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COURSE INFORMATION 

Course Title Pipe Fabrication Lecture Contact Hours 85 

Covered Lab Mechanical Engineering Drawing-II Sessional, 

Machine Tools Sessional, Welding Shop, Machine 

Shop, Fluid Mechanics-I & II Sessional 

                            Credit 

                  Total Marks 

01 

50 

PRE-REQUISITE                                                                                                                  CIE         20 

                                                                                                                                                SEE        30 

Fluid Mechanics-I,II & Fluid Machinery, Welding and Machine Shop Practice 

   

 

Course Learning Outcomes (CLOs): after completion of this course 
 

successfully, the students will be able to…… 
 

 

 

     

CLO1 Understand the P&ID, PFD, Piping System and Pipe Fittings.  
 

CLO2 Analyze both the Process flow diagrams and Piping and Instrumentation diagrams 

CLO3 Apply the Fabrication knowledge to maintain smooth commissioning 

CLO4 Improve efficiency and cost effectiveness 

 

 

 

 



 

Sl. No.                                            Course Content Hrs CLOs 

1 Understanding and Design P&ID and PFD 

 
20 CLO1 

2 Understanding Pipe Scheduling, Pipe fittings Selection 20 CLO1, 
CLO2, 
CLO 3 

3 Pipe joining (Bolting, Welding), Piping alignment 

 
15 CLO3, 

CLO4 

4 Pipe leakage Inspection, Pipe Flushing 15 CLO3, 

CLO 4 

5 Pressure drop, Flow type, Reynolds number Calculation 

 
5 CLO2, 

CLO3, 

CLO 4 

7 Lab Test, Viva, Quiz, Overall Assessment, Practice Session 10  

 

 

 

REFERENCE BOOKS 

"Piping Handbook (Mechanical Engineering)" by Mohinder L Nayyar 

"Handbook of Piping Design" by G K Sahu 

"Perfect Knowledge of Piping Engineering: Piping Engineering Handbook" by Sanjay Kumar Gupta 
 

 

 

 

 

 



 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (20 Marks) 

SEE- Semester End Examination (30 Marks) 

 

 
 

SEE- Semester End Examination (50 Marks) (should be converted in actual marks (30) 
 

 

  

Bloom’s Category 

Cognitive 

Tests (20) 

Remember 05 

Understand 07 

Apply 08 

Analyze 07 

Evaluate 08 

Create 05 

 

 

  

Bloom’s Category 

Psychomotor 

Practical Test (30) 

Imitation 10 

Manipulation 5 

Precision                                                          5 

Articulation 5 

Naturalization 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CIE- Continuous Internal Evaluation (40 Marks) (should be converted in actual marks (20) 

 
 

 

Bloom’s 

Category 

Marks 

(out of 60) 

Lab 

Report 

(10) 

Continuous lab 

performance 

(10) 

Presentation 

& 

Viva (10) 

External Participation in 

Curricular/Co-Curricular 

Activities (10) 

Remember 
  

  02  

 

Attendance 

10 Understand 05 04 03 

Apply 
 

02 
 

Analyze 
 

02 
 

Evaluate    05 02 
 

Create 
  

05 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Course Plan Specifying Content, CLOs, Teaching Learning Strategy and Assessment 

Strategy 

  
 

Week Topics 
Teaching Learning 

Strategy 
Assessment Strategy 

Corresponding 

CLOs 

  

  

1 

Understanding P&ID and 

PFD  

Lecture, Oral 

Presentation 

viva, Lab Test, Quiz, Lab 

Report  
 CLO1, CLO2 

  

  

2 

Design P&ID and PFD  

Lecture, 

discussion, Video 

Presentation, 

Experiment  

viva, Lab Test, Quiz, Lab 

Report  
CLO1, CLO2 

  

  

3 

Practice on P&ID and PFD 

Group Discussion, 

Experiment 

Practice  

      Skill Development Test   CLO1, CLO2 

  

  

  

4 

Practice on P&ID and PFD 

Group Discussion, 

Experiment 

Practice 

Skill Development Test  CLO1, CLO2  

5-6 Pipe Scheduling 

Lecture, 

discussion, Video 

Presentation, 

Experiment 

 

Lab Report Assessment, viva, 

Lab Test, Quiz 

 

CLO2, CLO3 

7-8 
Pipe Fittings Study and 

Selection 

Lecture, 

discussion, Video 

Presentation, 

Experiment 

 

Lab Report Assessment, viva, 

Lab Test, Quiz 

 

CLO2, CLO3 

9 
Pipe joining Bolting,  

 

