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Hydrocarbon industry is the second largest employer in India. As one of the leading avenues for employment in 
the country, the role played by this industry in the economic development of India is pivotal. However, despite 
its vast potential, the construction industry faces challenge of shortage of skilled manpower. This hampers the 
progress of the industry, as the quality of constructed structure is poor and most projects fail to be completed 
in the stipulated time.

There is a vast difference between the required skill sets and available skills amongst workers in the industry 
today. To reduce the skill gap, appropriate skilling of the workforce is of paramount importance. It will not only 
empower the worker, but also benefit the construction framework.

This participant handbook is developed to impart skill training with appropriate and relevant knowledge                    
required to work as an Pipe Fitter (Oil & Gas/City Gas Distribution) in the Oil and gas industry. It is designed  
based on Pipe Fitter (Oil & Gas/City Gas Distribution) Qualification Pack under the National Skill Qualifications 
Framework. It comprises the following NOS/topics:

This book is designed considering the lower educational background of the Hydrocarbon workforce. Therefore,                   
special efforts have been taken to explain the concepts required for the job with ample visual support and             
illustrations.

Units and symbols used in the book have been listed below:

About this book 

Symbols Used
......

	 NOS code 	 	 	 	 Major function/Task

ELECTIVE - I (Oil & Gas)

1.	 HYC/N6109:	 	 	 Perform pipe fitting activity

2.	 HYC/N6110:	 	 	 Perform pipe laying and joining activities

ELECTIVE - II (City Gas Distribution)

3.	 HYC/N6105:	 	 	 Fitting, Welding Basics and Jointing Process of Materials (CGS)

4.	 HYC/N6106:	 	 	 Perform Electrofusion Welding

COMPULSARY NOS (Non-Core) 

5.	 HYC/N9301:	 	 	 Work effectively in a team

6.	 HYC/N9302:	 	 	 Maintain Health Safety and Security procedures

Notes Tips

!!

StepsKey	Learning
Outcomes

Unit
es

PracticalExercise
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At the end of this module, you will be able to:

1.	 	wear proper PPE and exhibit proper safe working principles and practices duly implementing  all HSE 
requirements

2.	 read and interpret drawings and approved work procedures 

3.	 	receive materials, ensure material release for construction and check for any material damage

4.	 	carryout measuring, marking, cutting and transfer/maintain ensuring material identification and traceability 

5.	 	identify and make readily available appropriate consumables, tools and equipment for piping edge preparation 
and fit up work activities 

6.	 	prepare joints for edges of pipes to meeting drawing requirements and perform pipe fit up activities approved 
procedures requirements

7.	 perform / ensure functional checks of valves and other instruments / accessories and install them as per 
approved construction drawings 

8.	 install gaskets, bolts / studs, nuts, washers, clamps, etc., and perform proper bolt tightening / torqueing in 
sequence 

9.	 	perform pipe stringing, fitting activities at pipeline installation site

10.	 ensure proper trench preparation and pipe bedding and pipeline lowering

11.		prepare for hydrotest / pneumatic test and perform the test with appropriate work permit duly complying 
with all safety precautionary requirements 

12.		perform depressurizing, dewatering and cleaning piping / pipeline systems.

Key Learning Outcomes
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Unit  1.1 Introduction

Unit Objectives

1.1.1 Introduction to the Training Program

At the end of this unit, you will be able to:
1.	 identify the importance of pipe fitter training

2.	 recognise the organisation chart, pipe fitter roles

3.	 distinguish between piping and pipeline.

Introduction to QP and NOS 

	 This training program is based on Qualification Pack (abbreviated as ‘QP’) named as  “Pipe-Fitter Oil and Gas 
Industry”. The code for the QP is “HYC/Q6103”. HYC stands for “HydroCarbon”. This QP consists of a set of 
National Occupational Standards (NOS). NOS specifies the standard competency a pipe fitter must achieve when 
carrying out a function in the workplace. Under this QP, there are four NOS. They deal with the oil and gas pipes 
and pipelines related functions to be performed in worksite duly complying with all safety requirements.

	 NOS Code			   Major Functions / Task

	 HYC/N 6109 		 Perform pipe fitting activity

	 HYC/N 6110		  Perform pipe laying and joining activities

	 HYC/N 6103		  Work effectively in a team

	 HYC/N 6104		  Follow health, safety and security procedures

Benefits of this training

	 After successful completion of training and passing the assessment, the candidate will be issued a certificate. 
The certificate will help the candidate to get employment in fabrication, and construction industries in oil and 
gas sector. Oil and gas industries need a great number pipe fitters all over the world. Pipe fitter is not only trained 
on simple pipe fit up, but are trained in the basics of engineering drawings, pipe materials, pipe fitting materials, 
all type of joints related to oil and gas piping / pipeline. The oil and gas pipe fitters can be directly employed to 
perform pipe fitting activities without site / on the job training at the worksite. Oil & Gas industry pipe fitters 
are one of the highest paid of all the trades, with more job openings in the near future. Job growth for the 
pipe fitting industry is expected to expand in the forthcoming years in India as well as abroad. Satellite cities 
development in all over India needs more infrastructure for oil and gas transportation and distribution . Hence 
a lot of opportunities are getting lined up for Pipe fitters trained to oil and gas related facilities construction 
(including transportation and distribution) requirements.

1.	 Organization and its process

	 Oil and Gas pipe fitter shall have enough information / knowledge about the organization and its process to 
thoroughly understand the organization and its context. He / She shall go through the company policies on 
personnel management, duty reporting procedures  and comply with the same duly maintaining discipline. Pipe 
fitter must be aware of and comply with the respective legislation, standards, policies, and procedures followed 
in the company mainly those relevant to his employment and performance conditions. He / She shall receive 
employment terms and entitlements from the employer along with job description, roles and responsibilities. 

	 The pipe fitter shall receive adequate induction in problem escalation procedure and escalation matrix for 
reporting work and employment related issues. Pipe fitter shall have access to company standard operating 
procedures so as to refer and meet the respective procedures requirements  while working. He shall be aware 
of documentation and related procedures applicable in the context of employment and work. Pipe fitter must 
have adequate information about his reporting structure within the organization and relevant people and their 
responsibilities within the workarea  with whom he has to liaise for      day-to-day work activities. 
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2.	 Health, Safety and Environment (HSE) System Requirements

	 Pipe fitter shall strictly adhere with relevant health and safety requirements applicable in the work place. Safety 
should be the top priority in any facility to keep productivity at its best and to avoid injury or health concerns. 
Pipe fitter shall be aware about  importance of working in a clean and safe environment. One of the most 
effective ways to improve the safety of worksite is to make sure that it is cleaned properly maintained.  Cleaner 
work environment reduces injuries on the job. Poorly cleaned / poorly maintained / faulty / broken equipment 
or slippery surfaces could lead to a potential fall /injury / accident. The cleaner the working facility is, the better 
the quality of products and services. 

3.	 Importance and Purpose of Documentation     

	 Documentation is a record of information which can be referred to or used, whenever required. Documents act 
as the store of collective organizational knowledge regarding the processes. They can be accessed by anyone 
whenever needed. Documented information shall be maintained to support the operation and its processes: 

•	 	to provide evidence of results achieved and contain statement of fact. 

•	 	to provide evidence of fitness for purpose of the monitoring and measuring activities 

•	 	to show conformity of products and services that meet the requirements.   

	 Pipe fitter must know and follow the review and approval process of  the requisition of materials/equipment by 
assigned employees. Pipe fitter shall be aware of required records to be prepared and maintained. Knowledge 
in preparing reports and recording repairs and successful completion of repair are important. 

	 Pipe fitter shall be trained in implementation of inspection and test plans that includes inspection and test stages 
along with customer inspection and meeting quality standards requirements.

Pipe fitter roles, responsibilities and tasks include: 

a.	 reporting to foreman / supervisor and following their instructions for everyday pipe fitting work activities. 

b.	 duly discussing with supervisor / foreman, prioritising work schedule and process implications for own work 
and schedule of others.

c.	 attending site daily Tool Box Talks and Safety Meetings without fail. 

d.	 reading and understanding organization procedures for necessary approval, work permit (PTW- Permit To 
Work) and for receiving materials. 

e.	 reading and interpreting piping drawings, specifications and work procedures. 

f.	 following all safe work practices and handling all piping works related equipment carefully.

g.	 selecting pipe sizes, types and related materials and planning the fit up work sequence. 

h.	 ensuring that pipes and pipe fittings have been inspected on receipt and released for fabrication / 
installation. 

i.	 measuring, marking and cutting pipes duly maintaining identification and traceability. 

j.	 using appropriate tools, instruments and equipment for pipe edge preparation, cutting, fit up and tack welding 
/ deburring tools.

k.	 piping ends and edge preparation for for welding / jointing as required by the drawing / specification. 

l.	 for cutting and edge preparation employing appropriate methods such as gas cutting, hacksaw cutting, 
grinding, machining, etc.

m.	checking all pipes and fitting inside for cleanliness / any objects. 

n.	 aligning / joining pipes using various methods such as tack welding, brackets and wedging, clamping (internal 
& external).

o.	 performing piping / pipeline stringing & alignment. 
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p.	 assembling and securing pipes, tubes, fittings and related equipment according to specifications / drawings 
using techniques such as welding, bolting, threading joints.

q.	 performing dimensional check and ensuring the correct size, length, orientation, position / location.  
r.	 checking piping / pipeline alignment, straightness, level and all other dimensional checks. 
s.	 assembling valves and other instruments / accessories by taking into account the flow directions.
t.	 Marking the hole locations and cut / bore/ drill holes in structures / supports. 
u.	 install pipe supports as per drawing / specifications.
v.	 performing bolting in sequence with required torque by the approved / permitted torque method. Some 

cases minimum torque will be specified. In some cases, torque may be limited to certain limit / range to avoid 
gasket / joint face damages.

w. preparation for hydotesting / pneumatic testing and reinstatement after test completion.

I.	Answer the following questions.

1.	 List any two objectives of this training program.

--------------------------------------------------------------------------------------------------------------------------------------------------

2.	 What is the need for oil and gas pipe fitter training?

--------------------------------------------------------------------------------------------------------------------------------------------------

3.	 What are the benefits of pipe fitter training?

--------------------------------------------------------------------------------------------------------------------------------------------------

4.	 Briefly describe organizational context and processes with respect to piping / pipeline works.

--------------------------------------------------------------------------------------------------------------------------------------------------

5.	 Describe Pipe fitter roles, responsibilities and tasks.

--------------------------------------------------------------------------------------------------------------------------------------------------

II. 	 State whether the following statements are True or False.

1.	 Purpose of oil and gas pipe fitter training includes “familiarising with various pipe and pipe fitting materials.

 		  True			   False 

2.	 Pipe fitter need not perform piping / pipeline stringing activities.

		  True			   False

3.	 Safety standards are not relevant to pipe fitting activities.

		  True			   False

4.	 Welded pipe systems demand the least degree of excellence in materials and quality of work.

		  True			   False

5.	 Pipe fitters perform joints preparation.

		  True			   False

6.	 Oil and gas pipe fitter certificates issued to the trainee will not be useful for fabrication industries.

		  True			   False

Exercise



7

Pipe Fitter - Oil & Gas/City Gas Distribution

7.	 Pipe fitter must be aware of and comply with the respective legislation, standards, policies, and procedures 
followed in the company. 

		  True			   False

8.	 Ensuring clean and safe environment is not pipe fitter’s responsibility.

		  True			   False

At the end of this topic, you will be able to:

1.	 define piping and pipeline construction methods in oil and gas industry

2.	 describe codes and standards

3.	 define terms and definitions.

Notes

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

1.1.2 Introduction to Piping and Pipeline

	 Piping and pipeline: Oil and Gas piping / pipeline fitter shall have knowledge on various piping and pipeline 
systems and their standards / specifications so that they have proper understanding about what they are doing 
and the purpose. Pipe fitters need to know that the oil and gas industry is usually divided into three major   
sectors - midstream, upstream and downstream.

	 Upstream: The upstream sector also known as “Exploration and Production - E&P”  includes finding underground 
or underwater crude oil and natural gas fields, locating exploratory wells, and subsequently drilling and 
operating the wells that recover and bring / lift the crude oil or raw natural gas to the surface and get it ready for 
transportation. 

	 Midstream: The midstream sector involves transportation (by pipeline, rail, barge, oil tanker or truck), and 
storage of crude or refined petroleum products. Pipelines and other transport systems can be used to move 
crude oil from production sites to refineries and deliver the various refined products to downstream distributors.  
Natural gas pipeline networks aggregate gas from natural gas purification plants and deliver it to downstream 
customers such as local utilities.

	 Downstream: The downstream sector also known as “Refining and marketing- R & M” is further processing 
of crude oil and natural gas into useful final product or raw material for other industry. Downstream process 
includes refining of petroleum crude oil and the processing and purifying of raw natural gas as well as distribution 
of products derived from crude oil and natural gas. The downstream sector reaches consumers through products 
such as gasoline or petrol, kerosene, jet fuel, diesel oil, heating oil, fuel oils, lubricants, waxes, asphalt, natural 
gas, and liquefied petroleum gas (LPG) as well as hundreds of petrochemicals.
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Piping 

	 Piping is the term normally used to describe plant or process piping or station piping in oil and gas industries. 
Process plant is a place where a series of activities are performed with various piping systems in an ordered 
manner to convert raw material into useful products or transfer fluid from one equipment to another within the 
plant boundary. 

	 Piping is a complex network of pipe and fittings including pipe, pumps, equipment, valves, fittings, flanges, bolts, 
gaskets, regulators, pressure vessels, pulsation dampeners, relief valves / devices, appurtenances attached to 
pipe, compressor units, metering facilities, pressure regulating stations, pressure limiting stations, pressure relief 
stations and fabricated assemblies and pressure containing parts within the defined boundaries of the plant. 
It also includes hangers and supports, and other equipment necessary to prevent overstressing the pressure 
containing parts. Process plant piping is mostly above ground with very few underground services such as, 
sewage and drainage piping. 

	 On plot piping: On plot is a location inside the designated plant boundaries and,  generally, piping inside the      
on–plot boundaries comes under process piping.   

Petroleum refinery is an industrial plant for processing or handling of petroleum and products derived 
directly from  petroleum / oil and gas wells. Such  a  plant  may  be   an  individual  gasoline recovery plant, 
a treating plant, a gas gathering and compression plant, gas processing plant (including liquefaction), or an 
integrated refinery having various process units and attendant facilities.

	 Large series and networks of pipes are within the well defined boundaries of the plant/plot with all fittings and 
equipment like pump, valves, instruments, equipment, unions and other miscellaneous items with an intention 
to transfer fluid from one facility to another within those boundaries as required.

	 Pipeline 

	 The pipeline is series of straight pipes, welded together over a long distance for conveying oil or gas over long 
distances. A system of pipes and other components are used for the transportation of fluids, between (but 
excluding) plants. A pipeline extends from pig trap to pig trap (including the pig traps) or, if no pig trap is fitted, 
to the first isolation valve within the plant boundaries.   Pipelines used in the oil and gas industry vary according 
to many factors, such as the product to be transported, the delivery stage and whether it is part of the upstream, 
midstream or downstream sector. Natural gas is transported through the transmission pipeline system, which is 
composed of large diameter steel pipes.

Fig. 1.1.1 Oil & Gas - upstream, Midstream, Downstream

OIL & GAS EXPLORATION/ PRODUCTION TRANSPORT & STORAGE PRODUCT PREPARATION & USAGE

OFFSHORE
OIL & GAS PLATFORM

ONSHORE
PUMP JACK

PROCESS & 
STORAGE

Pipeline OIl & Gas
Transfer

TRANSPORT

REFINING & 
PURIFYING  

DISTRIBUTION
SALES/ MARKETING/ RETAIL
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Table 1 Piping and pipeline comparison

Sl. No. Pipe / Piping System Pipeline / Pipeline system

1.
Series and networks of pipes and fittings 
within the defined boundaries of the plant

Many straight pipes are welded together for 
conveying / transporting oil or gas, over long 
distances.

2.
These are plants or process piping, generally 
not exceeding 400 meter in length.

Mostly transporting bulk liquid or gas from one 
place to another. Sometimes 1000 kilometers long  
distances.

3. Wide range of many pipefittings are used. Pipe fittings are comparatively very less in pipeline 
system.

4. Mostly above the ground with very few 
underground services.

Pipelines are laid underground, above the ground 
and underwater such as subsea pipeline.

5.
Piping system includes very small size 
piping to large diameters from ½” to 36” in 
diameter.

Comparatively and mostly larger size pipes are 
installed.

6. Comprise many equipment within the piping 
system.

Few equipment are used within the pipeline 
system.

7. Piping system design code includes ASME 
B31.1, ASME B31.3

Pipeline system design code includes ASME B31.4, 
ASME B31.8

8. In general on plot In general Off plot.

	 Pipelines are mostly large in diameter and transport bulk liquid or gas from one place to another sometimes 
along 1000 kilometre long distances. Pipeline system comprise all parts of physical facilities through which liquid 
or oil / gas moves in for transportation.  Included within this definition are transmission and gathering lines, 
which transport liquid / oil / gas from production facilities to onshore locations and storage area. 

	 Other Pipeline Components are  Pig launcher / Pig receivers, Barred Tees, Isolation Joints, Pig signallers, Corrosion 
monitoring fittings, Shrink sleeves / External coatings / Cathodic protection for buried lines. The pipelines are laid 
underground, above the ground and underwater such as a subsea pipelines.

III.	Types of Pipeline in Oil & Gas Industry 

	 Gathering lines: Pipelines form network and are connected from the wells to processing facilities. Gathering 
pipelines are used to deliver the oil or gas product from the source to processing plants or storage tanks. These 
are commonly fed by ‘flow lines’, each connected to individual wells in the ground.

	 Transmission Pipelines: Transmission pipelines are used to transport crude oil, natural gas and refined products 
for long distances across states, countries and continents. They are used to move the product from the production 
regions to distribution centres or refineries.

	 Flow lines: Flow line is a pipeline transporting untreated hydrocarbons and other reservoir fluids.    Pipelines 
from the well are sent to the nearest processing facility / gathering station when is also called flow lines. Their 
purpose includes moving the raw product from the well to the gathering lines. They carry a mixture of oil, gas, 
water and sand and are normally no more than 12” diameter in size.

	 Loading lines / Export lines:  Loading / exporting pipeline is a  pipeline between an onshore facility and an 
offshore loading facility. In other words, this is the pipeline from the processing facility to the loading or export 
point.

	 Trunk lines / Inter field lines: This is also a main transmission pipeline to which spurlines and offtake lines may 
be connected. Pipelines between two processing facilities or from pig trap to pig trap or from block valve station 
to block valve station are also called trunk line.
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	 Spur lines / Transfer lines: It is the branch line exiting into trunk line or export line. That is, Spurline is a pipeline 
transporting fluid into a larger pipeline.   

	 Injection lines: Injection lines are pipelines, injecting water / steam / polymer / gas into the wells to improve the 
lift by injected fluid pressure.

	 Off plot piping: Off plot is a location outside the designated plant boundaries and, generally, comes under the 
category of pipelines.   

	 Disposal lines: Pipeline which disposes (normally water) into disposal wells (shallow / deep).

	 Subsea pipelines: Pipelines connecting the offshore production platforms to onshore processing facilities. 
Pipelines under deep seawater of floating platform facilities are also called subsea pipelines. 

	 Distribution pipelines: They are a system made up of ‘mains’ and ‘service’ lines, used by distribution companies. 
Together they deliver natural gas to the neighbourhoods of homes and cities.

	 Mains pipelines: Distribution pipelines classed as ‘mains’ are the step between high pressure transmission lines 
and low pressure service lines. Materials used for these pipes include steel, polyethylene, cast iron, plastic and 
copper.

	 Feeder pipelines: Feeder pipelines are used to move the product from processing facilities and storage tanks to 
the long distance transmission pipelines.  

	 Service pipelines: Service pipelines connect to a meter and deliver natural gas to individual customers. Materials 
used for service pipes include plastic, polyethylene, steel or copper. Pressure of the gas in these pipes is low at 
around 60 psi.

Piping and pipeline codes / standards	
1.	 ASME B31.1 Power Piping

	 Piping that is typically found in electric power generating stations, in industrial and institutional plants, 
geothermal heating systems,  heating and cooling plants.

2.	 ASME B31.3 Process Piping

	 Piping that is typically found in petroleum refineries, chemical, pharmaceutical, textile, cryogenic plants and 
related processing plants and terminals.

3.	 ASME B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids

	 B31.4 prescribes requirements for the design, materials, construction, assembly, inspection, and testing 
of pipeline transporting liquids between production facilities, between plants and terminals and within 
terminals, pumping, regulating, and metering stations, tank farms, natural gas processing plants, refineries,  
ammonia plants, terminals (marine, rail, and truck), and other delivery and receiving points. 

4.	 ASME B31.5 Refrigeration Piping

	 Piping for refrigerants and secondary coolants.

5.	 ASME B31.8 Gas Transportation and Distribution Piping Systems

	 Piping transporting products which are predominately gas between sources and terminals including 
compressor, regulating and metering stations, gas gathering pipelines. This code covers the design, fabrication, 
installation, inspection, and testing of pipeline facilities used for the transportation of gas. 

6.	 ASME B31.9 Building Services Piping

	 Piping that is typically found in industrial, institutional, commercial and public buildings and in multi-unit 
residences which does not require the range of sizes, pressures and temperatures covered in B 31.1 (power 
piping).

7.	 Pipeline related ISO standards include

•	 ISO 3183 – Petroleum and Natural gas industries – Steel Pipe

•	 ISO 14692 – Petroleum and Natural gas industries – Glass Reinforced plastic piping



11

Pipe Fitter - Oil & Gas/City Gas Distribution

Abbreviations		  Definitions
Abs			   Absolute
AFC			   Approved For Construction (Mostly specified in drawings & procedures)
AISI			   American Iron and Steel Institute
ANSI			   American National Standards Institute
ASME			   American Society of Mechanical Engineers
ASTM			   American Standard for Testing Materials
Assy			   Assembly 
BIS			   Bureau of Indian Standard
BLDG			   Building
Btu			   British thermal unit(s)
BOM			   Bill Of Material
BOP			   Bottom of pipe
BW			   Butt Weld
CI			   Cast Iron
CS			   Carbon Steel
°C			   Degrees Centigrade
°F			   Degrees Fahrenheit
Dia / f			   Diameter
Drg			   Drawing
DSS			   Duplex Stainless Steel
EL			   Elevation
EN			   European Norms (Standards)
ERW			   Electric Resistance Weld
FCAW			   Flux Cored Arc Welding
FLG			   Flange
FF			   Flat Face (of Flange)
G			   Gage or Gauge
GA			   General Arrangement
GAIL			   Gas Authority of India Limited
GALV			   Galvanised 
Gr			   Grade
GTAW			   Gas Tungsten Arc Welding
HDPE			   High Density Poly Ethylene
Hex			   Hexagonal
HSE			   Health Safety and Environment 
IBR			   Indian Boiler Regulation 
ID			   Inside Diameter
IFC			   Issued For Construction
INS			   Insulation
IS			   Indian Standards
ISO			   International Organization for Standardisation
Kw			   Kilowatt(s)
LC			   Lock Closed
LO			   Lock Open

•	 ISO – 15590 – 1, 2 and 3 Pipeline fittings

•	 ISO 14313 – Petroleum and Natural gas industries – Pipeline valves

Abbreviations and Definitions
	 Many abbreviations are used in piping and pipeline works. The pipe fitter shall be familiar with those abbreviations 

and definitions as he/she may encounter these abbreviations in his routine work. Important abbreviations and 
corresponding definitions are listed herewith.
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PPE			   Personnel Protective Equipment
PQR			   Procedure Qualification Record
PRV			   Pressure Relief Valve
Psi			   Pounds per square inch
PSV			   Pressure Safety Valve
PT			   Penetrant Testing
PVC			   Polyvinyl Chloride
RED			   Reducer
RF			   Raised Face
RT			   Radiographic Testing
RTJ			   Ring Type Joint
SMAW 			  Shielded Metal Arc Welding
SAW			   Submerged Arc Welding
Sch			   Schedule
SMLS			   Seamless
Spec			   Specification
SO			   Slip On
SQ			   Square
SR			   Short Radius
SS			   Stainless Steel
Std			   Standard
STL			   Steel
SWG			   Swage
Temp			   Temperature
T.O.C			   Top Of Concrete
TOS			   Top Of Steel
TYP			   Typical
UT			   Ultrasonic Testing
VT			   Visual Testing
WN			   Weld Neck
WT			   Weight
XS			   Extra strong
XXS			   Double extra strong

LR			   Long Radius 
Max			   Maximum
MFG			   Manufacturing
Min			   Minimum
mm			   Millimeter
MSS			   Manufactures Standardization Society
MT / MPT		  Magnetic Particle Testing
NDT			   Non Destructive Testing
NPS			   Nominal pipe size
OD			   Outside Diameter
ONGC			   Oil and Natural Gas Corporation
PCD			   Pitch Circle Diameter
P&ID			   Piping & Instrumentation Diagram
PNGRB			   Petroleum and Natural Gas Regulatory Board
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Exercise
I.	 Answer the following questions.

1.	 Explain process piping.

--------------------------------------------------------------------------------------------------------------------------------------------------

2.	 What do you understand by the term “onplot” piping?

--------------------------------------------------------------------------------------------------------------------------------------------------

3.	 Explain oil and gas major sectors - upstream, midstream and downstream.

--------------------------------------------------------------------------------------------------------------------------------------------------

4.	 Distinguish piping and pipeline system.

--------------------------------------------------------------------------------------------------------------------------------------------------

5.	 Explain the purpose and significance of ASME B31.4 Pipeline Transportation Systems.

--------------------------------------------------------------------------------------------------------------------------------------------------

6.	 Write down the expansions for the following abbreviations related to piping and pipelines.

	 AFC, ASTM, BOM, ERW, NPS, PRV, SMLS, T.O.C, XXS

--------------------------------------------------------------------------------------------------------------------------------------------------

II. 	 State whether the following statements are True or False.

1.	 Off plot is a location inside the designated plant boundaries and for generally piping inside the plant 
boundaries.

 		  True			   False 

2.	 Pipeline is series of straight pipes, welded together over a long distance, for conveying oil or gas.

		  True			   False

3.	 Exploration and production is a “midstream stream process” in oil and gas industry.

		  True			   False

4.	 Further processing of crude oil and natural gas into useful final product is a “downstream process”. 

		  True			   False

5.	 Pipelines comprise many equipment and accessories within the pipeline system.

		  True			   False

6.	 Pipeline system design code includes ASME B31.4.

		  True			   False

7.	 Pipelines used to move the product from the production regions to distribution centres or refineries are 
called gathering lines.

		  True			   False

8.	 Transmission pipeline is a pipeline from the processing facility to the loading or export point. 

		  True			   False

Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------
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UNIT 1.2 Piping and Pipeline Layout Drawing

Unit Objectives

1.2.1. Piping and Pipeline Drawings- Basics of Engineering

At the end of this unit, you will be able to:

1.	 read and interpret basics of engineering drawings and symbols

2.	 read, interpret piping isometric drawings, pipeline layout drawings, hangers and pipe support drawings and 
related engineering drawings

3.	 draw and illustrate pipeline system and bill of materials

4.	 describe various pipe supports.

At the end of this topic, you will be able to:

1.	 describe basics of engineering drawings

2.	 read and interpret engineering drawings / projections

3.	 prepare simple drawings both in 1st angle and 3rd angle projections.

Introduction

	 Transmission of oil and gases subjects the pipe to intense stresses and strains and this demands the highest 
quality throughout the construction process from material sourcing, fitup, welding till installation. All pipework 
must be designed and fabricated in a way that ensures the safety of plant operators, the plant, the public and 
the environment and to the medium being transmitted. 

	 Process piping is designed, constructed and installed in accordance with ASME B31.3 code. Power plant piping 
is designed, constructed and installed in according with ASME B 31.1.

	 In Oil and Gas Industries, a pipeline is designed in accordance with ASME B31.4 code for Liquid Transportation 
Systems for Hydrocarbons, Liquid Petroleum, Anhydrous Ammonia, and Alcohol and ASME B31.8 that is the 
governing code for Gas Transmission and Distribution Piping Systems. Pipelines are laid above the ground, below 
the ground, river and in subsea. 

Basics of Engineering Drawings 

a.	 Drawings are prepared in grids with title blocks and coordinates. 

b.	 Bill of materials, notes and instructions, if any, are incorporated into the applicable drawings. 

c.	 Drawings may be prepared with or without scales. 

d.	 Different types of drawings are prepared for piping and pipelines. They include GA – General Arrangement 
Drawings, Assembly drawings, plot plan, layout drawings, pipeline drawings, PID – Piping and Instrument 
Diagram, PEFS - Process Engineering Flow Scheme Isometric drawings, detailed drawings etc.

e.	 Drawings may be prepared in projectional view or isometric view. 

Drawing line indications need to be:

•	 Visible continuous lines to depict edges directly visible from a particular angle and represent the features that 
can be seen in the current view.

•	 	hidden / dotted or short dashed lines indicate the features that cannot be seen in the current view, representing 
edges that are not directly visible. 
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•	 centre line represents axis and symmetry of the object, path of motion, center of circle. Center line is drawn 
as long and short dashed lines, alternately.

•	 	dimension, extension and leader lines indicate the sizes and location of the features.

1.	 Orthographic Projection

	 Piping drawings may be prepared in orthographic projection, isometric and block diagrams. Orthographic 
projection is a two dimensional drawing showing the true size / shape of the  three dimensional object. It is 
a way of representing a three dimensional object on a drawing sheet. Image of a three dimensional object is 
projected and viewed / seen in directions that are right angle with each other. Orthographic drawings usually 
consist of the following:

Elevation / front view: This is a view of the object from the front side. 

Top / plan view: This is the view of the object from the top. 

Side view: This is the view of the object from the leftside or right side. 

Sectional View: This is a cross - sectional view used to show the inside configurations / details.

	 Normally, in case of third angle projection, front view is drawn in lower left corner of the drawing; top view is 
drawn in the upper left corner and right side view on the lower right corner of the drawing. Same scale is used 
for drawing all the views. Orthographic Projection drawings may be prepared and presented in 1st angle or 3rd 
angle projection. 

	 Orthographic projection symbols depicts  whether the drawing is prepared in the first angle or third angle 
projection as given in the figure that following.

