-' WS | ATOMATI TRANSFER SWTCH
-
-
Il
[ il
PO PANEL TOWER 1 & 3 - SUBSTATION BLOCK. f o2 | WPCC PANEL TOWER 2 & 3 ~ SUBSTATION BLOCK 1 e VPCE: PAVEL TONER 1 & 2 - SUBSTATON BLOCK. w
v == ad d ap'v
f,,J,, e 4& F——
1 1
HEEEE | L] | L]
I
S S T A i 1 Sy V £ PR i
Wy R b M mr mR B B sk e ook dh M M wn A% b B sk ew e % o
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Fig 3.10 single line drawing for high side
v
* Meonitor incoming ht voltage, current, [ercrsioe srerd s 1 L.
fraquency, mw, mva, pf, kwh and totalling and SOFTWARE INTEGRATION 10 M
trend logging of active power and apparent INCOMING LT VOURGE, BAEAKER STATUS ON/0FF/TRIP ALL ELECTRICAL PARAMETERS

power.
* Monitor outgoing It voltage, current, kw, kwh.
* Monitor breaker status {on/off/trip). *
Monitor transformer status.

* Mpee feedersmonitoring. ¢ Energy
monitoring and recording of individual feeder.

¢ Lighting controls and management of all
common areas, staircase and external lighting.

* Status monitoring of battery charger

. CONBERVATOR Taws

CURRENT,FREQUENCY |

AND AUTO/MAN
PR/KVA 0 AUTO/MANUAL

OQUTGOING
FEEDER
MONITORNG IN
MPCC WITH
ON/OFF/TRIP
STATUS

INCOMING HT VOLTAGE,
(CURRENT,FREQIIENCY,
POWERMVA

BMS

NECESSARY POP UP, AUDIO MONITORS

KWH MONITORING AND

ALARM, MESSAGE

RECORDING OF

@nditiorand ch:inge

Lt et
+ By

= T tee w ot - T detn e ]

* Moo schuanon courter ]

* st portn

* Tpantin e e ot

LT PANEL'S

INDICATION FEEDER AT MPCC

HIGH/LOW WATER LEVEL

06 SATTER 180G COOLING TOWESS

VOUTAGE

DG STATUS s CONTROL CHANGEOVER
AND KEEP MONTORS BETWEEN NORMAL AND
065 EMERGENCY POWER

Suppl

Fig 3.11 electrical IBMS
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BATTERY VOLUTAGE BATTERY BACKUP
ONJOFF/TRIP INPUT/OUTPUT
STATUS CURRENT
BMS MONITORING
MONITORS
[

TRANGFORMER
ONJOFF STATUS

INCOMING HT VOLTAGE,
CURRENT, FREQUENCY MVA

MCC FEEDER
MONITOR

ENERGY MONITORING
AND RECORDING OF
INDIVIDUAL FEEDERS

AUTO ON/OFF LIGHTING
CONTROL AND UGHTING
MANAGEMENT SYSTEM
FOR INTERNAL OFFICE
% -
RISING MAIN STATUS
MONITORS
s ONJOFF TRIP



3.3 QUESTIONNAIRE SURVEY

QUALITY
ENGINEER, 2

Fig 3.12 samples

Questionnaire survey sample based on
Categories into 3 sample types

1. Who will frame the structure — project manager

2. Who will execute the work — contractor , supplier

3. Who will be responsible for quality - quality engineer
Conclusion

Collected data were concluded by identify the problems through 5 stage and their
description of the problem

1. Material takeoff and identification
2. Vendor selection

3. Material procurement

4. Construction phase
5

. Post construction phase
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Questions

Suppliers

What type of materials do you supply?

Typical process to place an order by a customer? (i.e. visit the store, phone)
Once the order is placed, how it is processed?

Do you use any computers to process the orders?

Who monitors the process?

Do you use any technology (i.e. bar codes, EDI, RFID) for inventory control?
What happens if you don’t have the quantity required by the customer?

Do you have many customers asking the price matching?

Do you do pack all the materials needed by a contractor in a pallet and have them
ready for pick up by the customer?

Do you do JIT delivery?
How effective is your delivery in terms of time and quality?

What are the major problems that you can identify in the system? (i.e. delivery times,
quantities, relations with customers)

Contractors

What is the type of materials that you usually buy from suppliers?
How do you typically place an order? (i.e. visit the store, phone)

Who monitors the process and makes sure that the materials will be on site when
needed?

Do you use any technology (i.e. bar codes, EDI, RFID) for inventory control on site?
Do you typically pick your materials or you like the supplier to deliver them?

Do keep inventory in site?

Do you use JIT delivery?

How effective is the delivery of suppliers in terms of time and quality?
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» What are the major problems that you can identify in the system? (i.e. delivery times,
quantities, relations with suppliers)

Storage Process

e Where are the materials stored?

e How do you keep track of materials installed/remaining? Tie with the stock requisition
question

Inventory

e Who manages the on-site inventory?

e Does the distributor provide an on-site truck?

e Does the supplier provide inventory management?

e Based on what you schedule a materials release?
Materials Handling

« What are the major difficulties when handling material on-site?

*  Who is in charge of the materials handling plan and procedures?

+ Based on what you move materials to the site?

* How often do you move materials to the site?

» What happens if there are problems with materials shortages or materials damaged?
How to order material

« What are the types of material that you usually buy from suppliers?

+ How do you typically place an order? Give examples? Is the process different for
different type of materials?

e Visit the store

e Phone
e Fax
e E-mail

« Problems associated with the ordering process?
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o Lost of order

e Fax not received

e Too many papers to fill out

¢ Not a good definition of what is wanted
e Poor communication with supplier

e Vague stated requirements

Materials not available
Who follows up the order and makes sure that the materials will be on site when
needed?

Quality Issues

Quality is specified in the specifications for a particular project. In order for approval
of the work, the contractor has to meet the quality requirements specified. How are
quality issues specified to the supplier?

e Copy of specifications
e Orally

Sometimes when materials arrive to the site, they are not exactly what you order or
don’t meet the requirements specified. What are the typical problems associated with
quality issues?

e No supplier QA
e Materials don’t meet the required quality

The contractor has to tell the supplier the quality expected and the tolerances for the
materials. How are inspection procedures specified to the suppliers? Are the
inspection procedures different for different type of materials?

Typical problems associated with inspection procedures
e Procedures not followed
e Non conforming items not identified

¢ Non conforming items not isolated
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» Typical problems associated with received materials from suppliers? Can you
provide examples?

e Lack of conformance to requirements
e Quality problems
e Damaged materials
¢ Non-conformance with requirements
o Late deliveries
e Incorrect type of materials delivered
e Incorrect sizes delivered
¢ Incorrect quantities delivered
e No supplier QA
How to qualify suppliers

« What are the procedures used to evaluate potential suppliers?
e Forms
e Experience of supplier
e Reputation
e Previously worked with the supplier

« What are the typical problems associated with the qualification process?
e Time taken for the qualification process
e Too many suppliers to qualify

Storage

« Do you keep inventory on site? If you do keep inventory, which materials are the
most likely in your on site inventory? Which materials will never be in your inventory

on site?

« How adequate are procedures for storage material on site?
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» Different things can happen to materials once it is stored on site due to weather,
human factors, etc. What are the typical problems that you can associate with stored
material?

e Not adequate space for storage
e Theft
e Corrosion
e Deterioration
e Keeping track of material
e Re-handling of materials
e Storage of materials
e Lost of Materials
e Theft
e Damaging
Technology
« Do you use a computer in your company for material ordering, material tracking?
« How effective is the computer system used for materials ordering, tracking?

» Recently several electronic devices have been developed for materials tracking and
inventory control. Among these devices bar codes are included.

» Do you use any technology for inventory control on site?

« What are the problems associated with technologies used for materials
management?

e Damage of bar codes
« Do you use JIT delivery?

» Typical problems associated with JIT
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Table 3.11 questionnaire survey

Problem

Description

Material takeoff and identification

Not a good scope defmition

Not a good defmition of what 1s wanted

Lack of communication

Lack of communication between parties involved

Incomplete Drawings

Plans are not complete and details are missing

Lack of conformance to requirements

What is wanted by the customer is not what 1s prepared

Nonstandard specifications

Use of specifications different from those commonly used

Incomplete/ineffective meetings

Issues are not resolved in meetings

Use of nonstandard items

Special Items that might require more time to be built

Vague stated requirements

Don’t communicate exactly what is wanted to suppliers

Ambiguities between plans and

specifications

Difterences in requirements between plans and specifications

Not determining when and what

materials areneeded

Vendor Selection

Uncontrolled bid

Have too many suppliers bidding and don’t have much

lists intformation aboutthem
Incomplete Suppliers didn't include all documents required with
proposals the proposal

Time spent investigating non-
qualifiedsuppliers

Problem

Description

Materials Procurement

Availability of material

Availability of quantities required

The requested material is in inventory and the quantities
required are available

Matching price to competitor’s
price

Customer asks for price reduction to match your competitor’s price

Late Deliveries

Materials are not delivered as scheduled

Late or incorrect of subnuttals

Late approval of submittals

Submittals are not submitted and approved as planned or
incorrect ones are submitted

Poor communication

Lack of communication between parties involved

Lack of conformance to
requirements

What is wanted by the customer is not what is prepared

Unrealistic delivery dates

Delivery dates are set that are impossible to meet

Vague stated requirements

Don’t communicate exactly what is wanted to suppliers

Re-handling ot materials

Materials have to be moved from one place to another before being
installed

Storage of materials

Storage areas are limited or are far from working area

Lost of Materials

Theft

Damaging

Materials damaged while handling or by other conditions
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Problem

Description

Late deliveries

Materials do not arrived as scheduled

Incorrect type of materials delivered

Incorrectsizes delivered

There are ditferences in the materials ordered and the
materials delivered

Incorrect quantities dehivered

2 Keeping track of material Don’t know where materials are at certain period of time
f Re-handling of materials Materials have to b? 1110\-'§d fl.‘Olll one place to another
= = before being installed
'*E Storage of materials Storage areas are limited or are far from working area
; Lost of Materials
g Theft
&} Damaging Materials damaged while handling or by other conditions
No supplier QA No quality assurance from the supplier
Poor communication Lack of communication between parties involved
Receiving, handling and storage
of unused materials
£ Can surplus be returned for credit?
I é v | Conditions and interests on outstanding
22 E bills
V-
g Return charges
) Salvage losses
3.4 ANALYSIS OF TQM DURING INSTALLATION

e Total—Made up of the whole.

e Quality—Degree of excellence a product or service provides.
e Management—Act, art, or manner of handling, controlling, directing, etc

EQUIPMENT
« i ( N 7
Panel (LT,HT,
Transformer Bus bar Dg
DISTRIBUTION)
AN 4 " J ~ / ~
PROCESS

Why should

check

defects may

What are WHAT ARE

THE cause of
PROBLEM

occur

Fig 3.13 process flow
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Table 3.11 LT panel

