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I.   MAINTENANCE STRATEGIES 
The importance of maintenance is 
universally recognized and cannot be 
overlooked in any field, whether it 
pertains to living creature or 
machinery items. The following 
proverbial expressions are truly 
applicable to realize the necessity of 
maintenance. 
• A stitch in time saves nine 
• Prevention is better than cure. 
Maintenance is the work of keeping 
an operating system in good condition 
or putting it in working order again 
after it fails. Maintenance refers to the 
collection of activities that include 
inspections, overhauls, repairs, 
preservation of parts and 
replacements carried on an operating 
equipment to preserve its functions, 
avoid consequences of failure and 
ensure its productive capacity. 
 
MAINTENANCE DEFINITION 
British Standard Glossary of Terms 
(3811:1993) defined maintenance 
as:- 
The combination of all technical and 
administrative actions, including 
supervision actions, intended to 
retain an item in, or restore it to a 
state in which it can perform a 
required function. 
 
MAINTENANCE  OBJECTIVES 
 

IMPORTANCE OF MAINTENANCE 
OF PLANTS. 
The maintenance of almost all 
components of Power plants as a 
whole is very much imperative 
especially in Boiler and Turbine 
domains. The treatment of water 
circulation and cleaning of tubes and 
other surface areas of such major 
equipment plays a vital role in 
achieving desired output and 
efficiency.  
 
If proper maintenance is not carried 
out, the output is decreased 
considerably. One relevant example 
may be specifically mentioned here 
that in case of fouled condenser (due 
to poor maintenance/chemical 
treatment) of thermal power plant, 
the output is reduced by 4-5% of 
total capacity, thus resulting in huge 
financial losses. 
 
The adverse effects of non-
implementation of maintenance 
schedules or even poor maintenance 
of power plants are numerous and 
multifarious which may result into 
substantial losses due to inefficiency, 
breakdowns and unavailability and 
ultimately reduced life of the plant. 
This aspect is not desirable in the 
scenario of healthy completion and 
overall repute in the industry as well. 
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To make Thermal Power Plants 
economical and reliable, the 
maintenance functions should be 
optimized by carefully selecting and 
planning the maintenance strategies 
that will address the maintenance 
needs of the plant at the least cost. 
The methods commonly applied in 
maintenance processes are 
Preventive Maintenance, Corrective 
Maintenance and Predictive 
Maintenance. 
 
These methods have their individual 
strengths and weaknesses. However; 
careful blending of these methods is 
needed to achieve optimum and cost 
effective maintenance strategies. 

 
TYPES OF MAINTENANCE 

a) PLANNED MAINTENANCE 
In planned maintenance, the 
maintenance action is carried out with 
some fore thoughts, prior planning, 
record keeping and control action. 
 
1. Preventive Maintenance(PM)  
2. Corrective Maintenance (CM)  
3. Predictive Maintenance(PDM) 
 
1.PREVENTIVE MAINTENANCE  
 
Definitions:- 
British standard 3811: 1993 Glossary 
of Terms defined Preventive 
Maintenance as follows:- 
The maintenance carried out at 
predetermined intervals or according 

 
  

to prescribed criteria and intended to 
reduce the probability of failure or the 
degradation of the functioning and the 
effect limited. 
The book ‘Applied Reliability Centered 
Maintenance’ defines PM as any 
scheduled preventive tasks intended 
to reduce the probability of failure of 
equipment.  
 
The scheduling process can be done 
by a computer system, human 
memory, wall charts or other 
scheduling methods. In short, 
Preventive maintenance is a time 
based maintenance method in which 
the maintenance activities are 
planned and scheduled based on 
predetermined counter intervals in 
order to prevent breakdowns and 
failures. Preventive Maintenance 
consists of three types as under:- 
 
Running Maintenance:- 
Maintenance activities carried out 
when equipment is running 
 
Shut down Maintenance:- 
It can only be performed while the 
equipment is under shutdown 
 
Scheduled Maintenance:- 
Any variety of scheduled maintenance 
to be performed to an object or item of 
the equipment. 
 
Five Important Reasons Pm 
Makes Perfect Sense 
 
Preventative Maintenance:  
These two words alone imply the 
outcome and benefits of this practice. 
Below are identified five important 
reasons that this type of maintenance 
could make sense. 
 
1. Plant Safety 
2. Efficiency 
3. Immediate Savings 
4. Long-term Savings 
5. Time Savings 
 
Advantages of Preventive 
Maintenance 
1. Improving equipment availability 

and reliability 
2. Reduces break down and 

thereby downtime 
3. Less odd-time repair, hence 

reduces overtime expenses 
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4. Greater safety of workers 
5. Lower maintenance and repair 

costs. 
6. Less standby equipment and 

spare parts 
7. Better product quality and fewer  

rework and scraps 
8. Increases chances to get 

production incentive bonus 
9. Identification of parts and its 

nature and cost of repairs. 
10. Reduces the chance for 

regulatory fines and sanctions 
 
The maintenance tasks done under a 
PM program are illustrated in the 
figure as shown below. The routine 
tasks carried out in a PM include 
inspections, adjustments, tests, 
calibrations, rebuilding and 
replacements. Inspections start with a 
checklist of the equipment to be 
inspected, the symptoms to be looked 
for and the equipment location. 
Adjustments involve changes on 
certain operating parameters in order 
to optimize equipment performance. 
Tests are done to verify status 
conformance of equipment operations 
to specifications. Other features are 
indicated clearly in the relevant boxes 
of the figure as follows:- 

The requirements for a good PM 
procedure:- 
 
• A list of tools, spare parts & 

instruments required. 
• A specific form to record the 

measurements to be carried out. 
• Limits or ranges for the 

parameters to be measured. 
• Required safety procedures such 

as isolation and locking out. 
 

PM activities are scheduled, which is 
commonly done by Computer 
Maintenance Management Software 
(CMMS), but can also be done using 
a wall chart, job allocation book and 
maintenance habits among others. 
 
Why P M is preferred 
1. The frequency of premature 

failures can be reduced through 
proper lubrication, adjustments 
and cleaning. 

2. If failure cannot be prevented 
periodic inspections can help 
out effectively. 

 
2. CORRECTIVE MAINTENANCE 

 
The main objectives of Corrective 
Maintenance are the maximization of 

the effectiveness of all critical plant 
systems, the elimination of break 
downs and elimination of 
unnecessary repairs and reduction of 
the deviations from optimum 
operating conditions. The difference 
between the Corrective Maintenance 
and Preventive Maintenance is that 
for the corrective maintenance, the 
failure should occur before any 
corrective action is taken. 
 
The way to perform corrective 
maintenance activities is by 
conducting the four following 
important steps. 
 
1. Fault detection 
2. Fault isolation 
3. Fault elimination 
4. Verification of fault 

rectification 
 
Similarly corrective maintenance has 
several prerequisites in order to be 
carried out effectively as under 
 
• Accurate identification of 

incipient problems 
• Effective planning which 

depends on the skills of 
planners, the availability of well-
developed   maintenance 
database about standard time to 
repair, a complete repair 
procedure and labour skills, 
specific tools parts and 
equipment. 

• Proper repair procedure 
• Adequate time to repair 
• Verification of repairs 
 
The Corrective Maintenance has two 
types   defined as follows: 
 
1.  Breakdown Maintenance:- 
It is an emergency based policy in 
which plant/equipment is operated till 
it fails and then it is brought back in 
running condition by repairs. 
 
2.  Shut down Maintenance:- 
It can only be performed while the 
equipment is under shutdown. 
 
3. PREDICTIVE MAINTENANCE 
As the name implies, the said activity 
involves the prediction of the failure 
before it occurs, identifying the root 
cause of    those failures symptoms 
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and eliminating those causes before 
they result in extensive damage of 
equipment. 
 
It is a type of maintenance performed 
continuously or at intervals according 
to requirements to diagnose and 
monitor a condition or system. 
 
It is classified into two kinds according 
to the methods of detecting the signs 
of failure:- 
 
Condition based predictive 
maintenance (CBPM) 
Statistical based predictive 
maintenance (SBPM) 
 
CBPM depends on continuous or 
periodic condition monitoring 
equipment to detect the signs of 
failure. 
 
SBPM depends on statistical data 
from the meticulous recording of the 
stoppage of the In-plant items and 
components in order to develop 
models for predicting failure. 
 
Monitoring Key Equipment 
Parameters 
• Vibration analysis, oil analysis, 
wears analysis, temperature and 
pressure analysis and efficiency 
analysis. 
• Unusual sounds coming out of 
rotating equipment. 
• Excessively hot electric cable 
• Simple hand touch can point out 
many unusual equipment conditions. 
 