Part Outlines
Heavy

Light

Medium

Light

Light

Light

3.000

Heavy

Heavy

Section Lines

Hidden Lines

Genter Lines

Dimension and
Extension Lines

Cutting Plane

Preak Lines

Fig. 1.2.1  Orthographic drawing projection symbols

Projection Symbol

First Angle

Third Angle

a.	 First Angle Projection Method

	 First angle projection means viewing a body in the first quadrant. In India, at present, generally first angle 
projection drawings are used. Referring to 1.2.2 of the Tea cup, top view is drawn below front view and left side 
view is drawn in right side of the front  / elevation view:

Fig. 1.2.2 First angle projection drawing of a Tea Cup Fig. 1.2.3 Third angle projection drawing example



Participant Handbook

16

b.	 Third Angle Projection Method

	 Referring to Fig 1.2.3, the object is placed in the third quadrant. Vertical plane is a view from front of the 
object. Horizontal plane is a view from above the object.  Top view is drawn above front view and right side 
view is drawn in the right side of the front / elevation view. 

c.	 Piping system drawn in both 1st and 3rd angle projection

	 A simple piping system (consisting of  run pipe, tube support welded to a flange, bolted to a stationary steel 
plate structure) drawn in both first and third angle projection methods has been illustrated in Fig.1.2.4. 

Making Simple Drawings 

1.	 Drawings shall include title block, revision block, notes list, bill of materials, views and sections, zone grids, 
scales, etc. 

a.	 Title Block:  Drawings shall include a title block. Contents of title block include project name, drawing title, 
drawing number, revision number, drawing scale, drawn by, reviewed / checked by, approved by, direction, 
first / third angle projection symbol, Issue status (such as AFC- Approved for Construction / IFC, Issued for 
Construction).

b.	 Revision Block: The revisions block is a tabulated list of the revisions (versions) of the drawing, documenting 
the revision history. Traditional location for the revisions block is the top / adjoining the title block.

c.	 Zones / Grids: Drawings contain letter and number labels along the margins such as A,B,C,D in sides and 
1,2,3,4,5,6 along the top and bottom. Names of grids / locations are specified as A5, D2, or B1. This grid 
identification helps to reference particular areas of the drawing.

d.	 Section Views: Section views are projected views, showing crosssection of the source object along the 
specified cut plane. These views are commonly used to show internal features with more clarity than may be 
available using regular projections or hidden lines. 

e.	 Revision locations are represented with clouded area and a triangle with the revision number.

f.	 Dimensioning in drawing shall be performed with unique practice. Examples of dimensioning has 	 	
been shown in the Fig. 1.2.5 and 1.2.6.

h.	 Drawing to scale

1.	 When a drawing is to be preparded, all dimensions shall be proportional. Otherwise it will look like a 
cartoon.

2.	 If a house elevation drawing is to be propared, the drawing sheet shall not be to full height and length / width 
of the house. Hence, drawings are to be prepared to a reduced scale. All dimensions shall be converted to the 
convenient scale and drawn.

For example scale 1:20 means,

1mm in drawing represents the true size of 20mm

Fig. 1.2.4 – A simple piping system drawn in both 1st angle and 3rd angle projection.

First Angle
Projection

Third Angle 
Projection
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10mm in drawing represents the true size of 200mm

100mm in drawing represents the true size of 2000mm

For example scale 10:1 means,

10mm in the drawing represents the true size of 1mm

100mm in the drawing represents the true size of 10mm

g.	 Dimensioning Sample: It is a cylindrical solid object  2 inch (50.8 mm) long with major diameter (outside 
diameter) of 1 inch (25.4 mm) and a step having 0.65 inch (16.51 mm ) diameter for 0.4 inch (10.16mm) 
depth.

Fig. 1.2.6 Dimensioning(in inch unit)  a cylindrical solid object hav-
ing two different diametersFig. 1.2.5  Dimensioning system

Small Space

45 Projection line
Short extension

	 Spool drawings 

	 A spool is an assembly of fittings, flanges and pipes that are to be prefabricated. 

	 Piping Isometric views showing details and dimensions of all lines are produced from general arrangement 
drawings. These are called piping spool isometric drawings or simply spool drawings. A spool drawing will 
contain

•	 	title block information

•	 	the piping schedule

•	 	the orientation symbol

•	 	view of the pipe spool

•	 	dimensions, elevation (height level) and location / position with respect to coordinates

•	 	adjoining pipe spools

•	 	the direction of flow of the conveyed fluid or gas.

Each pipe spool drawing may also list the materials required for fabrication of the spool.

Guidelines for making simple drawings 

1.	 Choose the scale of the drawings considering the drawing size and object size. The scale shall be chosen in 
views that can be drawn in single sheets.

2.	 Draw the title block, revision block and grids.

3.	 Use appropriate pencils 2H, H, HB, etc., to draw the lines, outlines, section line, hidden line, centre line, etc.

4.	 Study the object and draw the elevation / front view.

5.	 Draw top / plane view.

6.	 Draw side / section view.

7.	 Assign dimensions and dimension lines with ‘H’ pencil and arrow with HB pencil.

8.	 Show the internal details such as holes, key ways, etc., in dotted line using “H” pencil.
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At the end of this exercise, you will be able to:

1.	 draw the 1st angle projection drawing for cylindrical pipe

2.	 draw the 3rd angle projection drawing of any given object

3.	 draw the orthographic projection drawing.

1.	 Draw 1st angle projection drawing for a cylindrical pipe of sizes - 10 mm thickness, 220 mm outside 
diameter and one meter long (Scale 1:5).

2.	 Draw the 3rd angle projection drawing of the following object, looking at the side A (front view / elevation).

3.	 Draw the orthographic projection of the following object in 1st angle projection method and then in 3rd 
angle projection method, looking from X (Scale 2:1).

Practical
Requirements

Tools/Instruments						     Materials/Components				 

Geometry box			   - 1 No.
Steel rule	 	 	 	 - 1 No.			   Paper				    -1No.	
Set Sqaure		 	 	 - 1 Set	 	 	 Pencil	 	 	 	 -1No.	
	 	 	 	 	 	 	 	 Drawing Sheet	 	 	 -1No.
Equipment/Machines										        
Personal Protective Equipment	 - 1 Set	 	 	 	 	 	 	 	 	

L
A

Exercise
I.	Answer the following questions.
1.	 Draw the first angle projection symbol to be incorporated in the first angle projection drawings.
-------------------------------------------------------------------------------------------------------------------------------------------------
2.	 How is the axis / symmetry centre line represented in the orthographic projection drawing?
-------------------------------------------------------------------------------------------------------------------------------------------------
3.	 Distinguish Ist angle and 3rd angle projections.
-------------------------------------------------------------------------------------------------------------------------------------------------
4.	 What are the typical contents of a piping spool drawing?
-------------------------------------------------------------------------------------------------------------------------------------------------
5.	 What are the typical contents of the “Title block” of a drawing?
-------------------------------------------------------------------------------------------------------------------------------------------------
6.	 A drawing has been prepared to a scale of 1:100. If the length, width and height are measured in the drawing 

as 270mm, 180mm and 190mm respectively, what is the actual length, width and height of the object?
-------------------------------------------------------------------------------------------------------------------------------------------------

1.2.2 1st and 3rd Angle Projection Drawing
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II. State whether the following statements are True or False.

1.	 Hidden / dotted or short dashed line in orthographic projectional drawing,  indicates the features that cannot 
be seen in the current view.

	 True	 	 	 False

2.	 Orthographic projection drawings are drawn in a manner in which the length, width and depth are shown in 
a single view. 

	 True	 	 	 False 

3.	 In first angle projection drawing, top view is drawn below the front view and right side view is drawn in the 
left side of the front / elevation view.

	 True	 	 	 False

4.	 In revised drawings, revision locations are represented with clouded area and a triangle with the revision 
number

	 True	 	 	 False

Notes
-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1.	 describe various oil and gas pipe and pipeline drawings

2.	 read and interpret  drawings for site / plant piping coordinates, elevation and plane North

3.	 describe significance of isometric drawings

4.	 read and interpret isometric drawings

5.	 prepare isometric drawings.

Major Types of Piping and Pipeline Drawings 

Two major types of piping system drawings are 

Orthographic - Plans and Elevations

Pictorial - Isometric Views

	 Orthographic drawings are views (front, side, top, etc.) of a piping system, and called “Piping Arrangements” 
while they represent piping system. (Select suitable scale.) An orthographic view shows only one side, and 
therefore multiple drawings (views) are necessary to show a complete piping arrangement.

	 Orthographic views are not really a best option, as a piping system is to be drawn in several planes (North to 
South, then down and then to the West, etc.). In an orthographic view, it is not a problem if the pipe runs in one 
plane. But when a pipe in two or three planes is to be drawn, an orthographic view can be unclear.

	 Isometric view of an object can be obtained by choosing the viewing direction such that the angles between the 
projections of the x, y, and z axes are the same, or 120°.

	 Illustration of Coordinates, Elevations and Plant North
	 Indicating the starting point of the piping installation site related to the North / South direction, is one of the first 

steps in setting up a coordination system. Coordinates are normally specified with reference to East or West and 
North or South directions. Fig 1.2.7 isometric drawing has east coordinate as 360.235 and South coordinate as 

1.2.3 Illustration of Pipeline System – Isometric Drawings
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177.300 at one end of the spool and E 360.235 and S 180.300 at the other end of the spool. This indicates that 
both ends are at the same location/ position with respect to East – West direction and the distance between the 
spool ends are 3000 mm (180.300-177.300) with respect to North-South direction.

	 Elevations (height locations) are shown as EL  + xxxxxx or E.xxxx. In fig 1.2.7, both end elevation (height with 
respect to datum) is EL =3.200 m which means that both ends are at the same height + 3.200m.

	 In principle, with a simple reliable compass the direction of the magnetic North can be determined. 

	 In the Fig. 1.2.8 the true North is at 18°. As a draftsman would work with the true North coordinates, he will 
immediately find out that each line from West to East and from North to South at an angle of 18° must be 
drawn.

To avoid this, a Plant North will be determined. In the example is Fig. 1.2.8, the true North, 18° is reversed. 

General  rule is, that the angle between true North and Plant North cannot exceed 45°.

1 = Official reference point

2 = South West angle of new plant

X = East West distance from new plant to reference point

Y = North South distance from new plant to reference point

	 The highest point of finished grade refers to an official reference point on which all vertical measurements are 
related.

Isometric View  Drawings 

Fig. 1.2.7 Simple isometric drawing of a piping spool Fig. 1.2.8 Plant North Illustration

1.	 Introduction to Isometric Drawings

•	 Piping components are represented on the drawing by simple & stylised symbols which are widely accepted 
and self-explanatory.

•	 Isometrics are used in fabrication  / shop drawings for pipe fabrication.

•	 Isometric spool drawings show the pipe spool in a pictorial view. Isometric drawing is a view of an object from 
a corner angle so that all the different views can be represented. 

•	 Piping isometrics are drawn in a manner in which the length, width and depth are shown in a single view. 

•	 Usually, piping isometrics are drawn with lines of equilateral triangles of 60°.

•	 Vertical lengths of pipes are calculated using elevations, while horizontal lengths are calculated using north-
South and East-West coordinates.

2.	 Isometric Drawing Direction and Location

•	 Location and direction help to properly orient the isometric drawing.
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5.	 Interpreting Isometric views in more than one plane

i.	 Below are some examples of isometric drawings. (Fig. 1.2.11 & 1.2.12). The auxiliary lines in the shape of a 
cube, ensure better visualization of the piping / pipeline routing.

	 For pipeline which runs through three planes, has flanges at both ends. Routing starting point X (Fig. 1.2.11)

•	 pipe runs to the East

•	 pipe runs up

•	 pipe runs to the North

•	 pipe runs to the West

•	 pipe runs down.

Fig. 1.2.11 Isometric view drawing representation in three planes

X

N

•	 The orientation symbol or ‘North arrow’ appears on all piping drawings. The orientation symbol is of the 
utmost importance as it shows the direction of the piping run through the plant. It also shows the position of 
pipes relative to others and the relationship between pipes and other items of equipment.

•	 A north arrow gives direction and should always point to the upper-right corner of the drawing. 

•	 South is opposite from North and points downside of the drawing and to the left. West is 90° from North 
however, in the isometric, it becomes the opposite 120° line. In this case, running up and to the left. East will 
be opposite to West and will run down and to the right. Pipelines running North/South or East/West will run 
parallel to the ground unless they are noted as otherwise.

•	 Coordinates and elevation should also be shown on the isometric drawing.

•	 Isometric drawings are drawn with hatches to indicate that a pipe runs ( rotates) at a certain angle and in a 
certain direction.

3.	 Piping Isometric Reading and Interpretation 

a.	 A piping in isometric view, is always drawn as a single line. 

b.	 This single line is the centerline of the pipe and  dimensions are measured from that line. 

c.	 The Fig. 1.2.10 shows orthographic view of a butt welded pipe with three sizes (A, B, C).

•	 Size A is measured from the front to the center line of the elbow / pipe.

•	 B size is measured from center line to center line.

•	 C size is like A, measured from the front to the center line of the elbow / pipe.

4.	 Isometric view drawing preparation

	 The same object drawn in an orthographic projectional view as in fig 1.2.9 is drawn in isometric view as below.

	 The above drawing lines is drawn in a simple manner the showing the pipe with black dots. The black dots 
denote the butt welds.  A, B and C are the dimensions of the front to the centre line, the centre line to the centre  
line and the centre line to the edge, respectively.

Fig. 1.2.9 Orthographic View (Double line presentation) Fig. 1.2.10 Isometric view drawing sample

 Butt Weld(typ)
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ii. 	 Almost identical to the drawing above. A different perspective is shown, and the pipe that comes from above 
is longer. As this pipe runs behind the other pipe, it is indicated by a break in the line. Routing starting point 
X (Fig. 1.2.12)

•	 pipe runs to the South

•	 pipe runs up

•	 pipe runs to the West

•	 pipe runs to the North

•	 pipe runs down.

	 iii. Pipe that runs through three planes, from one plane to the opposite plane.

Routing starting point X (Fig. 1.2.13)

•	 pipe runs to the South

•	 pipe runs up

•	 pipe runs up and to the North-west

•	 pipe runs to the North.

6.	 Hatches on Isometric Drawings

	 Hatches on isometric drawings are applied to indicate that a pipe runs at a certain angle and direction.  Sometimes, 
with small changes in the hatch, the routing of a pipe is no longer the East, but suddenly becomes the North.

i.	 Pipe, where the hatch indicates that the middle leg runs to the east.

	 Routing starting point X (Fig. 1.2.15)

•	 pipe runs up

•	 pipe runs up and rolls to the East

•	 pipe runs up

ii.	 Pipe, where the hatch indicates that the middle leg runs to the North.

Routing starting point X (Fig. 1.2.16)

•	 pipe runs up

•	 pipe runs up and rolls to the North

•	 pipe runs up.

	 The above two drawings show that changing from only the hatch, a pipeline receives a different direction. 
Hatches are particularly important in isometric views.

iii.	 Pipe, where the hatches indicate that the middle leg runs up and to the North-West.

Routing starting point X (Fig. 1.2.17)

•	 pipe runs up

•	 pipe runs up and rolls to the North-West

•	 pipe runs to the North.

N

X

Fig. 1.2.12 Isometric view of different prospective

Fig. 1.2.13 Isometric view of a pipe from one plant to opposite plane

N

X

Fig. 1.2.14 Isometric view of piping 
with rolling and running to east

Fig. 1.2.15 Isometric view of piping 
with rolling and running to east

Fig. 1.2.16 Isometric view 
of piping with rolling 
north-west

N

X

N

X X

N
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	 Required 

	 Tools Instruments:
	 Measuring tape
	 Scale, 
	 Angle
	 Bevel protractor, 
	 Try-square, 
	 Cutting plier.

Work Instruction 

1.	 Go through the drawings, read and interpret. North direction has been shown 

in the drawing as “N”. From this north direction, you can identify other directions.

2.	 Take a solid wire of the required length,which shall be flexible for bending by hand. 

3.	 Routing starting point X and pipe runs to the South horizontally. Cutting plier can be 

	 used to twist / bend the wire.

4.	 Bend the wire to 90˚ up from one end, so as to show that the pipe runs up vertically. 

5.	 After a certain distance, bend the wire to 45˚ inclination to vertical to show that the “pipe runs up and bows 
to the West”. 

6.	 After a certain distance of inclined portion, bend the wire towards vertical up to show that the “pipe runs up” 
vertically.

7.	 Again a after certain proportional distance, bend the wire at 90 ˚ to show that the “pipe runs to the West” 
horizontally. 

8.	 After a certain distance, bend the wire 90˚ to vertical up to show that the pipe “goes up” vertically.

9.	 Finally, bend to 90 ˚ along and towards North, horizontally. Check the angle using a bevel protractor. 

10.	 Ensure that the bend wire end is parallel to the initial wire direction started at point ‘X’. 

	 Figure 1. 2.12 shows a pipe spool that runs through three planes.  There  is a bow (rolling) in one plane 45 ˚ 
towards West .

At the end of this exercise, you will be able to: 

1.	 read and interpret isometric drawings with respect to pipe flow and rolling direction

2.	 fabricate pipe spools from raw materials as per the given isometric drawing.

Materials / Components:
MS / Copper solid wire 1.6 or 2 mm 
diameter – to the required length
(500 to 900 mm approx).

Tips
•	 During practice, all lengths need to be proportionate and approximate. “Not to scale”. 

•	 Bend angle is also approximate for practice. Try Square and angle protractor can be used if needed. 

•	 Safety: Take care of sharp edges of solid wire while twisting as it may pierce / injure the hand. Use 
appropriate PPE.

!!

1.2.4 Pipe Spool Fabrication Simulation Practice
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Exercise
I.	Answer the following questions.
a.	 Describe isometric drawings.
-------------------------------------------------------------------------------------------------------------------------------------------------
b.	 Explain drawing coordinates, elevation and plant north illustration.
-------------------------------------------------------------------------------------------------------------------------------------------------
C.	 Distinguish between isometric and orthographic drawings.
-------------------------------------------------------------------------------------------------------------------------------------------------
II. State whether the following statements are True or False.
1.	 Isometric drawing is a pictorial representation type of drawing.
	 True	 	 	 False
2.	 Hatches in isometric drawings indicate that a pipe runs at a certain angle.
	 True	 	 	 False
3.	 In isometric view, the pipe is always drawn as a double line.
	 True	 	 	 False
4.	 In piping isometric drawing length, width and depth are the same.
	 True	 	 	 False

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

1.2.5 Practising Isometric Drawing
At the end of this exercise, you will be able to:

1.	 draw the isometric drawing

2.	 make pipe spool model using solid wire.

Practical
Requirements

Tools/Instruments						     Materials/Components				 

Steel rule	 	 	 	 - 1 No.			   Paper				    -1No.	
Set Sqaure		 	 	 - 1 Set	 	 	 Pencil	 	 	 	 -1No.	
Geometry Box	 	 	 - 1 No.	 	 	 Drawing Sheet	 	 	 -1No.
	 	 	 	 	 	 	 	 Steel solid line / Copper wire	 -1No.		
Equipment/Machines										        
Personal Protective Equipment	 - 1 Set	 	 	 	 	 	 	 	 	

1.	 Draw an isometric drawing for the piping system with 2” inch diameter piping when has flanges at both ends 
and has four 90° elbows of 2” inch diameter size duly getting welded with five pipe pieces. Routing shall starts 
at the entry point of the fluid at the lower point and flows towards cast. 250 mm long pipe runs to the East 
then 500 mm long pipe runs up 500 mm long pipe to the North. 260 mm long pipe runs to the West 150 mm 
pipe runs down.

Notes
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1.2.6 Piping and Pipeline System –  Plot Plan, GA Drawing, P & ID
At the end of this topic, you will be able to:

1.	 describe plot plan, general arrangement, piping arrangement drawings

2.	 explain the significance of single and double line representation

3.	 determine the contents of  P & ID drawing.

	 Plot Plan 

	 Plot Plan is generally drawn to a scale. Plot plan gives an overview (top view) of the entire plant. All roads, 
buildings, equipment, entrance, etc., will be shown on a plot plan. It also contains arrow indications to show 
the true North direction and Plant North. Plot plans may be overall plot plan called site plan in which only major 
items will be shown or detailed plot plan which may be drawn for each elevation level. 

Detailed Plot Plan: Detailed Plot Plan gives an overview (top view) of a part of a process plant. Generally, it 
shows a part of a certain area, floor or unit.

	 General Arrangement (GA) / Equipment Arrangement Drawings 

	 These drawings indicate the locations / general arrangement of main equipment in the plant. The main piping 
items, valves, and fittings are also indicated in the General Arrangement (GA) drawings. Most often the piping is 
indicated using a top view. Sometimes, a side view of the pipe rack is also presented on the GA drawing.

	 Equipment Arrangements are drawings which show the top and side view of a part of a process plant. The 
top view is similar to a detailed Plot Plan, except that only the equipment is shown. Equipment arrangements 
drawing shows the equipment in a particular area, and sometimes, a few details around a specific device.

	 Plot Plans and equipment arrangements are resources to help determine relative and specific positioning of 
equipment on a process plant, related to the plant North. 

Fig. 1.2.17 Top view 4th floor detailed plot plan 
at EL.129200

Fig. 1.2.18 -4th floor equipment arrangement at 		
	 EL.121900

	 Piping Arrangement Drawings 

	 Pipelines on a piping arrangement are shown as single lines and double lines.	In single line representation only 
the center line of the pipeline is drawn using a solid line. In double line representation the actual size to scale is 
drawn with center line marked in chain dotted lines.	 When orthographic projection is used, pipelines may be 
drawn as either single line or double line drawings.

a.	 Double line presentation

	 Double line representation shows the two edges of the pipework and is usually used for pipes over Ø 350. 
Double line drawings show more graphic representation of the pipework; however, these are more difficult and 
more expensive to produce.
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Double Line
Presentation

Single Line
Presentation

b.	 Single line presentation 

	 Single line orthographic drawings represent the pipe by its centre line only, which is drawn as a continuous heavy 
line (usually the darkest line on the drawing). The size of the pipe is shown by drawing a representation of the 
pipe end to scale, either at the end of the line or some other convenient place.

•	 On single-line diagrams, all fittings except reducing fittings are drawn as single lines. Flanges are shown as 
thick lines drawn to the scale, outside the diameter of the flange.

•	 For flanged joints, a small gap between dimension lines will be shown to indicate a gasket.

•	 Valves are shown with identification number and a handwheel is drawn with the stem fully extended. If a 
valve is lever operated, then the movement of the handle’s position is given.

•	 Dimensions for flanged valves are given to the flange faces, while non - flanged valves are dimensioned to 
the center lines of their stems.

Piping and Instrumentation Diagram 
1.	 Piping and Instrumentation Diagram (P & ID) is a detailed diagram in the process industry which shows the 

piping, vessel / equipment, interconnection of process equipment and the instrumentation and control 
devices  used to control the process. In the process industry, a standard set of symbols is used to prepare 
drawings of processes. They usually contain the following information:
•	 process piping sizes and identification 
•	 pipe classes or piping line numbers
•	 flow directions
•	 interconnections references, vents, drains, reducers, swages
•	 permanent start up, flush and bypass lines
•	 mechanical equipment and process control instrumentation and designation (names, numbers, unique 

tag identifiers) 
•	 valves and their identifications (isolation, shut off, relief and safety valves)
•	 control inputs and outputs (sensors and final elements, interlocks)
•	 miscellaneous - vents, drains, flanges, special fittings, sampling lines, reducers, etc.
•	 interfaces for piping class changes 
•	 identification of components and subsystems delivered by others, such as vendors, suppliers.

Fig. 1.2.19 Example of a single line and double line representation of a piping

2.	 P & ID provides a schematic representation of the piping, process control, and instrumentation which shows 
the functional relationships among the system components. The P & ID also provides important information 
needed by the constructor and manufacturer to develop the other construction input documents (the 
isometric drawings or orthographic physical layout drawings).
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I.	Answer the following questions.
1.	 Describe plot plan and general arrangement drawings.
-------------------------------------------------------------------------------------------------------------------------------------------------
2.	 List out any six contents of P & ID drawings.
-------------------------------------------------------------------------------------------------------------------------------------------------
3.	 Distinguish between single line and double line representation drawings.
-------------------------------------------------------------------------------------------------------------------------------------------------
II. State whether the following statements are True or False.
1.	 Pipelines may be drawn as either single line or double line drawings in the orthographic projection.
	 	 True	 	 	 False
2.	 P & ID will not show flow direction.
	 	 True	 	 	 False
3.	 P & ID provides a schematic representation of the piping, process control, and instrumentation	 	 	

	 True	 	 	 False
4.	 On single line diagrams, reducing fittings are drawn as double lines.
	 	 True	 	 	 False

Fig. 1.2.20 Large image of a simple Piping & Instrument Diagram Fig. 1.2.21 Sample Piping & Instrument Diagram

3.	 The P & ID provides direct input to the field for the physical design and installation of field-run piping. It 
accomplishes this by showing all the piping, equipment, principal instruments, instrument loops, and control 
interlocks.

Exercise

Notes
-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

Piping and Instrumentation Diagrams

Heated Product out

Heatexchanger
Product in

Steam outSteam in

TY
401

TIC
401

TT
401

TV
401

I / P
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ID = Inside Diameter OD = Outside Diameter
WT = Wall Thickness

PIPE TUBE

1.	 Pipe and Tube

	 International standards do not differentiate tube and pipe. Pipe is a pressure tight cylindrical hollow item, used 
in the piping system to transport liquid, gas and rarely solids. Tube is the common word used for hallow sections, 
like square tube, rectangular tube and round tube.  Pipe is the word used for round tube only. However, the 
manufacturing industry provides the differentiation of pipe and tube based on diameter duly stating that tubes 
are always assigned with OD (all sizes) and pipes with inside diameter basis.

Fig. 1.2.22 Sample Piping & Instrument Diagram Fig. 1.2.23 – Pipe - OD & ID indication

OD in Inch   OD in MM    Thickness in Inch  Thickness in mm ID in inch ID in mm

For NPS 2” Schedule 40 pipe

2.375NPS 60.3 0.154 3.91 2.067 52.5

For NPS 4” Schedule 40 pipe

14 350 0.438 11.13 13.124 333.3

Table1 Specifying nominal pipe size

2.	 Specifying pipe sizes – Pipe diameter
	 Pipe diameter sizes are specified with different abbreviations such as – NPS, NB, DN, etc. 

a.	 Nominal pipe size (NPS) is the size of the pipe diameter based on inches.  6” pipe means 6” is the nominal 
size of that pipe.  

	 For pipe sizes, NPS 14 and above outside diameter is same as NPS, meaning that NPS 14 (DN350) and above pipe 
OD is corresponding to the Nominal Size of a pipe.

	 NPS 1/8 (DN 6) to NPS 12 (DN 300) pipe is based on fixed outside diameter (OD). So, any increase in the wall 
thickness decreases the inside diameter (ID) of the pipe.

At the end of this topic, you will be able to:
1.	 describe pipe and tube
2.	 specify pipe size / diameter in different nomenclatures
3.	 read pipe chart / pipe thickness table
4.	 recognise dimensional tolerances
5.	 prepare bill of materials.

1.2.7 Reading Pipe Chart, and Preparing Bill of Materials
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Nominal Pipe Size Diameter Nominal Nominal Pipe Size Diameter Nominal

NDN (mm)nches) DN (mm) NPS (inches) DN (mm)

1/8 6 20 500

1/4 8 22 550

3/8 10 24 600

1/2 15 26 650

3/4 20 28 700

1 25 30 750

1 ¼ 32 32 800

1 ½ 40 36 900

2 50

2 ½ 65

3 80

3 ½ 90

4 100

5 125

6 150

8 200

10 250

12 300

14 350

16 400

18 450

Table 2 Specifying nominal pipe size

	 From the table 2, it can be observed that for NPS 2, Pipe ID is near pipe NPS and for NPS 14 pipe OD is the same 
as NPS.

Pipe size‘inch’ dimension to ‘mm’ by multiplying it with 25.4 and rounding as follows.

i.	 outside diameter above 16 inches rounded to nearest 1 mm

ii.	 outside diameter 16 inches and below rounded to nearest 0.1 mm

iii.	 pipe wall thickness is rounded to nearest 0.01 mm

b.	 Pipe Nominal Bore (NB): NPS is frequently referred as an NB (Nominal Bore). As such, there is no difference 
between NB and NPS. 

c.	 DN (Diameter Nominal) Pipe Sizes:   DN or Diameter Nominal is International designation (SI or Matric 
Designator). 2” pipe is simply mentioned as DN 50. There is no change in other dimensions when the term 
DN is used.

d.	 Pipe diameter comparison is given in Table 2.
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For Carbon Steel and Wrought iron Pipe as 
per ASME B36.10

5, 10, 20, 30, 40, 60, 80, 100, 120, 140, 160, STD, 
XS, XXS

For Stainless Steel Pipe as per ASME B36.19

STD (Standard) and Schedule 40 has same thickness up to NPS 10 (DN 250)

Above NPS 10 STD have a wall thickness of 3/8 in. (9.53 mm)

XS has same thickness as Schedule 80 for up to NPS 8 (DN 200)

Above NPS 8 XS have a wall thickness of ½ in. (12.5 mm)

Table 2.3 – Standard Pipe thickness designation

Table 2.4 pipe thickness chart (ASME B 36.10)

a.	 Pipe schedule is one way of mentioning pipe wall thickness. Schedule 40 means a pipe thickness designator. 
If the schedule number increases, the thickness also increases. Schedule 80 pipe is thicker than schedule 40 
pipe.  For stainless steel piping, ASME has introduced different schedule numbers for stainless steel pipe and 
fittings. “S” suffix is introduced for SS pipe. For example, 10S.

b.	 Three more symbols are used for piping thickness ‘STD, ‘XS’ and  ‘XXS’.

•	 STD is identical to SCH 40 for NPS 1/8 to NPS 10, inclusive.

•	  XS is identical to SCH 80 for NPS 1/8 to NPS 8, inclusive. 

•	 XXS wall is thicker than SCH 160 from NPS 1/8” to NPS 6” inclusive, and 

•	 SCH 160 is thicker than XXS wall for NPS 8” and larger.

c.	 Standard Pipe Schedule are as per ASME B36.10 and B36.19 as summarised in table 3 and 4.

4.	 Pipeline diameter and thickness tolerances 

	 Unless specific tolerances are stipulated and specified in the drawings or project specific specifications,  respective 
manufacturing standards shall be followed for diameter and thickness tolerances for all pipes and fittings. As an 
example, pipeline standard -API 5L  diameter and thickness tolerance tables 

5.	 Calculation of Pipe Inside Diameter (ID) is done with the help of Outside Diameter (OD) and thickness of the 
pipe by using formula given below.