IType of LT Panel as per Approval

LT PANEL

[Type of LT Panel NOT as per
|Approval

> specificationis not clear

> lack of coordination with in
stakeholders

> problem in price

Make / Model / Capacity of LT Panel
s per Design / Approval

IMake / Model / Capacity of LT
Panel NOT as per Design/
|Approval

P> dwgs were not clearly specified
> lack of communication

IAll Components of LT Panel are
delivered as described in BOQ/
IApproved Technical Submittal

|All Components of LT Panel
jare delivered NOT as
describedin BOQ/ Approved
[Technical Submittal

Pchanges were not updated

ICheck whetherthe LT Panel confirms
omanufacturer's Drgs

notas per dwg , changes in size,
rand , material quality ,
compartment design

P manufacture defects
>no proper check at factory

Examine any damage or displacemen
lof parts, loose or broken connections,
(dirt or foreign material and moisture
iduring shipment

idamage or displacement of
parts, loose or broken
iconnections, dirt or foreign
material and moisture during
ishipment

t

P> poor transportation and

package

Pdue to weather condition

Pno proper handling of material
hile loading and unloading

> faultin lifting equipments not as

perneeded

>poor resource planning

Pcost constrain

[Test/ Warranty Certificates Attached

faultin equipments may occur,
. return or exchange will be
taketime and increasein cost

> manufacture defects
> no proper check at factory
> poor inspoection at site

Is trenches and floor finishes are
properly done for erecting panels

idamage in trenches and floor
finishes

P> poor quality work / material

ICheck the locations,mounting &
supportsas per design & drawing

insufficient space ,poor
planning

>no proper planning (not as per
standards)

(Check the panels cable entry points are
provided with proper gland plates

LT PANEL

electrocution water and other
lingects entry

“In and out cables were not
design properly

- 110 propet compartment desigr

> quality of work were poor

lack of knowledge

(Check the panels identications are done

panel identification were hard

> poor quality work / material
-it may cause accident

(Check busbar sizes, numbers &
terminations confirm with design &
ldrawing

usbar size . type , material are
notas per specification and
dwg

lack of knowledge
»poor coordination

(Check the compartment doors to ensure
that it can be opened and closed
kmoothly

lingrees of dust , insects may
loccur

- gaskets are not provide
properly

-ts not undergo seven tank
suzface treatment

(Check that all bolts and nuts are securely
olted

looseconnection, equipment
failure

- poor quality of material
lack of inspections

[Check that the earthing links are
lcotrectly connected to the panel earthing
ars and the latter to substation earth at

lonepoint

rip I circuit, electrocution

> material, size . depth not as
per specfication and dwgs

> poor quality of work

- 110 proper ingpection

[[s there any physical damages during
[nstallation

(lamage may occure

> poor resource planning
-unsafe act of unloading

All inter-panel control wirings should be
ichecked
ffor correct termination and continuity.

electrocution, loose connection
| current leakage

> poor quality of wire
> brand may vary not as per
specification

Table 3.12 transformer

[Type of Transformer as per Approval

TRANSFORMER

[Type of transformer NOT as per
Approval

specification is not clear

lack of coordination with in
stakeholders

problem in price

Take/Model/ Capacity of Transformer as
per Design / Approval

Take / Model / Capacity of
[Transformer not as per Design
Approval

dwags were not clearly specified
lack of communication

f Transformer are
ed in Approved

All Comp onent:
[Delivered as des
[Technical

All Components of Transformer
jare Delivered not as described in
Approved Technical ittal

changes were not updated

[Check whether the Transformer confirms to
Manufacturer's Dr

notas per dwg .

manufacture defects
no proper check at factory

(Check the Orientation, mounting &
lsupports as per design & drawing

current leakage may occur

changes were notupdated

specification and dwgs were not
clear

poor coordination within

[stakeholders

(Check bushings, marking, terminations &
sealing of both primary and secondary
lcompartments

lingress of moisture , dust

[Check both primary & secondary cable
lsizes, numbers & terminations
lconformwith design & drawing

lelectrocution water and other
linsects entry

changes were notupdated

specification and dwgs were not
clear

poor coordination within

[stakeholders

[Check whether Busducts works (if any)
[doneproperly

lloosebolt, leakage of current ,
lingress of moisture, dust

quality of material is poor
ot as per specified

[Examine any damage or displacement of
parts, loose or broken connections, dirt or
fforeign material and moisture during
shipment

[damage or displacement of parts,
lloose or broken connections, dirt or
foreign material and moisture
during shipment

poor transportation and package

dueto weather condition

no proper handling of material
while loadingand unloading

fault in lifting equipments not as
perneeded

poorresource planning

cost constrain

(Check whether the Transformer matches to
the casted foundation and provisions.

no proper foundation .base plate for
transformer

> poor quality work / material

water .dust ingr

[Check whether the Body & Neutral Earthing
las per CEIG / CEA /NEC /IS 3043 standards
recommendations

trip in circuit, electrocution

material, size , depth notas per
specification and dwgs

poor quality of work

no proper inspection

[Test/ Warranty Certificates Attached

ffault in may occur ,
return or exchange will be take
ime and increase in cost

e defects
no proper check at factory
poorinspoection at site

Any deviations, revi
recorded for As Built

ions or changes to be

\defects in works . rework charge
willbe added

lack of coordination within
[staleholders

[ls level and Finish of Transformer Foundation|
las per the specification

[damage may occur

poor quality material and work
lack of inspection

[Ensureall Safety Standards/ codes during
linstallation

it may lead to labour accident ,
lelectrocutions

poorplanning

thinkingto reduce cost and time

(Check whether Power Cabling works done|
properly

leakage of current , loose
connection

ary
quality of cable is poor

[Check whether Control Cabling works
[doneproperly

lindication light were not
properly connected , labeling
were done properly, loose
connection , power leakage

poor quality material and work
lack of inspection

[Proper cable termination with gland
learthing is done as per specification

[Check the neutral and body earthing done
land size of earth strips

trip in circuit, electrocution,
power leakage

specification and dwgs were not
clear

specified size and brand are not
javailable that time

specified quality is not available

lack of inspection and checking

(Check the Busduct / Cable routingare laid
las per approved shop ds

connections of bus duct were not
doneproperly , loose connection
of bolts, ingress of moisture,dust

lack of awarness

lack of coordination within
staleholders

changes were notupdated

(Check the Transformer clearance are
provided as per approved shop drgs / local
lelectrical authority regulations

lit may causes accident - fire

no proper check
standards were not followed
properly in somecage

[[s there any physical damages during
[Installation

[damage to the equipments ,
accident may occure , exchage
lof equipment may lead extra
ime and cost

no proper handling equipment
poorresource planning™> cost and

lack of trainning

lack of coordination

112




Table 3.13 DG

[Type of DG as per Approval

DG

variation in dg type

> specificationis not clear

> lack of coordination with in
stakeholders

> problemin price

(Check whether the Body & Neutral
[Earthingas per CEIG / CEA /NEC
3043 standards/ recommendations

IS

lelectrocution . trip in circuit

not as per dwg , standards
poorinspection

ICheck MS Pipes are Used as per Spec
lapproved in Tech. data sheet

corrosionmay occur , leakage

gpecification were not clear
poor coordination with vendor
cost constrain

fake/Model / Capacity of DG as per
Design / Approval

malse , model, capacity not as
per specification , changes in
apacity

> dwgs were not clearly specified
> lack of communication
> changes were notupdated

All Components of DG are Delivered as
described in Approved Technical
[Submmittal

All Components
Delivered not as descri
Approved Technical Submittal

> specification and dwgs werenot
clearly specified

> lack of communication within
stakeholders

> changes were notupdated

Anti Vibration Springs delivered

more vibration afects the
structure , noise level is high

> poor coordination in supply
chian

> ordering and delivery of
material were delayed

(Check whether the DG Equipment
confirms to Manufacturer's Drgs

not as per dwg .

>manufacture defects
>no proper check at factory

(Check whether the DG Equipment
matches to the casted foundation and

provisions.

damage in foundation , load
doesnot match | ingress of
water, dust etc..

> poor quality of material and
work

>lack of inspection

> specification and dwgs were not
clearly specified

[Test / Warranty Certificates Attached

aultin equipments may occur,
eturn or exchange will be take
ime and increase in cost

>manufacture defects
> no proper check at factory
> poor inspoection at site

(Check whether the Fuel Tank Delivered
las described in Approved Technical
[Submittal

(Check whether the Fuel Tank confirms
o Manufacturers Drgs

capacity may vary . material
arenot as per specified , delay

(Check whether the Fuel Tank
[foundation size matches to the casted
ffoundation and provisions.

in delivery

> purchasing team ordering may
delay

> specification and drwgs are not
clear

> lack of Inspection

> poor quality of work and
material

[Check whether necessary clearances are
provided on all gides ag per approved shop
(drawings

no access space around it . may
cause fire accident . rework may
happen it may leads to increase
lin time and cost

no proper planning
standards were not properly

followed in some cases

lack of inspection
space constrain

[[s level and Finish of DG Foundation as
per the specification

Finish of DG Foundationnot as
per the specification , damage
MAy OCCUr , NO PIOPer access |
water entry . insects dust may
lenter

0]

lack of inspection
specification were not clearly
nention

poormaterial quality

[[s Ventilation as per the Manufacturer's
recommendation

no proper ventilation , no proper
lexhaust design . accident may
loceur

no proper plannning

not consider air flow

no proper exhanust design

lack of knowledge
specification and dwgs were not

clearly specified

ICheck the DG set bas
[Suspension /Anti Vibration pads
with proper tightness provided as per
Manufacturer's recommendation

_nuts and bolts were loose in

size of base frame may vary .
[damage in anti vibration pad ,

some spots , noise and vibration
ostructure were more , not
miformly loaded , delay in
delivery

o

no proper inspection

poor quality check
purchage team delay in the
rderingprocess

ICheck Exhaust Pipingincluding Silencer
[Positioned properly

rain water enter through exhaust
g were not concled

no proper planning for exhaust
no proper inspection
dwgs were not clearly specified

ICheck whether Expansion Bellows are
provided in Exhaustpipe, Engine Side &
Silencer Side

more heat may cause failure of
d

specification were not clear

[« Sufficient supports are provided for
lconnecting exhaust Pipes

supportsare not properly bolted

no proper inspection
insufficient clamps

ordered quantity are mis match
cost and time constrain

Table 3.14 bus bar

Type of Busduct/Raising mains as per
IApproval

BUS DUCT

to carry load

notas per approval, insufficient

specificationis not clear

lack of coordination with in
stakeholders

problemin price

ffixing busduct supports

(Check the roof ceiling/shaft is ready for

structurefailure | heavy load

10 proper planning
lack of coordination within
stakeholders

las per design & drawing

Mains as per Design/ Approval

Make / Model/ Capacity of Busduct/Raising

Make / Model/ Capacity of

makes andall

Busduct/Raising Mains notas per
Design/Approval, changes in

(Check the location, mounting & supports

changes in locationmay ocour
rework it may increase in cost
and time

changes were notupdated

specification and dwgs were not
clear

poor coordination within
stakeholders

dwgs were not clearly sf
lack of communication
changeswere not updated
costandtime constrain

(Check the levels and straightness for
busducts

levels may vary , it may caus
accident , changes straightness

dwgs were not clear
changes were notupdated
lack of inspection

poor quality check

are deliveredas describedin BOQ /
IApproved Technical Submittal

IAll Components of Busduct/Raisng mains

may vary

delayin delivery, quanities not
match as per specification, brand!

