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Inspection 

• The inspection of construction work is performed 
throughout the execution of project. 

• Checklists are submitted by the contractor to the 
consultant to inspect the executed 
work/installations. 

• If the work is not carried out as specified, then it 
is rejected and the contractor has to rework, or 
take remedial measures, to ensure compliance 
with the specifications 
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• During construction, all the physical and 
mechanical activities are accomplished on the 
site. 

• The contractor carries out the final inspection 
of the work to ensure full compliance with the 
contract documents. 
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Testing, Commissioning, and 
Handover 

• Testing, commissioning, and handover is the 
last phase of a construction project’s life cycle.  

• This phase involves testing of 
electromechanical systems, commissioning of 
the project, obtaining authorities’ approval, 
training user’s personnel, handing over 
technical manuals, documents, and as-built 
drawings to the owner/owner’s representative 
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Testing 
• All work is checked and inspected on a regular basis 

while the construction is in progress; 

• Testing is carried out mainly on electromechanical 
works/systems and electrically operated equipment 

• These include the following: 

• 1. HVAC system 

• 2. Firefighting system 

• 3. Water supply, plumbing, and public health system 

• 4. Integrated automation system (building automation 
system) 

• 5. Electrical lighting and power system 
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• 6. Grounding (earthing) and lightning protection 
system 

• 7. Emergency power supply system 
• 8. Fire alarm system 
• 9. Telephone system 
• 10. Communication system 
• 11. Electronic security and access control system 
• 12. Public address system 
• 13. Conveying system 
• 14. Electrically operated equipment 
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• These tests are essential to ensure that each 
individual work/system is fully functional and 
operates as specified. These tests are normally 
coordinated and scheduled with specialist 
contractors, local inspection authorities, third-
party, inspection authorities, and 
manufacturers’ representatives. 
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Commissioning 

• Commissioning is the orderly sequence of testing, 
adjusting, and balancing the system and bringing 
the systems and subsystems into operation; 

• it starts when the construction and installation of 
works are complete. 

• Commissioning is normally carried out by the 
contractor or specialist in the presence of the 
consultant and owner/owner’s representative 
and user’s operation and maintenance personnel 
to verify proper functioning of the systems to the 
specified standards. 
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Authorities’ Approval 

• Necessary regulatory approvals from the 
respective concerned authorities are obtained so 
that owner can occupy the facility and start 
using/operating it. 

• In certain countries, all such approvals have to be 
obtained before electrical power supply is 
connected to the facility.  

• It is also required that the building/ facility be 
certified by the related fire department 
authority/agency that it is safe for occupancy. 
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As-Built Drawings 

• Most contracts require the contractor to maintain 
a set of record drawings. 

• These drawings are marked to indicate the actual 
installation where the installation varies 
appreciably from installation shown in the 
original contract. 

• As-built drawings are prepared by incorporating 
all the modifications, revisions, and changes 
made during the construction. 

• These drawings are used by the user/operator for 
reference purposes after taking over the project. 
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Technical Manuals and Documents 

• Technical manuals, design and performance 
specifications, test certificates, and warranties 
and guarantees of the installed equipment are 
required to be handed over to the owner as 
part of the contractual conditions. 
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• Systems and equipment manuals submitted by the 
contractor to the owner/ end user generally consist of 

• Source information 

• Operating procedures 

• Manufacturer’s maintenance documentation 

• Maintenance procedure 

• Maintenance and service schedules 

• Spare parts list and source information 

• Maintenance service contract 

• Warranties and guarantees 
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Substantial Completion 

• A substantial completion certificate is issued 
to the contractor once it is established that he 
or she has completed the work in accordance 
with the contract documents and to the 
satisfaction of the owner.  

• The contractor has to submit all the required 
certificates and other documents to the 
owner before issuance of the certificate 
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Project Closeout Checklist 

• Project execution 

• 1 Contracted works completed 

• 2 Site work instructions completed 

• 3 Job site instructions completed 

• 4 Remedial notes completed 

• 5 Noncompliance reports completed 

• 6 All services connected 

• 7 All the contracted works inspected and approved 

• 8 Testing and commissioning carried out and approved 
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• 9 Any snags 

• 10 Is the project fully functional? 

• 11 All other deliverable completed 

• 12 Spare parts delivered 

• 13 Is waste material disposed? 