	 Pipe ID = [Pipe O.D. – (2×Pipe wall thickness)

3.	 Specifying pipe sizes -  Pipe Thickness: 

0.358
0.382
0.400
0.436
0.552

8
10
15
20
25
32
40
50
65

80
90

100
125
150

1/4
3/8
1/2
3/4

1
13/2

13/2

2
21/2

3
31/2

4
5
6

13.7
17.1
21.3
26.7

33.4
42.2
48.3
60.3
73.0

88.9
101.6
114.3
141.3
165.3

0.540
0.675
0.640
1.05
1.32
1.66
1.9
2.38
2.68

3.5
4

4.5
5.56
6.62

2.24
2.31
2.77
2.87
3.38
3.56
3.68
3.91
5.16

5.49
5.74
6.02
6.55
7.11

0.088
0.091
0.109
0.113

0.133
0.140
0.145
0.154
0.203

0.216
0.226
0.237
0.258
0.250

3.02
3.20
3.73
3.91
4.55
4.65
5.08
5.54
7.01

7.62
8.08
8.56
9.53
10.97

0.119
0.126
0.147
0.154
0.179
0.191
0.200
0.218
0.276

0.300
0.318
0.337
0.375
0.432

3.02
3.20
3.73
3.91

4.55
4.85
5.05
5.54
7.01

7.62
8.08
8.56
9.53
10.97

0.119
0.129
0.147
0.154
0.179
0.191
0.200
0.218
0.276

0.300
0.318
0.337
0.375
0.432

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-

11.13
12.70
14.27

-
-
-
-
-
-
-
-
-

-
-

0.438
0.500
0.562

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-

4.78
5.56
6.35
6.35
7.14
8.74
9.53

11.13
-

13.49
15.88
18.26

-
-

7.47
7.82
9.09
9.70

10.15
11.07
14.02

15.24
-

17.12
19.05
21.95

-
-

0.294
0.308

0.600
-

0.674
0.756
0.664

0.358
0.382
0.400
0.436
0.552

-
-

0.188
0.219
0.250
0.250
0.281
0.344
0.375

0.438
-

0.531
0.625
0.719

  Nominal Pipe
    Size (NPS)

Nominal Wall Thickness    Outside
   Diameter Sch 40 Sch 60 XS Sch 80 Sch 100 Sch 120 Sch 140 Sch 160 XXS

A B MM IN A B MM IN A B MM IN A B MM IN A B MM IN MM IN
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At the end of this exercise, you will be able to:

1.	 Prepare Bill and Materials for the given pipe spool fabrication.

1.2.8 Pipe Spool Fabrication-Bill of Material (BOM) Preparation

	 Required Tools / Instruments
	
	 Scale for drawing lines to form table.

Required Materials / Components:

Isometric drawing, paper and pen

	 For example, 2.1:  If Pipe OD is 610 mm and wall thickness is 16 mm, find out pipe ID

	 Pipe ID = 610-2 x16 = 578 mm.

	 Bill of Materials preparation for piping / pipeline fabrication

•	 Bill of Materials is a list of raw materials, sub-assemblies, intermediate assemblies, sub-components, parts, 
and the quantities needed for piping / pipeline manufacturing, construction and installation. It is the basis for 
preparation of Material Take Off list (Part No). 

•	 Bill of Materials: 

•	 is essential for piping materials planning

•	 helps to accurately plan material requirements

•	 helps for material sourcing,

•	 makes easier material forecasting and expediting easier 

•	 makes the estimation of material requirements, material and products cost easy

•	 helps to plan in advance about which materials that are available in stock and the materials that are to be 
purchased

•	 helps to prepare Master Production Schedule / tasks / targets in sequence considering materials availability 
in stock / purchase duration. 

Bill of Material Preparation

i.	 Bill of materials shall include – Part / Item number,  List of items, description, size, unit of measure, material 
specification / standard, quantity etc. It shall list all piping / pipeline components shown in piping / pipeline 
drawings. While preparing bill of materials, there shall be adequate length of pipe for field joints allowance, 
cutting and edge preparation etc. Additional / extra bolts, nuts, gaskets and other fasteners shall be listed 
considering the testing requirements, spare parts and replacement after testing. 

ii.	 Part Number shall be assigned to each part or assembly to quickly reference and identify parts. 

iii.	Unique name / material item description shall be given to each part or assembly to help distinguishing 
between similar parts and identify specific parts more easily.  

iv.	 Quantity / number of parts or items shall be specified for each assembly or sub - assembly.  Extra / additional 
quantities for testing requirements, spare parts requirements and replacement after testing shall be 
specified.

v.	 Unique, consistent and standard unit of measure such as feet, inches, millimetre or meter  shall be 
specified. 

vi.	Necessary notes shall be incorporated for more clarity / explanation. 

Practical
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Work Instruction 
1.	 Prepare a table with columns for part number, material description and size, material standard with 

specification, size with unit of measurement and quantity. 
2.	 Add 100 mm extra length for each pipe spool free end, either for cutting allowance or for field adjustment. 
3.	 Check for  number of same size pipes and group same size pipes together. 
4.	  Add same size pipe length together and calculate total running length for each pipe size. 
5.	 Specifythe length in “size and unit” column. If the pipe length is more than 6 meter, it is usual practice to 

calculate the number of pipes considering each pipe length as 6 meter long. 
6.	 Count the number of flanges of same material, same size and same rating together and add the quantity in 

the BOM. Repeat this exercise for each group (size, rating, material) of flange. 
7.	 Similarly, count the quantities of fittings elbows, weld o lets etc for each group and fill the BOM. 
8.	 Calculate the quantity of fasteners (stud bolts and nuts) of each diameter /size , grade, material etc. 
9.	 Add 10 % spare for each fasteners group to keep in the store as “spare item” and use later during any repair 

/ replacement at the time of operation / maintenance. 
10.	 Similarly, calculate the gaskets required and specify in the BOM. 
11.	 First, list all pipes in the BOM on pipe size descending order. Then list all fittings, flanges, bolts and nuts, 

valves, gaskets duly leaving a blank row between each material type. 

BILL OF MATERIAL / MATERIAL TAKE OFF
Part No Item / Material Description and size & unit Material Std / Spec Qty Remarks

1 2”Ø sch 80 Pipe -3.5 meter long ASTM A 106 Gr B 1
2 ¾ “ Ø sch 80 pipe- 300 mm long ASMT A 106 Gr B 1
3 2”Ø-300# WNRF BW RTJ flange sch 80 ASTM A 105 / B16.5 1
4 ¾” Ø -3000# WNRF flange sch 80 ASTM A 105 / B16.5 2
5 2” Ø-45˚ LR BW Elbow Sch 80 ASTM A 234 WPB 2
6 ¾” Ø-90˚ LR BW Elbow Sch 80 ASTM A 234 WPB 1
7 2”x ¾”Ø Branch outlet – Sch 80 ASTM A 105 2
8 2”Ø –300#  RTJ – Metallic gasket R23 ASTM B16.20 2
9 ¾”Ø – 3000# Spiral wound gasket ASTM B16.20 6
10 ¾” Ø – 300# ball valve ASTM B 16.33 1
11 5/8” Ø -110 mm long stud bolt – B7 ASTM A 193 8
12 5/8” Ø- nut- 2H ASTM 194 16
13 5/8” Ø- 65 mm long stud bolt- B7 ASTM 193 20
14 5/8” Ø- nut -2H ASTM 194 40

1.2.9 Prepare Bill of Material (BOM)
At the end of this exercise, you will be able to:

1.	 prepare bill of material for piping isometric drawing

2.	 prepare bill of material for the pipe support drawing.

	 Safety: The installation and putting in to operation are only to be executed by qualified, competent and 
experienced personnel, who are acquainted with installation and mounting as well as the applicable standards.

Tips !!
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Requirements

Tools/Instruments					    Materials/Components				 

Steel rule / Measuring Tape	 - 1 No.		  Paper					     -1No.	
Vernier Caliper	 	 	 - 1 No.		  Pen					     -1No.	
	 	 	 	 	 	 	 Isometric drawing (piping)	 	 -1No.
	 	 	 	 	 	 	 Isometric drawing (piping support)	 -1No.
Equipment/Machines										        
Personal Protective Equipment	 - 1 Set.		 	 	 	 	 	 	 	

1.	 Look at the piping isometric drawing below and prepare BOM (Bill of material).

2.	 Look at the pipe support drawing below and prepare BOM (Bill of material).

Sl. No. Material
Description

Size Quantity Remarks

Practical
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I.	Answer the following questions.
1.	 List out any five uses of Bill of Materials.
-------------------------------------------------------------------------------------------------------------------------------------------------
2.	 List out any five contents of Bill of Materials.
-------------------------------------------------------------------------------------------------------------------------------------------------
3.	 Calculate Pipe Outside Diameter (OD) for the pipe of Inside Diameter (ID) 580 mm and Thickness of 15 mm.
-------------------------------------------------------------------------------------------------------------------------------------------------
4.	 Describe pipe and tube.
-------------------------------------------------------------------------------------------------------------------------------------------------
5.	 Describe the pipe sizing abbreviations, NPS, NB, DN.
-------------------------------------------------------------------------------------------------------------------------------------------------
II. State whether the following statements are True or False.

1.	 For pipe sizes NPS 14 and above, Outside Diameter is the same as NPS.

	 True	 	 	 False

2.	 Referring to B36.10 thickness table, 10”NB -sch 60 wall thickness is 12.07 mm.

	 True	 	 	 False

3.	 Bill of Material contains material price / rate.

	 True 	 	 	 False

4.	 DN50 means Nominal Outside Diameter 50mm.

	 True 	 	 	 False

5.	 In general nominal pipe thickness specified as “STD” for carbon steel piping, it will be identical to sch 40.

	 True 	 	 	 False

Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

1.2.10 Standard Symbols of Piping Drawings - Welding Symbols
At the end of this topic, you will be able to:

1.	 read and interpret weld symbols 

2.	 prepare weld joint surfaces / edges as denoted by the weld symbol

3.	 perform pipe fitting works to the required weld joint configuration as represented by the weld symbol.

	 Introduction 

	 Piping / pipeline system includes pipe, flanges, elbows, tees,  gaskets, bolts, nuts, support plates, valves, standard 
supports, lining pads, pressure gauges, temperature indicating gauges, etc. These shall be drawn with lines and 
standard symbols. Pipe fitter shall have adequate knowledge about various piping, welding, fittings, instruments, 
standard symbols, etc., to read and interpret the drawings easily.

Exercise
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Fig. 1.2.25 Basic Welding Symbols-AWSFig. 1.2.24 Fillet weld symbol information

1. Leg
2. Root
3. Face
4. Toe
5. Throat

	 Complete Joint Penetration

	 Since many applications require welds providing complete joint penetration (CJP), there are several ways to 
specify this condition. One way is to use an arrow, a reference line, and add CJP in the tail of the symbol. A second 
way to specify the complete joint penetration is to include a single groove-weld symbol or double groove-weld 
symbols (must be the same weld symbol on both sides of the reference line).

SYMBOL FITUP WELD

SYMBOL

BACK
WELD

BACKING
WELD

1/4 X 1
A-38

FITUP WELD

Fig. 1. 2.26  Butt weld joints penetration

Butt Joints Edge Preparation and Weld Type 

	 Important butt joints weld preparation grooves / edge preparation with respect to weld type is as given in Fig. 
1.2.28. Important weld symbols, associated joint / edge preparations and respective weld illustrations are also 
given.

Fig. 1.2.27.-Finish and contour symbols. Fig. 1.2.28 Butt Joints- Edge preparation and Weld Type

Butt Joints - Edge Preparation & Weld Type

Single Square Groove

Single-V Groove

DoubleV Groove

Flare Bevel Groove Flare-V Groove Flanqed Butt Joint

Single-U Groove Double-U Groove

Single-J GrooveDouble-V Groove

Single Bevel Groove Double Bevel Groove
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I.	Answer the following questions.

1.	 Draw any four complete joint penetration weld symbols and draw the required edge preparations.

-------------------------------------------------------------------------------------------------------------------------------------------------

2.	 What is the information conveyed through weld symbols? 

-------------------------------------------------------------------------------------------------------------------------------------------------

3.	 Draw a weld symbol for welding 6 inch NB 12.7 mm thickness pipe to be welded all around a field with a 
dummy plate of 200 mm square 16 mm thickness. Complete joint penetration weld with 45 degree single 
bevel 9 mm depth, to be welded from the pipe outside. 

-------------------------------------------------------------------------------------------------------------------------------------------------

Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1.	 read and interpret piping symbols 

2.	 list the type of instruments to be installed and prepare components accordingly.

1.2.11 Standard Symbols of Piping Drawings

	 Line Symbols 

	 The process lines are the lines where the process media actually flows through. They are represented by different 
types of lines. On a complete P & ID, each line will be labelled with a line number. Process lines are bolder than 
other lines such as those that represent electric, pneumatic or data signals. Important line symbols used to 
prepare drawing, are as given below:

Fig 1.2.29 Pipeline symbols

Pipe Thermally in-
sulated pipe 

Jacketed pipe 

Minor/Instrument Piping
Existing Piping
Electrical Signal
Capillary Tubing
Software Or Data Link

Mechanical Link
Pneumatic Signal/Piping
Hydraulic Signal
Guided Wave

Unguided Wave

Future

Minor Process
Major Process

Connecting Line

Non-Connecting Line
Non-Connecting Line
Jacketed or Double Containment
Software or DataLink

Optical, Nuclear

LINE SYMBOLS

Exercise
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Fig. 1.2.30 Sample piping drawing with standard symbols

	 To indicate pipes crossing that are not physically connected on drawings, a small “hump” to show one going 
“over” the other, or break one of the lines very near the other to show it going under it is used. This is not a 
physical representation of the actual pipes. In fact, they may not even cross in the actual system. It is merely a 
method to keep the lines separate when they must cross in the drawing.

	 Piping Isometric Symbols 

	 The general piping symbol is always shown as the darkest line on the drawing. For example, a section of piping 
with a reducer or other fitting would be shown with the piping drawn darkest and the fitting represented by a 
lighter line.

ELBOW
GLOBE VALVE

CROSS
UNION GATE VALVE Y-FITTING

CAP
PLUG

COUPLING
(JOINT) CHECK VALVETEE

REDUCER ELBOW

ELBOW

45°

Fig. 1.2.31 Sample Isometric symbols

GATE
VALVE

GLOBE
VALVE

WELD NECK
FLANGE

90° ELBOW

BALL
VALVE

DIAPHRAGM
VALVE

SOCKET WELD
FLANGE

SLIP ON
FLANGE

45° ELBOW

a.	 All piping drawings indicate the direction of flow with an arrow. Sample piping drawing and sample isometric 
symbols are shown in Fig 1.2.30 and 1.2.31.

b.	 Flange symbols and corrosponding images are depicted in Fig 1.2.32.

Fig. 1.2.32 T Flanges symbols and Images

c.	 Isometric symbol representation of various valves based on mode / method of operation and function, have 
been illustrated in Fig. 1.2.33.

d.	 Summary of valve symbols are as shown in the following Fig. 1.2.34.

Fig. 1.2.33 – Line fittings symbols Fig. 1.2.34 Piping fittings illustration

Image

Elbow 90°

Elbow 45°

Tee Equal

   Tee  
reducing

Cap

Reducer
Concentric
Reducer
Eccentric

Image Butt Weld 
Symbol

Butt Weld 
Symbol

Socket Weld 
Symbol

Threaded 
Symbol

Image

Image

Elbow 90°

Elbow 45°

Tee Equal

   Tee  
reducing

Cap

Reducer
Concentric
Reducer
Eccentric

Socket Weld 
Symbol

Threaded 
Symbol

FittingsFittings

Fittings Fittings

Concentric Reducer

Butt Weld

SOC Weld

Sleeve Joint

Y - Stanger

Bellows

Eccentric Reducer

Soldered

Welded Endcap

Flexible Hose

Orifice Plate

Spade or line blind

Flanged Connection

Scrwed Joint

Screwed Plug

Pipe Crossover

Sight glass

Spade - Two Position Stranger Selter

Steam Trap 

Connection

Blind Flange

Compression Fitting

Tee piece - planned



Participant Handbook

38

Fig. 1.2.35 Valves Illustration

e.	 Isometric symbols of line fittings are shown in Fig. 1.2.35.

f.	 Isometric symbol representation of various fittings based on type of connections such as butt welding, socket 
welded or threaded connections have been illustrated along with images.

g.	 Piping Instruments Symbols for Isometrics, are as given below.
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Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

Fig. 1.2.36 Piping Instrument Symbols for Isometrics

I.	Answer the following questions.
1.	 Draw any five “line symbols” used in drawings,  with name / description of each line.
--------------------------------------------------------------------------------------------------------------------------------------------------
2.	 Draw the isometric representation (symbol) of concentric reducer.
--------------------------------------------------------------------------------------------------------------------------------------------------
3.	 Draw the isometric symbol for globe valve. 
--------------------------------------------------------------------------------------------------------------------------------------------------
4.	 Draw the isometric symbol for ball valve.
--------------------------------------------------------------------------------------------------------------------------------------------------
5.	 Draw the symbol of weld neck and slip on flanges. 
--------------------------------------------------------------------------------------------------------------------------------------------------
6.	 Draw the elbow and Tee butt weld symbols. 
--------------------------------------------------------------------------------------------------------------------------------------------------
7.	 Draw the simple free hand sketches of eccentric reducer. 
--------------------------------------------------------------------------------------------------------------------------------------------------
II. State whether the following statements are True or False.
1.	 In piping instrument symbols for isometrics, TT stands for Temperature Transducer.
	 True	 	 	 False
2.	 In Piping isometric drawings, flow controller is demmoted by FC into the circle.
	 True	 	 	 False

3.	 The line symbol for pneumatic signal / piping is

	 True 	 	 	 False

Exercise
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At the end of this topic, you will be able to:

1.	 define and classify different types of pipe supports

2.	 read and interpret pipe supports drawings

3.	 explain the purpose of pipe supports and their applications.

1.2.12 Hangers and Pipe Support Drawings

	 Introduction 

	 Piping shall be fixed, supported, anchored or guided to prevent undue line deflection, excessive vibration and to 
protect piping and connected equipment from excessive loading and expansion stress.Pipe support location and 
identification numbers shall be marked on the piping drawings. Type of pipe supports include

	 Hangers (Rod type), Hangers (Spring type), Anchors, Saddles, Rollers, and Sliding supports, Guided type pipe 
supports.

Fig. 1.2.37 Pipe support symbols 	
	 (Typical)

SUPPORT CLASSIFI-
CATION

(FUNCTIONS)

Basic Construction Symbol

LOOSE SUPPORT
LONGITUDINAL 

GUIDE

TRANSVERSE 
GUIDE

FIXED POINT
(NON-WELDED TYPE)

FIXED POINT 
(ANCHOR)

(WELDED TYPE)

 

 

  

 

 

 

 

Fig. 1.2.39 Typical rod 
hanger

Fig. 1.2.40 Constant &Variable 	
	 spring hanger and supports

Fig. 1.2.38 Different type of pipe 	
	 supports

	 Pipe supports symbols (typical) of isometric drawings are as given in fig 1.2.38. In general, pipe supports are 
grouped based on the type of pipe supports and single drawings are prepared duly tabulating different sizes. 

	 Pipe support – Hanger Type 

	 Based on the nominal pipe size, pipe fitter shall get all details and dimensions from the pipe support drawings 
duly reading and effectively interpreting drawings. Major pipe support types are illustrated and briefed in the 
next subsection.

Fig 1.2.41 Lug type welded attachment Fig 1.2.42  Plate lug

1.	 Hanger Rods Type

	 Hanger is a vertical pipe support with clamp, vertical rod and bolting. It may be a rigid, variable spring or constant 
support hanger. Refer Fig 1.2.41. 

	 Rod hangers or pipe hangers are attached to the pipe by a U bolt, a clevis, a pipe clamp, etc., to structural steel 
located above the piping. (Refer Fig 1.2.43 and Fig 1.2.44)

	 The rod hanger provides support in the vertical direction and allows limited motion in the horizontal direction. 
Adjustment in the vertical direction can be accomplished by threads or a turnbuckle. 
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Fig. 1.2.46 Pipe GuidesFig. 1.2.45  Typical dummy 
leg / Trunnion pipe support

Fig. 1.2.47 Adjustable pipe support Fig 1.2.48  Extension pipe or riser clamp

Fig. 1.2.43 Fixed and Directional Anchors Fig. 1.2.44 Typical Pipe Shoe

	 Anchor is a rigid support that restricts movement in all three orthogonal directions and all three rotational 
directions. This is usually welded stanchion, that is welded or bolted to steel or concrete. Two types of anchors 
exist: fixed and directional. Refer Fig 1.2.45. Fixed anchors are used in locations where all movement of a line 
must be prevented. The most common way to anchor a pipe is to weld the pipe directly to a support or structural 
member. If the pipe to be anchored is insulated, first a pipe shoe is welded to the pipe and then the shoe is 
welded to the steel structure.

2.	 Stanchion/Pipe Shoe

	 A pipe shoe is a structure consisting of a saddle and integral base that is used to support the pipe by transmitting 
the load or forces to the adjacent structure. It can be simply fixed on steel structures. 

3.	 Dummy leg supports

	 A dummy leg is an extension piece welded to an elbow to support a pipe line, and rests or anchors on some steel 
member. (Refer Fig 1.2.45)

2.	 Constant Spring Hanger

	 In constant spring hanger, the load remains constant throughout its travel range. But in variable spring hanger, 
the load varies with displacement. Spring hangers are used when thermal displacements are upwards and piping 
system is lifted off from the support position.

3.	 Variable spring hangers and supports

	 1.	 Anchors













































































































































































































































































https://www.youtube.com/watch?v=g191eS009Gg
https://www.youtube.com/watch?v=g191eS009Gg
https://www.youtube.com/watch?v=y9Re2xPTM_8
https://www.youtube.com/watch?v=y9Re2xPTM_8














































































































































































































































































https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=O9UgBE-FITI
https://www.youtube.com/watch?v=O9UgBE-FITI
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=8oO2p91rXeI
https://www.youtube.com/watch?v=8oO2p91rXeI
https://www.youtube.com/watch?v=Xo60anxN8nw&t=156s
https://www.youtube.com/watch?v=Xo60anxN8nw&t=156s
https://www.youtube.com/watch?v=503fYa8r718
https://www.youtube.com/watch?v=503fYa8r718
https://www.youtube.com/watch?v=BeHxGJYNyy0&t=29s
https://www.youtube.com/watch?v=BeHxGJYNyy0&t=29s
https://www.youtube.com/watch?v=KBVdjeUtMYE
https://www.youtube.com/watch?v=KBVdjeUtMYE
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Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=NEGohTCkkYY

Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=vD0kbdIS6kE

Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=PxVP5Fun3Gg

Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=d_l3SdqlQ68

Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=b0EfJaYUfF8

Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=4_uZ3Acfjus

https://www.youtube.com/watch?v=NEGohTCkkYY
https://www.youtube.com/watch?v=NEGohTCkkYY
https://www.youtube.com/watch?v=vD0kbdIS6kE
https://www.youtube.com/watch?v=vD0kbdIS6kE
https://www.youtube.com/watch?v=PxVP5Fun3Gg
https://www.youtube.com/watch?v=PxVP5Fun3Gg
https://www.youtube.com/watch?v=d_l3SdqlQ68
https://www.youtube.com/watch?v=d_l3SdqlQ68
https://www.youtube.com/watch?v=b0EfJaYUfF8
https://www.youtube.com/watch?v=b0EfJaYUfF8
https://www.youtube.com/watch?v=4_uZ3Acfjus
https://www.youtube.com/watch?v=4_uZ3Acfjus
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HYC/N6105

1. Fitting, Welding Basics and Jointing 	
    Process of Materials (CGS)

Unit 1.1 Introduction 
Unit 1.2 Piping and Pipeline Layout Drawings
Unit 1.3 Mathematical Skills for Pipe Fitting

Unit 1.4 Different Types of Materials Used in Pipe Fitting
Unit 1.5 Preparation of Piping and Pipeline
Unit 1.6 Identify the Tools and Tackles 
Unit 1.7 Pipe Fitting Operation
Unit 1.8 Different Types of Joining in Piping and Pipeline
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At the end of this module, you will be able to:

1.	 	Wear proper PPE and exhibit proper safe working principles and practices duly implementing  all HSE 
requirements

2.	 	Read and interpret drawings and approved work procedures 

3.	 	Receive materials, ensure material release for construction and check for any material damage

4.	 	Carryout measuring, marking, cutting and transfer / maintain material ensuring identification and 
traceability 

5.	 	Identify and make readily available appropriate consumables, tools and equipment for piping edge preparation 
and fitup work activities 

6.	 	Prepare joints for edges of pipes to  drawing requirements and perform pipe fitup activities as per approved 
procedures requirements

7.	 	Perform / ensure functional checks of valves and other instruments / accessories and install them as per 
approved for construction drawings 

8.	  Install gaskets, bolts / studs, nuts, washers, clamps, etc., and perform proper bolt tightening / torqueing in 
sequence 

9.	 	Perform pipe stringing, cutting, Grinding, Thrending, Bending, fitting activities at pipeline installation site

10.		Ensure proper trench preparation and pipe bedding and then pipeline lowering

11.		Prepare for hydrotest / pneumatic test and perform the test with appropriate work permit duly complying 
with all safety precautionary requirements 

12.		Perform depressurizing, dewatering and cleaning piping / pipeline systems

13.		Describe Electrofusion principles

14.	PE/HDPE/MDPE Pipeline Installations as per qualified and approved procedures and techniques.

Key Learning Outcomes
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1.1 Introduction

Unit Objectives

1.1.1 Introduction to the training program

At the end of this unit, you will be able to:
1.	 read and interpret all types of piping and pipeline drawings

2.	 make simple drawings and prepare bill of materials

3.	 describe various pipes and pipe fitting materials

4.	 	perform pipe fitting works of all type of materials such as carbon steel, stainless steels, duplex stainless 
steels, PE, HDPE, PVC, UPVC, etc.

5.	 	perform pipe fitting works related to process plant, power plant, petroleum refineries and in all sorts of oil 
and gas distribution piping and pipeline.

Introduction to QP and NOS 

	 This training program is based on Qualification Pack (abbreviated as ‘QP’) named  “Pipe-Fitter City Gas distribution 
sector”. The code for the QP is “HYC/Q6102”. HYC stands for “HydroCarbon”. This QP consists of a set of National 
Occupational Standards (NOS). NOS specifies the standard competency a pipe fitter must achieve when carrying 
out a function in the workplace.  Under this QP, there are four NOS. They deal with the city gas distribution pipes 
and pipelines related functions to be performed in the worksite duly complying with all safety requirements. 

	 NOS Code			   Major Functions / Task

	 HYC/N 6105 		  Fitting, Welding, Basics and Joining Process of Materials

	 HYC/N 6106		   Perform Electrofusion Welding

	 HYC/N 6103		   Work effectively in a team

	 HYC/N 6104		   Follow health, safety and security procedures

	 Benefits of this Fitter Training

After successful completion of training and passing the assessment, the candidate will be issued a certificate. 
The certificate will help the candidate to get employment in fabrication, and construction industries in oil and 
gas distribution piping and pipeline sector. Natural Gas industries need a great number pipe fitters all over the 
world. Pipe fitter is not only trained on simple pipe fitup, but are trained in the basics of engineering drawings, 
pipe materials, pipe fitting materials, all type of joints related to Natural gas distribution piping / pipeline. The city 
gas distribution pipe fitters can be directly employed to perform pipe fitting activities without site / on the job 
training at the worksite. Oil and Gas industry pipe fitters are one of the highest paid of all the trades, with more 
job openings in the near future. Job growth for the pipe fitting industry is expected to expand is the forthcoming 
years in India as well as abroad.  Satellite cities development in all over India needs more infrastructure for oil 
and gas transportation and distribution . Hence a lot of opportunities are getting lined up for pipe fitters trained 
to oil and gas related facilities, construction (including transportation and distribution) requirements.

1.	 Organization and its process

City gas distribution pipe fitter shall have enough information / knowledge about the organization and its process 
to thoroughly understand the organization and its context. He / She shall go through the company policies on 
personnel management, duty reporting procedures  and comply with the same duly maintaining with discipline. 
Pipe fitter must be aware and comply the respective legislation, standards, policies, and procedures followed 
in the company, mainly those relevant to his employment and performance conditions.  He / She shall receive 
employment terms and entitlements from the employer along with job description, roles and responsibilities. 
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The pipe fitter shall receive adequate induction in problem escalation procedure and escalation matrix for 
reporting work and employment related issues.  Pipe fitter shall have access to company standard operating 
procedures so as to refer and meet with respective procedure’s requirements  while working. He shall be aware 
of documentation and related procedures applicable in the context of employment and work.Pipe fitter must 
have adequate information about his reporting structure within the organization and relevant people and their 
responsibilities within the workarea  with whom he has to liaise for day-to-day work activities. 
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2.	 Health, Safety and Environment (HSE) System Requirements

Pipe fitter shall strictly adhere with relevant health and safety requirements applicable in the workplace.Safety 
should be the top priority in any facility to keep productivity at its best and to avoid injury or health concerns. 
Pipe fitter shall be aware about  importance of working in clean and safe environment. One of the most effective 
ways to improve the safety of worksite is to make sure that it is cleaned properly maintained.  Cleaner work 
environment reduces injuries on the job. Poorly cleaned / poorly maintained / faulty / broken equipment or 
slippery surfaces could lead to a potential fall /injury / accident. The cleaner the working facility is, the better the 
quality of products and services.

3.	 Importance and Purpose of Documentation     

	 Documentation is a record of information which can be referred to or used, whenever required. Documents 
act as the store of collective organizational knowledge regarding the processes and can be accessed by anyone, 
whenever needed. Documented information shall be maintained to support the operation and its processes. 
Documented information in the form of records shall be maintained / retained to provide evidence of conformity  
to requirements. The purpose of documentation include 

•	 	to provide permanent reference for understanding, implementation and maintenance of a system

•	 	to preserve the knowledge gained from experience and share

•	 	to remove process ambiguity and maintain consistency and uniformity

•	 organisational knowledg is recorded, retained, transferred and embedded into process, products and 
services

•	 to stipulate and specify requirements for carrying out processes in a specified manner  and control of 
operational processes.

•	 to provide evidence that processes are being carried out as planned

•	 to provide evidence that activities have been done as per the planned arrangement

•	  contain formulated information about  who is supposed to do what and when

•	 details of best practises and methods along with step by step instructions to each task needs to be 
performed 

•	 	to provide evidence of results achieved and contain statement of fact

•	 to provide evidence of fitness for purpose of the monitoring and measuring activities 

•	 to show conformity of products and services that meet their requirements.  Pipe fitter must know and follow 
the review and approval process of  the requisition of materials/equipment by assigned employees. Pipe 
fitter shall be aware of required records to be prepared and maintained. Knowledge in preparing reports 
and recording repairs and successful completion of repair are important. Pipe fitter shall be trained in 
implementation of inspection and test plans, that includes inspection and test stages along with customer 
inspection and meeting quality standards requirements.