clearly specified
lack of communication within
stakeholders
changeswere not updated
cost constrain

specificationand dwgswere not

(Check the body earth is properly
iconnected with main earthings

confirms to Manufacturer's Drgs

Checkwhether the Busduct/Raising mains

not as per dwg

manufacture defects
no proper check at factory

rip 1n circuit, electrocution,
power leakage

(Check the busbars identification and
imarkings done in busducts

Examine any damage or displacement of

foreign material and moisture during
ishipment

parts, loose or broken connections, dirt or

during shipment

damage or displacement of patts,
loose or broken connections, dirt
or foreign material and moisture

due to weather condition

oaclingandunloading
faultin lifting

poor transportation and package

no properhandling of material while

it may cause accident , difficult
oidentify . color codeing were
not done properly

specification and dwgs were not
clear

specified size and brand are not
lavailable that time

specified quality is not available

lack of inspection and checking

lack of proper insp ection

quality check were not done
properly

(Check busbar sizes, numbers &
terminations confirm with design &
drawing

size .quantity may vary .
lagging in time . cost constrain
eorder

changes were notupdated

specification were not clear

poor coordination with the vendor|

lack of communication between
stakeholders

needed
poorresource planning
costconstrain

notasper

tightened with torque wrench

(Check all joints/connectingportions are

eletrical leakage , electrocution ,
ffire accident may occur, ingress|
of moisture,dust and insects ,
loosebolt and nuts

lack of proper insp ection
quality check were not done
properly

Test/ Warranty Certificates Attached

time andincreasein cost

faultin equipments may occur,
return or exchange will be take

manufacture defects
no proper check at factory
peor inspoection at site

I[s there any physical damages during
[nstallation

recorcled for As Built

IAny deviations, revisions or changestobe

changes in material quality,
quantity, delay in delivery
because of delayed revision

lack of coordination within
takeholders

ne proper planning team

changes were not updated properly

damage to the equipments,
laccident may occure , exchage
of equipmentmay lead extra
ime and cost

1o proper handling of equipment
poorresource planning

cost and time constrain

lack of tramning

lack of coordination

(Check the excess space around the
usductis closed

ingress of moisture, short
circuit may occur, leakage of
current , eletrocution

10 proper inspection
insufficient material
time and cost constrain
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3.5 COMPARATIVE ANALYSIS

e N/ h Y
Panel (LT, HT,
Transformer Bus bar Dg
DISTRIBUTION)
. - N RN y y
Fig 3.14 Equipments
What are WHAT ARE
Why should
check defects may THE cause of
occur PROBLEM
Fig 3.15 process flow
Table 3.15 DG
Cause of the
Equipment Process Defects face at site| Cause of the defect | Defects face at site defect Defects face at site |Cause of the defect
¢l (JIPMER) <1 (JIPMER) ¢2 (HCL) ¢2 (HCL) <3 (R&D) <3 (R&D)
> lack of
icommunication
ichanges in design [> chages were not
design land specification updated properly
ack of conformance > specification
manufacture to requirement were not clear
> special items that
non standard ight require more
lassembly specification ime to be built
factory testing delay in delivery  [> payment delay
damage,increase  [> no proper access > > weather
DG packing n fransportation  [escalation of iconstain (poor
fransportation  [cost fransportation cost  klamage acking)
> lack of
coorclination
unloading civil work were not between parties
storage done properly jnvolved
> |ack of proper
planning
lerection > insufficient skilled jnsufficient > poor
installation delay dabour [niscellnious material coordination
completion of
work not done > lack of knowledge completion of work
testing at site roperly > cost constrain not done properly > cost consirain
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Table 3.

16 Panels

Cavuse of the

Equipment Process Defects face at site| Cause of the defect | Defects face at site defect Defects face at site |Cause of the defect
<1 (JIPMER) c1 (JIPMER) c2 (HCL) c2 (HCL) <3 (R&D) <3 (R&D)
> lack of
fommunication > use of
design , changes in design and non standard specification
. : - P chages were L )
planning,ordering specification specification different from
hot updated
commonly used
properly
> special items that
manufacture delay Ppayment delay delay imight require more
time to built
factory inspection delay in delivery P> payment delay

LT ,MV, HT,DB,

packing
,fransportation

cost constrain

Pincrease in

hransportation cost

hard to unload

> poor access

lassembling the

insufficient

> poor planning >

material are not

PANELS miscellnious N
enclouser aterial delivered as
scheduled
A . scheduled delivery > special items that
installing the . . . .
device date were impossible delay might require more
to meet P> poor planning time to built
insufficient > lack of proper
power connection miscellnious planning > poor
material coordination
> thi =
A ) P poor quality of poo.r e |.ng
testing at site , power leakage ,loose . . poor inspection >
.. . material > poor Hip in circuit .
commisioning connection ) poor quality of
nspection
work
Table 3.17 Substation
Cause of the Cause of the
Equipment Process Defects face at site | Cause of the defect Defects face at site defect Defects face at site defect
1 {(JIPMER) 1 (JIPMER) c2 (HCL) ¢2 (HCL) ¢3(R&D) c3 (R&D)
> lack of
kommunication >
changes in design  [chages were not
design , planning |and specification updated properly
scheduled delivery
|delay . - date were impossible[> poor planning
> insufficient
N fo meet
lconstruct material , labour
. > poor planning
; > poor planning > .
substation mupteriuT are nosil dela [ i
insufficient . ¥ ot delivered as
mseellnions delivered as scheduled L cheduled
ussemble material
> lack of proper
lerection insufficient miscellnious|planning > poor

installation

material

koordination

testing and
kcommisioning

completion of work
not done properly

kost constrain

> lack of knowledge >

not done properly

completion of work

> cost and time
konstrain
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Table 3.18 Transformer

Cavuse of the

Equipment Process Defects face at site | Cause of the defect Defects face at site defect Defects face at site | Cause of the defect
1 (JIPMER) 1 (JIPMER) c2 (HCL) ¢2 (HCL) c3 (R&D) ¢3 (R&D)
> lack of
communication >
design, planning , changes in design and chages were not
ordering specification updated properly
> special items that
delay >payment delay delay might require more
manufacture time to built
> poor planning
> material are
insufficient not delivered as
Transformer assembly miscellnious material |scheduled
factory test delay in delivery > payment delay
> no proper access >
packing damage,increase in |escalation of
transportation transportation cost [ffransportation cost
storage , unloading hard to unload > no proper dccess
scheduled delivery
installing the > insufficient  [date were
device delay skilled labour impossible fo meet > poor planning
> payment delay >
on site testing delay lack of coordination
Table 3.19 Bus bar
. Defects face at site | Cause of the defect Defects face at site  [Cause of the defect| Defects fuce at site | Cause of the defect
Equipment Process
¢1 (JIPMER) c1 (JIPMER) €2 (HCL) €2 (HCL) ¢3(R&D) ¢3 (R&D)
lquantity are not > no clear specification
planning ,ordering [match > poor planning
factory test delay > payement delay
package ,
transportation damage > poor packing
Bus bar/ bus > poor planning >
duct material are not
> insufficient insufficient delivered as
installing the device delay skilled labour miscellnious material [scheduled
> poor quality works
loss connection, no loss connection, no  [> time and cost
onsite testing proper joints > poor quality works proper joints constrain
Table 3.20 Summary
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CHAPTER 4
TOOLS AND TECHNIQUES

4.1 DECISION SUPPORT SYSTEM - DSS
+ To use decision-modeling techniques to develop an integrated system of decision
support for material procurement for the electrical services .

« The factors (or parameters) and alternatives that define the inputs of the decision

model.

+ Performance measures are the output of the descriptive decision model.

» Alternatives represent the different options available for a particular decision.

« Parameters are uncontrollable factors that influence a decision.

» Performance measures are used to measure the effectiveness of the choice of
alternatives and parameters used as inputs

Parameters

Yearly demand
Holding cost rate
Ordering cost

Parameters
*Purchasing
*Discounts
*Transportation
*Ordering , holding
*Shortages
*Progress of work
*Productivity
*Uncertainity in
schedule

*Work to be done
*When to use the
material

*Planned vs actual —
extra work, changes
*Quantity to install
*Order to install
*QOrder to store
*Waste %

*How prone to
damage

oahwN=

What material to buy
How much to buy
When to buy

When to deliver
Where to deliver
Where to store

Select model based on
Calculate

how much to buy
economic order _\

quantity using
the EOQ model

Estimate quantity
needed

EOCQ Batch
size

Is the EOQ batch

K How
size smaller than

much to

the estimated
buy

guantity needed

should the Optimal

EOQ be
brought

batch size

Consider to buy the

EQCQ amount

Fig 4.1 How much to buy
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Parameters
*Purchasing
*Discounts
*Transportation
*Ordering , holding
*Shortages
*Progress of work
*Productivity
*Uncertainity in
schedule

*Work to be done
*When to use the
material

*Planned vs actual —
extra work, changes
*Quantity to install
*Order to install
*Order to store
*Waste %

*How prone to
damage



Parameters

*Storage space
available

*Material availability

When to
deliver
(no
project
delays)

*Possibility of damage
*Storage cost
*Backorders
*Storage space
*Schedule
*Progress of work
*Installation rate

Optimal time
to deliver

deliveries cause

and delivers

NO

oes the
supplier late

delays in
dctivities

Parameters
*Storage space
YES qvqilqlc?le o
*Material availability
*Possibility of damage
*Storage cost
*Backorders

*Storage space

*Schedule
*Progress of work
*Installation rate

Fig 4.2 when to deliver

WHAT MATERIAL TO BUY

Parameters
*Specified in

documents
brand /manufa

cturer specified
in the contract
docu?

*Location,lead time
Performance

- Ability to supply
materials back orders

specified
manufact
urer?

Optimal choice of
manufacturer /supplier

N Y
Contact the Sign contract with
owner and manufacturer /sup

discuss situvation plier for material
supply

Major materials

(negotiatio

Optimal choice of
contract type

s the supplier a
reliable source

requested?

Parameters

*Storage space

as

available

*Material availability
*Possibility of damage
*Storage cost

YES ‘iqckorders

*Storage space
*Schedule
*Progress of work

*Installation rate

Optimal
timeto

deliver

Optimal time
to deliver

>€lect mode

based on
material

Miscellaneous
materials

Select
material

type from Parameters

Catalog of

sqtegor Parameters

Performance

*Delivery times

Choose
partners

contract
type

*Price

Parameters
*Availability
*Total cost

*Quality

negotiation

Choose

manufa Optimal choice

*Specified in documents
*Location,lead time

-Ability to supply
materials,back orders
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Fig 4.4 When to buy
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materials management problems highly impact general contractors, but are more
critical for specialty contractors including electrical contractors.

The electrical contractor needs to establish an effective materials management
system to minimize problems that might arise if the activities related to materials
management are not handled properly.

Among these problems, the following are encountered: material shortages,
misplacements, loss, and theft, which might result in increases in crew idle times,
loss of productivity and delay of activities.

Electrical contractors should implement an efficient material management system
due to the fact that in most of the cases they are asked to squeeze their bids in order
to keep the costs of project under budget.