The limitation of predictive 
maintenance is that it depends heavily 
on information and the correct 
interpretation of the available 
information. 
 
The difference between preventive 
maintenance and predictive 
maintenance is that predictive 
maintenance    uses monitoring the 
condition of machines or equipment to 
determine the actual mean time to 
failure, where as preventive 
maintenance depends on industrial 
average life statistics. 
 
(b)   UNPLANNED MAINTENANCE:- 
Maintenance action which is carried 
out without any fore thoughts or prior 

planning is called unplanned 
maintenance. 
 
Emergency Maintenance is one of the 
examples of unplanned maintenance. 
However, the maintenance action is 
executed with the help of all available 
maintenance resources in least 
possible time, without any major time 
lag, examples:- 
Fire hazards, breakdowns of boiler 
and turbines etc. 
 
II. MAINTENANCE MANAGEMENT 

SYSTEMS 
 
Maintenance Management is mostly 
concerned with planning, organizing 
and directing the resources in order to 
control availability and performance of 
the plants to some specified level. To 
be able to manage the maintenance 
activities in right way, a management 
system is necessary. The     system 
can be either manual or 
computerized. Maintenance 
Management encompasses all those 
activities required to keep physical 
facilities and equipment in good 
working conditions and making 
necessary repairs when breakdowns 
occurs, so that system can perform as 
desired. 
 
Elements of Effective Maintenance 
Management 
 
1. Maintenance policy 
2. Control of material 
3. Preventive maintenance 
4. conditions monitoring 
5. Work order 
6. Job planning 
 
BASIC MAINTENANCE CYCLE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Basic Functions of the 
Maintenance Management System 
The basic functions of a maintenance 
management Systems are identified 
as under:- 
 
1. Plant and unit 

record(equipment)regarding its 
performance 

2. Documents record 
3. Technical /economic analysis of 

plant history, maintenance 
4. Planning System of maintenance 

and work order routine 
5. Inventory and Spare parts control 

system and purchasing system 
6. Preventive Maintenance 
 
Maintenance Management System 
Process 
 Prepare an asset inventory 
 Identify the frequency of the task 
 Estimate the time required to 

complete the task 
 Develop an annual work 

schedule 
 Prepare and issue a work order. 
 Determine a budget Cost  
 
NEW STRATEGIES CONCEPTS OF 
MAINTENANCE   
 
Apart from commonly applied 
strategies such as Break down 
maintenance Preventive or scheduled   
maintenance, Predictive or condition 
based maintenance, new strategies 
concepts such as Proactive 
Maintenance, Reliability Centered 
Maintenance and Total Productive 
Maintenance etc. have recently been 
evolved to look it from different 
perspective and that has helped in the 
developed maintenance. 
 
Proactive Maintenance:- 
In this kind of maintenance, the aim is 
to identify what can go wrong .i.e. by 
monitoring of parameters that can 
cause failures and breakdowns. 
 
Reliability Centered Maintenance 
 
The type of maintenance is chosen 
with reliability of the system in 
consideration i.e. system functions,   
failures relating to those functions and 
effects of the dominant functional 
system failures. This strategy in the 
beginning was applied to critical 
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(Courtesy by Dawn)

applications such as aircrafts, nuclear 
and space applications. At present, 
this is being extended to critical 
systems in the plant. 
 
Total Productive Maintenance 
It is a Japanese concept which 
involves total participation of all 
concerned. The aim is to have overall 
effectiveness of the equipment with 
participation of all concerned 
(employees) using productive 
maintenance systems and excellent 
records. These results are attainable 
merely due to the sense of 
collaboration and mutual participation 
 
Application of IT 
Some companies like Hitachi have 
been developing products and 
services for advanced support for 
preventive maintenance of thermal 
power plants through the use of IT 
(information technology) and network 
technology, as to achieve desired 
goals. The concept in developed form 
can be quite helpful. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MAINTENANCE POLICIES 
How much maintenance could be 
out source? 
1. Organization may choose 
simply to outsource the work 
execution while retaining the 
remaining steps   in –house. This is 
done on a limited basis. 
2. An alternate approach is to 
outsource all activities with the An 
alternative exception of analysis and 
work identification steps. The 
contractor is permitted to plan and 
schedule his own work, but the 
organization retains its control over 
what is to be done    
3. A third approach is to outsource 
all of the above steps, thus giving 
control over the development of 
maintenance strategies to the 
contractors while specifying desired 
achievements to be made. 
Each approach has advantages and 
disadvantages as well. However the 
most appropriate approach will 
depend on the client’s particular 
situation and economic conditions. 
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SC MOVED FOR DAMS’ 
CONSTRUCTION ON ALL RIVERS 

 
LAHORE: A former chairman of Water and Power Development Authority (Wapda), Shamsul Mulk, has filed a 
petition in the Supreme Court seeking construction of water reservoirs, including Kalabagh dam, on all rivers 
in the country. Filed through Advocate A K Dogar at the apex court's Lahore Registry, the petition seeks SC 
direction for ministry of water and power, Council of Common Interests (CH) through prime minister, provincial 
governments of Punjab, Sindh, Khyber Pakhtunkhwa and Balochistan, to this effect. The petitioner pleads that 
on account of inaction, ignorance and foolhardiness of the government functionaries, every day a huge 
quantity of water is allowed to flow into the sea, which could be stored in dams and used for agriculture, 
hydro-electric power and for drinking by animals and numerous needs of humans. He states India has already 
built 173 dams on rivers, including Indus, Jhelum and Chenab and 12 more have been planned by Indians to 
be built on River Kabul, which meets Indus at the site of Kalabagh. He says Kalabagh dam is an appropriate 
illustration of the in-fight and senseless political wrangling which has resulted in colossal loss of $1,000 billion 
and the country has been reduced to a "beggar nation". The former Wapda chief estates that the politically 
motivated protests against the KBD are baseless and "mere sham". He says Nowshehra will not drown if KBD 
is constructed and rather it will protect the city. To substantiate his point, he argues in the petition that during 
the recent floods water level at Nowshehra was 961 feet but if KBD were in place the level the same day 
would have been 880 feet and the city could have been saved from the devastation caused by the floods. Mr 
Mulk states the Asian Development Bank (ADB) has reported that Pakistan is among the eight nations facing 
worst water shortage. He pleads that the unanimous decisions of CCI in 1991 and 1998, signed by the chief 
ministers of all the four provinces, should be implemented by the executive authority The petitioner, who also 
served as caretaker chief minister of KP, asks the court to enforce fundamental rights of citizens and direct 
the respondents to build dams on all rivers in the country in order to save water for agriculture, hydro electric 
power and to guard the next generations against floods. 
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ABSTRACT 
Comprehensive review of construction 
safety research is presented in this 
paper, aiming at summarizing the 
completed research work in Pakistan. 
It includes eleven journal papers, two 
dissertations and thirty two 
conference papers. Construction 
accidents are mostly caused by; fall 
from height, followed by electrocution. 
Safety non-compliance is attributed 
to; non-existence of a regulatory 
authority, delusion that investing in 
safety will increase the project cost 
nawareness, and unrealistic 
deadlines. Though Pakistan 
Engineering Council (PEC) is 
conducting safety awareness 
workshops for engineers and 
supervisors, no training is planned for 
construction workers. Few private 
institutes are also providing safety 
training but only on commercial basis. 
The deteriorating safety situation can 
be enhanced by ensuring 
management commitment and and 
communication, safety education and 
training, and accident reporting 
mechanism. It has also been 
recommended to establish 
occupational health and safety 
regulatory authority, redefine and 
enforce safety laws, and launch 
media campaigns to create 
awareness among workers. PEC is 
suggested to enhance the safety 
performance by; allocating the safety 
budget and responsibilities in contract 
documents, incorporating safety credit 
points in contractor licensing process, 
and maintaining accident statistics. 
Potential research areas are also 
identified to kindle the construction 
safety research in Pakistan. 
 
KEYWORDS 
Safety management system, Safety 
climate, Safety practices, Review, 
Pakistan. 
 
1. INTRODUCTION 

 
The construction industry is suffering 
from higher fatality and injury rates 
because of its unique nature, 
unpredictable site conditions, 
diversified human behaviour, and 
unsafe procedures (Ahmed et al. 
2000). The developed countries are 
implementing various safety, health 
and environmental management 
systems to minimize these fatalities 
(Chan et al. 2008). Various safety 
schemes have also been introduced 
which resulted into a consistent 
decrease in the accident rate during 
the last 20 years (Choudhry et al. 
2008). 
 