Pipe fitter roles, responsibilities and tasks include: 

a.	 reporting to foreman / supervisor and following  their instructions for everyday pipe fitting work activities. 

b.	 duly discussing with supervisor / foreman, prioritising work schedule and process implications for own work 
and schedule of others.

c.	 attending site daily Tool Box Talks and Safety Meetings without fail. 

d.	 reading and understanding organization procedures for necessary approval, work permit (PTW- Permit To 
Work) and for receiving materials. 

e.	 reading and interpret piping drawings, specifications and work procedures. 
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f.	 following all safe work practices and handling all piping works related equipment carefully.

g.	 selecting pipe sizes, types and related materials and planning the fitup work sequence. 

h.	 ensuring that pipes and pipe fittings have been inspected on receipt and released for fabrication / 
installation. 

i.	 measuring, marking and cutting pipes duly maintaining identification and traceability. 

j.	 using appropriate tools, instruments and equipment for pipe edge preparation, cutting, fitup and tack welding 
/ deburring tools.

k.	 Piping ends and edge preparation for welding / jointing as required by the drawing / specification. 

l.	 for cutting and edge preparation, employing appropriate methods such as gas cutting, hacksaw cutting, 
grinding, machining, threading, etc. 

m.	checking all pipes and fitting inside for cleanliness / any objects. 

n.	 aligning / joining pipes using various methods such as tack welding, brackets and wedging, clamping (internal 
and External).

o.	 performing piping / pipeline stringing & alignment. 

p.	 assembleing and securing pipes, tubes, fittings and related equipment according to specifications / drawings 
using techniques such as welding, bolting, threading joints.

q.	 performing dimensional check and ensuring the correct size, length, orientation, position / location.  
r.	 checing piping / pipeline alignment, straightness, level and all other dimensional checks. 
s.	 assembling valves and other instruments / accessories by taking into account the flow directions.
t.	 marking the hole locations and cut / bore/ drill holes in structures / supports. 
u.	 installing pipe supports as per drawing / specifications.
v.	 performing bolting in sequence with required torque by the approved / permitted torque method. Some 

cases minimum torque will be specified. In some cases, torque may be limited to certain limit / range to avoid 
gasket / joint face damages.

w.	 preparation for hydotesting / pneumatic testing and reinstutement after test completion.
x.	 performing PE pipe scraping, fitting and joining by heat fusion / electrofusion.
•	 Natural Gas, which is colourless and odourless is converted to Compressed Natural Gas (CNG) and Piped 

Natural Gas (PNG) which is distributed to the endusers through City Gas Distibution (CGD) network. Owing to 
availability of huge reserves of naural gas in India, its environmental friendliness and easy transportability, city 
gas distribution is forecast to witness robust growth in the country over the next decade. City gas distribution 
is gaining importance as Government of India wants to expand natural gas distribution network accord India 
and distribute gas throughout India through piping and pipeline. It is one of the government of India missions 
with replace the LPG gas cylinder supply to domestic and business industries by natural gas supply through 
piping. One of the largest infrastructure development in India is smart cities mission. Government of India 
has planned to develop more than 100 smart cities within a span of about five years. All these smart cities 
have been planned with Natural Gas Distribution through piping. There is going to be very high demand for 
“City Gas Distribution-Pipe Fitters all over India.

I.	Answer the following questions.

1.	 List any four objectives of this training program.

--------------------------------------------------------------------------------------------------------------------------------------------------

Exercise
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2.	 What is the need for city gas distribution pipe fitter training?

--------------------------------------------------------------------------------------------------------------------------------------------------

3.	 Write any five purposes of pipe fitter training.

--------------------------------------------------------------------------------------------------------------------------------------------------

4.	 What are the benefits of pipe fitter training?

--------------------------------------------------------------------------------------------------------------------------------------------------

5.	 Briefly describe organizational context and its processes with respect to piping / pipeline works.

--------------------------------------------------------------------------------------------------------------------------------------------------

6.	 Write about the importance working in a clean and safe environment.

--------------------------------------------------------------------------------------------------------------------------------------------------

7.	 What is the importance and purpose of documentation in the context of employment and work?

--------------------------------------------------------------------------------------------------------------------------------------------------

8.	 Describe pipe fitter Roles, responsibilities and tasks.

--------------------------------------------------------------------------------------------------------------------------------------------------

II. 	 State whether the following statements are True or False.

1.	 Purpose of city gas distribution pipe fitter training includse “Make familiar to various pipe and pipe fitting 
materials”.

 		  True			   False 

2.	 Pipe fitters need not perform piping / pipeline stringing activities.

		  True			   False

3.	 Safety standards are not relevant to pipe fitting activities.

		  True			   False

4.	 Welded pipe systems demand least degree of excellence in materials and quality of work.

		  True			   False

5.	 After completion of training, student will be issued trade certificate.

		  True			   False

6.	 City Gas distribution Pipe Fitter Certificates issued to the student will not be useful for fabrication 
industries.

		  True			   False

7.	 Pipe fitter must be aware of and comply with the respective legislation, standards, policies, and procedures 
followed in the company. 

		  True			   False

8.	 Fitup work should be the top priority than safety. 

		  True			   False

9.	 Ensuring clean and safe environment is not pipe fitters responsibility.

		  True			   False
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Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1.	 define piping and pipeline construction methods in city gas distribution industry

2.	 describe codes and standards

3.	 define terms and definitions.

	 Piping and pipeline: City Gas Distribution piping / pipeline fitter shall have knowledge on various piping and 
pipeline systems and their standards / specifications to have proper understanding about what they are 
doing and the purpose. Pipe fitters show know that the oil and gas industry is usually divided into three major 
sectors midstream, and downstream.

•	 Upstream: The upstream sector also known as “Exploration and Production E&P”  includes finding 
underground or underwater crude oil and natural gas fields, locating exploratory wells, and subsequently 
drilling and operating the wells that recover and bring / lift the crude oil or raw natural gas to the surface and 
get it ready for transportation. 

•	 Midstream: The midstream sector involves transportation (by pipeline, rail, barge, oil tanker or truck) and 
storage of crude or refined petroleum products. Pipelines and other transport systems can be used to 
move crude oil from production sites to refineries and deliver the various refined products to downstream 
distributors.  Natural gas pipeline networks aggregate gas from natural gas purification plants and deliver it 
to downstream customers such as local utilities.

•	 Downstream: The downstream sector also known as “Refining and marketing R & M” is further processing of 
crude oil and natural gas into useful final product or raw material. Downstream process includes refining of 
petroleum crude oil and the processing and purifying of raw natural gas, as well as distribution of products 
derived from crude oil and natural gas. The downstream sector reaches consumers through products such as 
gasoline or petrol, kerosene, jet fuel, diesel oil, heating oil, fuel oils, lubricants, waxes, asphalt, natural gas, 
and liquefied petroleum gas (LPG) as well as hundreds of petrochemicals.

Piping 

	 Piping is the term normally used to describe plant or process piping or station piping in oil and gas industries. 
Process plant is a place where a series of activities are performed with various piping systems in are ordered 
manner to convert raw material into useful products or transfer fluid from one equipment to another within the 

1.1.2 Introduction To Piping & Pipeline
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plant boundary. Piping is a complex network of pipe and fittings including  pipe, pumps, equipment, valves, fittings, 
flanges, bolts, gaskets, regulators, pressure vessels, pulsation dampeners, relief valves / devices, appurtenances 
attached to pipe, compressor units, metering facilities, pressure regulating stations, pressure limiting stations 
pressure relief stations, and fabricated assemblies and  pressure containing parts within the defined boundaries 
of the plant. It also includes hangers and supports and other equipment necessary to prevent overstressing the 
pressure containing parts. Process plant piping is mostly above the ground with very few underground services 
such as sewage and drainage piping. 

	 Onplot piping: Onplot is a location inside the designated plant boundaries and, generally, piping inside the on 
–plot boundaries comes under process piping.   

Petroleum refinery is an industrial plant for processing or handling of petroleum and products derived directly 
from  petroleum / oil and gas wells. Such  a  plant  may  be   an  individual  gasoline recovery plant, a treating 
plant, a gas gathering and compression plant, gas processing plant (including liquefaction), or an integrated 
refinery having various process units and attendant facilities.

•	 Large series and networks of pipes are within the well defined boundaries of the plant/plot with all fittings 
and equipment’s like pump, valves, instruments, equipment, unions and other miscellaneous items with an 
intention to transfer fluid from one facility to another within those boundaries as required.

	 ASME / ANSI B31.3 Code prescribes requirements for materials and components, design, fabrication, assembly, 
erection, examination, inspection, and testing of process / plant piping. This Code applies to piping for all fluids, 
including

(a) raw, intermediate, and finished chemicals 

(b) petroleum products

(c) gas, steam, air, and water

(d) fluidized solids

(e) refrigerants 

(f) cryogenic fluids.

	 The pipeline is series of straight pipes, welded together over a long distance for conveying oil or gas, over long 
distances. A system of pipes and other components are used for the transportation of fluids, between (but 
excluding) plants. A pipeline extends from pig trap to pig trap (including the pig traps) or, if no pig trap is fitted, 
to the first isolation valve within the plant boundaries.   Pipelines used in the oil and gas industry vary according 
to many factors, such as the product to be transported, the delivery stage and whether it is part of the upstream, 
midstream or downstream sector. Natural gas is transported through the transmission pipeline system which is 
composed of large diameter steel pipe.

	 Pipelines are mostly large is diameter and transport bulk liquid or gas from one place to an other sometimes 
along 1000 kilometre long  distances. Pipeline system comprise all parts of physical facilities through which liquid 
or oil / gas moves in  transportation.  Included within this definition are transmission and gathering lines, which 
transport liquid / oil / gas from production facilities to onshore locations and storage area. 

	 Other Pipeline Components are Pig launcher / Pig receivers, Barred Tees, Isolation Joints, Pig signallers, Corrosion 
monitoring fittings, Shrink sleeves / External coatings / Cathodic protection for buried lines. The pipelines are 
laid underground, above the ground and underwater such as a subsea pipelines.

Piping & Pipeline Comparison

	 In the pipeline, use of pipe fittings is limited. Mostly long radius bends with very few other types of fittings are 
used at a pumping station and valve station. Whereas, in the case of piping, a very wide range of pipe fittings are 
used that serve different purposes within the piping system for change the direction, size, branching, blinding, 
etc. Similarly, in pipeline few equipment are used within the pipeline system such as pumps, booster, valves 
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and instruments that support the function of the system to transport fluid safely over a long distance. Whereas, 
varieties of equipment such as a pump, valves, filter vessel, column, heat exchanger, instruments are used within 
the piping system that supports the function of the plant to produce the finished product.

Sl. No. Pipe / Piping System Pipeline / Pipeline system

1.
Series and networks of pipes and fittings 
within the defined boundaries of the plant

Many straight pipes are welded together for 
conveying / transporting oil or gas, over long 
distances.

2.
These are planst or process piping, generally 
not exceeding 400 meter in length..

Mostly transporting bulk liquid or gas from one 
place to another. Sometimes 1000 kilometer long 
distances.

3. Wide range of many pipe fittings are used. Pipe fittings are comparatively very less in pipeline 
system.

4. Mostly above the ground with very few 
underground services.

Pipelines are laid underground, above ground and 
underwater such as subsea pipeline.

5.
Piping system includes very small size 
piping to large diameters from ½” to 36” in 
diameter.

Comparatively and mostly larger size pipes are 
installed.

6. Comprise many equipment within the piping 
system.

Few equipment are used within the pipeline 
system.

7. Piping system design code include ASME 
B31.1, ASME B31.3

Pipeline system design code includes ASME B31.4, 
ASME B31.8

8. In general on plot In general Off plot.

Table 1 Piping and pipeline comparison

IV.	Types of Pipeline in Oil & Gas Industry 

	 Gathering lines: Pipelines forming network and are connected from the wells to processing facilities. Gathering 
pipelines are used to deliver the oil or gas product from the source to processing plants or storage tanks. These 
are commonly fed by ‘flow lines’, each connected to individual wells in the ground. Additionally, subsea are 
pipes used for collecting product from deep water production platforms. Typical products carried by gathering 
pipelines include natural gas, crude oil (or combinations of these two products), natural gas liquids such as 
ethane, butane and propane. Compared to other pipelines, length of gathering pipelines are relatively short 
approximately 200 metres long.  They are, typically, much smaller than transmission pipelines, usually under 20” 
diameter. 

	 Transmission Pipelines: Transmission pipelines are used to transport crude oil, natural gas and refined products 
for long distances across states, countries and continents. They are used to move the product from the production 
regions to distribution centres or refineries. Transmission pipelines may have compressor stations (for gas lines) 
and pump stations (for crude oil and liquid products.

	 Flow lines: Flow line is a pipeline transporting untreated hydrocarbons and other reservoir fluids.  Pipelines from 
the well are set the nearest processing facility / gathering station which is also called flow lines. Their purpose 
include moving the raw product from the well to the gathering lines. They carry a mixture of oil, gas, water and 
sand and are normally no more than 12” diameter in size.

	 Loading lines / Export lines:  Loading / exporting pipeline is a  pipeline between an onshore facility and an 
offshore loading facility. In other words, this is the pipeline from the processing facility to the loading or export 
point.
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	 Trunk lines / Inter field lines: This is also a main transmission pipeline to which spurlines and offtake lines may 
be connected.    Pipelines between two processing facilities or from pig trap to pig trap or from block valve 
station to block valve station are also called trunk line.

	 Spur lines / Transfer lines: It is the branch line exiting into trunk line or export line. That is, Spurline is a pipeline 
transporting fluid into a larger pipeline.   

	 Injection lines: Injection lines are pipelines, injecting water / steam / polymer / gas into the wells to improve the 
lift by injected fluid pressure.

	 Off plot piping: Off plot is a location outside the designated plant boundaries and generally comes under the 
category of pipelines.   

	 Disposal lines: Pipeline which disposes normally produced water into disposal wells (shallow / deep).
	 Subsea pipelines: Pipelines connecting the offshore production platforms to onshore processing facilities. 

Pipelines under deep seawater of Floating Platform Facilities are also called subsea pipelines. 
	 Distribution pipelines: are a system made up of ‘mains’ and ‘service’ lines, used by distribution companies. 

Together they deliver natural gas to the neighbourhoods of homes and cities.
	 Mains pipelines: Distribution pipelines classed as ‘mains’ are the step between high-pressure transmission lines 

and low-pressure service lines. Materials used for these pipes include steel, polyethylene, cast iron, plastic and 
copper.

	 Feeder pipelines: Feeder pipelines are used to move the product from processing facilities and storage tanks to 
the long-distance transmission pipelines.  

	 Distribution or Service pipelines - Distribution Service pipelines connect to a meter and deliver natural gas to 
individual customers. Materials used for service pipes include plastic, polyethylene, steel or copper. Pressure of 
the gas in these pipes is low at around 60 psi.
V.	 Piping and pipeline codes / standards	
1.	 ASME B31.1 Power Piping
	 Piping typically found in electric power generating stations, in industrial and institutional plants, geothermal 

heating systems,  heating and cooling plants.
2.	 ASME B31.3 Process Piping
	 Piping typically found in petroleum refineries, chemical, pharmaceutical, textile, cryogenic plants and related 

processing plants and terminals.
3.	 ASME B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids
	 B31.4 prescribes requirements for the design, materials, construction, assembly, inspection, and testing 

of pipeline transporting liquids between production facilities, between plants and terminals and within 
terminals, pumping, regulating, and metering stations, tank farms, natural gas processing plants, refineries,  
ammonia plants, terminals (marine, rail, and truck), and other delivery and receiving points. 

4.	 ASME B31.5 Refrigeration Piping
	 Piping for refrigerants and secondary coolants.
5.	 ASME B31.8 Gas Transportation and Distribution Piping Systems
	 Piping transporting products which are predominately gas between sources and terminals including 

compressor, regulating and metering stations, gas gathering pipelines. This Code covers the design, fabrication, 
installation, inspection, and testing of pipeline facilities used for the transportation of gas. 

6.	 ASME B31.9 Building Services Piping
	 Piping typically found in industrial, institutional, commercial and public buildings and in multi-unit residences 

which does not require the range of sizes, pressures and temperatures covered in B 31.1
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Abbreviations		  Definitions
Abs			   Absolute
AFC			   Approved For Construction (Mostly specified in drawings & procedures)
AISI			   American Iron and Steel Institute
ANSI			   American National Standards Institute
ASME			   American Society of Mechanical Engineers
ASTM			   American Standard for Testing Materials
Assy			   Assembly 
BIS			   Bureau of Indian Standard
BLDG			   Building
Btu			   British thermal unit(s)
BOM			   Bill Of Material
BOP			   Bottom of pipe
BW			   Butt Weld
CI			   Cast Iron
CS			   Carbon Steel
°C			   Degrees Centigrade
°F			   Degrees Fahrenheit
Dia / f			   Diameter
Drg			   Drawing
DSS			   Duplex Stainless Steel
EL			   Elevation
EN			   European Norms (Standards)
ERW			   Electric Resistance Weld
FCAW			   Flux Cored Arc Welding
FLG			   Flange
FF			   Flat Face (of Flange)
G			   Gage or Gauge

7.	 ASME B31.11 Slurry Transportation Piping Systems

	 Piping transporting aqueous slurries between plants and terminals within terminals, pumping and regulating 
stations.

9.	 Pipeline related ISO standards include : 

•	 ISO 3183 – Petroleum and Natural gas industries – Steel Pipe

•	 ISO 14692 – Petroleum and Natural gas industries – Glass Reinforced plastic piping

•	 ISO – 15590 – 1, 2 and 3 Pipeline fittings

•	 ISO 14313 – Petroleum and Natural gas industries – Pipeline valves

•	 BS / ISO 4427-1 2007 - Plastic piping systems - polythylene pipes and fittings for water supply systems.

•	 BS / ISO - 4437-2007 Buried polyethylene (PE) Pipes for the supply of gaseous fuel.

•	 IS - 14885 - Polyethylene (PE) Pipes for the supply of gaseous fuel.

•	 BIS / IS - 4984 - High Density PE Pipes for water supply

Abbreviations and Definitions
	 Many abbreviations are used in piping and pipeline works. The pipe fitter shall be familiar with those abbreviations 

and definitions as she may encounter these abbreviations in his routine work. Important abbreviations and 
corresponding definitions are listed herewith.
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GA			   General Arrangement
GAIL			   Gas Authority of India Limited
GALV			   Galvanised 
Gr			   Grade
GTAW			   Gas Tungsten Arc Welding
HDPE			   High Density Polyethylene,       MDPE - Medium Density Polyethylene
Hex			   Hexagonal
HSE			   Health Safety and Environment 
IBR			   Indian Boiler Regulation 
ID			   Inside Diameter
IFC			   Issued For Construction
INS			   Insulation
IS			   Indian Standards
ISO			   International Organization for Standardisation
Kw			   Kilowatt(s)
LC			   Lock Closed
LO			   Lock Open
LR			   Long Radius 
Max			   Maximum
MFG			   Manufacturing
Min			   Minimum
mm			   Millimeter
MSS			   Manufactures Standardization Society
MT / MPT		  Magnetic Particle Testing
NDT			   Non Destructive Testing
NPS			   Nominal pipe size
OD			   Outside Diameter
ONGC			   Oil and Natural Gas Corporation
PCD			   Pitch Circle Diameter (or) Pitch Centre diameter
P&ID			   Piping & Instrumentation Diagram
PNGRB			   Petroleum and Natural Gas Regulatory Board
PPE			   Personnel Protective Equipment
PQR			   Procedure Qualification Record
PRV			   Pressure Relief Valve
Psi			   Pounds per square inch
PSV			   Pressure Safety Valve
PT			   Penetrant Testing
PVC			   Polyvinyl Chloride
RED			   Reducer
RF			   Raised Face
RT			   Radiographic Testing
RTJ			   Ring Type Joint
SMAW 			  Shielded Metal Arc Welding
SAW			   Submerged Arc Welding
Sch			   Schedule
SMLS			   Seamless
Spec			   Specification
SO			   Slip On
SQ			   Square
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SR			   Short Radius
SS			   Stainless Steel
Std			   Standard
STL			   Steel
SWG			   Swage
Temp			   Temperature
T.O.C			   Top Of Concrete
TOS			   Top Of Steel
TYP			   Typical
UT			   Ultrasonic Testing
VT			   Visual Testing
WN			   Weld Neck
WT			   Weight
XS			   Extra strong
XXS			   Double extra strong

Exercise
I.	 Answer the following questions.
1.	 Explain process piping.
--------------------------------------------------------------------------------------------------------------------------------------------------
2.	 What do you understand by the term “on plot” piping?
--------------------------------------------------------------------------------------------------------------------------------------------------
3.	 Explain oil and gas major sectors upstream, midstream and downstream.
--------------------------------------------------------------------------------------------------------------------------------------------------
4.	 Distinguish piping and pipeline system.
--------------------------------------------------------------------------------------------------------------------------------------------------
5.	 Describe trunk lines and spur lines.
--------------------------------------------------------------------------------------------------------------------------------------------------
6.	 Explain the purpose and significance of ASME B31.4 Pipeline Transportation Systems.
--------------------------------------------------------------------------------------------------------------------------------------------------
7.	 Write down the expanstion for the following abbreviations related to piping and pipelines.
	 AFC, ASTM, BOM, ERW, NPS, PRV, SMLS, T.O.C, XXS
--------------------------------------------------------------------------------------------------------------------------------------------------
II. 	 State whether the following statements are True or False.
1. Off plot is a location inside the designated plant boundaries and for generally piping inside the plant 

boundaries.
 		  True			   False 
2.	 Pipeline is series of straight pipes, welded together over a long distance, for conveying oil or gas.
		  True			   False
3.	 Exploration and production is a “midstream stream process” in oil and gas industry.

		  True			   False
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--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

4.	 Further processing of crude oil and natural gas into useful final product is a “downstream process. 

		  True			   False

5.	 Pig launcher / Pig receivers and Pig signallers are pipeline components. 

		  True			   False

6.	 Pipelines comprise many equipment and accessories within the pipeline system.

		  True			   False

7.	 Pipeline system design code includes ASME B31.4.

		  True			   False

8.	 Pipelines used to move the product from the production regions to distribution centres or refineries are 
called gathering lines.

		  True			   False

9.	 Transmission pipeline is a pipeline from the processing facility to the loading or export point. 

		  True			   False

10.	 Loading / Export lines are used to deliver oil or gas products from the source to processing plants or 
storage    	 tanks.

		  True			   False

11.	 Abbreviation ‘BOP’ stands for Bottom Of Piping.

		  True			   False

12.	 HDPE represents “High Density PVC Ethelene”.

		  True			   False

13. SWG is the abbreviation for “Sewage”.

		  True			   False

Notes
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UNIT 1.2 Piping and Pipeline Layout Drawing

Unit Objectives

1.2.1. Piping and Pipeline Drawings- Basics of Engineering

At the end of this unit, you will be able to:

1. read and interpret basics of engineering drawings and symbols

2. read, interpret piping isometric drawings, pipeline layout drawings, hangers and pipe support drawings and 
related engineering drawings

3. draw and illustrate pipeline system and bill of materials

4. describe various pipe supports.

At the end of this topic, you will be able to:

1. describe basics of engineering drawings

2.	 read	and	interpret	engineering	drawings	/	projections

3.	 prepare	simple	drawings	both	in	1st	angle	and	3rd	angle	projections.

Introduction

 Transmission of oil and gases subjects the pipe to intense stresses and strains and this demands the highest 
quality	throughout	the	construction	process	from	material	sourcing,	fitup,	welding	till	installation.	All	pipework	
must be designed and fabricated in a way that ensures the safety of plant operators, the plant, the public and 
the	environment	and	to	the	medium	being	transmitted.	

	 Process	piping	is	designed,	constructed	and	installed	in	accordance	with	ASME	B31.3	code.	Power	plant	piping	
is	designed,	constructed	and	installed	in	according	with	ASME	B	31.1.

	 In	Oil	and	Gas	Industries,	a	pipeline	is	designed	in	accordance	with	ASME	B31.4	code	for	Liquid	Transportation	
Systems	 for	Hydrocarbons,	 Liquid	Petroleum,	Anhydrous	Ammonia,	and	Alcohol	and	ASME	B31.8	 that	 is	 the	
governing	code	for	Gas	Transmission	and	Distribution	Piping	Systems.	Pipelines	are	laid	above	the	ground,	below	
the ground, river and in subsea. 

Basics of Engineering Drawings 

a.	 Drawings	are	prepared	in	grids	with	title	blocks	and	coordinates.	

b.	 Bill	of	materials,	notes	and	instructions,	if	any,	are	incorporated	into	the	applicable	drawings.	

c. Drawings may be prepared with or without scales. 

d.	 Different	types	of	drawings	are	prepared	for	piping	and	pipelines.	They	include	GA	–	General	Arrangement	
Drawings,	Assembly	drawings,	plot	plan,	 layout	drawings,	pipeline	drawings,	PID	–	Piping	and	 Instrument	
Diagram,	PEFS	-	Process	Engineering	Flow	Scheme	Isometric	drawings,	detailed	drawings	etc.

e.	 Drawings	may	be	prepared	in	projectional	view	or	isometric	view.	

Drawing	line	indications	need	to	be:

Visible	continuous	lines	to	depict	edges	directly	visible	from	a	particular	angle	and	represent	the	features	that	•	
can be seen in the current view.

	hidden	/	dotted	or	short	dashed	lines	indicate	the	features	that	cannot	be	seen	in	the	current	view,	representing	•	
edges that are not directly visible. 
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UNIT 1.2 Piping and Pipeline Layout Drawing

Unit Objectives

1.2.1. Piping and Pipeline Drawings- Basics of Engineering

At the end of this unit, you will be able to:

1. read and interpret basics of engineering drawings and symbols

2. read, interpret piping isometric drawings, pipeline layout drawings, hangers and pipe support drawings and 
related engineering drawings

3. draw and illustrate pipeline system and bill of materials

4. describe various pipe supports.

At the end of this topic, you will be able to:

1. describe basics of engineering drawings

2.	 read	and	interpret	engineering	drawings	/	projections

3.	 prepare	simple	drawings	both	in	1st	angle	and	3rd	angle	projections.

Introduction

 Transmission of oil and gases subjects the pipe to intense stresses and strains and this demands the highest 
quality	throughout	the	construction	process	from	material	sourcing,	fitup,	welding	till	installation.	All	pipework	
must be designed and fabricated in a way that ensures the safety of plant operators, the plant, the public and 
the	environment	and	to	the	medium	being	transmitted.	

	 Process	piping	is	designed,	constructed	and	installed	in	accordance	with	ASME	B31.3	code.	Power	plant	piping	
is	designed,	constructed	and	installed	in	according	with	ASME	B	31.1.

	 In	Oil	and	Gas	Industries,	a	pipeline	is	designed	in	accordance	with	ASME	B31.4	code	for	Liquid	Transportation	
Systems	 for	Hydrocarbons,	 Liquid	Petroleum,	Anhydrous	Ammonia,	and	Alcohol	and	ASME	B31.8	 that	 is	 the	
governing	code	for	Gas	Transmission	and	Distribution	Piping	Systems.	Pipelines	are	laid	above	the	ground,	below	
the ground, river and in subsea. 

Basics of Engineering Drawings 

a.	 Drawings	are	prepared	in	grids	with	title	blocks	and	coordinates.	

b.	 Bill	of	materials,	notes	and	instructions,	if	any,	are	incorporated	into	the	applicable	drawings.	

c. Drawings may be prepared with or without scales. 

d.	 Different	types	of	drawings	are	prepared	for	piping	and	pipelines.	They	include	GA	–	General	Arrangement	
Drawings,	Assembly	drawings,	plot	plan,	 layout	drawings,	pipeline	drawings,	PID	–	Piping	and	 Instrument	
Diagram,	PEFS	-	Process	Engineering	Flow	Scheme	Isometric	drawings,	detailed	drawings	etc.

e.	 Drawings	may	be	prepared	in	projectional	view	or	isometric	view.	

Drawing	line	indications	need	to	be:

Visible	continuous	lines	to	depict	edges	directly	visible	from	a	particular	angle	and	represent	the	features	that	•	
can be seen in the current view.

	hidden	/	dotted	or	short	dashed	lines	indicate	the	features	that	cannot	be	seen	in	the	current	view,	representing	•	
edges that are not directly visible. 
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centre	line	represents	axis	and	symmetry	of	the	object,	path	of	motion,	center	of	circle.	Center	line	is	drawn	•	
as long and short dashed lines, alternately.

	dimension,	extension	and	leader	lines	indicate	the	sizes	and	location	of	the	features.•	

1. Orthographic Projection

	 Piping	 drawings	 may	 be	 prepared	 in	 orthographic	 projection,	 isometric	 and	 block	 diagrams.	 Orthographic	
projection	 is	a	two	dimensional	drawing	showing	the	true	size	/	shape	of	the		three	dimensional	object.	 It	 is	
a	way	of	representing	a	three	dimensional	object	on	a	drawing	sheet.	Image	of	a	three	dimensional	object	is	
projected	and	viewed	/	seen	in	directions	that	are	right	angle	with	each	other.	Orthographic	drawings	usually	
consist	of	the	following:

Elevation / front view: This is a view of the object from the front side. 

Top / plan view: This is the view of the object from the top. 

Side view:	This	is	the	view	of	the	object	from	the	leftside	or	right	side.	

Sectional View: This is a cross -	sectional	view	used	to	show	the	inside	configurations	/	details.

	 Normally,	in	case	of	third	angle	projection,	front	view	is	drawn	in	lower	left	corner	of	the	drawing;	top	view	is	
drawn	in	the	upper	left	corner	and	right	side	view	on	the	lower	right	corner	of	the	drawing.	Same	scale	is	used	
for	drawing	all	the	views.	Orthographic	Projection	drawings	may	be	prepared	and	presented	in	1st	angle	or	3rd	
angle	projection.	

	 Orthographic	projection	 symbols	 depicts		  whether	 the	 drawing	 is	 prepared	 in	 the	first	 angle	 or	 third	 angle	
projection	as	given	in	the	figure	that	following.

Part Outlines
Heavy

Light

Medium

Light

Light

Light

3.000

Heavy

Heavy

Section	Lines

Hidden	Lines

Genter	Lines

Dimension and
Extension	Lines

Cutting	Plane

Preak	Lines

Fig. 1.2.1  Orthographic drawing projection symbols

Projection Symbol

First	Angle

Third	Angle

a. First Angle Projection Method

	 First	 angle	projection	 means	 viewing	 a	 body	 in	 the	first	 quadrant.	 In	 India,	 at	 present,	 generally	first	 angle	
projection	drawings	are	used.	Referring	to	1.2.2	of	the	Tea	cup,	top	view	is	drawn	below	front	view	and	left	side	
view	is	drawn	in	right	side	of	the	front		/	elevation	view:

Fig. 1.2.2 First angle projection drawing of a Tea Cup Fig. 1.2.3 Third angle projection drawing example
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	 Referring	to	Fig	1.2.3,	the	object	is	placed	in	the	third	quadrant.	 	plane	is	a	view	from	front	of	the	
object.	Horizontal	plane	is	a	view	from	above	the	object.		Top	view	is	drawn	above	front	view	and	right	side	
view	is	drawn	in	the	right	side	of	the	front	/	 	view.	