In such a case, failure to effectively manage materials could result in decrease in
profit or even a monetary loss.

In this describes the supply chain management related decisions considered in the
study, a graphical description of the processes related to such decisions, which
includes the parameters and alternatives for each decision.

4.2 SPARCS - SUPPLY-CHAIN PARAMETERS CLASSIFICATION SYSTEM

The electrical industry needs a structured database design that can allow decision
makers to review and categorize these parameters.

This categorization could facilitate the storage and classification of the parameter
information for future extraction and use.

Decision to Make

A

Category

N

Sub-Category
(If applicable)

N

Parameter

Fig 4.7 process
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Table 4.1 Parameters

Parameter Definiion Cuegory | | Paromeler Definiion Category Parameler Definifion Category
Time befeenhe placementof an e Cost of associcted with material not Costof associated with material not
LeadTime  order and deliverytothe Mzr:erial Delays ~ delivered when promised by the Cost Delays  delivered when promised by the Cost
corstrucionsite supplier supplier
Purchasing  The price of o pariculor material | Cost The amount of material thet com be . The amount of material hat can be
L p, Capacity . , Storage Capacity ored salar ot Storage
Ondeing The costof placing an order of - stored ona parficuor location sfored on d particular location
materil Costof renting additional space for Costofrenting aditonal space for
9 p
IAny reductions i costdue 1o Fetfee material storage Storage Fefee taterial storage Storoge
Discounts mounts bought or ay other Cost ical locatt . Physical location of the storage
qrmngememg i Loction fPhyITTcaIIocaﬂonofrhesTorage Strage Location qu’”ny g Storage
acllty
Costof ransporting the material i i How secure s the storage location
T e P| ]? o Seary H?wsecurenthestorqgelocahon Shoge Searty [ g . Storage
ransportafion fromhe supplier’s ocationtothe | Cost ifhrespectsto theft of mtercl ith respects to theft of matericl
jobsite 3 ’ Pragress of
e ork development and progression | Schedvle ; 1 orkdevelopment and progression | Schedule
Cost assoicted with having les work i
Shoroges - raterilovolobethonrequired | Cos Productivty Installationrate of material Schedule Productity |hstallation rate of material Schedule
onthe bt Uncertainty in The accuracy and possible changes in Shed Uncertainy in The accuracy and possible changesin Schedule
N ———— schedule [schedule due to uncertaln events feate schedule  fschedule due to uncertain events
torqge .0“.0 e Cost Workto be [Thework to be perfortied ona Workto be [The work to be parformied ona
(Holding)  jobite for future vse , Sthedvle . Schedule
——— done  [parficlar work day done  |particular wark day
_ Lostof tracking material to avoid - ;
Tracking Cost Expected date for material Expected date for material
theft o losses Whentowse | Whentouse |
— "~ finstalltion based on schedule or Sthedule 7 fnstallation based on scheduls or Sthedule
Costof moving materiel around fo material materia|
, o actul wark progress actual work progress
Re-tandling free space o to bringit o the Cot — ”
et iy adlional workrequested by fhe Ay additonel work requested by the
—— Extrawork{owner and not indicated in the Schedule Extravork fowner and not indicated inthe Schedvle
Costassociated with having more
. . contratct dotuments contract documents
Surplses  preterial availablethanrequired | Cost - , —
o Changes inthe original work o be Changes in the original work to be
onthe obste Chenges Schedule Changes Schedule
e performed performed
Costassodated with moterial - — . ——
Backorders potavailable and being ordered | Codt urtiyto. Weterialquaritsto be el bosed Sehecule Quaityto Matercl qattest bentalbased Schadula
by e spler instoll —{onthe type of work to be performed install  lonthe type of work fo be perfermed
. o aterial thetis ordered for atericl thatis ordered for
ro— Costssocited motertal nisplaced ot OrdertoinstaH’M dteintala Schedule | [Orderto insTu||’,M dateintal Schedule
o ot avlle vhenreeded immediateinstallation |mr:e iata st Tllon
Refers tomaterial being ordered to Refers fo material being ordered fo
iated withmaterial el Orderto store Sthedvle | [Ordertostore Schedule
Costasodcted i neril beig be stored for fuure use be stored for futwre use
domaged by the weather o . .
Damage ! Coi Lo Refers to physicallocation of e , . Refersto physical location of the ,
i otation Suppler Location Supplier
eqU|p|l117m,workersorother ol PP suppler PP
e Referstothe ability to supply Referstothe ability to supply
L Costof associated with material - Performance. material and in addition backerders | - Supplier Performance naterial and inaddition backorders | Supplier
058 it
beinglost expected expacted
Costof assaciated vith material o Howtrusted isthe supplier with How trusted is the supplier with
Theft Cost Reliability PP Supplier Reliability PP Supplier

being stlen

respectsto delivery and aveilability

respactsto dalivery and availability
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SUPPLY CHAIN DECISION

PARAMETER
|
v ELECTRICAL \L \L v
. STORAGE CONTRACTORS PROJECT
Ccltegorles SCHEDULE | SUPPLIER || OTHER | SCHEDULE
On site Off site
Sub Sea cans, Warehouse
cq‘egories | direct | Indirect | work area, Renfed space
layout yard Subcontractors
warehouse
P : Porchasi * capacity * capacity * progress of work *Location * progress of work
arameters Pl_JrC asing «Costs *Costs — rent *Productivity *Lead time *Productivity
*Discounts _ eLocation fee, *Uncertainity in *Performance — ability *Uncertainity in
:Transp-ortmlon *Security transportation || schedule to supply material schedule
Ordering eTheft *Location *Work to be done ,backorders * work fo be done
*Shortages eLoss *Security “When to use the RYY . *When to use the
*Surpluses . ) aste % material
*Damage Theft material *How prone fo damage
*storage Loss *Planned vs actual — *Planned vs actual
*Storage restrictions
*Damage extrawork, changes «Current inventory —extrawork,
*Backorders *Quantity to install position changes
*Damage *Order to install A .
*Amount of inventory
*Loss *Order to store allocated
*Misplacement
Theft *Inventory on hand ,on
e order,backordered
Fig 4.8 How much to buy decision
SUPPLY CHAIN DECISION
PARAMETER
\]/ v ] \L v
cosT PLANS & ELECTRICAL PROJECT
thegorles SPECIFICATION CONTRACTORS SUPPLIER SCHEDULE
SCHEDULE
Schc“ego"es direct Indirect
Parameters *Purchasing *Type of material ¢ progress of work * specified in Pprodgre.ss.o’r work
*Discounts * backorders || *Brand *Work to be done documents Uro vetivity
¢ tainty i
*Ordering *Capacity *When to use the *Blanket order neertamiyn

material

*Planned vs actual —
extra work , changes

*Bidding process
*Location
*Lead time

*Performance —
ability to supply
*Backorders
*Quality

Fig 4.9 What material to buy decision
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SUPPLY CHAIN DECISION

PARAMETER
v 2 N2
ELECTRICAL PROJECT
Categories STORAGE CONTRACTORS SUPPLIER SCHEDULE
T SCHEDULE
e —_ = = = = Y - = = o = = = = s . Y
\L On site Off site
Sub Sea cans, Warehouse
Categories | direct | | Indirect | work area, Rented space
leryout yard Subcontractors
\i/qrehouse
- . T work
od * capacity ) . ] progress o
Parameters | *Storage . amage Costs * capacity progress of work *Location *Productivity
holdi Loss +Costs — rent *Productivity *Lead time . inty i
(holding) etheft *Location Uncertainty in
e ) fee, *Uncertainity in *Performance — schedule
*Security . N
“Theft fransportation || schedule ability to *Work to be done
*Location *Work o be done supply *When to use the
*Loss ) “Wh h
“Damage *Security en to use the *Backorders material
*Theft material *Planned vs actual
oloss *Planned vs actual — _ extra work
*Damage extra work,, changes
changes
*Quantity to install
*Order to install
*Order to store
Fig 4.10 Where to deliver decision
SUPPLY CHAIN DECISION
PARAMETER
v V2 2
ELECTRICAL PROJECT
Categories STORAGE CONTRACTORS OTHER SCHEDULE
T SCHEDULE
e — = === Ve = = = = — - — - o — = N
l On site Off site
Sub Sea cans, Warehouse
thegories | direct | | Indirect | work area, Rented space
layout yard Subcontractors
warehouse
St e * progress of
Parameters oruge Misplacement ||, capacity ! * progress of * number of work
*Tracking *Damage I * capacity k .
: *Availability wor trades working *Productivity
*Re handling || eLoss *Costs — rent Productivi
of space foe roductivity *Storage *Uncertainity in
*Theft *Costs sLocation *Work to be restrictions schedule
*Location “Securit done *Re handling to o work to be
*Security Theft ’ *When to use the ] free space done
Theft Loss mafterial *Waste % “When to use
*Loss Damade *Planned vs *How prone to the material
*Damage ¢ actual — storage Planned vs
extrawork, actual —
changes extrawork,
*Quantity to changes
install

Fig 4.11 Where to store on site decision
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SUPPLY CHAIN DECISION

PARAMETER
|
v ELECTRICAL \L \L v
X STORAGE CONTRACTORS PROJECT
Caiegorles SCHEDULE | SUPPLIER | | OTHER | SCHEDULE
e .T_‘Ty. ....... e N -
On site Off site
Sub Sed cans, Warehouse
Caiegories | direct || Indirect work area, Rented space
layout yard Subcontractors
warehouse
________________ 4. = = e
Parameters * capacity * capacity * .P"OQ"GSIS of work * location * waste % * progress of
*Transportation *Costs *Costs—rent ¢ installation rate *Lead time *How prone work
*Location fee, *Unceratinty in *Performanc || to damage *Productivity
*Security transportation || schedule e- ability to *Constraints *Uncertainity
* delays Theft *Location *Work to be done supply access, in schedule
*Shorfages *Loss *Security *When fo use the material traffic * work 1o be
*Backorders *Damage Theft material Jbackorders done
*Damage *Loss *Planned vs actual = || smutiples *When to use
*Loss *Damage extrawork, changes batches or the material
*Quantity to install single *Planned vs
*Order to install actual =
*Order to store extrawork,
changes
Fig 4.12 When to deliver decision
SUPPLY CHAIN DECISION
PARAMETER
[
J 7 ] ELECTRICAL l l ’
CONTRACTORS PROJECT
Cutegories TYPE OF MATERIAL COST STOR|AGE SCHEDULE SUPPLIER OTHER SCHEDULE
|
e e s e I e g [ e
On site Off site
Sub Seq cans, Warehouse
Cuiegories direct Indirect work area, Rented space .
layout yard Subcontractors *Location
warehouse *Lead time
e e s e — = —_— | T — s = . = — T == =} = Performance— | — B
; " * progress of
p ters sLead time * capacity * capacity * progress of c1b|||ty_ to supply work
arame *Quality as * discount *Costs *Costs — rent work materials “Productivit
specified sLocation fee, *Productivity *Back orders 'Uncertqini'ry
*Security transportation || *Work to be *Reliability ) v
* delays Theft sLocation done *Blanket order in schedule
*Shortages *Loss *Security *When to use the | Tom %, * work fo be
*backorders *Damage Theft material ¥ aste % done
*How prone to damage *When to use
*Loss *Planned vs *Storage restrictions the material
*Damage actual - *Pre fabrication *Planned vs
extrawork, *Lead time required actual —
chqnge.s *Criticality of material extrawork,
l’Qanmy fo *Current inventory position changes
install *Amount of inventory
*Order to install allocated
*Order to store

Fig 4.13 When to buy decision
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+ SPARCS, which is an acronym for Supply-chain PARameter Classification System.