Contrary to this, in the developing 
countries like Pakistan, stakeholders, 
emphasis is primarily on improving 
the construction quality, and reducing 
cost and time, whereas safety is least 
on their agenda. Safety regulatory 
authority is almost ineffective and 
contractors are reluctant to share the 
actual record of injuries and fatalities 
(Farooqui et al. 2007; Ali, 2006). 
Primary construction regulatory body 
i.e. Pakistan Engineering Council 
(PEC) has yet to lay down safety 
regulations to be followed in the 
industry (Farooqui et al. 2007). 
According to Farooqui et al. (2008b) 
most clients demand maximum speed 
and good quality of work at the lowest 
possible cost, whereas no budget is 
specified for safety compliance. Small 
construction firms do not have any 
safety policy so unsafe conditions 
exist on their work sites and labourers 
are exposed to hazardous conditions, 
however, most of the large firms, 
registered with PEC in category C-A 
(category of the contractor having no 
financial limit), do have a safety 
policy, provide safety training to their 
workers, and maintain safety 
personnel on their worksites (Raheem 
and Hinze, 2013b; Farooqui et al. 
2008b). 

Construction Safety Research in
Pakistan: A Review and

Future Research Direction
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According to the annual reports of 
Pakistan Bureau of Statistics, 7.4% 
(4.424 Million) of the total labour force 
(59.79 Millions) are associated with 
the construction industry (PBS, 2012-
2013; 2010-2011). Consistent 
increase has been observed in the 
injuries/accidents from 14.55% in 
2006 to 15.24% in 2012 in the 
construction industry (Table 1). 
Hence, it has emerged to be the 2nd 
most injury prone industry after the 
agriculture. Conversely, increase in its 
employment rate is relatively lower 
than other industries. According to 
Table 2, employment rate has 
gradually increased from 6.56% in 
2006 to 7.4% in 2012. It can therefore 
be inferred that construction industry 
is employing only 7.4% of total labour 
force whereas its injury rate is 
alarmingly high (15.24% of total 
labour force). 
 
According to the annual reports of 
Pakistan Bureau of Statistics, 7.4% 
(4.424 Million) of the total labour force 
(59.79 Millions) are associated with 
the construction industry (PBS, 2012-
2013; 2010-2011). Consistent 
increase has been observed in the 
injuries/accidents from 14.55% in 
2006 to 15.24% in 2012 in the 
construction industry (Table 1). 
Hence, it has emerged to be the 2nd 
most injury prone industry after the 
agriculture. Conversely, increase in its 
employment rate is relatively lower 
than other industries. According to 
Table 2, employment rate has 
gradually increased from 6.56% in 
2006 to 7.4% in 2012. It can therefore 
be inferred that construction industry 
is employing only 7.4% of total labour 
force whereas its injury rate is 
alarmingly high (15.24% of total 
labour force). 
 
2. OBJECTIVES 
This paper is aimed at reviewing the 
safety research carried out in the 
construction industry of Pakistan, with 
following objectives: 
 

 Carry out a comprehensive 

review of construction 

safety research conducted 

in Pakistan. 

 

 

 

 Examine the safety  

Regulations and their 

enforcement in Pakistan 

 

 Find the gap for future 

research in the field of 

construction safety in 

Pakistan. 

 
3. RESEARCH METHODOLOGY 
A systematic literature review is 
conducted in three stages for 
investigating the research work 
carried out in the field of construction 
safety in Pakistan. In stage-1, a 

 
 comprehensive desktop search was 
conducted with the search keywords; 
safety, safety climate, safety 
practices, construction and Pakistan. 
The databases such as Scopus, 
EBSCO, Science Direct, Google, 
Google scholar and Web of science 
were searched to find the related 
journal papers. The search result 
indicated that only fourteen journal 
papers have been published related 
to the construction safety in Pakistan. 
In the second stage, proceedings of 
International conferences were 
searched using the above mentioned 
search engines. Using the snow ball 

Occupational Injuries / Diseases – Distribution by 
Major Industries (%) inPakistan 

Type of 
Industry 

Financial year Ranki
ng 

2006-
2007 

2007-
2008 

2008-
2009 

2009-
2010 

2010-
2011 

2012-
2013 

Agriculture, 
Forestry, Fishing 

43.61 46.84 44.91 45 45.1 43.7 1 

Manufacturing 13.54 12.72 13.02 13.2 13.7 14.1 3 
Construction 6.56 14.93 6.62 6.7 7 7.4 5 
Retail trade, 
Restaurants and 
Hotels 

14.42 7.96 15.16 16.3 16.2 14.4 2 

Transport / 
Communication 

5.39 8.02 5.23 5.2 5.1 5.5 6 

Community / 
Social Services 

14.41 8.39 2.58 11.2 10.8 13.3 4 

Other Industries 2.07 1.14 12.48 2.4 2.1 1.6 7 

Occupational Injuries / Diseases – Distribution by 
Major Industries (%) inPakistan 

Type of Industry 

Financial year Ran
king 

2006-
2007 

2007-
2008 

2008-
2009 

2009-
2010 

2010-
2011 

2012-
2013 

Agriculture, 
Forestry, Fishing 

40.94 46.84 50.43 50.2 49.8 49.1 1 

Mining / Quarrying 0.29 0.09 0.33 0.1 0.2 0.2  
Manufacturing 15.21 12.72 13.96 12.8 15.8 13.3 3 
Electricity, Gas and 
Water 

0.87 0.51 0.71 0.4 0.2 0.5  

Construction 14.55 14.93 14.54 14.3 13 15.2 2 
Retail trade, 
Restaurants and 
Hotels 

9.26 7.96 7.54 10.6 10.3 9.2 4 

Transport / 
Communication 

7.98 8.02 8.14 8 7.1 7.3  

Community / Social 
Services 

10.56 8.39 4.33 3.5 3.3 5.1  

Other Industries 0.34 0.54 0.02 0.1 0.3 0.1  

Table 1: Occupational injuries/diseases Percentage distribution by  

Major industries in Pakistan 

 

Table 2: Percentage distribution of employed persons by 
Major industries in Pakistan 
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technique, references given at the 
end of each paper were also checked 
so as to find the related papers. In 
stage-3, google scholar profiles of 
Pakistani researchers, who are 
actively involved in construction safety 
research, were explored. As a result, 
all related papers had either been 
downloaded (if available) or obtained 
from the authors via personal email 
requests. Hence, a total of 14 journal 
papers, two dissertations (one PhD 
and the other M. Phil), and 32 
international conference papers from 
12 conference proceedings had been 
selected for review. 
 
4. OVERVIEW OF CONSTRUCTION 
SAFETY RESEARCH IN PAKISTAN 
 
4.1 CATEGORIES OF THE 
RESEARCH PAPERS 
Out of the fourteen shortlisted journal 
papers related to safety in Pakistan, 3 
were related to roads, 1 for Engro-
food industry and 10 were related to 
the construction industry (8 
International and 2 Pakistani 
journals). Topics covered in these 
journal papers include safety 
performance, safety culture, safety 
climate, national culture, safety policy 
formulation and enforcement, use of 
wireless technology (Riaz et al. 2014) 
and Building Information Modelling. 
Only four of these journal papers have 
been published in the top 
peerreviewed journals. In most of the 
papers, basic statistical techniques 
had been used to analyze the data 
collected through questionnaire 
survey and interviews; however 
Mohamed et al. (2009) have also 
used factor analysis. Four scholars 
including Dr. Rafiq M. Choudhry, Dr. 
Rizwan U. Farooqui, Engineer Rehan 
Masood and Adeeba A. Raheem are 
actively involved in safety research in 
Pakistan. Out of the thirty two 
conference papers, twenty two are 
written by these researchers. Most of 
their papers are related to safety 
policies, safety culture, safety climate, 
safety practices and safety 
management systems. 
 
4.2 QUESTIONNAIRES BEING 
ADOPTED BY THE RESEARCHERS 
Questionnaire designed by McDonald 
and Hrymak (2001) for the Irish 

construction industry, Mohamed 
(2002) for the Australian construction 
industry, and Choudhry et al. (2008 
and 2009) for the Hong Kong 
construction industry had been used 
by the researchers to explore the 
construction safety performance in 
Pakistan. Mohamed and Ali (2005) 
and Mohamed et al. (2009) have also 
designed a questionnaire to analyze 
the influence of national culture on 
safety behaviour. Similarly, 70 
statements questionnaire under 10 
groups by Ahmed (2013) and 31 
statements safety climate 
questionnaire by Choudhry et al. 
(2009)were also adopted to assess 
the construction safety climate in 
Pakistan (Choudhry and Masood, 
2011). 
 