• 14 Whether safety measures for use of hazardous 
material are established 

• 15 Whether the project is safe for use/occupation 
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• Project documentation 

• 16 Authorities’ approval obtained 

• 17 Record drawings submitted 

• 18 Record documents submitted 

• 19 As-built drawings submitted 

• 20 Technical manuals submitted 

• 21 Operation and maintenance manuals 
submitted 

• 22 Equipment/material warrantees/guarantees 
submitted 

• 23 Test results/test certificates submitted 
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• Training 

• 24 Training to owner’s/end user’s personnel 
imparted 

• Payments 

• 25 All payments to subcontractors/specialist 
suppliers released 

• 26 Bank guarantees received 

• 27 Final payment released to main contractor 
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• Handing over/Taking over 

• 28 Project handed over/taken over 

• 29 Operation/maintenance team taken over 

• 30 Excess project material handed over/taken 
over 

• 31 Facility manager in action 
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Operation and Maintenance 

• Once the project is completed and fully 
functional, then it becomes part of the 
operation system.  

• The operation and maintenance (O&M) of a 
completed project are associated with the 
quality of the constructed project. 
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• The following documents are required to operate 
and maintain the completed facility. These 
documents are normally submitted by the 
contractor during the testing, commissioning, and 
handover phase of the construction project. 

• 1. As-built drawings 
• 2. Operation and maintenance manuals 
• 3. Operating procedures 
• 4. Source information for availability of spare 

parts of the installed works 
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Categories of Maintenance 

• 1  Preventive Maintenance 

• Preventive maintenance is the planned, with 
scheduled periodic inspection, adjustment, 
cleaning, lubrication, parts replacement of 
equipment and systems in operation. 

• Its aim is prevention of breakdown and failure 
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2. Scheduled Maintenance 

• Scheduled maintenance includes those 
maintenance tasks whose cycles exceed a 
specified period.  

• This type of maintenance relates to finish 
items, such as painting, polishing of wood, 
parking and road markings, roof maintenance, 
and testing of fire alarm systems 
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3.Breakdown Maintenance 

• Breakdown maintenance for systems or 
equipment is scheduled and unanticipated 
because of system or component failure.  

• If the problem relates to an essential service 
or has any hazardous effect, then an 
emergency response is necessary.  

• If the problem is not critical, then routine 
response is adequate. 
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4.Routine Maintenance 

• Routine maintenance is an action taken by the 
maintenance team to restore a system or 
piece of equipment to its original 
performance, capacity, efficiency, or 
capability. 
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5.Replacement of Obsolete Items 

• Replacement of obsolete items refers to the 
work undertaken by a maintenance team to 
bring a system or component into compliance 
with new codes of safety regulations or to 
replace an item that is unacceptable, 
inefficient, or for which spare parts are no 
longer available or have had technological 
changes. 

25 



6.Predictive Testing and Inspection 

• Predictive testing and inspection refers to 
testing and inspection activities that involve 
the use of sophisticated means to identify 
maintenance requirements. 

• For example, specialized tests are to be carried 
out: 

• To locate wearing problems on bus bar bends 
of an electrical main’s low tension panel 

• To detect insulation cracks 
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• To locate thinning of pipe walls and cracks 

• To identify vibration problems for equipment 
like chillers, diesel generator sets, pumps 

• To locate heat buildup (rise in temperature) in 
electrical bus duct. 
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O&M Program 

• Addressing operation and maintenance 
considerations at the start of the project 
contributes greatly to improved quality. 

• During the design phase O&M personnel 
should be involved in identifying maintenance 
requirements for inclusion in the design. 

• O&M should also include long-term goals such 
as economy, energy conservation, and 
environmental protection 
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• To create an effective O&M program, the 
following procedures should be followed: 

• Ensure that up-to-date as-built drawings for all 
the systems are available 

• Ensure that operational procedures and 
manuals for the installed equipment are 
available 

• Prepare a master schedule for operation and 
preventive/predictive maintenance 
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• Implement preventive maintenance programs 
complete with maintenance schedules and 
records of all maintenance performed for all the 
equipment and systems installed in the 
project/facility 

• Follow manufacturer’s recommendations for 
maintenance of equipment and systems 

• Ensure the maintenance personnel have full 
knowledge of the equipment and systems 
installed and for which he/she is responsible to 
operate and maintain 
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• Ensure that O&M personnel are provided 
training during the testing, 

• commissioning, and handover phase 

• Offer training and professional development 
opportunities for each of the O&M team 
members 

• Implement a monitoring program that tracks 
and documents equipment performance to 
identify and diagnose potential problems 
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• Implement a monitoring program that tracks and 
documents systems performance to identify and 
diagnose potential problems 

• Perform predictive testing and inspection for 
critical and important items 

• Use preventive maintenance and standbys, etc. 
so that the failed components can be isolated and 
repaired without interrupting system 
performance, thus minimization of equipment 
failures 
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Principles of auditing 

• Financial audits are carried out in accordance with formal 
procedures to provide specific facts which will enable 
sound commercial judgements to be made.  