« This classification hierarchy allows decision makers to classify supply chain
parameters and organize them in a structured format, thus minimizing the time
required for data extraction and reducing the tediousness of the current approach.

+ The importance of developing such system was explained and the contribution of
such system was described.

» The development of SPARCS fills the need for a structured model to categorize the
parameters that need to be considered on the supply chain decision making process
for the electrical contractor.

+ SPARCS diagrams for all the decisions considered in the study where described and
presented. For a more complete system design and model specification, a similar
approach needs to be developed for alternatives and performance measures.
However, the alternatives could vary between contractors and between the projects
of a same contractor. Moreover, these alternatives could be input by the user when
using the decision support model.

4.3 GENERAL RANKING

onsite
. . . asseblin labeling | testin
Major defects dESIQ.n ordering | manufacture | assebly faclory pu(kl.ng‘ runlsportunloudmg; the ’ installing p°wef undg undg
/planning test | loading | ation | torage connection ) -
enclouser marking {commisio
nning
specification is not clear X X
lack of coordination X X X X X X X X X X X
problem in price X X X X X X X X
dwgs were not clearly specified X X X X X X
changes were not updated X X X X X
manufacture defect X X X
no proper check at factory X X X
poor transportation and package X X
poor resource planning (no proper . .
handling equip)
poor quality of work /material X X X X X
not as per standard (no proper planning) X X X X X
lack of knowledge X X X
brand may vary not as per specification X X
weather constrain X X
time constrain X X X X X X X X
lack of trainning X X X X X X
lack of inspection and checking X X X X X X X
insufficient labour X X X X
no proper purchasing team (delay in . .
ordering)
insufficient quantity X X X
space constrain(storage) X X
Total 7 8 8 4 8 6 5 12 7 8 8 5 5
Ranking
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4.4 FMEA - FAILURE MODE EFFECT ANALYSIS

FMEA can be applied as qualitative and quantitative method for failure analysis.

An effective FMEA activity assists identification of potential failure modes and their effects
based on experience with similar products, processes or system.

It can be classified as three types; System FMEA, Design FMEA & Process FMEA due to the
nature of analysis

In construction sites, hazards and risks evaluation table can be done by following;

a) Create a major row for each component.

b) Identify failure modes and establish a sub-row for each mode.

c) Describe the effects on safety and system performance resulting from the failure. List the
specific adverse outcomes.

d) Determine occurrence value

e) Determine severity value

f) Determine causes of failure mode (if known): this includes environmental and/or operational
stresses that increase the likelihood of the failure mode.

g) Determine methods of detecting failure mode (if known): although this entry does not prevent
a failure from occurring, it is important to discover that a failure has occurred. This column is
used to present signs and symptoms that a component has failed.

h) Suggest interventions: hardware modifications and/or compensatory actions to minimize
effects.

Table 4.2 FMEA
LEVEL OF DETECTION
GRADING SEVERITY OCCURANCE VALUE S LEVEL OF SEVERITY
O |LEVEL OF OCCURANCE

1 uncertain | unlikely | certain R RISKVALLE

2 low possible high E  |CONTROL LEVEL

3 moderate | occasional | moderate F DETECTION VALUE

1 high steady low G RRNVALE

5 certain certain | uncertain H  |ACTION TAKEN PRIORTY LEVEL
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Table 4.3 FMEA for different phase

Phase Problems S O |R E F| G| H Phase Problems S|O|R E

unavailability of material

Not a good scope definition 3 3 9 high

4 2 8 |moderate| 3 24

Lack of communication 5 5 | 25 | certain | 1 | 25 insufficient quantities of
I | b aterial 3 5 5 high
il I
< ncomplete Drawings 4 5 | & |moderatel 3 | 24 g
= P : modera
£ |Lack of conformance to poor quality of material 3 2 6 te
] )
= requirements 4 2 8 |moderate| 3 24 Late Deliveries
E 4 2 8 |certain
= Nonstandard specifications Late or incorrect of submittals
= 4 1 4 low 4 16 - 2 2 4 low
g | lete /ineffecti §
S ncomplefe /ineffective g Late approval of submittals
- )
%5 |meetings 3 2 6 |moderate| 3 18 o 2 2 4 low
@ = _—
i H
ﬁ Use of nonstandard items 3 1] 3 low 4 | 12 - g Poor communication 3 4 | 12 |certain
2
= _ 2
= ague stated requirements — lLack of conformance to
2 Vague stated req T ) 5 Lack of conf t
L 3 3 El high 2 18 '5 requirements
S biguiti b | - 2 2 4 low
= |Ambiguities between plans 5
and specifications 3 3 |9 high 2 | 18 £ Unrealistic delivery dates 4 4 | 16 |certain
ague stated requirements .
Not determining when and 3 3 E high
what materials are needed 4 3 |12 high 2 24 Re-handling of materials 4 1 4 low
8 Uncontrolled bid lists 2 | 1| 2 |uncertain| 5 | 10 Storage of materials sl .| motd:ra
H
[ Incomplete proposals 3 2 6 |moderate] 3 | 18 Lost of Materials . . . uncerta
° n
-'5 [Time spent investigating non- :
g ualified suppliers Pamaging uncerta
d PP 3 2 6 |moderate| 3 18 2 1 2 in
Phase Problems SO R E FIG  H

Late deliveries
5 5 25 certain | 1 | 25

Incorrect type of materials

delivered 4 3 12 certain | 1 | 12

Incorrect sizes delivered

4 3 12 certain | 1 | 12

Incorrect quantities

delivered 4 3 | 12 | certain | 1| 12

Keeping track of material

3 2 6 |moderate| 3 | 18

Re-handling of materials

3 2 6 |[moderate| 3 | 18

Storage of materials
3 2 6 [moderate] 3 | 18

Lost of Materials
1 1 1 J|uncertain| 5 5

construction phase

Damaging
1 2 2 |uncertain| 5 | 10
No supplier QA > 5 4 ow |4 16

Poor communication
5 4 20 | certain | 1 | 20

Receiving, handling and
storage of unused

materials 2 | 2 | a low | 4|16

Can surplus be returned
for credit?

3 3 E) high 218
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4.5 QUALITY TOOL

A method that provides organizations tools to improve the capability of their business
processes. This increase in performance and decrease in process variation helps lead to defect
reduction and improvement in profits, employee morale, and quality of products or services

N

ELIMINATE
DEFECTS

IMPROVE
QUALITY

Fig 4.14 objectives of 6 sigma

A | |

Define Measure Analyze Improve Control
Define the Quantify the Identify the cause Implement and Maintain the
problem. problem. of the problem. verify the solution. solution.

5 WHY
*PARETO ANALYSIS
CHART *CAUSE

* CONTROL
PLAN
*SOFTWARE

<JIT
*KANBAN

*PROCESS AND EFFECT

FLOW DIAGRAM

DIAGRAM *BRAINSTRO
MING

SUGGESTION
*CHECKLIST

Fig 4.15 process of DMAIC
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4.5.1. DG

PARETO

DEFINE ‘MEASURE‘ ANALYZE

CAUSE AND
EFFECT
DIAGRAM

Fig 4.16 DG - DMAIC process

Table 4.4 FMEA for DG

Problems S 0O R E F G
dirtin filter 5 5 25 CERTAIN 1 25
start stop key swtich | 3 2 6 LOW 4 24
trip indication 3 3 9 MODERATE 3 27
rain water entry in
exhaust pipe 2 2 4 UNCERTAIN 5 20
defect in pipe
support 3 3 9 MODERATE 3 27
loose cable
connection 4 4 16 HIGH 2 32
power leakage 3 4 12 HIGH 2 24
earthing failure 2 3 6 LOW 4 24
engine failure 1 2 2 UNCERTAIN 5 10
battery failure 2 3 6 LOW 4 24
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35 100%

90%

80%
70%
60%

50%

40%

30%

20%
.

0

tion
tion

power leakage

dirtin filter
battery failure
engine failure

L
=
E

o
£
£

]

b

loose cable connect
defect in pipe support
trip indica
start stop key swtich
rain water entry in exhaust pipe

Fig 4.17 DG - pareto diagram

. Diesel engine
Starting system Engine control panel  and alternator
Exhaust system .\\\ ' Balanced fly wheel
" Exhaust piping insulation \ Battery charging indication
. \ . Start stop key S%\\ L \— Flexible coupling for alternator and engine
Battery capacity Pipe supports \ Water temp indicator
\ Over speed indication '\ _ o \ Anti vibration mount
Connection between Smooth bend \ Lub oil pressure indicator
battery charger and s \ . .
baneges 2 \ Lenght of exhaust Trip indication | Engine hour indication Maintain engine speed
\ . \ Common bed plate
Prevent from rain water entry \ \7
7 Dg set
Max air intake /// Fuel tank capacity /
restriction / Pri dition / —
. fimary pump condition /' Inlet and outlet pipe, air vent , drain plug
Air cleaner ] —

/ Level indicator /

/ /

Lubricant oil filter / 7

/ /

" Monitor Temperature / / Fuel filter
’ inside /" Flexible hose connectior;,r"
/L Radiator fan flow / / o
Lllbricating /_ Fuel injection and control
/ Proper ventilation . .
/— oil system Pipe sealant  /
Air system
Cooling system Fuel system

Fig 4.18 DG - analysis (cause and effect diagram 1)
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Design Man

\ . .. . Bad fuel mix
Location - Exhaust pipe Dirt in filter \ '
design \__Insufficient fuel

N\

\
Proper ventilation "\ ; \ .
AL Leakage in valve \  Defect in battery

\

Fire safety precaution

\ Control not in auto

Lack of knowledge \\*

Foundation \\ X
, - : Dg set failure
Excess temperature | Battery failure
Prevent from raiL’_,f”' Fuel Line Obstruction Engine failure
FlooLf"ﬁ . ﬂr blockage in diesel / lubricant tank
. Wiring fault /
Dirty / polluted /  Earthing failure
surrounding )
/
Environment Equipment
Fig 4.19 DG - analysis (cause and effect diagram 2)
4.5.2. LT panel
DEFINE MEASURE ANALYZE
PROCESS
PDCA FLOW 5 WHY
DIAGRAM
Fig 4.20 panels - DMAIC process
PDCA

» The Plan-do-check-act cycle is a four-step model for carrying out change. Just as a
circle has no end, the PDCA cycle should be repeated again and again
for continuous improvement.