4.3 CURRENT SAFETY PRACTICES 
Though technological advancement is 
the need of hour, it has adversely 
affected the construction safety 
especially in the developing countries, 
where emphasis had always been on 
the productivity than the safety 
(Farooqui et al. 2008a; Masood et al. 
2014). Injury/fatality statistics of 
construction projects are yet to be 
maintained at the industry or national 
level (Khan, 2013b, Raheem et al. 
2012), so the lagging indicators of 
accident statistics cannot be used to 
analyze the safety performance. 
Raheem and Hinze (2012 and 2013b) 
have highlighted that most of the 
construction companies do not update 
their safety manuals. Similarly, safety 
policies are made only for the 
documentation purposes (Jafri, 2012; 
Masood et al. 2012c). Mohamed and 
Ali (2005) and Qazi et al. (2006) have 
analyzed the effect of awareness and 
beliefs, physical environment and 
supportive environment on safety 
culture, and highlighted the neglected 
safety practices, as; poor quality 
scaffolding without guard rails, 
defective ladders not tied properly, 
working on roof without edge 
protection, temporary laid power lines 
and manual deep excavation without 
bracing. Safety training has been 
identified as the most neglected 
aspect (Haider et al. 2013; Zahoor 
and Choudhry, 2012). Managers and 
the workforce have varied opinion 

about safety compliance on their work 
sites (Masood et al. 2012b). 
 
4.3.1 CAUSES OF ACCIDENTS 
Major causes of construction 
accidents, in descending order, are; 
fall from height, electrocution, caught 
in between the machinery and struck 
by falling objects (Hassan, 2012; 
Nawaz et al. 2013). Higher 
unemployment ratio and more number 
of unskilled workers are also the main 
causes ofaccidents (Jafri et al. 2012). 
Few indirect cost effects have also 
been identified like cost of employing 
additional manpower, lost work hours 
of fellow crew members due to 
temporary halts and lowering of 
morale (Farooqui et al. 2008a). 
 
4.3.2 REASONS FOR SAFETY NON-
COMPLIANCE 
Non-compliance to safety regulations 
is attributed to; non-existence of any 
regulatory authority, greed for making 
more profit, delusion that investing in 
safety will increase the project cost 
non-cooperation and ignorance for 
their rights, poor safety management 
techniques, political influence, 
pervasive corruption, meeting 
unrealistic deadlines, extended 
working hours, less wages, no 
maintenance and inspection 
schedule, no safety training, no 
requirement of safety certification for 
the workers, shortage of safety 
personnel, and giving least value to 
human lives (Farooqui, 2012; 
Farooqui et al. 2008a; Raheem et al. 
2011; Saqib et al. 2010; Choudhry et 
al. 2012 and 2006). 
 
4.3.3 RECOMMENDATIONS BY THE 
RESEARCHERS 
The significant safety climate factors 
have been identified as management 
commitment and employees 
involvement (Choudhry and Masood, 
2011). Mohamed et al. (2009) have 
concluded that under collectivist, 
feminist and higher uncertainty 
avoidance environment, safety 
performance can be improved. It has 
been emphasized to bring a cultural 
change and a shift in the mind set of 
upper echelons in the government to 
improve the deteriorating safety 
situation (Ahmed, 2013). 
Stakeholders need to be educated 
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that accident not only causes an injury 
but also results in time delay, morale 
lowering, indirect labour replacement 
cost, equipment repair cost, and most 
importantly brings bad name to the 
company (Hinze, 2000). The 
researchers have also recommended 
to enhance the safety performance 
by; redefining and enforcing safety 
rules and regulations, establishing 
health and safety regulatory authority, 
appointing safety inspectors, 
allocating sufficient budget for safety 
training and education, and 
developing an effective 
communication and accident reporting 
mechanism (Memon et al. 2013; 
Nawaz et al. 2013; Hassan, 2012). 
 
Choudhry et al. (2008) have 
suggested that safety incentives, 
green card scheme and safety 
management system in Hong Kong 
are equally applicable to Pakistan and 
their implementation can bring 
positive change in the working 
environment. They have also 
suggested that Directorate of Workers 
Education (DWE) should take a 
leading role towards enhancing safety 
standards in all the industries. PEC is 
recommended to; ensure safety 
through contractual obligations, 
allocate safety budget in contract 
documents, incorporate ‘safety credit 
points in the contractor license 
renewal process, employ safety staff, 
and maintain accident statistics 
(Raheem and Hinze, 2013a; Zahoor 
and Choudhry, 2012). Two (2) credit 
hours Occupational Health and Safety 
(OH&S) course has also been 
recommended for civil, architect and 
town planning students, so as to 
strengthen the safety awareness 
among the key stakeholders (Masood 
et al. 2012a). 
 
5. SAFETY ENFORCEMENT AND 
TRAINING INSTITUTES 
At the Federal government level, 
DWE working under the Ministry of 
Capital Administration & 
Development is primarily responsible 
to create awareness among workers 
for their rights and to educate them 
about their social and economic 
problems including OH&S training; 
however its performance is not 
satisfactory. In the province of Punjab, 

the department of Labour & Human 
Resource has established an ancillary 
body (CIWCE) at Lahore, which is 
providing professional services in the 
fields of OH&S. Few private institutes 
are also providing OH&S training but 
on commercial basis, including; 
Occupational Safety and Loss 
Prevention (OSALP), Occupational 
Training Institute (OTI), and Vivid 
Institute of Occupational Safety and 
Health (VIOSH).  
 
PEC is also conducting safety 
awareness workshops and 
compulsory ‘Continuing Professional 
Development’ (CPD) short courses 
but these training sessions are only 
for engineers and supervisors, 
whereas no training is organized for 
construction workers (Khan et al. 
2013a). PEC has incorporated 
following OH&S clauses in its contract 
documents but these are mostly not 
enforced due to the absence of a 
regulatory authority. 
 
a. Safety, security and 

protection of the environment: It is 

clause 19.1 of part-I (General 

conditions of contract) of PEC 

standard form of bidding documents 

(PEC, 2007, p.90). 

 

b. Safety precautions: It is 

clause 19.3 of part-II (Particular 

conditions of contract) of PEC 

standard form of bidding documents 

(PEC, 2007, p.152). 

 
6. CHALLENGES FOR THE SAFETY 
RESEARCHERS IN PAKISTAN 
 
6.1 SCARCITY OF CONSTRUCTION 
SAFETY RESEARCH 
Research in the field of construction 
safety in Pakistan remained almost 
neglected, as the key stakeholders 
had been focusing on productivity 
only. Accident statistics have not been 
maintained at the industry level so it 
has proven to be the major obstacle in 
the data collection. Only a few 
researchers have worked in this area 
using the leading safety indicators. 
They have mostly used descriptive 
statistics for the data analysis. 
Moreover, sample sizes are also not 

quite reliable. Likewise, Structural 
Equation Modeling and Social 
Network Analysis have not been used 
for the data analysis and validation. 
Hence, very few researches had been 
published in the peer reviewed 
journals. 
 
6.2 FUTURE RESEARCH 
DIRECTIONS 
Detailed study may be carried out to 
identify the safety climate factors 
affecting the safety performance in 
the Pakistani construction industry 
using the exploratory factor analysis. 
Causal relationship among various 
safety climate factors using the 
structural equation modeling 
(confirmatory factor analysis) needs to 
be examined. A study may be 
conducted to examine the safety 
practices being practiced in the tall 
buildings construction as they are 
suffering from higher accident rates 
(Zahoor et al. 2015). Research may 
also be instigated to assess the 
applicability of successful construction 
safety management practices of the 
developed countries in Pakistan. 
Unsafe behavior of the workers, which 
is intrinsically linked to the workplace 
accidents, needs to be explored to 
ascertain the root causes of accidents 
and study the varied behavior of 
different tradesmen. Likewise, 
applicability of innovative (information 
and communication) technologies to 
effectively monitor the safety 
performance on construction sites 
needs to be explored. 
There is also a need to compare the 
cost of accidents with the investment 
needed for safety compliance. 
Contractual obligations of various 
construction departments may also be 
examined. Standardized safety rules 
and regulations are also required to 
be established for the construction 
industry of Pakistan. 
 
7. CONCLUSIONS 
Construction safety research in 
Pakistan is in its embryonic stage. 
Very few researches have been 
published in the journals; however 
many have been published in the 
conference proceedings which are 
mostly not accessible online. This 
paper is an attempt towards 
summarizing the completed research 
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work and identifying the research gap 
for further consideration by the 
researchers. 
 