• Quality audits fulfil a similar purpose to these financial 
audits.  

• Indeed, they are complementary. Financial assurance will 
provide a more complete view of a business when 
accompanied by quality assurance. 

• If profits have been achieved at the expense of quality, they 
are likely to prove illusory. Companies seeking long-term 
survival need reliable information on the quality of their 
product as well as on their current financial status. 
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• Quality audit 

•  A systematic and independent examination to 
determine whether quality activities and 
related results comply with planned 
arrangements and whether these 
arrangements are implemented effectively 
and are suitable to achieve objectives. 
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• Types of audit 

• Most audits fall into one of three categories 

• INTERNAL AUDITS (1ST PARTY) 

• These are audits undertaken by an organization 
to examine its own systems and procedures. They 
may be performed by people from within the 
organization or by teams hired from outside. 
Note that internal auditors must be independent 
of the people being audited in order that their 
objectivity will not be compromised. 
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• EXTERNAL AUDITS (2ND PARTY) 

• These are audits undertaken by an 
organization to examine the quality systems of 
its suppliers. Again, they may be performed by 
in-house teams or by outside agencies hired 
by purchasers. 
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• THIRD-PARTY AUDITS 

• These are audits undertaken by bodies with 
no existing or intended contractual 
relationship with either the purchaser or the 
supplier. 

• They are almost invariably made against a 
recognized system standard and include audits 
by accredited certification bodies 

37 



• Auditor selection and training 

• Quality auditing is a skilled function and, like 
all other skills, requires specific personal 
talents, specialized training and broad 
experience.  
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• PERSONALITY 
• Quality auditing is akin to police work. 
• It involves the same careful sifting of evidence and the questioning 

of witnesses to arrive at the truth.  
• Cross-examination can arouse emotions between questioners and 

respondents, with aggression on one side and apprehension and 
resentment on the other.  

• An auditor must have a good understanding of human behavioural 
patterns and be able to control the emotional temperature if there 
are signs of overheating; he or she must be tactful and diplomatic. 

• Auditors must have orderly minds capable of sorting and analysing 
the evidence presented to them. They must be patient, firm, and 
good listeners. Above all, they must be honest and trustworthy—if 
not, their findings will always be suspect. 
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TRAINING 

• Auditors must be trained in the techniques of auditing.  

• These include audit preparation, the tactics of auditing 
and the preparation of audit reports. 

• To be able to audit against quality system standards, 
they must have a thorough knowledge of the contents 
of the standards and the ways they may be interpreted 
in the context of the particular industry sector 
concerned.  

• Training courses covering system standards and the 
techniques of auditing are available from many 
sources. 
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• EXPERIENCE 

• Auditor training is essential but experience, 
too, is needed. This includes practical 
experience of auditing and experience of the 
particular type of work being examined. 

• The right to audit 

• A successful audit requires active co-operation 
between auditor and auditee. 
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• This co-operation will not automatically be 
forthcoming.  

• There are many reasons why an auditee may feel 
resentment at being coerced into submitting to 
examination by outsiders, and this natural 
emotional response may make it quite impossible 
for even the most skilled auditor to carry out his 
task. 

• It is the duty of those commissioning the audit to 
establish its legitimacy in the eyes of both parties. 
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• Establishing the legitimacy of internal audits can 
be more difficult. 

• Auditees have neither the motivation of benefits 
to come nor are they under a contractual 
obligation. It thus becomes the duty of the senior 
managers concerned to agree between 
themselves the ground-rules under which audits 
will be held. These must then be communicated 
to both auditors and auditees so that each side is 
aware of the other’s rights and obligations. 

43 



Audit procedures 

• There is not, as yet, any national or international 
standard specifying the procedure to be followed 
in carrying out an audit or assessment.  

• There does exist a reasonable consensus on the 
most suitable procedures to be followed, and this 
forms the basis of the training courses recognized 
by the Institute of Quality Assurance.  

• These are illustrated on the flow chart in Figure 
9.1. 
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• Here is a typical agenda for an opening meeting 
• 1. Introdution 
• 2. Background and purpose 
• 3. Confirmation of audit plan 
• 4. Nomination of escort 
• 5. Identification of auditee management 

representatives 
• 6. Logistics: working hours, office accommodation, 

lunch, closing 
• meeting, etc. 
• 7. Questions. 

46 



• REPORT AND FOLLOW-UP 

• Its primary aim will be to provide information to 
the party which has commissioned the audit 

• The main objective is to improve the 
performance of the auditee and it is therefore 
necessary to inform him of the auditor’s findings, 
to obtain his response and to follow up corrective 
actions to put right any deficiencies 
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