	 A	simple	piping	system	 	of		run	pipe,	tube	support	welded	to	a	 	bolted	to	a	 	steel	
plate	structure)	drawn	in	both	 	and	third	angle	 	methods	has	been	illustrated	in	Fig.1.2.4.	

1.	 Drawings	shall	include	 	block,	revision	block,	notes	list,	bill	of	materials,	views	and	 	zone	grids,	
scales, etc. 

	Drawings	shall	include	a	 	block.	Contents	of	 	block	include	project	name,	drawing	 	
drawing	number,	revision	number,	drawing	scale,	drawn	by,	reviewed	/	checked	by,	approved	by,	 	

	/	third	angle	 	symbol,	Issue	status	(such	as	AFC-	Approved	for	 	/	IFC,	Issued	for	

	The	revisions	block	is	a	tabulated	list	of	the	revisions	(versions)	of	the	drawing,	 	
the	revision	history.	 	 	for	the	revisions	block	is	the	top	/	adjoining	the	 	block.

	Drawings	contain	 	and	number	 labels	along	the	margins	such	as	A,B,C,D	in	sides	and	
1,2,3,4,5,6	along	the	top	and	 	Names	of	grids	/	 	are	 	as	A5,	D2,	or	B1.	This	grid	

	helps	to	reference	 	areas	of	the	drawing.

	 	 views	 are	 projected	 views,	 showing	 	 of	 the	 source	 object	 along	 the	
	cut	plane.	These	views	are	commonly	used	to	show	internal	features	with	more	clarity	than	may	be	

available	using	regular	 	or	hidden	lines.	

e.	 Revision	 	are	represented	with	clouded	area	and	a	triangle	with	the	revision	number.

f.	 Dimensioning	in	drawing	shall	be	performed	with	unique	 	Examples	of	dimensioning	has			
been	shown	in	the	Fig.	1.2.5	and	1.2.6.

1.	 When	 a	 drawing	 is	 to	 be	 preparded,	 all	 dimensions	 shall	 be	 	 Otherwise	 it	 will	 look	 like	 a	
cartoon.

2.	 If	a	house	 	drawing	is	to	be	propared,	the	drawing	sheet	shall	not	be	to	full	height	and	length	/	width	
of	the	house.	Hence,	drawings	are	to	be	prepared	to	a	reduced	scale.	All	dimensions	shall	be	converted	to	the	
convenient scale and drawn.

For	example	scale	1:20	means,

1mm in drawing represents the true size of 20mm

First	Angle

Third	Angle	
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Fig. 1.3.2  Cube Fig. 1.3.3  Sphere Fig. 1. 3.4 Cylinder
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II. 

Fig. 1.3.8 Circumference measurement using measuring tape
!!
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	    length for making bends
Fig 1.3.12 Determining straight length pipe requirement 
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Fig. 1.3.14 Tees of equal diameter pipes
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I.

II. 
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Unit Objectives

UNIT 1.4	 Different Types of Materials Used in Pipe Fitting

At the end of this unit, you will be able to: 

1.4.1 Properties and Behaviour of Fluids- Liquids& Gases
At the end of this unit, you will be able to: 

1. 	

2.	

3.	

Property and behaviour of fluids, liquids and gases 

Introduction 

code.

367
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1.	 Mass Density

3.

pressure.

Mass
Density

Mass
Density

Mass

Tips

2.	 Viscosity

3.	 Temperature:

For Example 2;

4.	 Pressure

5.	 Specific Volume 

6.	 Specific Weight

!!
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N
3

Awareness on Hydraulic System and Pneumatic System 

1.	 Fluid Power

2.	 Hydraulic System

Pressure: 

2

2 2

For Example, 

2 2

b.	 Pascal’s Law

7.	 Specific Gravity
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c.	 Flow rate versus flow velocity 

d.	 Continuity equation 

e.	 Work and power

1) Pipe Diameter =

2) Velocity             =

3) Flow Rate     =

2 
1
4

3.	 Pneumatic systems

3
3 
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industries.

Exercise 
I.	  Answer the following questions.

II.	 State whether the following statements are True or False.

1.	

2.	

3.	

Notes

At the end of this topic, you shall be able to:

1.4.2 Properties of Different Pipe Materials
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Process Conditions and Materials Selection 

a. Type of fluid to be transported:
2

b. Temperatures of fluids to be handled are 

services.

Properties of and different pipe materials 

1.	  Material properties

Non 

2.	 Mechanical properties

•	

•	

•	

•	

•	

•	

•	

•	

•	

•	

•	
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3.	 Chemical composition  Alloying elements

Steel materials categorization 

1.	 Carbon steel: 

2.  Alloy Steel:

3. 	Stainless Steel:
O
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a. 	Types of  stainless steels: 

i.	 Austenitic Stainless Steel

ii.	 Ferritic Stainless Steel

iii.	Martensitic stainless steel

iv.	 Duplex stainless steels

Oil and gas pipes and pipe fitting materials 

1.	 Types of pipe and pipe fitting materials

a.	 Cast iron (CI) 
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b.	 Galvanized  steel

c.	 Carbon steel pipes

d.	 Pipeline materials:

e.	 Stainless steel piping

f.	 Non ferrous piping

g.	 Duplex stainless steel (DSS) pipelines

h.	 PVC  Polyvinyl Chloride Pipes

i.	 CPVC pipes are

j.	 GRE/GRP piping

K. PE / MDPE / HDPE (High Density Poly-Ethelene) 
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Notes

I.	 Answer the following questions.

II.	 State whether the following statements are True or False.

Exercise 
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1.4.3 Metallic Piping and Pipe Fitting Materials Standards /  	
          Specifications and Applications
At the end of this topic, you shall be able to:

Pipe materials classification based on manufacturing process 

Piping materials identification marking

1.	 ASTM A-53
                                            Piping Materials Standards / Specification / Applications 

Table 1 

SI.No Material 
Specification

Material Description

1
2
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Notes

Exercise 
I.	 Answer the following questions.

3
4

5

ASTMA 234

8

ASTM A 182

11

12

13
14
15
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UNIT 1.5 Preparation of Piping and Pipeline

Unit Objectives

1.5.1. Pipe Flanges, Pressure Rating and Their Applicability

At the end of this unit, you will be able to:

identify of different flanges, bends, elbows, shapes, joints, etc., used to fabricate pipes1. 

identify and distinguish different types of nuts, bolts, screws, clamps, fixtures, etc., used in piping2. 

recognise on different packing materials, adhesives, gaskets, o ring, ropes, etc.3. 

cut gaskets using a cutting machine4. 

install various valves, instruments and piping accessories5. 

 perform valve functional test.6. 

At the end of this topic, you will be able to:

1. describe different types of flanges and materials

2. recognise with flange ratings and dimensions.

Pipe flange and purpose 

 A flange is a piping object made by forging or cutting steel plates used for connecting pipes, valves, pumps 
and other equipment to form a piping system. Flange joints are made by bolting together two flanges with a 
gasket between them to provide effective seal. Flange joints can be dismantled easily to provide easy access for 
cleaning, maintenance, inspection or modification. Flanges are usually, welded or screwed with pipe. 

II.  Types of flanges 

1. The following flange types are mainly used in Oil and Gas industry - weld neck flange, slip on Flange, socket 
weld flange, lap joint flange, threaded flange, spade and spectacle flanges, blind flange.

2. Special Flanges

 Apart from the above standard flanges, there are number of special flanges for specific applications, such as 
orifice flanges, long weld neck flanges, weld flange / nipoflange, Expander flange, reducing flange.

Fig. 1.5.1  Various types  of flanges

Weld-Neck Slip-On Socket-Weld Lap-Jpint Threaded Blind

Materials for flanges

 Pipe flanges are manufactured from different materials like carbon steel, alloy steels, stainless steel, cast iron, 
etc. In general, the material of  flange and pipeline are of same or equivalent grade / specification. Flanges are 
available in various types and standards. ASME / ASTM standard flanges are widely used. ASME B16.5 describes 
dimensions, dimensional tolerances, etc. 

67
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At the end of this exercise, you will be able to:

1. identify the types of flanges

2. draw a freehand sketch of a pipe flange weld neck type.

Requirements

Tools/Instruments      Materials/Components    

Measuring Tape   - 1 No.   Paper
Steel Rule    - 1 No.   Pencil, Marker
Vernier Caliper   - 1 Set   Different type of flanges 2” diameter

Equipment/Machines 

Personal Protective Equipment - 1 No.   

1.5.2. Type of Flanges

 Dimensions of flanges 

 Flanges have number of standard (unique) dimensions. Flange outside diameter is abbreviated as “OD”. Pitch 
Circle Diameter is abbreviated as “PCD”. It is also called ‘bolt circle’. 

Fig. 1.5.2 Weld neck flange NPS 6, class 150, schedule 40, ASME B16.5

 The above flange has 8 bolt holes, and a welding bevel of 37.5 degrees. All given dimensions are in millimeters. 
Pipe fitter shall measure and cross check all the above flange dimensions before commencing flange assembly.

 Pressure rating of flanges and its significance
 The pressure rating is the maximum allowable working pressure (MAWP) at the specific temperature for given 

material of a pipe, fitting or valve that if should be capable of withstanding in normal conditions. Each flange 
material has different pressure ratings. Flange pressure class /rating is given in pounds. Different names are used 
to indicate a Pressure Class. For example, 150 Lb or 150 Lbs or 150. “Class 150”, means that safe working pressure 
for this flange at rated temperature for given material is “150 pound per square inch”. Forged steel flanges, 
according to ASME B16.5, are made in seven primary Pressure Classes: 150, 300,400  600, 900, 1500, 2500. Inner 
diameter and diameter of the raised face are all the same for all ratings. But outside diameter, bolt circle and 
diameter of bolt holes become larger in each higher pressure class.

Practical
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At the end of this exercise, you will be able to:

1. identify the types of flanges

2. draw a freehand sketch of a pipe flange weld neck type.
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Tools/Instruments      Materials/Components    
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Steel Rule    - 1 No.   Pencil, Marker
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Equipment/Machines 
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1.5.2. Type of Flanges

 Dimensions of flanges 

 Flanges have number of standard (unique) dimensions. Flange outside diameter is abbreviated as “OD”. Pitch 
Circle Diameter is abbreviated as “PCD”. It is also called ‘bolt circle’. 

Fig. 1.5.2 Weld neck flange NPS 6, class 150, schedule 40, ASME B16.5

 The above flange has 8 bolt holes, and a welding bevel of 37.5 degrees. All given dimensions are in millimeters. 
Pipe fitter shall measure and cross check all the above flange dimensions before commencing flange assembly.

 Pressure rating of flanges and its significance
 The pressure rating is the maximum allowable working pressure (MAWP) at the specific temperature for given 

material of a pipe, fitting or valve that if should be capable of withstanding in normal conditions. Each flange 
material has different pressure ratings. Flange pressure class /rating is given in pounds. Different names are used 
to indicate a Pressure Class. For example, 150 Lb or 150 Lbs or 150. “Class 150”, means that safe working pressure 
for this flange at rated temperature for given material is “150 pound per square inch”. Forged steel flanges, 
according to ASME B16.5, are made in seven primary Pressure Classes: 150, 300,400  600, 900, 1500, 2500. Inner 
diameter and diameter of the raised face are all the same for all ratings. But outside diameter, bolt circle and 
diameter of bolt holes become larger in each higher pressure class.

Practical
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Instructor may provide different types of flanges and explain to trainees about how to identify the 
flange type. 

1. Look at the picture below and write the types of flanges in Table 1.

Tips !

1 2 3 4 5 6

2. Draw a free hand sketch of a pipe flange - Weld Neck Type

1

2

3

4

5

6

Table 1

Sl. No. Name of the Flange type     Sl. No.    Name of the Flange type

I. Answer the following questions.

1. Name any five types of flanges.

 -----------------------------------------------------------------------------------------------------------------------------------------------

2. What is meant by flange pressure rating?

 -----------------------------------------------------------------------------------------------------------------------------------------------

3. What are the different materials used for manufacturing flanges?

  -----------------------------------------------------------------------------------------------------------------------------------------------

4. What are the purposes of flange connections?

 -----------------------------------------------------------------------------------------------------------------------------------------------

5. What are the different flange dimensions to be cross checked by the pipe fitter prior to flange assembly?

 -----------------------------------------------------------------------------------------------------------------------------------------------

Exercise
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At the end of this topic, you will be able to:

1. classify and distinguish flanges based on pipe attachment 

2. perform a socket weld joint fitup

3. list the applications of different types of flanges.

1.5.3 Flanges Classification based on Pipe Attachment

 Based on type of attachment with pipe, flanges are classified as slip on flange, socket weld flange, threaded / 
screwed flanges, lap joint flanges, weld neck flanges, blind flange, reducing flanges, integral flange, spade & 
spectacle blind  flange, orifice flange, etc. 

 Weld Neck Flanges are easy to recognize by long tapered hub with smooth transition that goes gradually from 
flange thickness to pipe or fitting wall thickness. The long tapered hub provides additional reinforcement and 
reduces stress concentration. Weld neck flanges are attached to the pipe or fitting with full penetration weld 
(Butt weld) Fig. 1.5.4. These are used mainly for high pressure/ critical services and for sub-zero and / or elevated 
temperatures.

  Slip on flange Slip on flanges are flanges slip over pipe and are also called as “SO Flange”. The slip on type flanges 
are attached by fillet welding inside as well as outside. In general, these flanges are manufactured by forging. 
Details of slip on flanges are given in Fig. 1.5.5

Notes
-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

II. State whether the following statements are True or False.

1. “Weld Neck” is a term used to describe a type of pipe 

  True  False 

2. Lap joint flange does not have raised face. 

  True  False

3. The flange material grade shall be higher than that of the pipe. 

  True  False

4. The abbreviation ‘PCD’ stands for ‘Pitch Circle Diameter’.

  True  False

5. As the temperature increases, flange rating decreases.
  True  False

6. Diameter of “raised face” will be the same for all different ratings of NPS 6 flanges. 

  True  False
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At the end of this topic, you will be able to:
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 Weld Neck Flanges are easy to recognize by long tapered hub with smooth transition that goes gradually from 
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(Butt weld) Fig. 1.5.4. These are used mainly for high pressure/ critical services and for sub-zero and / or elevated 
temperatures.

  Slip on flange Slip on flanges are flanges slip over pipe and are also called as “SO Flange”. The slip on type flanges 
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Notes
-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

II. State whether the following statements are True or False.

1. “Weld Neck” is a term used to describe a type of pipe 

  True  False 

2. Lap joint flange does not have raised face. 

  True  False

3. The flange material grade shall be higher than that of the pipe. 

  True  False

4. The abbreviation ‘PCD’ stands for ‘Pitch Circle Diameter’.

  True  False

5. As the temperature increases, flange rating decreases.
  True  False

6. Diameter of “raised face” will be the same for all different ratings of NPS 6 flanges. 

  True  False
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1. Weld Neck flange 

2. Butt Weld 

3. Pipe or Fitting

1. Slip On flange 

2. Fillet weld outside

3. Fillet weld inside 

4. Pipe

Fig. 1.5.3  Weld Neck Flanges Fig. 1.5.4 Slip On Flange

1

2

3

1

3

4

2

 Socket weld flange Socket weld flange has a female socket in which the pipe is fitted. This flange is mostly used 
for small bore lines. The connection with the pipe is done by fillet weld, at the outside of the flange. During fitup 
before welding, the pipe or  tube shall be inserted into the socket to the maximum depth and then withdrawn 
approximately 1/16” (1.6 mm) away from contact between the end of the pipe and the shoulder of the socket 
to create a space between flange or fitting and pipe. (Refer dimension ‘X’ in  Fig. 1.5.6. The purpose of the 
clearance in a socket weld is usually to reduce the residual stress at the root of the weld that could occur during 
solidification of the weld metal.

 Threaded / screwed flanges Threaded flange has threads inside the flange bore which fits on the pipe with 
matching male thread on the pipe. Refer Fig. 1.5.7. Screwed fittings are made in carbon / stainless steel and 
duplex stainless steel and up to 4inches diameter in instrument air galvanised piping system. Threaded / screwed 
on flanges are used on smaller piping such as instrument air, utility air / water services ,and galvanized steel, 
where welding cannot be carried out. Threaded flanges are used for special uses with their main advantage 
being that they can be attached to the pipe without welding. Sometimes, a seal weld is also performed  in 
conjunction with the threaded connection. A threaded flange or fitting is not suitable for a pipe system with thin 
wall thickness, because cutting thread on the thin pipe is very difficult. 

 Lap joint flange A stub is end always used with a lap joint flange, as a backing flange. The stub ends are welded 
with pipes and flanges and kept loose over the same (Refer Fig. 1.5.8.). Lap joint flanges are of same common 
dimensions as any other flange. However, it does not have a raised face. These flanges are nearly identical to a 
slip on flange with the exception of a radius at the intersection of the flange face and the bore to accommodate 
the flanged portion of the stub end.

1. Slip On flange         2. Fillet weld outside

3. Fillet weld inside    4. Pipe

1. Threaded flange 

2. Thread 

3. Pipe or Fitting

Fig. 1.5.5 Socket weld flange assembly Fig.1.5.6 Threaded Flange Connection

3

21

2

3

4 1
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1. Lap Joint flange  3. Butt weld 

2. Stub End   4. Pipe or Fitting

Fig. 1.5.7 Lap joint flange with stub end connection

 Integral Flange Integral flanges are those, which are cast along with the piping component or equipment (Fig. 
1.5.11). Integral flange also called “long weld neck flange (LWN flange)”, is used for very high pressure situations. 
In this case, the weld is far from the ring to avoid bending stresses and weld stress being combined.

 Spade & Spectacle blind flanges Spade and spectacle comprise combination of spade and blind together. Spade 
fits into the space between two flanges and gives flow through the spade (Fig. 1.5.12 and 1.5.14). A spectacle 
blind is a steel plate cut into two discs of a certain thickness. The two discs are attached to each other by section 
of steel similar to the nose piece of a pair of glasses. One of the discs is a solid plate, and the other is a ring, 
whose inside diameter is equal to that of a flange Fig. 1.5.13 & 1.5.14). Spectacle blinds are, generally, applied 
to permanently separating pipe systems and or just to connect with each other. Spectacle blinds are installed in 
systems which need to be separated from other installations from time to time when need arises in situations 
like maintenance / isolation. 

 Spades and ring spacers Spades and ring spacers are basically the same as spectacle blinds, except that both are 
not attached to each other. Spades and spacers are installed in systems where frequent closing / opening is not 
necessary. Depending on the flange size and the pressure class, spades can weigh high. To prevent unnecessary 
weight to flange connections,  two separate parts of spades and ring spacers are considered. 

1. Blind flange  

2. Stud Bolt  

3. Gasket

4. Other flange

Fig. 1.5.8 Blind Flanges (plain &bolted)

3

4
2

1

3

1

2

4

Lap Joint Flange

Stubend

 Blind flanges Blind flanges are manufactured without a bore, drilled with all relevant bolt holes and used to 
close / blank off the ends of piping, valves and pressure vessel openings, etc. (Refer Fig. 1.5.9).

 Reducing flanges Reducing flanges are used to connect between larger and smaller sizes without using a reducer. 
In case of reducing flanges, the thickness of flange should be that of the higher diameter (Refer Fig. 1.5.10). 
A reducing flange consists of a flange with one specified diameter and has a bore of a different and smaller 
diameter. Except for the bore and hub dimensions, the flange will have dimensions of the larger pipe. There are 
several types of reducing flanges including weld neck reducing flanges, slip on reducing flanges and threaded 
reducing flanges.
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1. Lap Joint flange  3. Butt weld 

2. Stub End   4. Pipe or Fitting

Fig. 1.5.7 Lap joint flange with stub end connection

 Integral Flange Integral flanges are those, which are cast along with the piping component or equipment (Fig. 
1.5.11). Integral flange also called “long weld neck flange (LWN flange)”, is used for very high pressure situations. 
In this case, the weld is far from the ring to avoid bending stresses and weld stress being combined.

 Spade & Spectacle blind flanges Spade and spectacle comprise combination of spade and blind together. Spade 
fits into the space between two flanges and gives flow through the spade (Fig. 1.5.12 and 1.5.14). A spectacle 
blind is a steel plate cut into two discs of a certain thickness. The two discs are attached to each other by section 
of steel similar to the nose piece of a pair of glasses. One of the discs is a solid plate, and the other is a ring, 
whose inside diameter is equal to that of a flange Fig. 1.5.13 & 1.5.14). Spectacle blinds are, generally, applied 
to permanently separating pipe systems and or just to connect with each other. Spectacle blinds are installed in 
systems which need to be separated from other installations from time to time when need arises in situations 
like maintenance / isolation. 

 Spades and ring spacers Spades and ring spacers are basically the same as spectacle blinds, except that both are 
not attached to each other. Spades and spacers are installed in systems where frequent closing / opening is not 
necessary. Depending on the flange size and the pressure class, spades can weigh high. To prevent unnecessary 
weight to flange connections,  two separate parts of spades and ring spacers are considered. 

1. Blind flange  

2. Stud Bolt  

3. Gasket

4. Other flange

Fig. 1.5.8 Blind Flanges (plain &bolted)
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Lap Joint Flange

Stubend

 Blind flanges Blind flanges are manufactured without a bore, drilled with all relevant bolt holes and used to 
close / blank off the ends of piping, valves and pressure vessel openings, etc. (Refer Fig. 1.5.9).

 Reducing flanges Reducing flanges are used to connect between larger and smaller sizes without using a reducer. 
In case of reducing flanges, the thickness of flange should be that of the higher diameter (Refer Fig. 1.5.10). 
A reducing flange consists of a flange with one specified diameter and has a bore of a different and smaller 
diameter. Except for the bore and hub dimensions, the flange will have dimensions of the larger pipe. There are 
several types of reducing flanges including weld neck reducing flanges, slip on reducing flanges and threaded 
reducing flanges.
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 Orifice flanges Orifice flanges are used with orifice meters for the purpose of measuring the flow rate of either 
liquids or gases in the respective pipeline (Refer Fig. 1.5.15). Pairs of pressure “Tappings”, mostly on 2 sides, 
directly opposite each other, are machined into the orifice flange. When installing the orifice plate flange, the 
pressure taps need to be at the same elevation to each other. Orifice flanges are installed where orifice plate or 
flow nozzle needs to be installed. Orifice flanges, generally, come with either raised faces or RTJ (Ring Type Joint)
mostly in weld neck configuration.

Fig. 1.5.10 Reducing Flanges

Fig. 1.5.9 Integral Flange (Long Weld Neck Flange)

Fig. 1.5.11 Spade and Spectacle blinds

Fig. 1.5.14 Spade and Ring Spacer

4

3 3

2

2

1

1

1. Spectacle Blade
2. Flanges
3. Gasket
4. Stud Bolts 
  

Fig. 1.5.12 Spectacle blind flange -open Fig. 1.5.13 Spectacle blind flange – closed

1 11

2

2
4

Typical Spade Typical Ring SpacerSpade

3 3

2

1. Spade     3. Gasket
2. Flanges    4. Stud Bolts

1. Ring spacer    3. Gasket
2. Flanges           4. Stud Bolts

Fig. 1.5.15 Orifice flanges
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At the end of this exercise, you will be able to:

1. perform marking and punching

2. carryout drilling and reaming

3. verify PCD of flange ( Pitch Centre Diameter).

Requirements

Tools/Instruments              Materials/Components    

Dot punch    - 1 No.
Round File    - 1 No.
Divider    - 1 No.
Measuring Tape   - 1 No.   
Steel rule    - 1 No.   
Vernier Caliper   - 1 No.   
Try square    - 1 No.   
Ball peen hammer   - 1 No.   
Drill bit    - 10mm.  
Scriber    - 1 No. 

CS- Flange # 150 rating  - 1 No.

Equipment/Machines

AG-Grinding Machine - 1 No.
Drilling Equipment - 1 No.
Drill Chowk with 12mm - 1 No.
Drill bit Q12mm  - 1 No.

 • check and select CS/MS - material according to the drawing
 grind and file to size 10mm x 153mm• 
 check the thickness and diameter of the flange using vernier • 
caliper
 make the PCD axis x,y• 
 mark the hole centres for the drill hole by using scriber and dot • 
punch centre punch
then using the same radius, from the entre of the axis hole, draw a • 
arc on 

       PCD on either side of both axes of hole centre
make a punch mark intersection of the PCD circle and the radious • 
arc
 fix the job/flange on the machine vice• 
 fix the 12mm drill in drill chuck• 
 set the spindle speed for 12mm drill• 
 use coolent while drilling• 
 finish the job and deburr all corners so that you get equally spaced • 
six holes
 check the drilled hole size using vernier caliper• 
 apply thin coat of oil and preserve it for evaluation• 

 

1.5.4 Marking, Drilling and Reaming of Flange

Practical
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Drill bit    - 10mm.  
Scriber    - 1 No. 

CS- Flange # 150 rating  - 1 No.

Equipment/Machines

AG-Grinding Machine - 1 No.
Drilling Equipment - 1 No.
Drill Chowk with 12mm - 1 No.
Drill bit Q12mm  - 1 No.

 • check and select CS/MS - material according to the drawing
 grind and file to size 10mm x 153mm• 
 check the thickness and diameter of the flange using vernier • 
caliper
 make the PCD axis x,y• 
 mark the hole centres for the drill hole by using scriber and dot • 
punch centre punch
then using the same radius, from the entre of the axis hole, draw a • 
arc on 

       PCD on either side of both axes of hole centre
make a punch mark intersection of the PCD circle and the radious • 
arc
 fix the job/flange on the machine vice• 
 fix the 12mm drill in drill chuck• 
 set the spindle speed for 12mm drill• 
 use coolent while drilling• 
 finish the job and deburr all corners so that you get equally spaced • 
six holes
 check the drilled hole size using vernier caliper• 
 apply thin coat of oil and preserve it for evaluation• 

 

1.5.4 Marking, Drilling and Reaming of Flange

Practical
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Tips !

 Safety

 Use appropriate PPE.

 Do not remove burr/chips with bare hands.

 Do not try to change the drill bit while the drilling machine main switch is ON. Instructor or may explain 
with step by step instruction, how to carryout pipe to flange “socket weld” fit up 

1. Look at the isometric drawing below and carryout pipe to socket weld flange fitup and alignment.

1. All dimensions are in millimetre.
2. With the given materials, candidate is required to fit up pipe to socket weld flange.
3. Candidate is to check the tool items according to the tools list provided.

Exercise

I. Answer the following questions.

1. Name any five flanges classified based on pipe attachment type.

-----------------------------------------------------------------------------------------------------------------------------------------------

2. How is socket weld joint fitting performed?

-----------------------------------------------------------------------------------------------------------------------------------------------

3. Explain the construction of lap joint flange connection. 

-----------------------------------------------------------------------------------------------------------------------------------------------

4. What are the applications of spades and spectacle blinds?

-----------------------------------------------------------------------------------------------------------------------------------------------

5. What are the installation requirements for orifice flanges?

-----------------------------------------------------------------------------------------------------------------------------------------------

6. Draw a free handsketch of spectacle and blind flange assembled condition.

-----------------------------------------------------------------------------------------------------------------------------------------------

Tips !
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II. State whether the following statements are True or False.

1. The long tapered hub of weld neck flange increases stress concentration.

 True   False

2. Weld neck flanges are attached with pipe either by fillet weld or by butt weld.

 True   False 

3. Normally slip on flanges are welded with pipe by full penetration butt welding. 

 True   False

4. Threaded piping /flange is used in airlines instruments.

 True   False

5. Threaded pipe can be attached with pipe without welding.

 True   False

Notes
-----------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1. classify and distinguish flanges based on flange face and finish

2. describe ring type joint flanges

3. describe the significance of flange face finishes.

 1.5.5 Flanges Classification Based On Facing and Face Finish

  Flanges classification based on facing 

 Different types of flange faces are used as contact surfaces to seat the sealing gasket material. ASME B16.5 and 
B16.47 address various types of flange facings, including the raised face, flat face, ring type joint groove, etc.

i. Flat face (FF)

 The flat face flange has a gasket surface in the same plane as the bolting circle face. Flat face flanges are never 
to be bolted to a raised face flange.

ii. Raised face (RF)

 The Raised Face flange is the most common type used in oil and gas piping applications. It is referred to as a 
raised face because the gasket surfaces are raised above the bolting circle face. Pressure rating of the flange 
determines the height of the raised face. This face type allows the use of a wide combination of gasket designs 
including flat ring sheet types and metallic composites such as spiral wound and double jacketed types.

Fig. 1.5.16 Flange – Flat Face Fig. 1.5.17 Raised Face Flanges image  and  dimensional details
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II. State whether the following statements are True or False.

1. The long tapered hub of weld neck flange increases stress concentration.

 True   False

2. Weld neck flanges are attached with pipe either by fillet weld or by butt weld.

 True   False 

3. Normally slip on flanges are welded with pipe by full penetration butt welding. 

 True   False

4. Threaded piping /flange is used in airlines instruments.

 True   False

5. Threaded pipe can be attached with pipe without welding.

 True   False

Notes
-----------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1. classify and distinguish flanges based on flange face and finish

2. describe ring type joint flanges

3. describe the significance of flange face finishes.

 1.5.5 Flanges Classification Based On Facing and Face Finish

  Flanges classification based on facing 

 Different types of flange faces are used as contact surfaces to seat the sealing gasket material. ASME B16.5 and 
B16.47 address various types of flange facings, including the raised face, flat face, ring type joint groove, etc.

i. Flat face (FF)

 The flat face flange has a gasket surface in the same plane as the bolting circle face. Flat face flanges are never 
to be bolted to a raised face flange.

ii. Raised face (RF)

 The Raised Face flange is the most common type used in oil and gas piping applications. It is referred to as a 
raised face because the gasket surfaces are raised above the bolting circle face. Pressure rating of the flange 
determines the height of the raised face. This face type allows the use of a wide combination of gasket designs 
including flat ring sheet types and metallic composites such as spiral wound and double jacketed types.

Fig. 1.5.16 Flange – Flat Face Fig. 1.5.17 Raised Face Flanges image  and  dimensional details
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iv. Tongue and groove (T&G) flanges 

 The tongue and groove faces of flanges must be matched. One flange face has a raised ring (Tongue) machined 
onto the flange face while the mating flange has a matching depression (Groove) machined into is face. Tongue 
and groove facings are standardized in both large and small types. They differ from male and female in that the 
inside diameters of the tongue and groove do not extend into the flange base. Thus they retain the gasket on the 
inner and outer diameter. These are commonly found on pump covers and valve bonnets.

 Types of flange face surface finishes 

 The flange face finish concept refers to the type of roughness of the flange face. The ASME B16.5 code requires that 
the flange face (raised face and flat face) shall have a specific roughness to ensure that this surface is compatible 
with the gasket and provides a high quality seal. Depending on the type of gasket used in the connection, different 
flange surface finishes are used to optimize gasket performance. The common flange face finishes are stock 
finish, concentric serrated, spiral serrated and smooth finish.