In Pakistan, construction companies 
are reluctant to share the accident 
statistics; however fatalities are 
mostly reported due to the fear of 
litigation (Choudhry et al. 2008; 
Mohamed, 2002). Higher 
unemployment ratio, unawareness 
and illiteracy rate force the workers to 
work under unfavorable site 
conditions. Fall from height is key 
cause of construction accidents 
(Choudhry et al. 2014). PEC 
Contractors’ selection criterion is only 
based on financial strength and not 
the safety performance. Though PEC 
has incorporated safety clauses in its 
contract documents, they are not 
enforced due to the absence of a 
regulatory authority. PEC is also 
conducting CPD webinars and 
seminars to create awareness among 
its graduate members; however no 
attention is paid training. PEC is 
recommended to: launch safety 
awareness campaigns; establish 
OH&S regulatory authority; revise the 
contracting and bidding documents for 
provision of safety budget by the 
clients; incorporate safety credit 
points in the contractors’ selection 
criteria; and establish an effective 
accident reporting and investigation 
mechanism. Future research 
directions have also been 
recommended for actuating the 
research process in the field of 
construction safety in Pakistan. 
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ABSTRACT 
Principle of lean manufacturing has 
been known since last two decades, 
however, its implementation in the 
local industries is a recent trend. A lot 
of analysis tools such as 5S, kaizen, 
Kanban, flow production and line 
balancing have commonly been used 
to improve productively by 
organizations across the globe as well 
as in the local industries. A relatively 
newer tool, named as waste 
assessment matrix (developed at 
Industrial Engineering dept., 
University of Jordan, Amman) is a 
technique that defines the 
interrelationship between different 
forms of waste in a job shop 
environment to highlight their relative 
significance. This study is based on 
the use of waste assessment matrix 
for identifying different type of wastes 
in the packing department of a high 
variety – high volume manufacturing 
plant. Other lean tools, such as 5S, 
kaizen, flow production and line 
balancing were then used to analyse 
and improve the wastes in the plant. 
The study shows that waste 
assessment matrix can be equally 
well applied in a high volume 
manufacturing plant as can be applied 
in a job shop. Results show that not 
only lead time, and workforce were 
reduced but the availability and 
performance of the plant were 
improved. 
 
Keywords: Mass Production; WRM; 
Online packing; Kaizen; Lean 
Methodology 
 
1   INTRODUCTION 
Wastes are the profits that the 
company can earn and lean is a 
revolution that earns that profit [1]. It 
is not only using tool and changing 
few step in manufacturing processes, 
rather it is about complete change of 
business operation. The background 
of lean is based in the history of  

 
Japanese manufacturing techniques 
which have now been applied 
worldwide within many type of 
industries [2]. Every production 
process have some different activities. 
These activities could be easily 
classified into value added activities 
(VA) and non-value added activities 
(NVA). Activities that directly adds 
value to product or customer is willing 
to pay for are considered as value 
added while activities having no 
impact on product and its value, are 
termed as non value added activities 
[3]. Although, some of the NVAs is 
considered as necessary for carrying 
out production but, a large proportion 
of these NVAs is typically 
consideration as pure waste and 
could easily be removed to improve 
the productivity. These are usually 
referred to as wastes. On a broader 
scale, waste is divided into three 
types as follows: 
 
1. Muda (Waste)-Capacity Exceeds 
Loads 
2. Muri (Irrationality)-Loads 
Exceeds Capacity 
3. Mura (Inconsistency)-Both cases 
may occur 
 
As per taiichi ohno, wastes may 
comprise of motion, waiting time over 
production, over processing, defects, 
transportation and inventory [1]. 
These wastes add to higher cost, poor 
quality and less motivation. In order to 
remove these wastes, a tool named 
as lean manufacturing Methodology is 
used. By definition, lean 
manufacturing could be defined as; 
 
“Lean manufacturing is a business 
model and collection of tactical 
methods that emphasize eliminating 
non-value added activities (waste) 
while delivering quality products on 
time at least cost with greater 
efficiency” [4]. 

Implementation of Waste Assessment 
Matrix and Line Balancing for

 Productivity Improvement in a High
 Variety / High Volume Manufacturing Plant
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             Figure 1.7 wastes of lean [3] 
 
Lean methodology means to eliminate 
NVAs or convert them into Vas. It 
focuses not only on segments of 
processes but on the whole process. 
It includes all the employees and their 
motivation, hard work and efforts in 
the development of a lean 
organization. It is not a work of one 
man army rather every individual has 
to include something to it [5]. In 
today’s high competitive market, 
Pakistan’s industrial sector is striving 
hard in order to achieve the set goals 
and to achieve that, implementation of 
lean methodology has been the right 
way to choose. 
The common questions that arise are: 
 

1- Why follow lean? 
2- What are the basic 

principles of lean? 
3- What are the tools that 

could be used for executing 
lean? 

 
Answer to question number one lies in 
the benefits of utilizing and believing 
in lean methodology, which are: 
 
 Improved quality 
 Less defects 
 Reduce inventory 
 Improve space utilization 
 Easy to manage processes 
 Less machine and process 
    breakdowns 
 Better efficiency 
 Safe work place 
 Improve morale of workers 
 Improve supply chain 
 Better relations from vendors to 
    customer 
 
Similarly, following principles are 
basics to lean methodology [6]. 

 
 
 
 Specify Value – Customer 
requirement. 
 Identify the Value Stream – All the 
steps required to fulfil customer 
requirements. 
 Establish Flow – Make sure the 
value flows smoothly (without any 
disruptions) to the customers.  
 Implement Pull System – Use a 
Pull system to control 
inventory/information wherever 
required and possible. 
 Work to Perfection -  Continuously 
look for ways to improve the value 
addition process. 
 
Finally, some of the common tools 
utilized for implementing lean are 
[1,5,7]: 
 Value Stream Mapping – For 
analyzing & streamlining flow of 
material & information of all the 
processes 
 Kaizen – Philosophy of continuous 
improvement of working practices 
 Just In Time – Reducing the in 
process inventory and associated 
costs 
 Jidoka – System stops at any un 
certainty 
 5S –Methodology for work place 
organization 
 Kanban – Visual signal of 
customer demands 
 Poka Yoke – Mistake proofing 
 
All the basic principles and tools listed 
above are targeted towards achieving 
the benefits of lean mentioned earlier 
which mainly involved identifying the 
waste (NVAs) and its subsequent 
elimination. 
 
2 WASTE ASSESSMENT MODEL 
Starting point of any journey is key to 

morale of people involved. For 
improvement if it is started with a big 
improvement and improvement’s 
impact is as loud as a hammer’s noise 
then it counts in morale and efforts 
improvement of human resource 
involved. For this kind of impact, it is 
very important to find out the major 
waste that have the highest influence 
on overall process and if it is 
improved then whole process will 
improve. In this regard waste 
assessment model is used to find out 
how high the effect of the waste is on 
system as well as on each other. This 
assessment model is the most 
important step to implementation of 
Lean manufacturing methodology. 
Ibrahim A. Rawabdeh [3] was the first 
person who identified the relationship 
between the different types of wastes 
by using a concept of WRM (waste 
relation matrix). The idea of the matrix 
is to establish a link between all the 
different types of wastes that occur 
while performing manufacturing 
processes. The waste that have 
strongest direct link with all other 
wastes is selected as the possible 
source of non-value adding activities 
and is  subsequently 
removed/lowered via lean tools to 
improve the situation. The matrix was 
used to identify the most important 
type of waste in a job shop 
environment [3]. In this project, this 
approach (WRM) will be implemented 
in high variety/high volume production 
environment to find out the waste 
which should be eliminated from the 
system. The waste assessment model 
was designed on the basis of each 
type of the seven wastes (Figure 3) 
and their over lapping area. Then 
identify the strength of each direct 
relationship among the seven type of 
waste and make waste matrix that 
classifies the strength of relationship 
using a scale ranging from very weak 
to very strong. 
In second phase, an assessment 
questionnaire is use to rank a waste 
by combining the relationship matrix 
and the results of the assessment 
questionnaire. 
All type of waste are inter-dependent 
and discussing the relationship 
among wastes id complex because 
the relation can appear directly or 
indirectly. 
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2.1 Explanation of Waste 
Assessment Model 
 
Inventory 
I-O Higher inventory of raw materials 
can be reason to push the labour for 
over production in order to get the 
higher profit for company. 
 
I-D Higher inventory of raw material, 
work in process and finish good will 
increase the chances to produce 
defected due to less of concern and 
unsuitable storing condition. 
 
I-M Higher inventory also be the 
reason to increase the time in each 
and every process. 
 
I-T Higher Excess inventory creates 
hurdle in the transportation of 
material. 
 
Defects 
D-O In order to overcome the defects, 
over production become necessary 
 
D-I Defects mean they need to 
reworked, so WIP will be increases in 
the form of inventory 
 
D-M defects increase the time of 
searching, selection and inspection of 
part 
 
D-T Defects will increase the wasteful 
transportation activities 

 
D-W As reworks reserve the 
workstation therefore new parts will 
be waiting to be processed   
 
Motion 
M-I Non-standardize method become 
reason of WIP 
 
M-D Non-standardize process leads 
to increase the defects 
M-P When process are non-
standardize will increase the process 
waste due to the lack of 
understanding the available capacity 
 
M-W Due to non-standardize process, 
time will be consumed searching, 
selecting the parts so in result part 
waiting get increase. 
 