» The PDCA cycle is considered a project planning tool.
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PLAN DO CHECK ACT

* Racking interlock o
*Prevents machine failure

* Circuit breaker v (Close interlock
compartment v Close lock due to sudden power cut
Compartment arrangement : .
P ¢ + Bus bar conpartment v Door interlock 'Com?nuous monitoring and
* Instrument compartment +  Indication in compartment checking
door

+ Ensure the panel installation

* Foundation * As per the installation

o checklist il
Planning /designing : Prqper ventilation v Load check guideline |
. ngh,t ' * Indoor ambient temperature ' Mate.rla] mustbe n good
* Material selection quality

+ Material quality
* Loose or disconnected wires | Regular repair and maintenance

+ Tightened bolt

Cable connection * Degradation of the cable sheath |+ Fult indicator
) Pl;n fq ubleentry Moisture in the insulation + Radar - know the velocity of the
and exis * Heating of cable cable
Earthing " Door carthing + Earthing switch in on position | voltageregulation device

* Bus bar carthing + Fault indication

Check the connection of bolts

Fig 4.21 panels — pdca

Measure of panel
Using tool — process flow diagram
A Process Flow Diagram has multiple purposes:

e To document a process for better understanding, quality control and training of
employees.

e To standardize a process for optimal efficiency and repeatability.

e To study a process for efficiency and improvement. It helps to show unnecessary
steps, bottlenecks and other inefficiencies.

e To model a better process or create a brand-new process.

e To communicate and collaborate with diagrams that speak to various roles in the
organization or outside of it.
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Main switch board Foundation and switch Fixing channel in Fixing with anchoring
e > —

arrangement board erection yes foundation yes bolts
no To guarantee correct Ch:;l;{ lh;
. alignment of the quatity o
no
Clll\j[ci:a;;lth ﬂ:std;;gs different sections itis < i
_ - switfl;:;ard advisable to draw a yes
Check with wiring = line parallel to the v
dwgs ' switchboard front
. e Main Bushar Assembly
no
Connection of Inter- ves l
unit auxiliary wiring . yes Joints shall be Clean and removal of
Earthing the bus bar assembled € dust in the busbar
| ves |
no no
Connecting the auxiliary v
multicoreicables Check the tighten the busbars refer to busbar
ves screw and bolts layout drawings
v \ ) N
Installation of cover A.llig.n the door with
with bolts indicator ’;m foff > Final check ~———>  Labelling
. no switc! l
Check the screws .
inserted from the Identify error and ‘
inside and outside rectify

Fig 4.22 panels — process flow diagram

Why delay in delivery of LT panel and other panels in supply chain § Why defects will occur in LT panel and other panels supply chain

Delay in delivered to site ,
- , , , Installation Not as per standard
Insufficient quantity of miscellenous material I ,
, , - and not as per specification it may cause trip , power leakage
Wrong material - not match with specification

Paor purchasing team Brand and quality will vary , connections were not done properly

|

Lack of knowledge and coordination 1o proper inspection and checks

Lack of training , meeting and poor planning Lack of coordination and knowledge , carelessness

No proper quality management team in site — lack of trainning , cost and
Time and cost constrain time constrain

Fig 4.23 panels — 5 why analysis
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4.5.3. bus bar

DEFINE

FMEA

MEASURE

PARETO
DIAGRAM

ANALYZE

ROOT

CAUSE
ANALYSIS

Fig 4.24 bus bar - DMAIC process

S.NO Problems S O R E G
Failure of insulation due to
1 |material deterioration 5 5 25 CERTAIN 25
Failure of circvit breaker.
2 2 2 4 LOW 16
3 |earthing failure 3 3 9 | MODERATE 27
Flashover due to sustained
excessive over voltages.
4 2 2 4 | UNCERTAIN 20
Errors in the operation and
maintenance of switchgear.
5 3 3 9 | MODERATE 27
foreign objed accidentaly
enter, moist , inects
6 4 4 16 HIGH 32
7 |powerleakage 3 4 12 HIGH 24
8 [fire 1 3 3 LOW 12
2 |oss bolt ,no proper joints 4 2 8 | MODERATE 24
10 |defectin clamps and supports| 4 3 12 HIGH 24

Fig 4.25 bus bar - FMEA
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bus bar failure
] 100%

90%
B0%
0%
60%
50%
A%
30%

20%

Fig 4.26 bus bar - pareto chart

Root cause analysis

Root cause analysis (RCA) is the process of discovering the root causes of problems in order to
identify appropriate solutions. RCA assumes that it is much more effective to systematically prevent
and solve for underlying issues

Poor connection in distribution or at connected loads

S
/ /'”/ \
/

~ X/ N \\\\.
* Loose bus bar connection . Use infra red camera tor k
* Loose cable connection locate hot spots and
* Corroded connection correct
* Loose or worn contactors | * Continuous checking
v l "~ Alertsignal
Common causes g N Solution /
* Produces heat
+ Failure at connection site
* Leads to voltage drops
+ Voltage imbalance

Possible effects

Fig 4.27 bus bar - root cause analysis
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4.5.4. substation

PROCESS
FLOW
DIAGRAM

ROOT CAUSE
ANALYSIS

Fig 4.28 substation - DMAIC process

All elements are analyzed here according to the following criteria:
1) significance level - (the existing level and what activities have been taken?)
2) Note (Why is it important?) and

3) Problem solution (How to end problems and how to achieve the wished results?).

00

S

Fig 4.29 substation - 5s

Process Flow Diagrams (PFDs) are a graphical way of describing a process, its constituent
tasks, and their sequence. A PFD helps with the brainstorming and communication of the process
design. The PEMEA process needs a complete list of tasks that comprise the process under
analysis. The level of detail can be decided by the team. Including more detail takes time, but it

reduces the probability of missing Failure Modes.

l yes
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Table 4.5 5s tool for substation

Element

Level of
significance

Risk elimination
activities

Trouble shooting/
problem solving

Remark

sort

remove any excess
and irrelevant
elements

Mark critical points, fire
safety precautions should be
done properly

Unnecessary items are
postponded or discarded. It
reduces the waste of time
looking for assets and parts.

Workplace productivity and
quality are visible. Space,
time, energy and money are
better utilized.

set in order

place objects,
machines and tools in
the right place

After use, all the mentioned
elements must be returned in

order to avoid any risk. Easy

to access and manage.

Pravents inventory loss,
separate the correct fromthe
defeactive preducts.
Manipulating elements in the
workplaceis better.

Remaining production,
elements that have no usable
value and elements that are
not part of the elements are

eliminated.

the worplace should
be kept free and
clean

Mandatory inspection of
woarkplace after each
activity performed.

Mark critical areas on which
there could ke undesirakle
occurrences /risks: dust,
contaminated zone, water
and oil leaks, inaccessible
access to machinery

Tidy, clean, bright and
controlled workplace provides
propertrainning for workers.

standardize

Procedures forthe
operation, exploitation
and maintenance of
tools, equipment and
machines are
standardized

follow as per standards

The work surfaces must be
clean, tidy and equipped
with the most necessary
materials, tools and
machines. standards must be
followed.

Elements quality, if any, are
taken as the starting peoint.

sustain

Employees need to
build up the habit of
maintaining the
workplace properly

Continuous improvement of
working activities

Introduce discipline in the
workplace by: preventing
the accumulation of
unnecessary items, returning
tools and accessoriestoa
defined location, cleaning
work surfaces and dirty
tools, menitoring machines
during and after work.

Follow the stndard procedures
with continuous training of
employees in the workplace.

material was not

reached on time

Because it was dispatched late

|

Material was not ready on time

|

Material specification reached late

|

Material specification was not sent with po

|

Poor purchasing team

Fig 4.30 substation - 5 why analysis
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4.5.5. Summary of analysis

Fig 4.30 Three main categories

= TIME @ COST MANPOWER

Delay in delivery 1) Poor quality of materials
DG Changes were not updated and work

properly (specification and 2) Increase in transportation

dwgs) cost

Damage while fransportation
No skilled labour
Lack of communication

PANELS : : Lack of communication
Delay in delivery L
Payment delay Poor coordination within
stakeholders

LTHT,DB

delay in placing order

Poor planning

Changes were not updated
properly (specification and
dwgs)

Payment delay
Poor quality of materials
and work

1) Damage while transportation

BUS BAR 2) Lack of communication

Fig 4.31 summary for case study 1 - JIPMER campus

e Manpower — lack of communication is the major problem in case study 1 — JIPMER
residence campus
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e TIME @ | COST MANPOWER

Changes were not updated

propetly (specification and 1) Damage while transportation
DG dwgs) 2) Poor coordination within

Lack of proper planning stakeholders

(uncertainity in schedule)

Changes were not updated
propetly (specification and

PANELS

LTHT.DB

Payment delay
Poor quality of work /
materials

Lack of communication
dwgs) Lack of proper inspection

Delay in delivery

Payment delay
BUS BAR o8l G,SSOCI_GTed Wil Insufficient skilled labour
material misplaced and not

available when needed

Fig 4.32 summary for case study 2 — HCL Madurai

e Time and cost are the major problem in case study 2 — HCL madurai

S TIME COST MANPOWER

1) late delivery

DG 2) Poor planning (cant meet the More storage cost Poor coordination within
Payment delay stakeholders
schedule)
Payment delay
Delay in delivery(special Poor quality of material . :
PANELS : : : Poor inspection
items that might require more /work i
- . . ' . Poor planning (hard to
time to built) not as per Cost associated with
LT,HT,.DB . . unload — poor access)
schedule material misplaced and not
available when needed
BUS BAR Specification are not clear Poor quality of materials Lack of communication

(quantity were not match) and work Poor inspection

Fig 4.33 summary for case study 3— R & D block

e Cost is the major problem in case study 3 — R&D building
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MANPOWER

speciricaTion/owes Were NoT cLeAR [

poor pLanninG |
oetay N pLacivg oRoeR [
cianes were NoT upoaTeD propeRLy |
oecavinoeuvery |

0 1 2 3 4 5

MATERIAL MISPLACED/NOT AVAILABLE
WHEN NEEDED -

more storace cosT [

increase N TRANSPORTATION CosT [

poor auALITY o MATERIAL/WORK [

0o 1 2 34

poor PLANNING |
Lack of proper INsPECTION R

POOR COORDINATION WITHIN
STAKEHOLDERS

LAck oF communicaTion

NO/INSUFFICIENT SILLED LABOUR | NN EEEE

DAMAGE WHILE HANDLING
/TRANSPORTATION

5 6 0 1 2 3 4 5

Fig 4.34 overall summary

Case study 1 = JIPMER RESIDENCE
CAMPUS

Manpower is the major problem

lack of communication

Case study 2 = HCL madurai

Time and cost are the major problem

Time - Changes were not updated properly
(specification and dwgs)
Cost - Payment delay , poor quality

case study 3 = R&D building

Cost is the major problem

Cost - Payment delay , poor quality

Communication plan

Big room meeting

Implementation
plan
Kanban board

Visual management

Justin time

Bottle neck analysis

Value stream
mapping

Implementation plan

Kanban board

Kaizen

Visual management

Fig 4.35 improve tools

141




4.5.6. improve
communication plan
* A communication plan is a policy-driven approach to providing stakeholders with information.

+ The plan formally defines who should be given specific information, when that information

should be delivered and what communication channels will be used to deliver the

information.