Group Discussion, 

Experiment 

Practice 

Skill Development Test   CLO3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  Course Plan Specifying Content, CLOs, Teaching Learning Strategy and Assessment 

Strategy 

  
 

Week Topics 
Teaching Learning 

Strategy 
Assessment Strategy 

Corresponding 

CLOs 

 

 

10 

Pipe joining Welding, Piping 

alignment  

Lecture, 

discussion, Video 

Presentation, 

Experiment  

Lab Report Assessment, viva, 

Lab Test, Quiz  
 CLO3,  

 

 

11 

Pipe joining Welding, Piping 

alignment  

Lecture, 

discussion, Video 

Presentation, 

Experiment  

Lab Report Assessment, viva, 

Lab Test, Quiz  
 CLO3 

 

 

12 

Pipe leakage Inspection, Group Discussion, 

Experiment 

Practice 

Skill Development Test  CLO2, CLO 4  

 

 

 

13-14 

Pipe Flushing 

Lecture, 

discussion, Video 

Presentation, 

Experiment  

Lab Report Assessment, viva, 

Lab Test, Quiz  
CLO2, CLO 4  

15 

Pressure drop, Flow type, 

Reynolds number Calculation 

 

Lecture, Field 

Visit, Lab 

experiment 

Skill Development Test  

CLO 2 

CLO 4 

16-17 

Lab Test, Viva, Quiz, 

Overall Assessment, Skill 

Development Test 

(Competency) 

 

Group Discussion, 

Experiment 

Practice 

Skill Development Test  

 

 



 

 

 

 

 

Index 
 

 

 

Week Topics Pages 

 

 

1-4 

Understanding and design of P&ID and PFD  10-47 

 

 

5-6 

Pipe Scheduling  49-59  

 

 

7-8 

Pipe Fitting 61-98  

 

 

9-11  

Pipe Cutting and Joining 100-132 

12 Pipe Testing 
134-138 

 

13-14 Pipe Flushing 
140-145 

 

 



 

 

 

P&ID, PFD Manual 

 

Week (01-04) 















































































 

 

 

Pipe Scheduling 

 

Week (5-6) 

























 

 

 

Pipe Fitting 

 

Week (7-8) 















































































 

 

 

Pipe Cutting, Welding, 

Bolting 

 

Week (9-11) 





































































 

 

 

Pipe Testing 

 

Week (12) 













 

 

 

Pipe Flushing 

 

Week (13-14) 



Why are Chemicals needed in the process? 

Chemicals are used to clean, remove and then control the debris, fouling, and 

organic matter of a closed-loop system helping maintain its cleanliness from 

installation to handover and then for the life of the system. 

• General flow rate issues around the system due to accumulation of debris. 

• Blockages at strainers. 

• Issues with control valves. 

• Coils are being blocked. 

• Coils not operating at required design loadings. 

• Increased maintenance and shortened life expectancy due to corrosion of 

terminal units, major equipment, ancillaries, and pipework that the water 

comes into contact with. 

• Increased usage and costs of chemical treatment. 

The deposits can create aeration and a concentration of cells which will 

usually result in localized corrosion that we have all seen, resulting in pitting 

and/or perforations of the pipework. 

Common Types of Deposits 

The most common deposits are from the following: 

• Iron Oxide is the resultant reaction with the pipework material used and can 

be present in organic residues. 

• Scaling from water hardness – Calcium [Ca] and Magnesium [Mg] 

• Treatment chemicals and corrosion products, if not controlled and used 

properly can also cause deposits and scaling. 

This is why need to make sure the Dynamic Flushing is completed properly, to 

remove the bulk of the above issues. 

Selecting the Chemicals to be used 

The Chemical Engineer will be responsible for specifying the chemicals, their 

types, and that they are selected in line with the type of system being cleaned and 

materials used. 



The Chemical Engineer will consider the following regarding the selection of 

products and sequence they are to be used: 

• The chemical should be able to disintegrate or dissolve deposits for removal 

by the flow of water around the system. 

• Inhibition is needed in the chemical so as not to affect the base metals in the 

system. 

• Should not be toxic or explosive, which would mean expensive removal and 

disposal. 

Here are some common ones that would be considered: 

• Biocide/Biodispersant – To reduce bacterial levels in the system water and 

help remove biofilms [depending on requirements of the system]. Usually 

called a biocide wash. 

• Acid Cleaners–  To aid the removal of surface oxides from the internal 

surface of the pipework. 

• Complexing Agents – Chelants and Sequestrants, to aid scale removal 

• Polymers/Dispersants – Used to break down any loose surface deposits to 

allow easy flushing to drain or catch in the filtration system. 