Transportation 
T-O In order to reduce the 
transportation cost per unit, over 
production has to be effected 
 
T-I other process can be effected due 
to insufficient number of material 
handling equipment (MHE) 
 
T-D Sometime non-suitable MHE be 
the reason of damage items and 
defects 
 
T-M When MHE is non-standardize 
then it leads to motion waste 
presented by double handling and 
searching 

 
T-W Insufficient MHE will also lead to 
waiting to be transported and some of 
the machine will remain idle [3] 
 
2.2 Waste assessment Model 
(WAM) 
Waste assessment model starts by 
first identifying the major forms of 
waste that occur in the factory/plant in 
a general perspective. After this, each 
waste is linked with each other waste 
to establish link between the wastes. 
Following six questions are then used 
in developing the waste assessment 
matrix for each identification link. 
Assume ‘a’ is the source waste and ‘b’ 
is the resulting waste, then the 
question to be asked are: 
 
1. Does a produce b? 
2. What is the type of the relationship 
between a and b? 
3. The effect of b due to a? 
4. Eliminating the effect of a on b is 
achieved by? 
5. The effect of b due to a, mainly 
influences? 
6. In which degree does the effect of a 
and b increases manufacturing lead 
time? 
The answers to these questions are 
ranked from 0 to 4 and the resulting 
total is listed in the form of a matrix 
known as waste relationship matrix 
(WRM). This WRM is then used to 
identify the waste (s) which has the 
most influence on all other wastes 
and removing this waste could not 
only reduce the other form of wastes 
but will also enable a quick 
improvement in productivity. 
 
3 METHODOLOGIES 
For the implementation of productivity 
improvement via WRM, a 
multinational organization which is 
considered as global leaders in the 
manufacturing of safety products was 
selected. The company is in operation 
since last thirty years and has various 
units not only within Pakistan, but 
across the globe in over forty 
countries. The organization has five 
factories in Pakistan and they produce 
customized as well as high volumes 
of regular products. This project 
involved implementation of WAM for 
productivity improvement in one of the 
glove manufacturing facility of the 
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organization. After applying WRM, the 
waste with highest value was selected 
for improvement. Value stream 
mapping (VSM), Line Balancing and 
5S techniques were subsequently 
implemented to improve the system.  
 
4 RESULTS AND DISCUSSION  
The facility have strived hard for 
improvement in packing department 
through implementing the concept of 
batch to online (continuous) packing 
system. Following problems have 
been faced in the existing system for 
which this project was initiated; 
inventory, defects, transportation and 
motion. The main problem was the 
cycle time of the packing process (6 
sec/pc) which was higher than the takt 
time (5.33 sec/pc). Total lead time till 
final finished good (FG) was about 24 
hrs to 48 hrs. Not only waiting time 
was high but this process was also 
long i.e. have high transportation 
wastes. The more the good travels,  

the more the risk of damage (waste of 
defects). Similarly defects were also 
highlighted late that causes high loss.  
 
4.1 Waste Assessment Model 
(WAM) 
Waste assessment model was the 
first step taken in order to check and 
finalize which waste has to be given 
high priority in order to start the 
implementation process of 
productivity improvement by 
implementing its lean manufacturing 
tools. Range distribution of the 

methodology is as given in the Table 
1 [3]:  
 
A research was carried out for 
focusing on relations of all the wastes 
among each other. In the facility, four 
major defects were highlighted as 
discussed earlier i.e. transportation, 
inventory, motion and defects. Table 2 
lists the final results.  
 
After observing the relationship of 
wastes, next step is to write the 
relationships by forming a from/to 

(F/T) matrix as shown in Table 3.  
 
After allotting the numbers to this 
matrix as defined in the range 
distribution (Table 1), final total 
percentage matrix or the waste 
relationship matrix was calculated as 
shown in the Table 4 below.  
From the WRM, it is clear that 
transportation waste is contributing in 
generating 23% of the total wastes 
(Table 4). Similarly, next in the 
sequence are defects, inventory and 
motion. Therefore, improvement tools 
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were selected to reduce these wastes 
to enhance the productivity and bring 
the cycle time within talk time.  
 

4.2 Layout Modification Line 
Balancing 
Waste of transportation is mainly 
caused by the problems in layout. 
Current lay out of the facility is shown 
in Figure 3. Goods were transferred to 
packing through conveyor. A tray man 
inspects the gloves and then forwards 
them to inspection. Next step is pad 
printing, then plastic protector 
addition, bundle making and then final 
bundle packing. Lastly, the ready 
cartons were transferred to pallet. 
Even distribution of task over the work 

station so that idle time of man and 
machine can be minimized is said to 
be line balancing. It is optimized 
operation technique which has 

significant industrial importance in 
lean system [8]. 
 
 

In line balancing bottlenecks and 
starving problems are tackled and 
eliminated. An ideal (balanced) line 
usually follows single piece flow (zero 
inventory), minimizes waiting and 
improves quality by ensuring that any 
defects are caught as soon as they 
are produced and thus no defects are 
moved down the line. Thus, it can be 
noticed that line balancing is the right 
choice of tool to eliminate the wastes 
identified by WRM. 
Usually the concept of line balancing 
is applied in assembly line but at the 

selected facility, it was successfully 
implemented and executed. This 
concept of line balancing is somewhat 
different from traditional  

implementation but basic concept 
remains same. The current state of 
the different stations that were 
involved in packaging is shown in 
Figure 4.  
 
An improved layout is shown in Figure 
5 below. The feasible layout have an 
e-tone system (conveyor) and an on-
line platform tray man, trimmer and 
pad printing option. While the packing 
area was converted to two inspectors, 
plastic sheet cover, pairing, bundling 
and then pallet. On line platform 
expansion helped in improving the 
layout. Similarly, an improved 
(balanced) line was obtained as a 
direct consequence of layout changes 
(Figure 6).  
 
Major wastes that were removed 
included transport and inventory while 
motion was also reduced. 
Transportation and inventory values 
of current and improved states are 
compared in Table 5. 
 
 5S 
The concept of 5S is constituted on 
the basis of Kaizen. 5S is used by 5 
different Japanese words which are 
Seiri (Sort), Seiton (Set in order), 
Seiso (Shine), Seiketsu (Standardize) 
and Shitsuke (Sustain). These five S 
focus on effective work place and 
work procedure and their proper 
implementation allow for the 
application of continuous 
improvement by all the employees 
within the organization [7]. 
 
Sort 
Sorting requires the separation of 
necessary and unnecessary items. 
Red tagging the unnecessary items is 
the common step to be taken during 
sort.  
 
The items which are unnecessary for 
the workplace are marked with red tag 
and relocated in a review area. 
 
After the sorting has been finished, 
the items tagged red are assessed 
and then finalized whether to keep on 
plant or remove from plant and move 
to drum yard.  
 
Results obtained by red tagging are 
shown in Table 6.  
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Set in order 
All the available equipment of plant 
was arranged as per the necessities 
and its use. An example is shown in 
Figure 7. 
  
Shine 
Cleaning and painting of whole plant 
was done. Marking of floor was 
performed and better aesthetics were 
created. Figure 8 shows an example 
of shine activity being carried out. 
 
Standardize 
Area for putting the right thing in right 
place was performed and all the 
equipment were given standard 
position. Floor marking is evident from 
Figure 9. 
 
Sustain 
For sustaining the 55 activities, 
performance chart was added on 
visual board and weekly discussion is 
also set to occur as shown in Figure 
10. 

  
 
5 RESULTS Outcomes of the waste 
assessment was utilized in the 
implementation of lean manufacturing 
concept i.e. line balancing leading to 
layout change, one piece flow and 55. 
These tools lead to valuable decrease 
in identified wastes of transportation, 
inventory, motion and defects and 
thus result in the improvement of 
produced quantity and decreased 
lead time. Summary of improvements 
achieved are listed in Table 8. 
 
6 CONCLUSIONS 
Gut feelings and experience are 
sometimes not enough in order to 
bring the change, remove wastes and 
create improved environment. As per 
an industry practice, it has been noted 
that some of the waste cannot be 
observed or acknowledge as per their 
intensity by line manager. This 
research paper proved that waste 
assessment can be applied in high 
volume and high variety industry.  
 

 
 
Also, waste assessment matrix could 
be used a tool that identifies the exact 
targets for productivity improvement 
purposes. 
 