Table 4.6 communication tool 1

pm/electric| = ) . '
design/ | al engineer timeline as medium prority - include gantt
. updates, | milestone | .. within 1-2 weeks . shortand notes
planning |/contractor| " jipmer . email
fordering |/purchasing milestone| have been of completing a reasons for
review |completed milestone missed deadlines
team
pm/eletrical| weekly | weekly - high priorty - pm can help with
execution | engineer | status | Monday | jipmer mustprovide email/call |special requests if
/contractor| report @9am weekly report needed
m/eletrical low priority - N
assembly / pm/ . priority . mainly intrested
engineer | status . would like tobe | inperson |
transporta weekly | jipmer i in status of each
. [contractor| update updated weekly | meeting .
tion . . . task and timeline
[supplier but its flexible
) times all team members
pm/eletrical X ) .
execution | engineer review | daily by jipmer high priort email pre required to
and EOD P ghpriorty send updates by
[contractor
updates eod
inspection . .
P pm/eletrical| must meet with
/ . list of N ) ) team :
) engineer asneeded | jipmer medium prority ) team when major
execution blockers meeting )
) [contractor blockers arise
Jtesting
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Table 4.7 communication tool 2

DESCRIPTION FREQUENCY CHANNEL AUDIENCE ACTIVITY
all internal
, stakeholders and ,
project status updates  |weekly asana ) lexecution
projectteam
members
all project team
virtual project team members, )
. monthly zoom /google meet lexecution
meeting stakeholders
optional
orderin
|lexternal stakeholders as needed zoom /google meet pm, project ackin 9
update goeg stakeholders P 9,
transportation
ilest d .
m gs ensan as heeded asana project team throughout scm
deliverables updates
project checkins daily slack / mail project team throughout scm

outline client
goals,establish budget
& timeline, assign first
milestone task

once / video
coference

zoom /google meet

team members,
key stakeholders
and pm

project planning
meeting

|set daily goals, updated

. daily / in person [email team members , pmteam touch base

pm onh milestone status v / P ' P

|summarize touch-bases

outline achivements for , team status

weekly email team members, pm

the week and goalsfor report

the following week

|summarize progress and| .

hext steps 5 d?::'red bi weekly / zoom /google meet pm, key stakeholder
el Ps, Up weekly googd stakeholders status report
imeline

Implementation plan

Benefits

143

Better organization and management of resources

An implementation plan—also known as a strategic plan—outlines the steps your team
should take when accomplishing a shared goal or objective. This plan combines strategy,
process, and action and will include all parts of the project from scope to budget and
beyond.

Improved communication between team members and key stakeholders



Increased accountability for everyone involved in the project

More structured project timeline and daily workflow

Easier collaboration between team members

How to develop an implementation plan

1 Define goals

D o 3

\L aq Schedule milestones

- T .

6 Allocate resources

Fig 4.36 how to develop an implementation plan

7 s Properpre checdk
“'p'"“ noil cat d.l o 'c:l 9% should be needed, Sdays architect /
: good communication design / planning (planning electrical
changes were not within all
d a a srage) engineer / pm
vpdate stakeholders
delay in ordering, need proper pm/
no clear specs, coordination between ordering continuous purchasing
dwgs stakeholders feam
no proper check at assemble Sdays Her
factory , poor proper inspection sF. e /f Y [ of: / vl
quality materials test stage) confractor
damage need quality work packing 1 day /Il-lplplloll'
damage while need proper resource i supplier
unloading planning ¥ 1 day /contractor
mishandling , proper franing and I & pm/contractor
mismatch with specs inspection is needed ding /' ae /.I.elrlealrl
not as per pm/contractor
standards and a nddl prog Ir“ e installation continuous / electrical
dwgs engineer
pm/contractor

lack of need to follow TQM

Fig 4.37 implementation plan
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Visual management

Visual management is a form of communication used to give a snapshot of
manufacturing operations.

The goal of visual management is to translate shop floor processes and production
statuses into easy-to-understand visual overviews.

Fig 4.38 visual management

Benefits

Improved process efficiency

Reduced waste

Safer workflows

Inventory storage that matches production demands
Higher team engagement

Big room meeting

It allows teams to understand their impact across clusters or work groups. The Big Room
also provides teams with the time to discuss project-wide concerns like budgets, hot topics,
or global changes. The term Big Room refers more to the behaviors and actions of the team
than the physical space

Fig 4.39 big room meeting
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Kanban board

The Kanban is usually used in the construction material procurement process by organizing
orders, acting as a visual tool for the improvement of communication among all stakeholders,
and insuring that the right amount of the right item is delivered at the right time.

An effective Kanban system is more than just sticking post-its on a board. It is a mindset — a
move towards productivity, organization, and eliminating waste through a steady flow of
work.

’O Todo In progress Done Backlog
2=

&\/_D ol =
m— D.l =
— . {77*21/% =

Fig 4.40 kanban board

o
o
i 58
&

Table 4.8 kanban board
To do Doing Done
PACKING ASSEMBLE/ DESIGN

MANUFACTYURING
TRANSPORTATION FACTORY TESTING PLANNING

UNLOADING /
STORAGE

INSTALLATION

ON SITE TESTING /
INSPECTION

ORDERING

Bottle neck analysis

The bottleneck is in the Purchase Request Analysis sub-process, where more than
80% of purchasing time is consumed.

It makes sense to invest time in the Purchase Request Analysis sub process as this
would impact the quality of the purchase. However, that is not what buyers were
doing.

Study found that very little time was actually spent analyzing and designing a good
purchasing strategy.

Instead, purchase requests were being stuck precisely for the lack of analysis and
the lack of a methodology that would help buyers get started in this process.

When confronted with a backlog situation or with a project with a large number of
items to purchase, buyers often have trouble figuring out the best way to approach
such workload.
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Kaizen

PROCUREMENT MACRO PROCESS a request thot is

Purchase Orders

= made to the = = = o= = - 1
purchasing
orgenization to BOTTLENECK 1

procure o certain 1

list of materials.

| CLIENT I‘_

Purchase
Requisition

Standard
purchase request

purchase
request

Vendor Vendor Vendor
1 2 3

| Po quote | ‘

database analysis

Purchase
requests

PURCHASING

PROCESS Materials

This process was taking between 30
to 180 days on approx

This process was taking only 6 days
on approx

Materials

P —
SUPPLIERS I—

Fig 4.41 bottle neck analysis

Kaizen is a Japanese term meaning "change for the better" or "continuous improvement."

It is a Japanese business philosophy regarding the processes that continuously improve
operations and involve all employees.

Kaizen sees improvement in productivity as a gradual and methodical process.

Lean or Kaizen in Construction is a production management-based approach to project
delivery to maximize value and minimize waste.

There are four key elements to Price Competitiveness:
Material and Supplies

Equipment

Labor Productivity

Overhead and Profit

Kaizen Newspaper

A Kaizen newspaper is a document that speaks about the accomplishments till date. It
contains a detailed account of what the objective is, what are the problems, who are
responsible for solving the problems, the due dates and in what phase the Kaizen

Table 4.9 kaizen news paper

planning pm, electrical engineer, 6 days completed fincrease in time
consultant

ordering P, p.urchasmg team, 2 days oh process |delayin confirming
supplier
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SIPOC

o SIPOC is another mapping tool used for analyzing Kaizen events in terms of Suppliers,
Inputs, Process, Output and Customers. This cross-functional analysis helps in diagnosing
work-flow problems which can be used for improving work procedures, eliminating zero-
value activities and optimizing the process cycle time.

Table 4.10 SIPOC

SUPPLIER INPUT PROCESS OUTPUT COSTUMER

Kaizen or Lean tools have been applied in construction industry for many years now to
improve quality, reduce costs and improve planning.

Various Kaizen tools used in construction are:

* The Last Planner System

» Target Costing

* A3 Problem Solving and Reporting

« PDCA

* Value Stream Mapping

» 58 (Sort, Straighten, Shine, Standardize, Sustain)
Value stream mapping

* Value stream mapping (VSM) is a tool used within the field of Project Management to
visualize and improve the overall flow process of a product or service from raw material all
the way to the customer.

/m‘;m/ i— \

Supplier — Customer
TinEmpinamid -

\ Information flows \

Production| |Production Production Construction
Labor Materials Supports Equipment

VALUE STREAM COSTS

Construction Facilities and Any related
Supports Maintenance Cost

Fig 4.42 value stream mapping
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Just In Time (JIT)

e JustIn Time (JIT) inventory management is a lean methodology specially created for
increasing organizational efficiency, decreasing unnecessary expenses related to
inventory wastage and ensuring that goods are received only as and when needed.

link all processes costumer need it

”

Keep the minimum stock & M Deliver right when the I‘ ‘

Build the right amount at the right moment

PROCUREMENT

Purchase only

PRODUCTION
Cut the

material needed right part

N N o
U— 90— 39— 4—)

DESIGN PROCUREMENT PRODUCTION
Design for Nest for material Ship parts instead
manufacturing optimization of housing them

Manufacture

Customer [PLTEin]  Manufacture orders SUP’?"“
. . receives order
place an the materials required
order from supplier
Costumer Manufacture Supplier deliversthe
receive the assemble the materials required to
product product manufacture
Manufacture fullfill Product receivesd by
the order manufacture

Fig 4.43 justin time (JIT)
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4.5.7. control

4.5.7.1. Checklist

DG CHECKLIST

Table 4.11 checklist for DG

(Cooling system

ITEM

STATUS

REMARK

Dg location and foundation

Foundation, installation , space
requirement details as per dwg

s the site selection done which is away
from dust /acid/ chemical fibers

Foundationsize

Remote radiator in primary circvit model

Frze space aroundit and platform mounting as per dwg

Coolant specification

Rav water plumbing, valve temp and pressure gauges

Structure and location of expansion tank

Interlocking remote cooler with dg shut down

Free space around dg

Dg location openarea or covered in shed

If the dg is locatad in covered area provide
sufficient space hetween the air duct out
land shed to facilitate air venting

Wind direction inline with acoustic
enclouser air flow. Wind barrier if required

Exhaust piping

Mcc panel required for dg auxillariss like cooling
tower battery charger

Flexible bellow / joint required fo connect raw water
lines

Electrical control panel and cable
size and connection

Required cable sizes for power cable with
suitable glands

Check for requirement of local isolator
panel at alternator end

Auxiliary power supply for illumination in
lenclosure

Auxiliary power supply for battery
icharger

Water circulation pump selection

Cooling tower model

Frae space aroundit, platform for mounting as per dwg

uxiliary power supply for space heater

Earthing

fuel system

Pipe termination as per cpwd guideline

Rain water entry protection

Sealing of the exhaust pipe must be
properly sealed

Thermalinsulation of the exhaust ducting

Condensate drain valve to provided in
lexhaust ducting after silencer arza

Disel engine driven generator st are generally
(designed to operate on astmd975 number 2 disel and
ishall meet the requirement of high speed diesel as par
is 1460:2005

ITank capacity

Supply and return pipe , engine with flexible valve

Fuel system

Earthing 4 pits — 2 for genset and 2 for
neural

Breather pipe

Breather hose should be extended out of
the acoustic so that they oil from fumes
don't get deposited on radiator /engine
skin

Table 4.12 checklist for LT panel

LT PANEL

ITEM

STATUS

REMARKS

Ensure the panel is thoroughly cleaned and
ho dust, loose screws etc present. All the
covers are in place.