Fig. 1.5.19 Tongue-and-Groove (T&G) Fig. 1.5.20 – Flange with serrated finish face

a. Stock finish

 This is a continuous spiral or phonographic groove, suitable for practically all general services. Stock finish 
is a widely used  flange surface finish, which is practically suitable for all ordinary service conditions. Under 
compression, the soft face of gasket will embed into this finish, which helps to create a seal between the mating 
surfaces.

b. Serrated finish

 Serrated finish flange is required when non-metallic gasket is to be installed. The serration on flanges is specified 
by the number, which is the arithmetic average roughness height (AARH). There are two types of serrations 
namely concentric and spiral (phonographic). The serration is generated by 90 degree tool, which creates “V” 
geometry groove with 45 degree angled serration. 

Fig. 1.5.18  Ring Type Joint Flange & Ring Gasket

iii. Ring type joint flanges

 A ring type joint (RTJ) flange is a type of flange that uses a metal ring that sits in a groove as a gasket to seal 
the flange pair. RTJ flanges are usually manufactured in blind, slip on, threaded and weld neck as needed. RTJ 
flanges are typically used in high pressure (class 600 and higher rating) and/or high temperature services above 
800°F (427°C) and in offshore piping systems. The flanges seal, when bolts are tightened, duly compressing the 
gasket between the flanges into the grooves. Raised face in RTJ flange  does not serve as any part of the sealing 
means.
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i. Spiral serrated

 This is also a continuous or phonographic spiral groove. It differs from the stock finish in that the groove is 
typically generated using a 90 deg tool which creates a “V” geometry with 45° angled serration.

ii. Concentric serrated

 As the name suggests, this finish is prepared with concentric grooves. A 90° tool is used and the serrations are 
spaced evenly across the face.

c. Smooth Finish

 Flange faces with a smooth finish should show no apparent sign of tool markings when viewed with naked eye. 
Smooth finish are typically made for gaskets with metal facings such as double jacketed, flat steel and corrugated 
metal. Flange face roughness will be between Ra 3.2 and 6.3 micrometers (125 - 250 micro inch).    

Fig. 1.5.21 Flange face finish configuration and their roughness

d. Surface finish notation AARH

 AARH stands for arithmetic average roughness height. It is used to measure the roughness (rather smoothness) 
of surfaces. Sometimes AARH is referred also as RA which stands for roughness Average and means the same. 
125 AARH means 125 micro inches will be the average height of the ups and downs of the surface. 63 AARH is 
specified for Ring Type Joints. 125-250 AARH (it is called smooth finish) is specified for spiral wound gaskets.

At the end of this exercise, you will be able to:

1. identify type of flange face and finish.

Requirements

Tools/Instruments      Materials/Components    

Measuring Tape   - 1 No.   Paper
Try Square    - 1 No.   Pencil
Steel rule    - 1 No.   Flange chart  or different type of   
        flanges 2”.
Equipment/Machines        

Personal Protective equipment - 1 Set

Practical

 1.5.6 Flanges Face and Finish

Tips !

Instructor may provide different types of flanges with various finished surfaces, and explain to trainees 
about the method of identification.

Look at the picture below and write the type of flange surface finish conditions in Table 2.
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i. Spiral serrated

 This is also a continuous or phonographic spiral groove. It differs from the stock finish in that the groove is 
typically generated using a 90 deg tool which creates a “V” geometry with 45° angled serration.

ii. Concentric serrated

 As the name suggests, this finish is prepared with concentric grooves. A 90° tool is used and the serrations are 
spaced evenly across the face.

c. Smooth Finish

 Flange faces with a smooth finish should show no apparent sign of tool markings when viewed with naked eye. 
Smooth finish are typically made for gaskets with metal facings such as double jacketed, flat steel and corrugated 
metal. Flange face roughness will be between Ra 3.2 and 6.3 micrometers (125 - 250 micro inch).    

Fig. 1.5.21 Flange face finish configuration and their roughness

d. Surface finish notation AARH

 AARH stands for arithmetic average roughness height. It is used to measure the roughness (rather smoothness) 
of surfaces. Sometimes AARH is referred also as RA which stands for roughness Average and means the same. 
125 AARH means 125 micro inches will be the average height of the ups and downs of the surface. 63 AARH is 
specified for Ring Type Joints. 125-250 AARH (it is called smooth finish) is specified for spiral wound gaskets.

At the end of this exercise, you will be able to:

1. identify type of flange face and finish.

Requirements

Tools/Instruments      Materials/Components    

Measuring Tape   - 1 No.   Paper
Try Square    - 1 No.   Pencil
Steel rule    - 1 No.   Flange chart  or different type of   
        flanges 2”.
Equipment/Machines        

Personal Protective equipment - 1 Set

Practical

 1.5.6 Flanges Face and Finish

Tips !

Instructor may provide different types of flanges with various finished surfaces, and explain to trainees 
about the method of identification.

Look at the picture below and write the type of flange surface finish conditions in Table 2.
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I. Answer the following questions.

1. Name any three flange types that are classified based on flanges facing.

-----------------------------------------------------------------------------------------------------------------------------------------------

2. What are the applications of raised face flanges?

-----------------------------------------------------------------------------------------------------------------------------------------------

3. What are the different types of flange face  serrations and how are they formed? 

-----------------------------------------------------------------------------------------------------------------------------------------------

4. Explain the significance of RTJ flanges. 

-----------------------------------------------------------------------------------------------------------------------------------------------

5. Describe the surface finish notation AARH.

-----------------------------------------------------------------------------------------------------------------------------------------------
II. State whether the following statements are True or False.

1. Flat face flange can be bolted to flat face or raised face flange.

 True   False

2. Raised face height is same on pressure rating flanges of the same size. 

 True   False 

3

4

5

Sl. No.                                            Type of flange surface finish condition

1

2

3

4

5

Exercise

Table 2

1 2
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3. The purpose of raised face is to decrease the pressure containment capability of the joint. 

 True   False

4. Ring type joints shall  not be used in offshore piping systems. 

 True   False

5. The raised face of the ring type joint flange does not serve any part of sealing means. 

 True   False

6. AARH refers to “Arithmetic Average Roughness Height”. 

 True   False

7. RA refers to “Raised Face Area”.

 True   False

Notes
---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1. classify and distinguish different types of pipe fittings

2.  identify applications of pipe fittings

3. describe the significance of pipe fittings.

 1.5.7 Types of Pipe Bends, Elbows and Shapes

Pipe fittings classifications 

1. A pipe fitting is a constituent part used in a piping system for

making connections• 

changing direction, • 

branching or for change of pipe diameter, which is mechanically joined to the system• 

changing the pipe specification from one material to another.• 

2. Pipe fittings classification based on end connections are butt weld fittings, socket weld fittings, screwed, 
Flanged, spigot socket fittings.

3. Fittings classifications by name is 

 bend angles (90° and 45° elbows)• 

reducing elbows• 

short and long radius bends  • 

equal and unequal tees• 

concentric and eccentric reducers • 

stub ends / end caps.• 
Fig. 1.5.22 Various Pipe Fittings
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3. The purpose of raised face is to decrease the pressure containment capability of the joint. 

 True   False

4. Ring type joints shall  not be used in offshore piping systems. 

 True   False

5. The raised face of the ring type joint flange does not serve any part of sealing means. 

 True   False

6. AARH refers to “Arithmetic Average Roughness Height”. 

 True   False

7. RA refers to “Raised Face Area”.

 True   False

Notes
---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

At the end of this topic, you will be able to:

1. classify and distinguish different types of pipe fittings

2.  identify applications of pipe fittings

3. describe the significance of pipe fittings.

 1.5.7 Types of Pipe Bends, Elbows and Shapes

Pipe fittings classifications 

1. A pipe fitting is a constituent part used in a piping system for

making connections• 

changing direction, • 

branching or for change of pipe diameter, which is mechanically joined to the system• 

changing the pipe specification from one material to another.• 

2. Pipe fittings classification based on end connections are butt weld fittings, socket weld fittings, screwed, 
Flanged, spigot socket fittings.

3. Fittings classifications by name is 

 bend angles (90° and 45° elbows)• 

reducing elbows• 

short and long radius bends  • 

equal and unequal tees• 

concentric and eccentric reducers • 

stub ends / end caps.• 
Fig. 1.5.22 Various Pipe Fittings

Pipe Fitter - City Gas Distribution

81

Pipe fittings details 

1. Butt weld fittings

 Butt weld pipe fittings are the most commonly available ones in carbon steel, stainless steel, nickel alloy, 
aluminum and high yield strength material. Butt weld fittings are available as elbows, tees, caps, reducer and 
outlets (olets). These fittings are the most common type of welded pipe fitting and are specified by nominal 
pipe size and pipe schedule. Butt weld fittings are made from seamless or welded pipe and are forged (through 
multiple process) to get the shape of elbows, tees and reducers, etc. 

2. Elbows & bends

 The function of an elbow is to change direction or flow in a piping system. Elbows are split into two groups, 
namely long radius and short radius.  Comparatively, small pressure drop will occur in long radius bend whereas, 
high pressure drops will occur in short radius bends.  There are 5 standard elbows: 45°, 90° and 180° elbows all 
these three are long radius version, and in addition,  the 90° and 180° elbows both in the short radius version. 
The center to face distance  is equivalent to the radius through which the elbow is bent. The center to face 
distance for a long radius elbow, abbreviated as LR always is “1½ x nominal pipe size (NPS) (1½D)”, while the 
center to face distance for a short radius elbow, abbreviated as SR is equivalent to nominal pipe size.

a. 90˚Elbow

 Butt weld long radius 90 degree elbow is used for 90 degree turn on piping in butt weld piping system. Long 
radius elbows are preferred due to their low pressure drop. They can also be cut at lesser degree, if required 
in piping layout. Their center line radius is 1.5 times the nominal pipe diameter. Butt weld short radius 90 
degree elbows are used where space is limited. They are available only in 90 degrees but they can be cut to 
lesser degree, if required as per piping layout. Center line radius of short radius elbows is same as nominal pipe 
diameter.

 3D elbows as an example, are calculated with:

 3(D) x 2(NPS) x 25.4

1. Elbow 90° long radius  

2.  Elbow 45° 

3.  Elbow 90° short radius   

4.  Elbow 180° long radius   

5.  Elbow 180° short radius   

6.  Tee straight  

7. Tee reducing  

8. Reducer concentric 

9. Reducer eccentric  

10. End cap  

11. Lap joint Stub End

Fig. 1.5.23 Types of standard elbows

b. 45° Elbow

 The function of a 45° elbow is the same as a 90° elbow, but the measurement of dimensions is different from that 
of the 90° elbow. Butt weld long radius 45 degree elbow is used for 45 degree turn on piping in butt weld piping 
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system. Long radius elbows are preferred due to their low pressure drop. They can also be cut at lesser degree, 

“B”

 

 

 

6. 

 

 
 

  
 



























































































































































































































































































































551

Pipe Fitter - Oil & Gas/City Gas Distribution

	 Brazing techniques

1.	 Cleaning

	 Sound brazed joints require clean, oxide-free surfaces. The surfaces to be joined should be thoroughly 	
cleaned of grease, oil, dirt and oxides to ensure uniform flow of filler metal. Once the parts are cleaned, they 
should be fluxed as soon as possible.

2.	 Fluxing the parts

	 Fluxes commonly come in liquid and paste forms. They must be applied evenly over the surfaces to be 
joined. Fluxes should be applied to the parts before heating. This way the parts will be protected from 
further oxidation during heating. Fluxes in paste forms are easiest to apply, generally, by using a brush.  
Flux reacts with oxygen, and when it becomes saturated, it loses its effectiveness.

	 3.	 Assembly

	 	 Parts to be brazed should be assembled immediately after fluxing, before the flux has time to dry and 	 	
	 flake off. The clearance between the parts should not be too tight nor it should be too loose. An optimum 	
	 clearance between the parts is about 0.4 mm.

4.	 Brazing

	 In most manually brazed joints, the filler metal is fed from the face side of the joint. It is helpful to brush 	 	
some flux on the brazing rod and to play the flame on the rod briefly to warm it up. Set the neutral flame or 
slightly reducing flame.

	 Heat the plates first, beginning about 25 mm from the edge of the fitting.

	 The active temperature is 450° to 800°C. 

	 It is very important that the flame shall be kept in motion and not remain on any one point long enough 	 	
to damage  the plate. 

	 Apply the brazing rod at the joint when the flux is completely clear. Because the temperature of the joint is 
hot enough to melt the brazing alloy. Keep the flame away from the rod as it is fed into 	 	 	 	
the joint.

	 Stop feeding as soon as the joint is filled. The key for successful brazing is not to disturb the joint in any 
way while the brazing filler metal is still in motion. Allow it to solidify completely before quenching or 
moving. Careful adherence to this principle will prevent a lot of braze quality issues in the brazing 
operation.

5.	 Cleaning the brazed joint

	 After the brazed joint has cooled, remove the flux residue using warm water (about 50°C) and a clean cloth, 
brush or swab since flux residues are chemically corrosive. Chemical cleaning is also employed using a mild 
acid solution to ensure. Proper brazed joint.

Tips !!

	 Safety :

At brazing temperature, some elements vapourize, producing toxic gases.

Fluxes contain chemical compounds which are harmful when they are inhaled or come into contact the eyes 
or skin.



Participant Handbook

552

I. Answer the following questions.

1.	 What is brazing?

-------------------------------------------------------------------------------------------------------------------------------------------------- 

2.	 Name the type of filler rod and flux used for brazing operation.

-------------------------------------------------------------------------------------------------------------------------------------------------- 

3.	 Which welding technique is used for brazing of M.S. sheet joints?

-------------------------------------------------------------------------------------------------------------------------------------------------- 

4.	 Write down the brazing skill sequences.

-------------------------------------------------------------------------------------------------------------------------------------------------- 

	 II.	 State whether the following statements are True or False.

1.	 Mechanical properties of properly made brazed joints are equivalent to those of welded joints.

	 	 True	 	 	 False

2.	 Fluxes are not required when using Ag-based filler metals.

	 	 True	 	 	 False

	 Joining process

	 Brazing and soldering are the most common methods of joining copper tube and fittings. The choice between 
brazing and soldering, generally, depends on the operating conditions of the system and the requirements of 
the governing construction codes. The basic theory and technique of soldering and brazing are the same for 
all diameters of copper tube. Regardless of the process, soldering or brazing, the same basic steps should be 
followed, with the only differences being the fluxes, filler metals and amount of heat used. 

	 Soldering

	 Soldering is a group of joining processes that produces coalesence of materials by heating them to the soldering 
temperature and by using a filler metal having a liquidus not exceeding 450°C and below the solidus of the base 
metals. The filler metal is distributed between the closely fitted faying surfaces of the joint by capillary action. 
Most of the factors involved with brazing apply to soldering.

	 Applications

Copper tubes are available in a wide variety of diameters and wall thicknesses with clean and efficient fittings to 
serve every purpose. Joints are made simply and effectively by soldering and brazing.

Copper tubing and pipe are widely used in ship building, oil refineries, chemical plants, oil lines and refrigeration 
systems.   

1.8.26 Soldering Operations
At the end of this topic, you will be able to:

1.	 recognise the basic steps to be followed in brazing and soldering processes 

2.	 carryout high quality soldered or brazed joint. 

Exercise

Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------
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  	 Soldering differs from brazing in that lower temperatures are involved.

In comparison with welded or brazed joints, a soldered joint has considerably less strength and is used primarily 
for liquid or air tightness. 

	 Performing a soldering method

1.	 Quality soldered joints can be made by following the basic principles of cleanliness, fluxing, joint detail and 
matching the proper flux and filler metal alloy.

2.	 Solder is the filler metal used in soldering. The solder has a composition somewhat different from that of the 
base metal.

3.	 The torch for soldering uses a fuel gas air system. Different torches are used for the different fuel gas and 
oxygen or air combinations. The basic principle is to provide uniform heating of the parts being joined. 

4.	 Proper fluxing and proper fitup of the parts is essential to allow capillary action to pull the molten filler metal 
into the joint.

5.	 The normal joint is the lap joint and heat is applied to the joint.

6.	 After the metal surfaces have been wetted and the space between them has been filled with solder, the joint 
is cooled to room temperature. After the solder joint is cooled, post cleaning is necessary.

1.	 Measuring and Cutting

	 Measure the tube length accurately. Inaccuracy can compromise joint quality. Cut the tube to the measured 
length. The tube can be cut with a disc - type tube cutting tool a hacksaw, an abrasive wheel. Care must be taken 
to ensure the tube is not deformed while being cut.

	 The cut must be square so the tube will seat properly in the fitting cup.

2.	 Reaming

	 Remove any burrs on the outside of the tube ends created by the cutting operation is necessary to ensure proper 
assembly of the tube into the fitting cup. 

	 Ream all cut tube ends fully inside the tube to remove the small burs. Tools used to ream tube ends include 
the reaming blade on the tube cutting device, half-round or round files, a pocket knife and a suitable deburring 
tool.

Fig. 1.8.118 Torch Soldering
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3.	 Cleaning	
	 Clean, oxide-free surfaces are essential to ensure sound joints of uniform quality. Failure to remove them can 

interfere with capillary action. It is may affect the strength of the joint and cause failure. Lightly clean the tube 
ends using sand cloth or nylon abrasive pads for a distance slightly more than the depth of the fitting cup. Clean 
the fitting cups by using abrasive cloth, abrasive pads or a properly sized fitting brush. Chemical cleaning may be 
used if tube ends and fittings are thoroughly rinsed after cleaning. Do not touch the cleaned surface with bare 
hands.
4.	 Fluxing
Apply a thin, even coating of flux with a brush to both tube and fitting as soon as possible after cleaning. The 
paste and liquid flux should adhere to clean metal surfaces specification. When joining copper or stainless steel 
or when the heating cycle is long, a concentrated flux is required.
5.	 Assembly and Support 

The parts to be joined should be assembled immediately after fluxing, before the flux has time to dry and flake 
off. Assemblies designed to be self-locating and self-supporting are the most economical. Insert tube end into 
fitting cup, making sure the tube is seated against the base of the fitting cup. A slight twisting motion ensures 
even coverage by the flux. Excessive joint clearance can lead to filler metal cracking under conditions of stress 
or vibration.

6.	 Heating

Preheating of the assembly should include the entire tube circumference to bring the entire assembly up 	 	
to a suitable preheat condition. Heat is, generally, applied using an oxyfuel torch with a neutral flame.

	 Solder Selection

	 The solder is selected to provide good flow, penetration and wettability in the soldering operation and the 
desired joint properties in the final product.

	 There are a wide range of commercially available solder filler metals designed to work with most industrial 
metals and alloys metals.

7.	 Applying the filler metal

Apply the filler metal at a point where the tube enters the fitting. When the proper temperature is 
reached, the filler metal will flow readily into the space between the tube and fitting drawn in by the 
natural force of capillary action. 

8.	 Cooling and Cleaning

Allow the completed joint to cool naturally. After, cleaning of any remaining flux residue with a wet rag, a 
thorough water after-rinse is then necessary.

9.	 Testing

Test all completed assemblies for joint integrity. Every brazed or soldered joints should be examined visually. It 
is a convenient preliminary test when other test methods are to be used.

The tests may be non-destructive or destructive. Inspection of joints should always be required to protect the 
ultimate user. But it is often specified by regulatory codes or by the company / client. 

Tips !!

	 Safety

	 Brazing / Soldering fluxes contain Fluorides. Fumes and gases can be dangerous to your health.
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			  	 Requirements

	 Tool/Instruments						      Materials / Components

	 Copper tube cutter		 				    Copper tube f 1”	 		  	
Reamer, Deburring		 	 	 	 	 Tin-Lead Solder				 
Emery Sheet	 	 	 			   Organic flux

	 Cotton Rag		 	 	 	 	 	 	

	 Equipment/ Machines

	 Oxy - acetylene setup

Practical

	 Performing soldering

1.	 Quality soldered joints can be made by following the basic principles of cleanliness, fluxing, joint detail 	 	
and matching the proper flux and filler metal alloy.

2.	 Solder is the filler metal used in soldering. The solder has a composition somewhat different from that of 	 	
the base metal.

3.	 The torch for soldering uses a fuel gas air system. Different torches are used for the different fuel gas and 	 	
oxygen or air combinations. The basic principle is to provide uniform heating of the parts being joined. 

4.	 Proper fluxing and proper fitup of the parts is essential to allow capillary action to pull the molten filler 	 	
metal into the joint.

5.	 The normal joint is the lap joint and heat is applied to the joint.

6.	 After the metal surfaces have been wetted and the space between them has been filled with solder, the 	 	
	 joint is cooled to room temperature. After the solder joint is cooled, post cleaning is necessary.

Fig. 1.8.119 Cutting Tube Fig. 1.8.120 Reaming the Tube Ends Fig. 1.8.121 Deburing of Tube Ends Fig. 1.8.122 Cleaning of Tube Ends

Fig. 1.8.123 Cleaning of Fitting Fig. 1.8.124 Fluxing of Tubes Fig. 1.8.125 Heating of Torch Fig. 1.8.126 Clean off Flux Residue 

1.8.27 Practising Soldering Techniques
	 At the end of this exercise, you will be able to: 

1.	 solder a sheet metal joint

2.	 describe the soldering process.
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I. Answer the following questions.

1.	 What are the most common methods of joining copper tube and fittings?

----------------------------------------------------------------------------------------------------------------------------------------------- 

2.	 Write the basic steps for making a high quality brazed or soldered joint.

----------------------------------------------------------------------------------------------------------------------------------------------- 

3.	 What are the safety hazards that may occur during brazing and soldering?

----------------------------------------------------------------------------------------------------------------------------------------------- 

II.	 State whether the following statements are True or False.

1.	 Mechanical properties of properly made brazed joints are equivalent to those of welded joints.

	 	 True	 	 	 False

2.	 The basic theory and technique of soldering and brazing are the same for all diameters of copper tube.

	 	 True	 	 	 False

Exercise

Notes
--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

			  	 At the end of this topic, you will be able to: 

1.	 recognise the flared joint, roll groove, press, push connect joint

2.	 create mechanical joints.

1.8.28 Practising Mechanical Joint in Piping
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			  	 Requirements

	 Tool/Instruments						      Materials / Components

	 Tube Cutter		  	 	 	 	 Copper tube f 3/4 ”			    	
Cotton rag		 	 	 	 	 	 abrasive cloth	 	 	 	 	
Reaming tool	

	 Equipment/ Machines

	 Flared tool		 	 	 	 	 	 	 	 	 	 	
Flared set-up

Practical

7.	 The final flared tube end should have a smooth, even, round flare of sufficient length to fully engage the 	
mating surface of the flare nut without protruding into the threads .

8.	 No material (pipe joint compound) should be applied to the mating surfaces of the flare fitting and the flared 
tube end before attaching the flare nut to the fitting body.

	 The system offers a practical alternative to soldering and brazing large diameter copper tube.   And most 
importantly, it requires no heat or open flame, as do soldering or brazing. Copper roll groove joining takes 
advantage of copper’s excellent malleability and its increased strength when cold worked.

	 1.8.28.1 Steps to create a joint

	 Copper tube used for liquified petroleum gas, propane gas or natural gas may be joined using flared brass fittings 
of single 45° flare type.

1.	 It is usually necessary to anneal the end of the tube to be flared, prior to flaring.

2.	 The copper tube must be cut square using an appropriate tubing cutter.

3.	 After cutting, the tube must be reamed to the full inside diameter leaving no inside burr.

4.	 Cleaning can be accomplished with the use of an abrasive cloth.

5.	 Place a flare nut over the end of the tube with the threads closest to the end being flared. Insert the tube 	 	
between the flaring bars of the flaring tool in the appropriate opening.    

6.	 Position the yoke with the flaring cone over the tube end and clamp the yoke in place. Turn the handle of the 
yoke clockwise. This lowers the flaring cone and forces the lip of the tube against the base of the flaring bar 
to create an angled flare that will make securely with a corresponding flare type fitting.

Fig. 1.8.127 Flared Joint
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1.8.28.2 Steps to create a joint

1.	 Examine the roll groove tube to ensure there are no dents, deep scratches, dirt, oil, grease or other surface 	
imperfections.

2.	 Measure the tube length accurately.

3.	 Cut the tube end square , perpendicular to the run of the tube.

4.	 Remove burrs from the I.D. and the O.D. of the tube end by reaming the I.D. and chamfering the O.D. using 
the appropriate tools.

5.	 Roll groove the tubing to the proper dimensions as required. 

6.	 Examine the fittings, gaskets and clamps to ensure the proper gasket is inserted into the clamp and the fitting 
end is not damaged.

7.	 Lubricate the gasket as per manufacturer’s recommendations. 

8.	 Inspect the clamping surfaces to ensure that they are clean and free from debris.

9.	 Assemble the joint according to the manufacturer’s recommendations.

10.	Tighten the clamping nuts to the proper torque.

11.	Inspect the tightened clamp to ensure it is properly assembled. 

	 1.8.28.3 Press connect joint

	 Press connect joints for lower pressure plumbing, process piping and many non-medical grade compressed gases 
utilize a single standard hexagonal press pressing pattern is formed.

Fig. 1.8.128 Different types of mechanical joints

Fig. 1.8.129 Copper Tube press fit joint

	 Steps to create a joint

	 1.	 Full depth of insertion into the fitting shall be clearly marked prior to inserting the tube into the fitting. 



559

Pipe Fitter - Oil & Gas/City Gas Distribution

2.	 Crimping jaw choice and jaw placement prior to crimping are to be done.

3.	 Once the pressing process has been completed, the jaws can be removed from the fitting and visual 	 	
	 examination of the final pressed fitting shall be performed. It is imperative that the tube has remained fully 
inserted after the pressing process.  

4.	 The completed double 360° crimp shall be inspected for the appropriate crimp mark as required by the 	 	
	 fitting manufacturer.

5.	 The crimp locations shall be checked with the go-no-go gauge, provided in the pressing kit, to ensure the 	 	
press process has been completed correctly.

	 1.8.28.4 Push - Connect Joints

	 Like the press connect joining method, the push connect joining of copper and copper alloy tube is fast, 
economical and also requires no heat or open flame. However, unlike most other joining methods, no additional 
tools, special fuel gases or electrical power are required for installation. Push connect joining utilizes an integral 
elastomeric gasket or seal (such as EPDM) and stainless steel grab ring to produce a strong, leak free joint.

	 There are two common types of push connect fittings. Both create strong, permanent joints. However, one 
allows for easy removal after installation to allow for equipment service, while the second type cannot be easily 
removed once the fitting is installed.

	 Steps to create a push connect Joint

	 1.	 Measure the tube accurately to ensure that it will socket to the back of the fitting cup.

	 2.	 Cut the tube square, perpendicular to the run of tube, using an appropriate tubing cutter.

	 3.	 Remove burrs from the I.D. and O.D. of the cut tube end by reaming the I.D and chamfering the O.D. using 	
	 the appropriate tools.

	 4.	 Chamfering the cut tube end is required to reduce the possibility of gasket damage when inserting the 
	 tube. Cleaning of the chamfered tube end with emery paper will ensure that no sharp edges or kicks are 		
	 present. They might damage the sealing gasket upon insertion of the tube into the fitting. 

	 5.	 Examine the fitting to be used to ensure the sealing gasket and gripper ring are properly positioned and 	 	
	 not damaged.

	 6.	 Mark the depth of insertion on the tube prior to inserting it into the fitting. 

	 7.	 Lubrication of the tube end may or may not be required. Follow the manufacturer’s recommendations.

	 8.	 Align the tube so that it is straight and in line with the fitting.

	 9.	 Using a firm pushing and twisting motion, insert the tube into the fitting and push the tube and fitting 
	 together until the tube is seated at the back of the fitting cup as evidenced by the pre-marked tube 
	 insertion depth line.	 	

Exercise

I. Answer the following questions.
1.	 What are the two types of push connect fittings?
-----------------------------------------------------------------------------------------------------------------------------------------------
2.	 What is the purpose of chamfering the tube end in the push connect joint?
-----------------------------------------------------------------------------------------------------------------------------------------------
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3.	 What is the use of go-no-go gauge in the press connect joint?
-----------------------------------------------------------------------------------------------------------------------------------------------
4.	 Explain the steps to be followed in the roll groove joint?
-----------------------------------------------------------------------------------------------------------------------------------------------
5.	 What is the meaning of flared joint?
-----------------------------------------------------------------------------------------------------------------------------------------------
II.	 State whether the following statements are True or False.
1.	 Push connect joint requires no heat or open flame.
	 	 True	 	 	 False

Notes
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--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------
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--------------------------------------------------------------------------------------------------------------------------------------------------
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--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------
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--------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------
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Notes
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Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=uetc3jQGfSk

Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=eqwBR-jaEQ4

https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=eqwBR-jaEQ4
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2. Perform Electrofusion Welding

Unit 2.1 Procedures and Techniques for PE Pipeline   
	 								Installations

Unit 2.2 Electrofusion Principles

Unit 2.3 Physical	Properties

Unit 2.4 Preparing the Pipe

Unit 2.5 PE	Pipe	Manual	Butt	Fusion	Welding	Procedure

Unit 2.6 Electrofusion	Welding	Technique	and	Procedure
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At the end of this module, you will be able to:

	wear	 proper	 PPE	 and	 exhibit	 proper	 safe	 working	 principles	 and	 practices	 duly	 implementing		  all	 HSE	1. 
requirements

	adhere	to	work	site	quality	and	HSE	policies	and	objectives2. 

	read	and	interpret	drawings	and	approved	work	procedures	3. 

	receive	materials,	ensure	material	release	for	construction	and	check	for	any	material	damage4. 

	carryout	measuring,	marking,	cutting	and	transfer	/	maintain	material	identification	and	traceability	5. 

	identify	and	make	readily	available	appropriate	consumables,	tools	and	equipment	for	piping	edge	preparation	6. 
and	fit-up	work	activities	

	prepare	joining	edges	of	pipes	to	the	drawing	requirements	and	perform	pipe	fit-up	activities	duly	complying	7. 
drawing	and	approved	procedures	requirements

	perform	/	ensure	 functional	 checks	of	valves	and	other	 instruments	/	accessories	and	 install	 them	as	per	8. 
approved	for	construction	drawings	

install	gaskets,	bolts	/	studs,	nuts,	washers,	clamps	etc	and	perform	proper	bolt	tightening	 /	 torqueing	 in	9. 
sequence 

	perform	pipe	stringing,	fitting	activities	at	pipeline	installation	site10. 

	ensure	proper	trench	preparation	and	pipe	bedding	and	then	pipeline	lowering11. 

	prepare	for	hydrotest	/	pneumatic	test	and	perform	the	test	with	appropriate	work	permit	duly	complying	all	12. 
safety	precautionary	requirements	

	perform	depressurizing,	dewatering	and	cleaning	piping	/	pipeline	system.	13. 