Wastes identified by WRM were 
subsequently improved by using the 
tools such as layout change, line 
balancing and 5S implementation. 
The results showed real 
improvements and proved that the 
wastes as identified by WRM were 
mainly the causes of disruptions and 
thus the value was not flowing to the 
customers. However, by removing 
these wastes, not only productivity 
was improved, but the production 
system was reoriented to ensure the 
flow of value to the customers in a 
timely manner which is what required 
in a lean system. However, this must 
be kept in mind that these changes 
could only be sustained only if the 
continuous improvement route is 
followed rather than once in a while  
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approach. This model have not only 
emphasized on a single waste but it 
has also given the path of continuous 
improvement i.e. after removal of two 
or three big waste, it is the time to 
move to next waste and its removal. 
There are still some stones un-turned 
in this methodology of waste 
assessment model and major one is 
its implementation in service sector 
and comparison of results. However, 
the results in this study suggest in 
equal relevance in a high variety/high 
volume production system.  
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ABSTRACT 
Increased global competition for 
manufacturing sector have led many 
companies towards pursuing ways to 
gain competitive edge in domains 
such as service, cost, quality and 
timely delivery. Role of effective 
maintenance towards the overall 
productivity of an organization has 
received increased attention in the 
past few years and the role of 
maintenance has shifted from 
necessary evil to profit contributor. 
The study presents an overview of 
perspectives and trends of 
maintenance function in automotive 
industries of Pakistan. Automotive 
sector was selected due to its high 
importance in the economic growth 
and because it is considered to be a 
leading industrial domain of Pakistan 
that steers the growth in large scale 
manufacturing sector. Performance of 
different industries were evaluated 
and compared with each other as well 
as with that of world class practices. It 
would bring to light areas which the 
industries lead and lack and would not 
only help them to improve their 
maintenance practices but also bring 
them up to the global standards.  
 
Keywords: Maintenance 
management; automotive sector 
  
INTRODUCTION  
Maintenance can be defined as "the 
combination of all technical, 
administrative and managerial actions 
during the life cycle of an item 
intended to retain it in, or restore it to 
a state in which it can perform the 
required function" [1] or a combination 
of functions which are considered 
necessary to provide a given service. 
Whereas maintenance management 
can be defined as management 
activities that determine the 
maintenance objectives, priorities, 
strategies and responsibilities and 
implement them by using 

maintenance planning, maintenance 
control, supervision and several 
improving methods [2]. Maintenance 
management is considered to be an 
important function of any 
manufacturing firm. If managed 
effectively it can bring improvement in 
the performance of any organization. 
It has been found that maintenance 
represents from 15 to 40% of the total 
product cost and improving 
maintenance is considered to be 
easier and more likely to occur 
[3].Therefore in order to make rapid 
improvement in manufacturing sector 
maintenance management can play 
an important role especially for the 
developing country like Pakistan and 
has high scope in research. The study 
presents an overview of trends and 
perspectives of maintenance function 
in automotive industries of Pakistan. 
Automotive sector was selected due 
to its high importance in the economic 
growth and due to the reason that it is 
considered to be a leading industrial 
domain of Pakistan that steers the 
growth in large scale manufacturing 
sector [4]. Performance of different 
industries were evaluated and 
compared with each other as well as 
with that of world class practices to 
help the industries identify the areas 
which need improvement and 
subsequently take measures to 
improve their performance to the 
world class standards.  
 
8 METHODOLOGY  
The aim of study was to evaluate the 
performance of the selected industries 
among themselves and with that of 
the world class benchmark (WCB) 
standards. For the purpose, four 
areas of maintenance management 
were considered for the study and a 
questionnaire by Wireman [5] was 
used to evaluate the performance of 
the industries. Table 1 shows the 
maintenance management areas and 
their WCB values. The questionnaire 

Evaluation of Maintenance 
Management Practices in

 Automotive Industries of Pakistan
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was being filled by different 
concerned personnel belonging of the 
same firm so as to ensure authenticity 
of data. Then bar charts were used to 
analyze the collected data and 
evaluate performance of the selected 
industries. The performance of 
industries individually, and on average 
were also compared with that of WCB 
in each section.  

 
8.1 DESCRIPTION OF SELECTED 
INDUSTRIES  
 
8.1.1 Industry 1: 
A multinational company (MNC), 
original equipment manufacturer 
(OEM), founded twenty six years ago, 
capacity of 54,000/year and a 
turnover of Rs. 57,000 millions/year.  
 
8.1.2 Industry 2: 
An MNC, OEM, founded twenty two 
years ago, installed capacity of 
150,000/year and a turnover of Rs. 
51,000 millions/year. 
  
8.1.3 Industry 3: 
An MNC, OEM, founded twenty eight 
years ago, installed capacity of 
750,000/year and a turnover of Rs. 
44,000 millions/year.  
 
8.1.4 Industry 4: 
A local company, OEM, founded 
thirteen years ago, installed capacity 
of 55,000/year and generates a 
turnover of Rs. 1000 millions/year. 
 
8.1.5 Industty 5:  
A local vendor company, founded 
thirty six years ago, capacity of more 
than 1,000,000/year and turnover 
data was unavailable.  
 
9 ANALYSIS 
 
9.1 PREVENTIVE MAINTENANCE 
(PM) 
In order to attain world-class 
performance, most companies are 
replacing corrective strategies for 
maintenance with proactive strategies 
such as preventive and predictive 
maintenance techniques. Preventive 

maintenance is often referred to as 
use/time-based maintenance activities 
that are executed according to a plan 
(i.e. planned activities). It is comprised 
of maintenance activities that are 
undertaken after a specified period of 
time or amount of machine use [1,2]. 
Different researchers have 
emphasised on the role which 
preventive maintenance can play in 
improving maintenance function and 
have placed it at the foundation of 
their proposed maintenance 
frameworks [5,6]. World class 
manufacturing experts believe that a 
rigid and disciplined preventive 
programs helps to produce high 
quality products. Also, the use of 
effective preventive maintenance 
activities can lead a company to 
achieve a ratio of 4:1 between 
proactive maintenance and reactive 
maintenance respectively. This 
means approximately 80% activities 
are planned and only 20% activities 
are corrective which could help to 
make other maintenance practices 
and processes to become more 
effective in terms of planning, 
execution and control [5]. 
 

 
 

 
Figure 2. Percentage of critical 
equipment coverage and use of 
historic data by preventive 
maintenance program  
 
Results presented in Figure 1 show 
that the average performance of the 
evaluated industries stands below 
than that of WCB standards. On 

further evaluation it can be seen that 
industries which are MNCs, have 
scored high in the evaluated section 
whereas the performance of both 
local industries is well below the 
evaluated average as well as WCB. 
Use of historic data along with the 
inclusion of critical equipment in PM 
program are the ingredients that make 
a PM program [5]. Historical data, if 
accurate and used properly, could 
give useful information about the 
equipment such as mean time 
between failures, date of last repairs, 
causes of failure etc. which, in turn, 
helps to design an effective 
preventive maintenance plan. Without 
effective historic records, PM would 
only become a guess work. From 
Figure 2, it is clear that industries 
utilizing historic data perform better 
than those which do not make use of 
historic data for their PM program. 
Industry 4, as indicated by results 
(Figures 1 and 2), shows exception 
from the above argument as it 
showed the same usage of historic 
data as industries 1, 2 and 3 but its 
performance in PM was below the 
average as well as WCB (Figure 1). 
This could be attributed to the 
percentage of equipment covered by 
PM program. Although, it may not be 
cost effective to include all the 
equipment in the facility in a 
preventive maintenance program, 
however, it seems obvious from the 
results in Figure 2 that the 
organizations (i.e. industry 1, 2 and 3) 
which include a higher percentage of 
their equipment to be covered by 
preventive maintenance program 
perform better. On the other hand, 
industry 4 and 5 did not cover a high 
percentage of their equipment under 
PM program which resulted in their 
low performance in the context of PM 
program implementation. 
 
 
9.2 MAINTENANCE WORK 
ORDERS (WO) 
An essential part of the maintenance 
control is the work order system which 
is based on utilizing a document (i.e. 
WO) which provides necessary 
information for planning, monitoring 
and reporting maintenance work. 
Work order system is a tool to 
measure and control the maintenance 
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function and is considered to be an 
important indicator of maintenance 
performance [9]. Studies show that it 
is impossible to measure and control 
maintenance activities if an 
organization does not have a well 
implemented work order system [5].  
 
Results in Figure 3 show that, similar 
to the results of PM domain, the 
performance of local industries (4 and 
5) in the domain of work order system 
is well below the average 
performance and the WCB. Work 
orders if properly managed contain 
historical data which can not only be 
used for forecasting equipment failure 
but also for optimizing maintenance 
strategy, resource allocation and 
hence making maintenance function 
cost effective and more efficient. 
Figure 4 shows that for Industry 4 and 
Industry 5, very low percentage of 
work orders are available for historical 
data analysis. 
 