• Neutralizers, Passivators, and Inhibitors/Biocide dosing – To manage the 

rate of corrosion within the system. 

• Formulated cleaning products –  To aid the removal of surface oxides 

from the internal surface of the pipework. 

 

 

How do you use an Acid Cleaner? 

Systems that are mainly constructed from mild steel [so most closed systems], will 

need to undergo an ‘Acid Clean’ to help with the dissolving and removal of scale 

and debris build-up. 

Although there are options to use quite aggressive cleaners, they are generally not 

ideal for the flushing and cleaning process as the disposal can be complex and 

expensive. 

So, the Chemical Specialist would usually specify ‘Organic Cleaners’ such as 

Formic, Acetic, or Citric Acid. 



Citric Acid is usually the most common and should be paired with the appropriate 

‘Acid Inhibitor’ to stop any problems with corroding the base metals in the system. 

As the organic compounds are weaker they are usually used and blended with other 

chemicals during the process. 

Again like with all chemicals the Chemical Engineer is the only person that should 

be selecting and specifying the chemicals used. 

What is Neutralization? 

During a cleaning process, if an inhibited acid cleaning chemical is used, there will 

be a risk, that even after the clean flush has been carried out, the inhibitor is 

lurking somewhere in the remote corners of the system. 

To ensure the acid will not react with the system and metals a neutralizing solution, 

alkali, is used to ‘neutralize’ it and circulated around the system. 

Why do you Passify the pipework? 

Due to the chemicals and cleaning method used to ensure the system and pipework 

are cleaned, when it is completed the pipework surfaces will be left ‘bare and 

exposed’ to further corrosion. 

Pacifying the pipework straight after the final flushing and before being put into 

use, handing it over to the facilities company and building owner will ensure that 

the system is not exposed to further corrosion. 

To do this a ‘Passifying Agent’ will be used and circulated around the system. 

Pre-Requisites to be completed prior to Starting 

Use the pre-requisites as detailed in the Dynamic Flushing stage here. 

Chemical Cleaning Steps 

https://constructandcommission.com/dynamic-chilled-water-pipework-flushing-procedure/#:~:text=approve%20the%20document.-,%5B6%5D%20Complete%20all%20pre,some%20of%20the%20below.%20%E2%80%98***%E2%80%99,-%5Ba%5D%20Temporary%20mains


Once all the above has been completed and understood, the following steps should 

be completed: 

Step 1 – Ensure the system is set up in line with the drawing 

[add information based upon the drawing – valve positions and how to set it up]. 

Step 2 – Ensure the cleaning specialist has accepted the results from the 

dynamic flushing 

Step 3 – Check that temporary drain valves & water supplies are closed 

Step 4 – Ensure pumps are running and circulating water 

Step 5 – Complete a biocide wash if Chemical Engineer advises 

Step 6 – Chemical Engineer to introduce the chemicals to the system 

Based upon the chemicals that have been selected by the engineer. 

Step 7 – Chemicals to be circulated, the Chemical Engineer to monitor system 

and advise when complete 

Monitoring iron levels to ensure they stabilize and plateau. 

Continue to circulate the system, and take readings 2 hours apart to ensure are 

stable. 

If the system is not stable, continue to circulate until are. 

Step 8 – Conduct a Drain and Fill until the system water is of a similar quality 

to the water being filled. 

Verify the similar water qualities by completing site sampling and testing for pH, 

Total Iron Increment, and Total Dissolved Solids. 

Move to the next step once the chemical engineer has accepted the results. 



Step 9 – With the pumps still running, close the temporary drain and water 

valves 

Step 10 – Final Inhibition and Passivation chemicals added by Chemical 

Engineer 

Step 11 – Circulate the water and chemicals for a time in line with the 

Engineers advice 

Take multiple site samples of the system to check the condition of pH, Iron, and 

Total Dissolved Solids. 

This is to check that the system is in line with expectations and specifications. 

Step 12 – Circulate the system in line with Chemical Engineers advice 

Chemical Engineer to provide status and confirm when complete 

Step 13 – Take samples and send them to the laboratory for final 

analysis/documenting 

Depending upon your specification, the analysis can cover the following types of 

quality metrics: 

• Suspended Solids 

• Conductivity 

• pH 

• Total Alkalinity 

• Total Hardness 

• Nitrates 

• Sulfates 

• Chlorides 

• Total Iron 

• Dissolved Iron 

• Total Copper 

• Molybdate 

• Phosphates 

• Glycol 

• Total Viable Count [TVC] 



• Pseudomonas 

Step 14 – Ensure all documentation is fully completed, witnessed, and signed 

This is important as will ensure that the activities are able to be proved later if any 

issues. 

 