Key Learning Outcomes
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2.1 Procedures and Techniques for PE Pipeline Installations

Unit Objectives

2.1.1 Understanding Conventionally Buried Pipelines

At the end of this unit, you will able to:

1.	 describe	how	conventional	buried	pipeline	trenches,	backfilling	and	compactions	are	performed

2.	 perform	narrow/chain	trenching	

3.	 listout	advantages	and	benefits	of	pipeline	installation	by	trenchless	methods

4.	 explain	 how	pipe/pipeline	 installations	are	performed	by	mole	ploughing,	 impact	moving	and	directional	
drilling.

At the end of this topic, you will be able to: 

1.	 explain	about	conventional	methods	of		trench	excavation	and	preparation	for	pipeline	installation

2.	 listout	general	requirements	and	instructions	for	conventional	excavation	and	trenching	

3.	 describe	how	pipelines	are	buried	in	conventional	trenches

4.	 specify	how	backfilling	and	compaction	are	performed	in	conventional	trenches.

2.1.1.1 Introduction to Conventionally Buried Pipelines

	 Natural	gas	is	delivered	directly	to	homes	and	businesses	through	local	distribution	lines	from	local	distribution	
stations.	Large	distribution	lines,	called	mains	move	the	gas	close	to	cities.	These	main	lines	along	with	much	smaller	
service	 lines	travel	 long	distances	 in	thousands	of	kilometers	 to	homes	and	businesses	through	underground	
pipeline	system.	Gas	distribution	pipes	are	installed	by	many	ways.	Installing	pipeline	in	conventional	trenching	
and narrow / chain trenching is discussed in this unit.

	 An	“excavation”	is	any	manmade	cut,	depression,	or	trench	that	is	made	by	removing	earth.	A	“	open	trench”	is	a	
narrow	excavation	made	below	the	surface	of	the	ground	that	is	normally	deeper	than	its	width.	Excavation	and	
trenching	are	important	parts	of	construction	works	of	pipeline	installation.

	 Conventional	piping	installation	method	is	trench	cut	and	cover.	In	normal	sites,	open	trenches	are	prepared	in	
conventional	methods.	Pipes	will	be	lowered	into	the	trench	after	bedding,	joined,	backfilled	and	compacted.	

	 Open	 trenches	 may	 be	 prepared	 manually	 with	 handheld	 tools	 or	 using	 excavators.	 Open	 trenches	 are	
comparatively	costlier	as	they	involves	more	volume	of	sand	removal,	bedding	before	pipe	lowering,	backfilling	
after	pipe	lowering	and	effective	compaction.	As	much	as	possible,	pipes	shall	be	installed	at	standardized	depths	
for	most	projects,	particularly	utilities	that	may	be	needed	to	access	again	in	the	future.	If	depth	is	changed,	it	
may	damage	the	existing	facilities	if	any,	already	installed.	

 2.1.1.2 Bedding and backfilling

	 Conventional	trenching	for	pipeline	burying	is	depicted	in	Fig.	2.1.1.	Bedding	is	preparation	of	the	pipe	resting	
area	with	soft	sand	so	as	to	bring	the	trench	bottom	to	required	grade,	levels	out	any	irregularities	and	ensure	
uniform	support	along	the	length	of	the	pipe.	Placing	and	compacting	of	bedding	course	on	trench	bottoms	shall	
be	performed	as	per	the	approved	procedure.

	 Hunching	is	backfilling	under	the	lower	half	of	the	pipe	(haunches)	so	as	to	distribute	the	superimposed	loadings.	
The	nature	of	the	hunching	material	and	the	quality	of	its	placement	are	one	of	the	most	important	factors	in	
limiting	the	deformation	/	damage	of	PE	pipe.

•	 Bedding	and	backfilling	soil	around	 the	pipe	shall	provide	an	envelope	of	embedment	to	protect	the	pipe	
from	mechanical	damage	from	impact	or	hard	objects	in	the	soil.	The	soil	around	the	pipe	shall	be	soft	and	
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it	shall	not	contain	any	organic	material,	debris,	rock	or	stone.	If	stone	/	rock	or	any	other	sharp	object	 is	
present,	it	may	damage	the	pipe	or	pipe	coating.	If	pipe	coating	is	damaged,	the	pipe	will	get	corroded,	pipe	
thickness	will	get	diminished	and	this	may	lead	to	fluid	leak	/	pipe	burst	/	accident,	etc.	

•	 Initial	Backfill		  /	subbase	 is	 the	critical	 zone	of	embedment	soil	surrounding	 the	pipe	for	at	 least	150	mm	
over	the	pipe.	The	pipe’s	ability	to	support	 loads	and	resist	deflection	 is	determined	by	the	quality	of	the	
embedment	material	and	the	quality	of	its	placement.	Initial	backfill	under	pipe	haunches	shall	be	compacted		
carefully	and	evenly	on	both	sides	and	along	the	full	length	of	utility	piping.

•	 The	trench	backfilled	sand	compaction	shall	be	properly	performed	in	such	a	way	that	it	does	not	damage	
the	installed	pipe.	If	compaction	is	not	effective,	ditches	may	form	that	may	lead	to	installed	pipe	damage.	
Compaction	of	trench	backfill	immediately	above	the	pipe	facilitates	the	redistribution	of	some	of	the	load	
away	 from	the	pipe	and	 into	 the	side-fill	 soil.	Backfilled	material	 shall	be	placed	and	compacted	 layer	by	
layer	 (in	 general,	 each	backfilling	 /	filling	 layer	 not	 exceeding	 150	 mm	 depth)	 so	 as	 to	 perform	effective	
compaction.	

I. Answer the following questions.

1.	 What	are	the	issues	to	be	considered	during	planning	backfilling	and	compaction	operations?

---------------------------------------------------------------------------------------------------------------------------------------------------

2.	 What	are	the	general	requirements	and	instructions	for	conventional		excavation	and	trenching?

---------------------------------------------------------------------------------------------------------------------------------------------------

3.	 What	do	you	understand	about	conventional	burying	of	pipelines?

---------------------------------------------------------------------------------------------------------------------------------------------------

II.  State whether the following statements are True or False.

1.	 Bedding	is	preparation	of	the	pipe	resting	area	with	soft	sand	to	the	required	grade,	levels	along	the	length	
of the pipeline. 

	 True				   False

2.	 Conventional	piping	installation	method	is	cutting	open	trench,	installing	pipeline	and	covering	/	backfilling.

	 True				   False

3.	 Hunching	 is	backfilling	under	 the	 lower	half	of	the	pipe	 (haunches)	 so	as	to	distribute		  the	superimposed	
loadings	duly	avoiding	/	limiting	deformation		of	Poly	Ethylene	pipe.

	 True				   False

Fig. 2.1.1  Conventional trenching for pipeline installation– bedding& laying

Exercise

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

Notes
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---------------------------------------------------------------------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------------------------------------------------------------------
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Exercise

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

Notes
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At the end of this topic, you will be able to:

1.	 recognise	how	to	prepare	narrow	/	chain	trenching	for	piping	/	pipeline	installation

2. prepare narrow trenching 

3.	 listout	 the	 benefits	 of	 narrow	 trenching	 and	 advantages	 of	 trenchless	 methods	 of	 piping	 /	 pipeline	
installation.	

2.1.2 Narrow / Chain Trenching for Piping / Pipeline Installation

2.1.2.1 Narrow / Chain trenching method

 Narrow	trenching	is	a	fast	method	of	excavating	trenches	usually	no	wider	than	150mm.	While	it	is	not	a	trenchless	
construction	 method,	 it		  minimizes	 disruption	 of	 streets	 and	 neighbourhood	 in	 comparison	 to	 traditional	
trenching	techniques.	The	practice	is	commonly	used	for	the	installation	of	utility	gas	distribution	piping.	When	
compared	to	conventional	open	trenching,	the	narrow	trenching	decreases	the	disturbance	/	impact	on	public	/	
community.	

	 A	number	of	devices	have	been	developed	to	create	micro	trenches,	including	mole	plows	and	cable	plows.	

	 Narrow	trenching	can	also	be	accomplished	with	the	use	of	attachments	to	construction	vehicles	or	tractors.

	 When	conditions	permit,	trenching	for	pipelines	which	are	buried	from	2	to	3	feet	depth	are	usually	done	with	
a	narrow	4	inch	wide	chain	trencher.	Where	there	is	little	gravel	or	rocks	and	the	ground	is	not	too	wet,	these	
trenchers	bring	up	well	pulverized	soil	that	makes	good	backfill	material.		The	material	is	usually	bulldozed	back	
in	the	trench	with	a	trencher	mounted	blade.	Where	rocks	are	not	present,	any	of	this	material	may	be	backfilled	
directly	around	the	pipe.		Traditional	subbase	materials	can	be	used	for	backfilling.	Formed	concreting	also	can	
be	performed.	

	 Narrow	 /	 Chain	 Trenching	 can	 be	 performed	 manually	 or	 by	 using	 trenching	 machines.	 For	 cutting	 narrow	
trenches	on	existing	concreted	surfaces,	narrow	twin	blade	saws	can	be	used	to	remove	the	concrete	top	layers.	
Narrow	trenching	is	also	known	as	micro-trenching,	mole	ploughing,	or	slot	cutting.	

Fig. 2.1.2  Manual Narrow trenching Fig. 2.1.3 Pipe installed in narrow trench

2.1.2.2 General instructions for narrow trench preparation

i.	 Determine	the	trench	dimensions	and	purpose.

ii.	 Interpret	the	drawing	and	note	down	the	required	shape,	location,	depth,	width	and	length	of	the	trench.	

iii.	 Always	know	the	surroundings	and	the	 location	of	people	and	objects.	Do	a	full	site	walk	around	prior	to	
excavation.

iv.	 Make	sure	that	all	underground	utilities	have	been	marked	and	identified.
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Fig. 2.1.5 MattockFig. 2.1.4  Manual Narrow trenching

Fig. 2.1.6 Digging shovel Fig. 2.1.7 Cleanout shovel Fig. 2.1.8 Trenching Hues

	 Shovels	are	to	be	used	where	necessary	to	remove/	lift	the	clays,	sands	or	broken	hard	objects.

	 Trench	Digging	Shovels	are	used	for	digging	narrow	flat-bottomed	trenches	4	/	6	inches	wide,	and	up	to	18	inches	
deep.	They	are	also	called	step-trench	shovels	because	the	upturned	back	surface	lets	you	push	down	(step	on)	
the	shovel	with	the	toe	of	your	boot	while	it	is	in	the	trench.	

	 Their	handles	have	high	lift	angles,	which	helps	when	raising	soil	up	out	of	the	trench.	

	 Clean	out	shovels	are	used	to	remove	the	loose	soil	(also	called	crumbs	or	spoil)	that	is	left	in	the	bottom	of	any	
trench.	This	is	done	to	provide	a	level	solid	surface	for	pipes	to	rest	on.	A	good	cleanout	shovel	has	a	very	high	
handle	angle	to	reduce	bending	while	reaching	the	bottom	of	the	trench,	and	a	head	with	side	walls	to	lift	a	good	
amount	of	soil	up	and	out	without	spillage.

	 Various	types	and	shapes	of	 trenching	hoes	are	available	 in	the	market.	Typical	 trenching	hoe	 is	shown.	The	
trenching	hoe	is	made	for	digging	flat-bottomed	trenches	up	to	about	24	inches	deep	and	5	inches	or	more	wide.
To	use	a	trench	hoe,	stand	above	the	end	of	the	trench	to	chop	soil	loose	and	then	drag	it	up	the	ramped	end	of	
the	trench,	just	like	the	chain	does	in	a	power	trencher.	It	is	the	same	action	that	a	power	trencher	uses,	just	in	
a	slower	“one-bite-at-a-time”	fashion.	

2.1.2.3 Narrow trenching by manual tools

		 After	 following	the	above	requirements	 for	 trench	preparation,	break	up	the	dirt	using	a	D-handle	 shovel	 to	
loosen	the	dirt	along	both	sides	of	the	trench.	This	will	make	it	easier	to	dig	the	dirt	in	the	middle	while	physically	
establishing dig line alongside the laying guideline.

	 Use	the	mattock	to	break,	in	case	of	clay	sand	/	hard	surface.	

v.	 Mark	the	trench	width	along	the	trench	length.	

vi.	 If	you	are	digging	near	pipes,	try	to	determine	where	any	other	pipes	may	be.	New	pipes	should	be	at	least	
1.5	feet	away	from	other	pipes.

vii.	 Avoid	obstructions	and	digging	under	the	tree.	

viii.	 Barricade	the	trenching	area	and	apply	/	install	necessary	signals	(refer	fig	2.1.4),	stop	logs	prior	to	commencing	
trenching	operation.

UTILITY
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Fig. 2.1.5 MattockFig. 2.1.4  Manual Narrow trenching

Fig. 2.1.6 Digging shovel Fig. 2.1.7 Cleanout shovel Fig. 2.1.8 Trenching Hues

	 Shovels	are	to	be	used	where	necessary	to	remove/	lift	the	clays,	sands	or	broken	hard	objects.

	 Trench	Digging	Shovels	are	used	for	digging	narrow	flat-bottomed	trenches	4	/	6	inches	wide,	and	up	to	18	inches	
deep.	They	are	also	called	step-trench	shovels	because	the	upturned	back	surface	lets	you	push	down	(step	on)	
the	shovel	with	the	toe	of	your	boot	while	it	is	in	the	trench.	

	 Their	handles	have	high	lift	angles,	which	helps	when	raising	soil	up	out	of	the	trench.	

	 Clean	out	shovels	are	used	to	remove	the	loose	soil	(also	called	crumbs	or	spoil)	that	is	left	in	the	bottom	of	any	
trench.	This	is	done	to	provide	a	level	solid	surface	for	pipes	to	rest	on.	A	good	cleanout	shovel	has	a	very	high	
handle	angle	to	reduce	bending	while	reaching	the	bottom	of	the	trench,	and	a	head	with	side	walls	to	lift	a	good	
amount	of	soil	up	and	out	without	spillage.

	 Various	types	and	shapes	of	 trenching	hoes	are	available	 in	the	market.	Typical	 trenching	hoe	 is	shown.	The	
trenching	hoe	is	made	for	digging	flat-bottomed	trenches	up	to	about	24	inches	deep	and	5	inches	or	more	wide.
To	use	a	trench	hoe,	stand	above	the	end	of	the	trench	to	chop	soil	loose	and	then	drag	it	up	the	ramped	end	of	
the	trench,	just	like	the	chain	does	in	a	power	trencher.	It	is	the	same	action	that	a	power	trencher	uses,	just	in	
a	slower	“one-bite-at-a-time”	fashion.	

2.1.2.3 Narrow trenching by manual tools

		 After	 following	the	above	requirements	 for	 trench	preparation,	break	up	the	dirt	using	a	D-handle	 shovel	 to	
loosen	the	dirt	along	both	sides	of	the	trench.	This	will	make	it	easier	to	dig	the	dirt	in	the	middle	while	physically	
establishing dig line alongside the laying guideline.

	 Use	the	mattock	to	break,	in	case	of	clay	sand	/	hard	surface.	

v.	 Mark	the	trench	width	along	the	trench	length.	

vi.	 If	you	are	digging	near	pipes,	try	to	determine	where	any	other	pipes	may	be.	New	pipes	should	be	at	least	
1.5	feet	away	from	other	pipes.

vii.	 Avoid	obstructions	and	digging	under	the	tree.	

viii.	 Barricade	the	trenching	area	and	apply	/	install	necessary	signals	(refer	fig	2.1.4),	stop	logs	prior	to	commencing	
trenching	operation.
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	 Cut	both	sides	of	the	hole	with	your	shovel,	break	up	the	topsoil,	and	then	work	both	sides	of		the	trench	until	
there	is	enough	loosened	soil	to	clear	/	remove.	

	 Loosen	soil	with	your	spade	on	one	side.	Stepping	on	the	spade	to	drive	it	through	the	dirt	at	about	a	45	degree	
angle,	insert	the	spade	about	6	inches	into	the	soil	approximately	2	inches	out	from	the	guideline.

	 Angle	the	spade,	so	that	 the	trench	walls	are	slightly	angled	and	the	bottom	outside	edge	of	 the	trench	sits	
beneath the guideline.

	 Shovels	are	to	be	used	where	necessary	to	remove/	lift	the	clays,	sands	or	broken	hard	objects.

 2.1.2.4 Trenching using trenching machines

	 A	power	or	chain	trencher	cuts	an	angled	ramp	in	the	soil,	then	constantly	abrades	it	and	drags	the	loose	soil	up	
and	out.	Trenching	with	a	grub	hoe	is	the	same	action,	just	replace	the	word	“abrades”	with	“chops”.

1. Narrow trenching machine preparation 

i.	 Turn	the	fuel	switch	‘ON’	and	give	it	a	little	bit	of	choke.

ii.	 Turn	‘ON’	the	key	switch	and	lower	the	throttle	a	bit.

iii.	 Put	the	transmission	in	neutral.

iv.	 Make	sure	the	hydraulic	pump	is	OFF.

v.	 When	trenching,	lock	the	wheels	in	place.	Disengage	the	wheels	to	move	the	unit.	

vi.	 Once	the	unit	is	running,	give	it	some	gas,	activate	the	hydraulic	pump	and	pop	the	transmission	forward.

2. Performing trenching by machine digging

i.	 Once	you	are	in	position	where	you	want	to	dig,	engage	wheels	so	they	work	together.	Put	the	throttle	up,	
throw	lever	to	start	the	chain	and	auger	spinning,	and	lower	the	bar	into	the	earth.

ii. The trencher will start digging.

iii.	 Lower	it	to	the	depth	you	want,	usually	all	the	way	down.(	Note:	This	could	take	a	few	minutes,	according	to	
how	far	down	you	want	to	dig).

iv.	 The	auger	will	push	dirt	off	to	the	side.

v.	 Keep	the	gas	on	full	throttle	and	control	the	speed	by	using	the	transmission	control.

Fig. 2.1.9 Trenching Instructions

Create	ramp	used	for	pulling
loose soil out of trench

Instructions for Trenching

Pull

Pull

Ramp

Trenching
directionStarting	at	the	top	of	the	ramp,	

chop	&	pull	slices	of	the	ramp	
out of the trench

This	creates	a	new	ramp,	which	
is then chopped and pulled out. 
Tepeat while walking backwards

Chop
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vi.	 Once	bar	 is	all	 the	way	down,	put	machine	 into	reverse	 to	start	moving	backward.	Then,	 it	will	 trench	 in	
reverse.

vii.	Caution:	Don’t	stand	in	front	of	the	machine	when	it	is	operating,		because	it	will	throw	dirt	and	rocks	in	a	
forward	direction.

viii.	 You	don’t	need	precision	and	accuracy	of	a	finishing	pass	with	every	movement.	

	 Work	in	long	layers	that	fill	the	excavator	bucket	just	as	the	stick	goes	vertical.	Begin	with	the	bucket	at	a	45	
degree	grade	and	curl	it	as	you	are	move	the	bucket	toward	you.	

	 Boom	up	just	before	you	begin	the	curl,	so	you	finish	the	cut	with	the	bucket	sitting	flat.	This	provides	a	flatter	
trench	bottom.

	 Pile	spoil	at	least	2	feet	away	from	the	trench	for	safety.	You	can	save	time	and	streamline	each	cycle	by	extending	
the	stick	no	more	than	40	degrees	to	dump	the	bucket.	

	 If	possible,	dump	the	spoil	directly	into	the	truck	that	will	haul	it	away.	This	narrow	target	is	ideal	for	an	excavator,	
which	can	dump	while	swinging	over	the	trunk	for	a	smooth	range	of	movements	with	each	pass.

3. Narrow trenches by modified excavator buckets

	 Narrow	trenches	can	be	performed	by	employing	modified	 excavator	buckets	as	 shown	 in	fig	2.1.11.	This	 is	
very	well	suitable	 for	 laying	pipelines	 in	paved	/	concreted	area	/	surface	or	adjacent	to	roads	with	minimal	
disturbance to public. 

2.1.2.5 Advantages of trenchless methods

	 Pipeline	 can	 be	 installed	 by	 trenchless	 methods,	 where	 open	 trenching	 or	excavating	 is	 not	practical	 /	 not	
advisable.	 The	 advantages	 include-	 less	 traffic	disruption,	 lower	 cost,	 deeper	 and/or	 longer	 installation,	 no	
access	pit,	shorter	completion	times	/	time-saving,	improved	directional	capabilities,	and	environmental	safety	
and	avoiding	extensive	open	cut	trenches.

Fig. 2.1.10 Trenching by machine digging Fig. 2.1.11 Narrow trenching with modified excavator buckets

Exercise
I. Answer the following questions.

1.	 What	are	the	instructions	to	be	fulfilled	prior	to	commencing	narrow	trenching?

-------------------------------------------------------------------------------------------------------------------------------------------------

2.	 How	is	narrow	trenching	performed	manually?

---------------------------------------------------------------------------------------------------------------------------------------------------

3.	 What	are	the	benefits	of	narrow	trenching?

---------------------------------------------------------------------------------------------------------------------------------------------------

4.	 What	are	all	the	advantages	of	pipeline	installation	by	trenchless	methods?

---------------------------------------------------------------------------------------------------------------------------------------------------

























































































































































https://www.youtube.com/watch?v=rK8Li4a4s9Y&t=58s
https://www.youtube.com/watch?v=rK8Li4a4s9Y&t=58s
https://www.youtube.com/watch?v=Vb458tuDY1M
https://www.youtube.com/watch?v=Vb458tuDY1M
https://www.youtube.com/watch?v=Nh5uO6PmHp8
https://www.youtube.com/watch?v=Nh5uO6PmHp8
https://www.youtube.com/watch?v=cCsVxWwRN90
https://www.youtube.com/watch?v=cCsVxWwRN90
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1.	 determine the importance of communication with team members 

2.	 maintain clear communication with colleagues 

3.	 work with colleagues as a team

4.	 work in ways that show respect to colleagues 

5.	 carryout and meet commitments made to colleagues

6.	 identify problems in team work and take initiative to resolve them

7.	 follow the organization’s policies and procedures for working with colleagues 

8.	 share resources with other members as per task priorities.
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3.1 Work

1.	 determine the importance of communication with team members 

2.	 maintain clear communication with colleagues 

3.	 work with colleagues as a team

4.	 work in ways that show respect to colleagues 

5.	 carryout and meet commitments made to colleagues.

1.	 determine the importance of teamwork

2.	 determine the needs for teamwork

3.	 find ways to enhance teamwork

4.	 list out the benefits of teamwork

5.	 explain the effectiveness of teamwork

6.	 describe teamwork in city gas distribution facilities.

•	 Teamwork is the collaborative effort of a team to achieve a common goal or to complete a task in the most 
effective and efficient manner. 

•	 Teams are viewed as group (s) of two or more individuals who must interact cooperatively and adaptively in 
the pursuit of shared objectives. 

•	 Modern organizations have widely adopted team approach as a way of accomplishing tasks that surpass the 
capabilities of individuals. 

•	 Teamwork originates with and builds relationships among a group of people who share a common interest or 
purpose.

•	 Teamwork includes open communication with everyone contributing to improve work efficiency. 

•	 A team that works well together can succeed together and produce great results. Refer the examples in Figs. 
3.1.1 and 3.1.2 which display successful teamwork and synergy.

Fig. 3.1.1 Teamwork success brings cheers & prospers Fig. 3.1.2  Collaborative effort towards common goal

U
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•	 	Teamwork is important for the successful completion of all city gas distribution construction facilities. 

•	 A typical construction site includes many different trades, competing priorities and processing deadlines.  In 
many work situations people meet and work as teams. 

•	 In a construction project, there are many departments (teams) such as contract, finance, engineering / 
design, purchase / procurement, materials, quality assurance / quality control, HSE, etc. Teams supporting 
the construction team comprise–multi disciplines such as, civil, mechanical, electrical and instrumentation, 
piping, welding, painting / coating, duly form by individuals and teams. Hence, for a project to become 
successful, it needs teamwork of many group of teams. Piping / pipeline construction / installation activities 
need support of all the above teams either directly or indirectly. 

•	 Cross-country pipelines and offshore pipelines installations involve fitting hundreds of joints and welding of 
large diameters (16 inch diameter to 36 inch diameter pipes) in a day and pipe laying for 2 to 3 kilometres  
a day. These cross-country pipelines and offshore pipelines installation involves many synchronized and 
simultaneous construction / installation activities which require effective teamwork not only within a team 
but with all other teams associated with pipeline works such as trenching, bedding, pipes stringing / fitting,  
lowering, fitting, welding, inspection and non-destructive testing (Radiography, Ultrasonic, etc), coating, 
backfilling, compaction, valves, gaskets installation and bolting, hydrotesting, etc. 

•	 Time is very precise in cross-country and offshore pipelines installation. Pipeline laying equipment, cranes, 
and all other infrastructures will be left idle even if one team is not working effectively. 

•	 Offshore pipeline installation is very challenging and critical. Adverse weather conditions such as wind speed, 
wind direction, sea waves, sea current, sea water flow direction, etc., will affect the progress of the pipeline 
installation work. Hence, personnel shall wait for the right time to commence the pipeline and complete the 
installation during favourable weather conditions.

•	 Thousands of rupee are spent on are installation costs for each second. If one team is not working effectively, 
collective teamwork gets affected, leading not only to the cost of installation going up, but subsequent 
activities and processes such as project construction, commissioning, operation and first oil production etc., 
will get delayed leading to a loss of millions of rupees.

•	 By working together, teams can find the solutions that work best.

•	 Teamwork is good opportunity for everyone to exchange ideas and come up with creative ways of doing 
things. 

•	 Team projects encourage employees to feel proud of their contribution.

•	 It encourages and nourishes new / fresh ideas and in sights to succeed in a competitive world.

•	 Turn knowledge into practical results that improve the organization´s services.

•	 Use a variety of communication processes (including technology) to support the sharing of information, 
knowledge and experience.

•	 Promote a culture of innovation to improve services and reach goals.

•	 Once a team succeeds, their brainstorming sessions will produce revolutionary ideas without hesitation. In 
many cases, the riskiest idea turns out to be the best idea.

•	 Teamwork allows employees the freedom to think different.

Team work boosts productivity as working within a team allows for shared workload among members and 
distibution of work according to each member’s skills and strengths. 
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•	 combining the talents of many individuals and therefore contributiob shall be more than the sum of the 
individual members.

•	 more hands on deck so that tasks are completed faster and more efficiently, thereby increasing productivity.

Fig. 3.1.3 Team work

I
1. Define teamwork.
	 ---------------------------------------------------------------------------------------------------------------------------------------------- 
2. 	What are the benefits of team work? 
	 ---------------------------------------------------------------------------------------------------------------------------------------------- 
3. 	How dose teamwork boost productivity?
	 ---------------------------------------------------------------------------------------------------------------------------------------------- 
II
1. 	Team work motivates unity in the workplace to work efficiently, and be supportive of one another.
		  True			   False
2. 	Creativity decreases when people work together in a team. 
		  True			   False
3. 	Working as a team allows the members to take more risks. 
		  True			   False
4. 	Open communication is restricted in teamwork. 
		  True			   False

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------
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•	 Communication is essential for achieving the organizations goals as it increases confidence. 

•	 One of the most important characteristics of a good team is open communication. 

•	 Good communication helps employees become more involved in their work with positive attitude. 

•	 Clear, precise and timely communication of technical information prevents the occurrence of  organizational 
problems, prevents reworking and eradicales time delay.

•	 A team that encourages open communication allows everyone to share their ideas and opinions without 
fear.

•	 When one communicate well within the team, it helps to eliminate misunderstandings and encourages a 
healthy and peaceful work environment. 

i.	 the ability to articulate and express ideas and thoughts.

ii.	 the ability to listen attentively and actively.

iii.	  the ability to express, read, interpret and respond appropriately to non-verbal communication.

	

(i)	 Speaking with discretion prevents misunderstandings with colleagues. Face to face communication helps to  
build trust and enables us to sense and understand different points of viwes and open mindedness others 
feelings.

(ii)	 Offer constructive criticism

	 When giving feedback, personal feelings shall be left out. It must be cusured that coworkers fully understands, 
the message / information communicated.

(iii)	Keep spoken and written communications short, simple and direct

	
1. 	determine the importance of communication with team members 
2. 	 list out the required primary communication skills
3. 	receive instructions and pass on information to team members 
4. 	seek clarifications and advice from superiors/supervisor	
5. 	 list issues and problems
7. 	follow supervisor’s instructions and advice
8. 	 identify deviations, problems and issues and report to the supervisor.

	 When communicating with colleagues maintain confidentiality, and treat them as we would like to be 
treated. 

•	 Listening actively shows that we are interested in the person’s speaking to say and indicates that we respect 
them. One needs to listen closely, orienting oneself towards and look at them directly and maintain eye 
contact while they speak. It is essential *** to interrupt the speakers.

•	 Seeking clasification from the speaker is essential when is doubt. Avoiding any other work while listening is 
very important.
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	 It is very important to report to the supervisor/site engineer of all work related issues that may affect  
work nature or quality. Immediate reporting of issues helps the superior/site engineers to resolve them  
before they affect the work progress, quality or cause damage to the site/workers or property.

	 Significant change from the standard design requirements and specifications is called deviation. In case of 
any deviation from the drawing, specification procedure, site condition etc., it has to be reported to the 
supervisor. 

The typical issues and problems that are to be reported include: 

•	 Safety related problems and issues which need to be reported to safety officer. For example, unsafe act, risk 
identification, unsafe condition, near miss, etc.

•	 	Non-availability of correct material, tools, equipment on time in the workshop/work site.

•	 	Tools/equipment, materials that are not stored properly in the store/yard.

•	 Hazardous materials not being kept in the designated areas with correct marking.

•	 	Routine housekeeping not being carried out.

	 An organisations team focuses on common objectives and aims at finding solutions to shared problems. It uses 
formal processes such as work planning, facilitation, process execution and periodical review with respect to 
the benchmark to achieve its objectives. All these are communicated and shared with the teams in the site. 
Communication may be verbal, written, oral, face-to-face, visual, through display, through presentation, email, 
phone or through meetings and talks. 

	 In each city gas sistribution site, many effective and efficient. They include: 

i.	 providing copies of applicable work procedures, method statements, Inspection and Test Plans and work 		
instructions to follow and case studies

ii.	 induction Training

iii.	 kick off meetings

iv.	 weekly safety and review meetings for all employees comprising all teams involved in the site. 

v.	 daily tool box talk within team members 

vi.	 displays and presentations.

•	 Induction training is a form of training given to new employees in relevant fields / areas of construction, 		
HSE and quality. The training will enable them to identify and follow rules and responsibilities to perform in their  
specific job roles. Prior to employment, companies usually brief new employees about company policies  
and procedures involving safety and provide safety induction training. During safety induction, 
safety rules, safety requirements and safe working conditions with respect to the site conditions shall be 
explained.