Ensure that enough padlocks are available
at site to lock all the feeders.

Ensure Mechanicalinterlock keys are
provided.

Ensure all cables are meggered.

Check the control supply is provided as per
drawing.Measure the voltage.

Switch on control supply and check:

1. All the indicating lights are glowing,

Check and record dearances,
acceptable limits are:

Behind the panel: < 200mm or
>750mm for MCCB feeders, and >
900mm for ACB feeders.

Front of the panel: 1.2 mirs

Sides: 750mm

Gland plate is firmly secured and
|all the bolts are in place. Gland
plateis earthed.

All the glands are earthed.

isually check for bruises /
damages. Apply touchup paint on
cratches.

2.5witch on and switch off breakers.

3.Inferlocks work properly.

Make sure that the Panel Room GA
drawing, shop drawings, factory test
certificate are available at site.

Ensure all the meters are caliberated and
ertificates available at site. Check with a
caliberataed hand held true RMS meter few
[ andomreadings.

All the feeders confirms to SLD and GA
shop drawing.

Panel is placed as per room GA drawing.

Panel is earthed properly at two
points. Chedk fightness of the joint
of the earth flat and earth
erminal. The joint is tension-free.

Internal earthing connected to
earthinghus.

Check the levelling of panel with
pirit level.

IAll the feeders have name plates
on the doors. All cables are tagged
Cable and Bus chambers have
abels.

(Check all doors open and close
properly. Door earthing provided.

(Check all the componentsin the feeders
ore firmly fixed and labelled.

Panel is cleaned thoroughly, bolted
overs have all the bolts tightened.

Bus hars are tightened with Torque
renchand marked with paint. Record
orque values on a separate sheet.

(Cable terminations are tightened with
orque wrench and marked with paint.
Record torque values on a separate
heet.

Internal wiringis properly bunched and
lamped, ferrules provided.

Padlocking arrangement provided on all
eeders.

Operate all the breakers, selector
witches etc to check for proper
loperation.
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Table 4.13 checklist for bus bar and substation

ITEM STATUS | REMARKS SUBSTATION
Check tag #, voltage & current rating fo drawing & data ITEM STATUS ~ REMARKS
sheets Location
Inspect entire assemble for damage or missing parts Opening
(Check busbar insulators for damage or missing pairts entilation

Check all bushar joints are bolted with high-tensile holts

Check all bushar are insulated and joints taped

Weather proof & firs wall sedls are installed

Entire length of busduct is earthed by visible earth strap

No openings in busduct section joints

Space heaters checked & installed as per design

Check megger test & phasing of bushars

(Check high potential test & record readings

Final check inside busduct prior to closing

Check busduct sufficiently supported

Inspect assembly, tightness, levels, efc.

Inspect all bus-bars and bolted electrical connection,

Al braces and supports adequate to handle of bus duct,

Wl opening covered properly with fire resistance
aterials.

Inspect al safety features,

(Check Control voltage

Check circuit number and color code

Inspect cables and glands

partitions up to the ceiling level

Height

(able entry

Turning radivs of cable

Prevent from storm waler entering

Floor level of substation

Coordingte with stp and plumbing water tank

Hooding consideration

adequately drained in cable trenches

Earthing

Trenches and french covers

Fencing height

suffident safety signs

precautions to minimize the risk of fire associated with
the equipment

name and emergency telephone number of the
authorized personnel shall also be displayed af
the substation

instructions cvering schematic diagram;

requirements of switchgear interlacking
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4.5.7.2. software suggestion

Features of Supply Chain Mangement Software ADVANTAGES OF SUPPLY CHAIN MANAGEME|

o1 Reduced Costs and Wastages
Inventory Management
_ = mm——
P ™
03 || Improved Process Reliability

{
N /

Billing Systems

Quicker Forecasting
Warehouse Management

Enhanced Collaboration
Shipping and Tracking System

Better Tracking, Collection, and Analysis of Data
Forecasting System

Stringent Quality Maintenance and Control
Real-Time Analytics and Reporting Dashboard

Stronger Relationship Building
os -
(suppliers, developers)

#9 Supplier/Vendor Management Toolkit e Unmatched Customer Experience
Reduced Supplier Risk
#1 O Analytics and Reporting Dashboard 10 PP
n Superior Inventory, Warehouse Management

#11 Customer Request/Return Management

Fig 4.45 software features and advantage

1- ZOHO CREATOR, INVENTORY, FLOW, ANALYTICS (manage inventory, monitor
operations, optimize your supply chains, vendor relationships)

Optimize inventory
* Inventory management is a distributor’s biggest pain point.

* In this supply chain app lets us maintain control over every unit of stock in your warehouses,
without the need for an outdated clipboard accounting system.

* Add and update inventory details such as purchases, sales, and products sold on the go.

*  Keep track of distributed stock, and schedule notifications about low stock levels.
Accelerate inter-warehouse stock transfers

+ Track the movement of goods with multi-warehouse inventory management.

» Set priorities at the product level, route orders based on available stock and generate reports
for specific warehouses in seconds.

+ Don't let tedious middleman communication delay your shipments.
Consolidate your contacts

* Maintain an online contact database to manage relationships with vendors, retailers, and
contract manufacturers across your supply chain.
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* Manage retailer details such as names, contact numbers, and email addresses, and easily
access them using search filters, like location or shipment history.

Fast-track order handling
+ Establish a smooth process flow, from issuing a sales quote to fulfilling an order.
» Track order statuses across the value chain with the help of unique IDs.
+  With workflow automation and cross-channel integrations for end-to-end order fulfillment
* it can save time and boost overall productivity across the board.
Monitor sales operations
* Always be in the know with a centralized hub to monitor and regulate your sales channels.
* Record details of every sale without hassle.

* And retailers can view sales records and invoice amounts for any transaction, as well as the
amount receivable and existing balances.

Simplify bookkeeping
» Automate payment workflows and standardize accounting throughout the supply chain.

+ Generate invoices automatically for every transaction with customers and suppliers, and
email them with a single click.

+ Easily record the billed amount, paid amount, credits, and the payment type, whether
receivable or payable.

Go mobile

» For every app you access on your computer, there's a fully optimized native one waiting for
you on your smart phone.

Demo User

Supply Chain

New Order Request
Dashboards

Ordered Date * 09-Dec-2020 =]

s
L]

Main
Fventory Retaler* BlueGem - oxley7y@sogou.. X v
“ Expected Delivery Date * ]
Warehouse

Products*
I

*Product *Quantity

Management

Sales Multi Plug Wire Xv, 20

LED Light xv 10

ifh + Add New

Retallers

$
:
Payment

Notes.

Fig 4.46 software 1
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Demo User

Supply Chain

40 52 14 56

Dashboards
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2 - NOVADE LITE

(all in one — improve stakeholder coordination , checklist , changes were updated easliy )

Good bye to
+«  Communication breakdowns

» Costly delays, avoidable rework, quality issues and critical safety issues from outdated
drawings

* Lugging around hard copies of drawings on-site

* One Platform — access, upload, view and share the latest project drawings such as site
maps, floor plans or designs from anywhere

* Real-time Visibility — update drawings in real-time to keep everyone on the same page

* Precise Location — attach drawings or pin them to Tasks and Forms and mark them up to
easily locate them on site

Access
+ Ensure you always have the latest drawings in the palm of your hand
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Location Pinpoint

* Locate Tasks and Forms accurately on a drawing
Organise

* Organise folders so you always have the right document at the right time
Portable

* Access all your project drawings from any mobile device on or off the field
Reduce rework costs

* Reduce rectification costs from miscommunication

» outdated drawings, and save time hunting for the latest drawings
Communicate and collaborate

*  Work as one team with teammates, suppliers, subcontractors and even clients with everyone
working on the latest drawings: Get everyone working on the same channel — No more texts,
group chats or emails

Work with precision
« Build confidently with detailed drawings — pin relevant tasks and forms in exact locations
» Easy and intuitive — create, assign, schedule and prioritise tasks with ease
* Rich content — to add photos, documents, drawings, comments

* One place for all jobsite tasks — makes it easy to hit your deadlines, streamline workflows,
and schedule resources to reduce downtime and bottlenecks

(Celing, Wal, Floor) Quality Check

Fig 4.48 software 2

+ Tasks Dashboards — allow you to monitor trends, improve productivity and reporting,
streamline workflows

* Insights — across all your jobsites for effective project and task management
» Keep track of project status

* Get an accurate picture of what’s happening in the field with real-time task updates on one
construction job management tool
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Checklist

» Capture all your inspection data easily from any mobile device

« Simplify all your inspections with a snap — speed up approvals when you annotate
your inspection forms with photos

m O M
v
ﬁ% &b () A

Construction & Site Managers Construction Project .
QA “Digital sign-offs saves me so much time” Mana gers prOJECt Ma nagers
“All my forms are stored and filed in the construction app. "I have full visibility on the team'’s tasks”

“Makes conducting Building Control inspections so much “I'm able to reduce downtime because |

Fast and easy digital sign-offs on my mobile device saves )

easier - m able to capture data with my phone and even  me so much administration time. We are able to manage have full visibility of everyone's tasks and
annotate photos with additional information.” quality and safety of subcontracted labour vith everyone ~ Job progress, changes in our supply chain

on the same construction management software.” and deliveries - all in real time with one

“I'm better able to control scheduling and dependencies
because | have visibility on tasks and changes in deliveries.
I'm also able to keep track of daily reports, logs and all

single construction job management app.” project information in one single construction app.”
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CHAPTER 5
CONCLUSION

Efficient material management is crucial for the success of any
construction project and can be the deciding factor between a successful
project and a project full of delays and claims.

Better material management methods and decision models are needed
to improve the electrical contractor’'s current practices, thus increasing
efficiency and minimizing costs.

An effective material management system is essential to avoid material
shortages, misplacements, loss, and theft which might result in
increases in crew idle times, loss of productivity and delay of activities.

Electrical contractors should implement an efficient material
management system due to the fact that in most of the cases they are
asked to squeeze their bids in order to keep the costs of project under
budget. In such a case, failures to effectively manage materials could
result in decreases in profit or even a loss.

The primary goal is to have the material needed, in the amounts needed,
with the quality required, and the time that they are needed. Most
electrical contracting companies have a material management system
that serves their needs, although it could be improved.

A fully integrated approach will better improve communication and
minimize gaps in information flow among all the parties and departments
involved.

for this using two live case study and questionnaire survey while this
gather data about supply chain and total quality management in
electrical services , it gave the clear picture about SCM and TQM

and then collected data are analysed through quality tools with the help
of DMAIC for shortlisted three main equipment like DG, PANELS
(LT,HT,LV,DB), BUS BAR .
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conclued collected data through three major constrain such as — cost ,
time, manpower according to this checklist and software suggestion to
improve the SCM in TQM

Standardization of the material management system could be a step
forward in improving the system and eliminating some of the bottlenecks.

The research presented in this document aimed at designing an
integrated system of decision- support tools and SPARCS for material
procurement for the electrical contractor.

An integrated approach for material procurement provides better
decisions on what to order, how much to order , where to deliver and
quality of the order
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