•	 The benefits of communicating information with the team members is outlined and benefits of  working in a 
team, is explained. The layout of the workplace including entries and exits, location of facilities, first aid and 
security requirements are explained. Project specific conditions / requirements are explained. Project / Site 
specific health, safety, environmental and quality requirements are explained. 
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•	 Site specific rules that must be complied with are shared. For example, personal protective equipment (PPE) 
like hard hats that workers must wear and use. Roles and responsibilities are explained and clarified. Various 
communication channels and hierarchy are explained. Emergency contact numbers are given. Introduction to 
superiors, subordinates, colleagues and co-workers is done. Tour of the workplace, pointing out all important 
facilities is done. Instructions on how to complete day-to-day tasks in a safe manner are given.

 
i.	 A strong induction process helps reduce stress and anxiety associated with a new job, increases confidence, 

improves morale and feelings about the new job and organisation. It also Increases the sense of acceptance 
into the organisation.

ii.	 Induction training helps employees to quickly adopt to new work environments and gets proper direction.

iii.	 New employees are made aware of specific site quality and HSE requirements.

v.	 New employees are able to quickly mingle with teammates / colleagues and feel safe and secured as they 
interact with other employees during induction training.

•	 One appropriate situation to enhance team morale will be during the kick off meeting for a new project/new 
worksite or prior to starting any new critical activity. Starting with a kick off meeting is a common project 
management practice. 

•	 The main purposes of the teams first meeting is to understand team tasks, level of requirements and the ways 
of achieving the same, assigning roles and responsibilities to and maintain effective working relationships 
among team members. 

•	 Tool box talks are one of the effective communication tools in the worksite for day-to-day activities. 
•	 It helps to share knowledge, about work, abouth the organisation, safety procedure, to avoid delays and  

prevent processes form going wrong. 
•	 Daily tool box talks are mandatory in oil and gas construction worksites and city gas distribution facilities. 
•	 Tool box talk among the team members happen every morning commencing any work. 

•	 nature of the activity to be carried out 
•	 Any specific requirements related to the process, product or services.  
•	 list of materials required and their availability
•	 list of tools and machines required and their availability
•	 process details and resource allocations
•	 quality of the material available.
•	 safety safe work practices and their importance.

	 I
	 1.	 What are the benefits of effective communication with team members?

		  --------------------------------------------------------------------------------------------------------------------------------------------
2.	 List some ways is which communication takes place is the worksite.

		  --------------------------------------------------------------------------------------------------------------------------------------------
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	 3.	 What is the purpose of induction training?
		  --------------------------------------------------------------------------------------------------------------------------------------------
	 4.	  List the information that are discussed during toolbox talks
		  --------------------------------------------------------------------------------------------------------------------------------------------	

5.	 Why and when should issues and problems be reported to superiors?
		  -------------------------------------------------------------------------------------------------------------------------------------------- 
	 II
	 1.	 Distribution of approved construction/fabrication drawing to team members is very important. 
		  True    			   False 
	 2.	 While conducting toolbox talks, safety and housekeeping are to be discussed.   
		  True    			   False
	 3.	 Toolbox talks are for all teams at a centralized assembly area. 

		  True    			   False

	 4.	 Toolbox talk is to discuss only safety related information and not for workrelated activities. 

		  True    			   False

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

	
1.	 explain the need for collaboration
2.	 develop good  relationship with colleagues
3.	 work together with colleagues for a common goal 
4.	 determine the value of teamwork
5.	 describe what teamwork trust and mutual respect are 
6.	 list out ways to improve teamwork.

	 When empolyees work together towards a common goal they are in a team. 
Effective teams need to focus on both the group and the task. Trust, teamwork,  
communication and respect are keys to effective working relationships. Employees need 
to be aware of, the importance of working well with team members / colleagues. The development of 
team spirit requires frequent interactions among team members. Teamwork requires effective collaboration. 
The level of shared task, and awareness of expertise have a positive effect on the team as performance. 

	 By working together, teams can find the solutions that work best. Often, a team works 
well together because team members rely on each other to bring individual talents to 
the table. Two heads are better than one to achieve the desired result. 
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	 Teamwork creates a system to ensure that deadlines are met and that there is high quality of work. When one 
colleague falls behind, there is another to pick up and complete it. Resources and information need to be shared 
with co-workers / colleagues, whenever required. Materials and tools borrowed from colleagues need to be 
promptly returned to maintain good relationship. Collaborating to come up with, hone and develop solutions 
is a great strength of working in teams. When people work together they can complete tasks faster by dividing 
the work to people of different abilities and knowledge. This helps accomplish tasks faster. A shared mission can 
help a group of people work together and create enthusiasm. When everyone is using their own abilities to work 
toward a common goal, the result is greater than the efforts of a single person, duly contributing to a smooth 
operation.

	 Each team member shall work in ways that show respect for colleagues and superiors and  
subordinates. They shall maintain good relations and ensure good rapport / with team members. 
Other’s ideas, communication abilities, background, religion, work style and cultural traditions  
need to be respected. 

	 Timely sharing and distributing collected materials, tools and tackles across the project team members as 
required, will improve team efficiency. Taking initiative to solve problems that arise during work is essential.

	 Commitments made to colleagues and superiors, need to met or time. This shall demonstrate that others can 
count on you.

	 Letting colleagues and superiors know in good time if work cannot be carried out as committed by duly explaining  
the reason is important. One should take responsibility for not meeting the commitments. 

Fig. 3.1.4 - Teamwork is Key to Success

I

1.	 Why is collaboration important in teamwork? 

	 ---------------------------------------------------------------------------------------------------------------------------------------------

2.	 How does one develop working relationships with colleagues?

	 ---------------------------------------------------------------------------------------------------------------------------------------------

3.	 How can teamwork efficiency be improved?

	 ---------------------------------------------------------------------------------------------------------------------------------------------

4.	 How can one be a good team member / colleague?

	 ---------------------------------------------------------------------------------------------------------------------------------------------
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-------------------------------------------------------------------------------------------------------------------------------------------------

II

1.	 Teams work well without collaboration.

		  True    		  False

2.	 Team members don’t rely on each other.

		  True    		  False

3.	 Teamwork minimizes shared knowledge.

		  True    		  False

4.	 Develop trust by gossiping.

		  True    		  False

5.	 Teamwork does not necessitate confidence in each other’s distinct abilities.

		  True    		  False 

	

1. adhere to company policies

2. follow and implement organizational procedures and work as per method statements

3. implement Inspection and Test Plan

4. plan and execute day-to-day activities duly meeting the project schedules 

5. develop work plan and organize required resources in co-ordination with team members

6. coordinate with team members to complete all assigned tasks.

	 Each and every organisation / company has formulated policies,  procedures and plans based on their objectives. 
All policies and objectives including safety policies are to be respected and adhered. Every employee is bound 
to work as per organisation / company policies and procedures. Pipe fitter shall go through the written policy 
statements of the organisation / company. Company / organisation policy not only productivity / delivery, but 
focuses on quality, safety, health,  security. 

	 The Pipe fitter has to follow all policies and implement the same. Similarly, the company may have various 
procedures like construction procedures, planning, execution, quality, monitoring etc. The pipe fitter needs 
to go through the relevant procedures, get doubts clasified with the supervisor, where necessary, follow and 
implement at all times.

	 A typical organisation will have various construction documents that include-Contract / Scope of work, 
Construction Plan and Procedures, Inspection and Test Plan (ITP), Method Statements, Work Instructions 
etc. These documents may be available individually or in combined form, depending on the quantum work of, 
criticality and applicability. The pipe fitter has to contact the supervisor and get access to the relevant documents / 
procedures, read, interpret is order to implement. These documents and drawings usually have revision number. 
Hence, the pipe fitter shall ensure with the supervisor that only the latest revision / version is following. Quality 
procedures will contain acceptance criteria or refere to acceptance criteria. A typical 
procedure will contain – list of reference documents, construction equipment, monitoring  
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and measuring devices including their calibration requirements, working procedure, necessary inspection 
and testing, acceptance criteria and required quality reports / records. Procedure may include work 
instruction and methodology too.

	 Typical ITPs contain details about contract name / number, process description, where (location) it  
is applicable, for what (which item such as piping, equipment etc., for which project, for which discipline 
and responsibilities. ITPs have tabulation listing each step in the sequential manner, construction process 
activities / inspection stage, reference procedure, applicable industrial code / standard for  each activity, 
acceptance standard, percentage of inspection, inspection level for the construction company, client and / 
or 3rd party inspection agency duly indicating / identifying inspection level / control points – Witness  
Point (W), Hold Point (H), monitoring (M) or Surveillance (S) or Random (R or I).   

 A ‘hold’ point  is a mandatory inspection / verification / witness point beyond which  
work shall not proceed without approval / authorisation of the respective inspection party (only within 
construction company, client or 3rd party as applicable). Prior / advance  notification the to respective inspection 
party is mandatory. 

: A ‘witness’ point provides a party (such as the customer, service provider and 
an inspection / regulatory authority) with opportunity to witness the inspection or test or aspect of the 
work at their discretion. Prior / advance  notification to the respective party is mandatory. But, it is not necessary 
to wait for the respective inspection representative. 

	  Intermittent monitoring of any stage of the work in progress is called surveillance. Prior 
notification is not required. Activity can proceed in routine manner.  This activity is marked as ‘I’ or “M’ in ITPs. 	
ITP requirements shall be complied with. As soon as the respective activities are completed, the pipe fitter 
shall inform his foreman / supervisor to arrange necessary inspection and testing as required by ITP. The pipe 
fitter shall not proceed to the next activity when the inspection indicated level is ‘W’, or ‘H’, till QA/QC team inspects 
and clears for further activities. 

	 Typical inspection and test plan for process piping (controlling and reference / acceptance criteria will vary based 
on scope of work and contract specifications)

	 To accomplish the task, the resource may be working drawings, working tools or equipment or knowledge, 	
cranes / lifting equipment. Many groups  in a location may be working with multidiscipline construction activities 
and more than one team may be assigned to perform pipe fitting works at a time with limited resources. 
For example, in case of crane / lifting equipment, a pipe fitter shall not demand separate crane / lifting  
equipment for them throughout the day, as the other group / teams will get affected. Hence, 
the pipe fitter should have ability to plan activities based on team priority as well the other 
teams priority / needs and share resources as much as possible to utilise the resources effectively and reduce the 
overall waiting time, idle time, overhead costs etc. In case, the crane is engaged with the other team, the pipe 
fitting team may plan and do other activities related to pipe fitting. Similarly, if the crane / lifting equipment is left 
idle, the pipe fitter immediately swing into action to execute the works which require crane / lifting equipment.

	 The pipe fitter shall liaise with the supervisor to know in the morning itself and if possible in the morning tool  
box  talk, about the activities to be performed and have knowledge about available resources and  
execute the works accordingly. 

	 While your strength may be creative thinking, a coworker might be good at organization and 
planning. Reinforcing both, will yield a constructive outcome. Hence, do not hesitate to share your abilities 
with the team.



681

Pipe Fitter - Oil & Gas/City Gas Distribution

	  is required for an individual or group engaged in pipe fitting to accomplish a specific task to achieve 
target and deadlines. The advantages of work plan include: 

i.	 prioritising work

ii.	 getting more work done in less time

iii.	 improving productivity

iv.	 producing quality work.

v.	 Achieving the target and deadlines in an efficient manner. 

	 A pipe / pipeline fitting team shall plan their day to day work / activities, perform (do), verify / inspect (Check) 
and Act to improve the performance of processes of pipe fitting / jointing activities.  The pipe fitting process has 
a set of interrelated activities using such as tangible input, piping materials, welding consumables, equipment 
and intangible ones like data, information, knowledge) to deliver the intended result of pipe fitting, welding and 
installation. 	

Fig. 3.1.6 PDCA cycle

	 3.1.4.4 

	 The process approach ”Plan- Do- Check- Act (PDCA)”  is a popular and effective tool / principle to any organization 
as a whole or each department to manage systems and processes. Each individual process / activity can be 
improved and made compatible by applying a Plan-Do-Check-Act approach.

	 In any organisation, the project / site activities are planned and scheduled by project planning and scheduling 
department using primavera, MS project or any other suitable programmed software and distributed to respective 
manager / supervisor for implementation and follow-up. Each team works with this plan and schedule. However, 
each activity has to be planned and executed in the field based on actual site conditions. 

Fig. 3.1.5 Teamwork in construction sites

•	 If fit-up is okay, arrange for 
welding.

•	 If fit-up is not okay, analyse 
the root cause and do the 
needful to eliminate.

•	 Arrange to rectify / rework. 
•	 Take necessary & tips / 

action for improvement to 
avoid recurrence.

•	 Perform material cutting and prepare 
the joining edges. 

•	 Visually inspect the prepared edges / 
weld faces.  

•	 Align the pipe / pipe fittings and 
perform pipe fit-up as per drawing 
and WPS. 

•	 If permitted, perform tack weld, 
otherwise, use pipe clamps. 

•	 Notify QA/QC

•	 	Study the workfront and priority 
and discuss with the superior about 
the next pipe installation / joint fit-
up and the work plan (where, when, 
who,how). 

•	 	Make available approved procedures, 
drawings, WPS, ITPs.

•	 	Arrange to receive the required piping 
material, ensuring material acceptance 
/ release.

•	 	Arrange welding equipment, 
electrodes / filler metals and all fitting 
accessories. 

•	 	Rise PTW and arrange cutting sets, 
grinding machines, fitting tools, 
clamps, etc.,

•	 	Monitor / measure / verify.
•	 	Perform fit-up inspection / client 

inspection, where applicable. 
•	 	Perform dimensional inspection- 

level, position / location, 
orientation, alignment,   root 
face, root gap.
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I
1.	 Describe the necessities and requirements for following and implementing  organisation’s policies and 

procedures.
	 ----------------------------------------------------------------------------------------------------------------------------------------------
2.	 What are the typical contents of “Inspection and Test Plan”?
	 ---------------------------------------------------------------------------------------------------------------------------------------------	
3.	 Define the inspection levels ‘hold point’ and ‘witness point’. 
	 ----------------------------------------------------------------------------------------------------------------------------------------------
4.	 Justify knowledge sharing.

----------------------------------------------------------------------------------------------------------------------------------------------
5.	 What are the advantages of ‘work planning’?

	 ______________________________________________________________________________________ 

6.	 Describe PDCA approach relevant to pipe fitting activity. 

	 ______________________________________________________________________________________ 

II

1.	 Method Statement is one of the construction document. 

		  True    			   False

2.	 Quality procedures will contain acceptance criteria or make reference to acceptance criteria.

		  True    			   False

3.	 More than one team may be assigned to perform pipe fitting works at a time with limited resources. ITP will 
indicate respective activity inspection level / control points. 

		  True    			   False

4.	 Prior / advance  notification to respective inspection party is mandatory if inspection level specified as 
“W”-witness point in ITP. 

		  True    			   False

5.	 Pipe fitter need not adhere to quality policy; but mandatorily with safety policy. 

		  True    			   False

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------
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Scan the QR codes or click on the link to watch the 
related videos

https://www.youtube.com/watch?v=fUXdrl9ch_Q

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

https://www.youtube.com/watch?v=fUXdrl9ch_Q
https://www.youtube.com/watch?v=fUXdrl9ch_Q
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4. Follow Health, Safety and Security     
    Procedures    

Unit : 4.1 Knowledge and Practice of Health and Safety

Unit : 4.2 Fire Safety

Unit : 4.3 Safety Systems

Unit : 4.4 Emergencies, Rescue and First-aid Procedures

HYC/N 6104
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“Safe  Today Alive Tomorrow”

At the end of module, you will be able to:

1.  identify and use appropriate personal protective equipment

2.  identify job site hazards and state possible causes of risk

3.  carryout safe work practices

4.  state methods of accident prevention in the workplace

5.  handle heavy objects safely using the correct procedure

6.  work safely in pipeline trenches, elevated places and confined spaces

7. carryout good housekeeping practice

8. report all incidents to the supervisor

9. promote and maintain a positive safety culture

10.  use the various fire extinguishers appropriately.

Key learning outcomes
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“Safe  Today Alive Tomorrow”

At the end of module, you will be able to:

1.  identify and use appropriate personal protective equipment

2.  identify job site hazards and state possible causes of risk

3.  carryout safe work practices

4.  state methods of accident prevention in the workplace

5.  handle heavy objects safely using the correct procedure

6.  work safely in pipeline trenches, elevated places and confined spaces

7. carryout good housekeeping practice

8. report all incidents to the supervisor

9. promote and maintain a positive safety culture

10.  use the various fire extinguishers appropriately.

Key learning outcomes
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“Work Safe and go Home Safely”

UNIT 4.1 Knowledge and Practice of Health and Safety

Unit Objectives
 At the end of this unit, you will be able to:

1. identify and use appropriate personal protective equipment

2.  state the names and location of people responsible for workplace safety

3.  state the names and location of documents that refer to safety

4.  identify job site hazards and state possible causes of risk

5.  carryout safe work practices

6.  handle heavy objects safely using correct procedure

7.  work safely in pipeline trenches, elevated places and confined space

8.  carryout good housekeeping practice.

4.1.1 Safety Standards and Personal Protective Equipment
 At the end of this topic, you will be able to:

1. state applicable standards

2. explain the use of personal protective equipment. 

 Safety standards are standards designed to ensure the safety of personnel and products, production and 
activities. They may be advisory or compulsory and are normally laid down by an advisory or regulatory body.

 4.1.1.1 Indian Safety Standards

 IS 18001   -  Safety management                 IS 13367  -  Cranes                IS 8235   -  Equipment

IS 181      -  Welding and thermal cutting  IS 2825    -  Pressure piping

IS 2375    - Pipeline coding uses color codes 

IS 5572    -  Electrical safety    IS 7194    -  Noise

 IS 2190    -  Fire safety    IS 2189     - Fire detection alarm

 IS 3521    -  Safety for Harness   

 IS 1179    -  Ear protectors    IS 1179     - Eye & face protection

 International Safety Standards

 ANSI/ISEA Z87.1.2015 – American National Standards for occupational and education on eye and face protection 
devices

 ISO 45001  –  Occupational health and safety management systems

 OSHA 18001 –  Standard for the occupational safety and health administration

 NE BOSH  –  National examination board in occupational safety and health
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 4.1.1.2 Safety terms and abbreviation

 Hazard: Hazard is a potential source of harm or adverse health effect to humans, property or the environment 
or hazard is any agent that can cause harm or damage to human property or the environment.

 Risk: Risk is a situation involving exposure to danger.

 Hazardous substance can be any substance - solid, liquid or gas that may cause harm to personal health.

 Abbreviation

 PPE   –  Personal Protective Equipment

 HSE   –  Health and Safety Environment

 NSC   – National Safety Council

 NIOH  –  National Institute of Occupational Health

 MAHCA – Major Accident Hazard Control Advisory division

 OSH  –  Occupational Safety and Health

 OSHA  –  Standard for the Occupational Safety and Health Administration

 IOSH –  Institution of Occupational Safety and Health

 HAZOP  –  Hazard and Operability Study

 ACGIH –  American Conference of Government Industrial Hygienists

 MSDS –  Material Safety Data Sheet

 IR  –  Infra-Red-lower frequency electromagnetic radiation

 TLV   –  Threshold Limit Value

 UV  –  Ultra-Violet-high frequency electromagnetic radiation

 WEL  –  Workplace Exposure Limit

 WSS  –  Workplace Safety Standards

 HIRA – Hazard Identification and Risk Assessment

 IER  – Initial Environment Review

 4.1.1.3 Personal Protective Equipment

 PPE is a specialized clothing or equipment worn by employees for protection against health and safety hazards. 
PPE is designed to protect many parts of the body from injury or infection.

 List of personal protective equipment

• Apron

• Helmet/Hard hats

• Goggles

• Face shield

• Hand Gloves

• Safety shoes and boots

• Coverall

• Safety belt/Harness

• Reflective jacket

• Dust mask

• Ear plug

List of Special Equipment

• H2S- Monitor

• Breathing apparatus (SCBA, CABA, FABA)

• Eye wash station

• Fire detection alarm

• Smoke detector alarm
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PPE is designed to protect many parts of the body from injury or infection.
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 Safety helmet/Hard hat.

 A hard hat is a type of helmet predominantly used in the workplace environment such as industries, piping, and 
pipeline construction sites to protect the head from injury due to falling objects or impact with other objects. 

 Apron

 A fabric, usually in leather, tied around the waist and used to protect skin and clothes. PPE intended to protect 
pipe fitters from metal grinding spark, spatters, and high heat, adverse effect of gas cutting operation, etc..

 Safety Goggles (Clear and shaded)

 Safety goggles are a type of personal protective equipment (PPE) that is worn for eye protection from hazards 
coming from flying objects, dust or chemicals.

Fig. 4.1.1 Safety Helmet

Fig. 4.1.2 Apron

Fig. 4.1.3 Safety Goggles (Clear Image)

Fig. 4.1.4 Safety Goggles (Shaded Image)

 Hand Gloves (Cotton cloth and leather gloves)

 Hand gloves are personnel protective equipment worn during gas cutting, grinding works. They cover and protect 
the hands from the wrist to the fingers from accidents.

 Safety Boots (with steel toed)

 A steel toe boot is a durable boot or shoes that have a protective reinforcement in the toe. It protects the foot 
from hot spots and injury.

 Coverall or boiler suit (flame resistance)

 A boiler suit consists of a single piece of protective clothing that combines trousers and jacket. Pipe fitters wear 
it in order to protect them from dirt, spark etc., while performing pipe fitting and gas cutting, grinding works.

Fig. 4.1.7 Boots/safety shoes Fig. 4.1.8 Boiler suit  
                  (Orange color)  

Fig. 4.1.5 Cotton Gloves Fig. 4.1.6 Leather / Gloves Or asbestos
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 Grinding face shields 

 Face shields are safety devices designed to protect the face from debris like flying objects, chemical splashes. 
Face shields are commonly used in grinding and cutting applications.

 Reflective Jacket

 It is a high visibility clothing, a type of personnel protective equipment (PPE) with high reflective properties. 
Reflective jackets will keep the person in good view with high visibility and should be worn while working in 
heights too.

 Ear plug

 A earplug is a device meant to be inserted in the ear canal to protect the ears from loud noises, There are two 
types of hearing protection - ear defenders and ear plugs. Both types have specific strength and limitations.

Fig. 4.1.9 Grinding Face Shield Fig. 4.1.10 Reflective Jacket Fig. 4.1.11 Ear Plug Fig. 4.1.12 Ear Plug Defenders

Dust mask

It is a flexible pad worn over the nose and mouth to protect against dust in the piping and pipeline construction 
site.

Safety Belt/Harness

It is a fall protection product, equipment and system that protects workers who are working at heights. OSHA 
standard requires that fall protection should be provided at elevation of six feet and above in oil and gas 
construction industry and city gas distributions fecilities.

Special equipment used in piping and pipeline construction site (Oil and gas industry) Oil and Gas industry and 
city gas distributions fecilities.

Fig. 4.1.13 Dust Mask Fig. 4.1.14 Safety Harness Fig. 4.1.15 H2 S-Gas Monitor
   Gas Detector (LEL Detector)

Fig. 4.1.16 Full space respirator
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H2S- Gas monitor / Detector

 A gas detector is a device that detects the presence of hydrogen sulphide gases. The gas detectors can be used 
to detect combustible, flammable and toxic gases (H2S), and oxygen depletion.

Fig. 4.1.17 Self Contained    
                 Breathing Apparatus

Fig. 4.1.19 (Fire detection alarm / 
Flame detection)Fig. 4.1.18 Eye wash station Fig. 4.1.20 Smoke detector

Hydrogen sulphide gas (H2S) is a colourless, flammable, and extremely hazardous gas with a “rotten egg” smell.

Full space respirator

It is a piece of personal protective equipment for pipe fitters/workers in an environment where the air is 
contaminated, harmful or uncomfortable for breathing. This PPE provides continuous breathable air to the 
worker at construction and maintenance worksites.

Breathing Apparatus (BA)

It is a device, usually consisting of tank of oxygen (O2) and a mouth piece. This enables the worker to breathe in 
difficult conditions, where there may be a lack of oxygen such as a confined spaces, smoke filled buildings and 
others. It provides breathable air in an immediately dangerous to life or health atmosphere/toxic air.

There are three types of breathing apparatus:

1. Self Contained Breathing Apparatus (SCBA).

2. Compressed Air Breathing Apparatus (CABA).

3. Fresh Air Breathing Apparatus (FABA).

Eye wash station

An emergency eye wash and safety shower station is an essential equipment for every oil and gas and city 
gas distribution piping construction site. Eye wash and safety shower stations serve the purpose of reducing 
workplace eye injury and keeping workers away from various dangers.

Fire Detection alarm

It is a system consisting of a device linked with a fire alarm control unit to produce an alarm signal in the office 
or control room. The system is designed to discover fires early thereby making enough time available for the 
safe evacuation of workers / occupants. Early detection plays a significant role in protecting workplace hazards. 
Property loss can be reduced and downtime for operation can also be reduced.

Smoke detection alarm

A smoke detector is a device fixed to the ceiling of a room which produces a loud noise if there is smoke in the 
air/room. Smoke detectors automatically detect and warn of the presence of smoke. Some detection alarm plays 
a significant role in preventing fire and protecting workers.

Tips !
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1. Look at the image below and identify the name of the PPE and safety devices.

2. Write the name and use of the PPE, devices in Table 1.

SI.No. Image Name of PPE 
and devices

Uses

1

2

3

4

5

6

SI.No. Image Name of PPE 
and devices

Uses

7

8

9

10

11

12

Table 1

I. Answer the following questions.

I. List the name of any 4 Indian safety standards that are followed in oil and gas and city gas distribution fecilities 
piping and pipeline construction work.

 ----------------------------------------------------------------------------------------------------------------------------------------------

2. List the name of any four international safety standards that are followed in oil and gas and city gas distribution 
fecilities plant piping construction activities.

 ----------------------------------------------------------------------------------------------------------------------------------------------

3. Define the terms hazard and risk.

 ----------------------------------------------------------------------------------------------------------------------------------------------

4. List the name of any six personal protective equipment used in piping and pipeline construction field.

 ----------------------------------------------------------------------------------------------------------------------------------------------

Practical

Exercise
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5. What are the main advantages of using H2S gas monitor?

 ----------------------------------------------------------------------------------------------------------------------------------------------

6. List the advantages of employing smoke and fire detection system.

 ----------------------------------------------------------------------------------------------------------------------------------------------

II.  State whether the following statements are True or False.

1. Safety standards are designed to ensure personal and product safety.

  True    False

2. Any  substance that may cause harm to human health is called a hazardous substance.

  True    False

3. Personal protective equipment are designed to protect many parts of human body from injury.

  True    False

4. A type of personal protective fabric that has high visibility while working in night is called reflective jacket.

  True    False

5. Hydrogen sulphide gas (H2S) is a colourless gas which can be detected by the gas monitor.

  True    False

6. Boiler suits consist of a single piece of protective clothing and are used by pipe fitters.

  True    False

III. Explain the following abbreviation.

1. IS and BIS, 2. HSE, 3. OSHA, 4. MSDS, 5. IR to UV

 ----------------------------------------------------------------------------------------------------------------------------------------------

 ----------------------------------------------------------------------------------------------------------------------------------------------

 At the end of this topic, you will be able to:

1. state the names of documents that refer to health and safety in the piping and pipeline construction site

2. locate the documents that refer to health and safety.

 4.1.2.1 Responsible person for health and safety in the workplace

 All workers are responsible for ensuring safety in the workplace. It is an employer’s duty to protect the health, 
safety and welfare of the employees and any person who might be associated in the business is the site.

 The primary responsibility is for employers to do whatever is reasonably practicable to achieve this. It is important 
to ensure that there is an effective company policy for health and safety and that all employees, contractors and 
temporary workers are made aware of their individual responsibility.

---------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------

4.1.2 Safety and Health Management System in Oil and Gas Industry     
          and city gas distribution fecilities

Notes











































































































https://www.youtube.com/watch?v=L4sUQZta8Rw
https://www.youtube.com/watch?v=L4sUQZta8Rw






https://www.youtube.com/watch?v=g191eS009Gg
https://www.youtube.com/watch?v=g191eS009Gg
https://www.youtube.com/watch?v=y9Re2xPTM_8
https://www.youtube.com/watch?v=y9Re2xPTM_8
https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=O9UgBE-FITI
https://www.youtube.com/watch?v=O9UgBE-FITI
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=8oO2p91rXeI
https://www.youtube.com/watch?v=8oO2p91rXeI
https://www.youtube.com/watch?v=Xo60anxN8nw&t=156s
https://www.youtube.com/watch?v=Xo60anxN8nw&t=156s


https://www.youtube.com/watch?v=503fYa8r718
https://www.youtube.com/watch?v=503fYa8r718
https://www.youtube.com/watch?v=BeHxGJYNyy0&t=29s
https://www.youtube.com/watch?v=BeHxGJYNyy0&t=29s
https://www.youtube.com/watch?v=KBVdjeUtMYE
https://www.youtube.com/watch?v=KBVdjeUtMYE
https://www.youtube.com/watch?v=NEGohTCkkYY
https://www.youtube.com/watch?v=NEGohTCkkYY
https://www.youtube.com/watch?v=vD0kbdIS6kE
https://www.youtube.com/watch?v=vD0kbdIS6kE
https://www.youtube.com/watch?v=PxVP5Fun3Gg
https://www.youtube.com/watch?v=PxVP5Fun3Gg


https://www.youtube.com/watch?v=d_l3SdqlQ68
https://www.youtube.com/watch?v=d_l3SdqlQ68
https://www.youtube.com/watch?v=b0EfJaYUfF8
https://www.youtube.com/watch?v=b0EfJaYUfF8
https://www.youtube.com/watch?v=4_uZ3Acfjus
https://www.youtube.com/watch?v=4_uZ3Acfjus
https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=uetc3jQGfSk
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=eqwBR-jaEQ4
https://www.youtube.com/watch?v=rK8Li4a4s9Y&t=58s
https://www.youtube.com/watch?v=rK8Li4a4s9Y&t=58s
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https://www.youtube.com/watch?v=Vb458tuDY1M
https://www.youtube.com/watch?v=Vb458tuDY1M
https://www.youtube.com/watch?v=Nh5uO6PmHp8
https://www.youtube.com/watch?v=Nh5uO6PmHp8
https://www.youtube.com/watch?v=cCsVxWwRN90
https://www.youtube.com/watch?v=cCsVxWwRN90
https://www.youtube.com/watch?v=fUXdrl9ch_Q
https://www.youtube.com/watch?v=fUXdrl9ch_Q
https://www.youtube.com/watch?v=L4sUQZta8Rw
https://www.youtube.com/watch?v=L4sUQZta8Rw
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