 

 
 Figure 4. Work orders available for 
historical data analysis and categories 
tracked by workorders  
 
One of the reasons could be that the 
concerned personnel are usually 
reluctant of filling up the work orders 
and if filled the data is either not 
accurate or complete and hence 
cannot be used for future use which is 
also evident from 4. Majority of the 
firms track only 25% or even less of 
the categories for the future use 
through work orders. It is important 
that work order system should not 
only cover the jobs performed but also 

the data entered should be relevant, 
accurate and complete. 
 
9.3 MAINTENANCE INVENTORY 
AND PURCHASING 
The timely availability of materials, 
spare parts and services is a key 
element of an effective and strong 
maintenance program. However 
having too many parts in stock will 
increase inventory and would result in 
tie up of capital. The purpose of 
maintenance inventory and 
purchasing is to maintain the spare 
parts and inventory required at an 
optimize level. Too low or too high 
both levels can affect the 
performance. 

 
Figure 5. Maintenance Inventory and 
Purchasing. 
 
Results evaluated in Figure 5 show 
that the performance of all selected 
industries, apart from industry 2, is not 
up to the mark (WCB) in the context 
of maintenance inventory and 
purchasing. 
 

Figure 6. Percent of time materials in 
store when required. 
 
In order to be successful within the 
highly competitive market it is 
essential to have spare parts where 
and when required as it ensures 
reliable equipment and customer 
satisfaction [10]. Good inventory 
control enables the maintenance 
department to be responsive to the 
operations group, while increasing the 
its own personal productivity [5]. 
Results in Figure 6 show that only 
Industry 2 has an inventory system 

that is efficient enough to provide 
spare parts when required. On the 
other hand, Industry 5 is not able to 
get the required spare part for even 
50% of the times which is not a good 
sign and reflects poor practices of the 
company. Updating inventory levels 
on regular basis would convey actual 
number of inventory items and spare 
parts present resulting in correct 
reorder quantities without having 
unnecessarily high or low inventories. 
From Figure 6, it also evident that 
only Industry 2 is able to update its 
inventory levels (spare parts) on 
frequent basis. This suggests that 
regular updating of inventory would 
result in keeping the right spare parts 
inventory and thus the operation of 
maintenance department would be 
enhanced, which is the case for 
industry 2. 
 
9.4 ASSET CARE CONTINUOUS 
IMPROVEMENT 
 
In all aspects of business, continuous 
improvement is considered to be an 
essential element for meeting the 
challenge of today's turbulent 
environments [11]. Continual 
improvement, when considered in 
reference to asset care is an ongoing 
evolution that includes constantly 
looking for the little things that can 
make an organization more 
competitive[12]. Many authors have 
included different continuous 
improvement techniques as a part of 
their proposed frameworks for asset 
care and maintenance management 
[2-5] since it can tremendously 
increase asset productivity [16]. 

 
Figure 7. Performance of automotive 
industries of Pakistan in asset care 
and continuous improvement. 
 
Results depicted in 7 show that the 
performance of Industry 1 and 2 have 
been exceptional whereas the other 
three industries have performance 
below WCB in this domain. 
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Figure 8. Management support for 
continuous improvement  
 
Management support can play an 
important role to enhance continuous 
improvement efforts for maintenance 
function [14]. Senior management 
must not only communicate its 
support throughout the organization 
but the message must be repeated 
over time to encourage continuous 
improvement. Similarly, performance 
audits should be conducted to ensure 
that optimization is achieved and 
show management concern [16]. 
Results in Figure 8 show that both the 
industries 1 and 2 have moderate to 
high support of management in 
relation to continuous improvement 
efforts. Whereas the same for 
industries 3, 4 and 5 is weak to none. 
Thus, it is clear that in order to have a 
world class performance, 
management support is an important 
element. Researchers believe that 
utilization of emerging techniques and 
technologies such as Total Productive 
Maintenance (TPM) and Reliability 
Centered Maintenance (RCM) can 
have higher impact on the 
maintenance practices and its 
outcomes [14]. Reliability engineering 
is comparatively a new philosophy in 
maintenance domain for industries of 
a developing country like Pakistan. 
When evaluated in reference to 
continuous improvement effort it was 
found that none of the evaluated 
organizations have positive attitude 
towards it (i.e. no industry showed 
any response to using reliability 
engineering for improvement of 
maintenance activities). This could 
definitely be an important reason 
behind the average performance of 
industries being below to WCB in this 
domain. 
 
10 CONCLUSION  
Maintenance is considered to be a 
critical support activity for any 
manufacturing industry. For a 

developing country like Pakistan the 
role maintenance can play for the 
development and improvement of 
industries cannot be denied. The 
study conducted shows that the 
average performance of the 
Industries, in the evaluated sections is 
below the WCB. Moreover on further 
evaluation this can be noted that 
multinational industries and the 
industries which are in business for 
longer time have scored and showed 
comparatively better performance. 
Therefore the newly emerging and the 
local industries can target those 
industries as their benchmark to 
improve their performances. Results 
also reflect that the industries have 
not scored well in the section of 
continuous improvement and do not 
show positive attitude towards the 
newly emerging techniques. 
Industries should continuously 
evaluate and improve their present 
practices and also welcome new 
techniques since it would help them to 
improve their current performance 
and bring their standards to 
international level. 
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ABSTRACT 
The Energy Crisis at hand has been 
the focus of most of the research 
done recently across various 
disciplines. To come up with a 
sustainable yet inexpensive solution is 
a challenge for their work. Pakistan is 
a country blessed with many natural 
resources having vast potential to 
solve the issue both in short and long 
term basis, one of which is Coal. 
However, among other constraints, its 
environmental effects have been a 
topic of debate in engineering circles. 
This paper presents Coal gasification 
as a viable solution and proposes a 
model of indirect gasifier for this 
purpose. Results obtained from 
simulations on Aspen PLUS® show 
that cold gas efficiency and carbon 
conversion vary significantly as the 
diameter as well as height of the 
bayonets is altered, rising to about 
50% and 90% respectively. Values of 
H2/C0 ratio obtained are approaching 
the conventionally desirable value of 
3, but these parameters have 
relatively less impact on this ratio. The 
model also confirmed the reduced 
amount of SOx and NOx, without 
significantly affecting coal gas 
efficiency. 
  
Keywords: Energy Crisis; 
Sustainability; Coal gasification; 
Aspen PLUS® Model  
 
1 INTRODUCTION 
Previous century was fuelled by the 
petroleum and natural gas. The 
pollutants unleashed by Petroleum 
are degrading the environment. In 
addition to their primary toxic nature, 
the sulfur and nitrogen compounds 
can also react further to produce other 
lethal chemicals. Furthermore, their 
depletion is at hand and it is high time 
to develop alternate fuels to go on 
with our lives as we do now.[1] Coal is 
a reliable resource of energy due to  

 
 
its abundance in many countries of 
the world. However, it contains larger 
amounts of nitrogen and ash than 
those in other fuels, and its utilization 
has been questioned due to the 
environmental hazards it poses.  
 
The ash present in the coal causes 
metallurgical constraints for its 
processing. Burning coal produces 
massive amount of CO2, which is the 
main cause of global warming. There 
is a global requirement to develop 
technology so that the coal may be 
utilized in a highly proficient, 
environment friendly way. [2] 
 
Gasification is a process in which 
combustible materials are partially 
oxidized. The product of gasification is 
a combustible synthesis gas, or 
Syngas. Because gasification involves 
the partial oxidization of the feed, 
gasification processes operate in an 
oxygen-lean environment. 
Gasification processes typically 
operate above their stoichiometric 
oxygen-to-fuel ratio to ensure near 
complete conversion to syngas. The 
amount of oxygen used in 
gasification, however, is always far 
less than that used in combustion and 
typically is less than half. 
 
From a processing point of view the 
main operating difference is that 
gasification consumes heat evolved 
during combustion. Under the 
reducing environment of gasification 
the sulfur in the coal is released as 
hydrogen sulfide rather than sulfur 
dioxide and the coal's nitrogen is 
converted mostly to ammonia rather 
than nitrogen oxides. These reduced 
forms of sulfur and nitrogen are easily 
isolated, captured, and utilized, and 
thus gasification is a clean coal 
technology with better environmental 
performance than coal combustion. 

Coal Gasification as a Source of 
Sustainable Energy –Geometric

 Analysis Using Aspen Plus® Model
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2 SIMULATION MODEL 
The development of the process for 
the reactions being carried out in 
gasifier is being carried out by using 
Aspen Plus® as the process 
simulator. The model comprises of 
three main processes i.e. coal drying, 
coal pyrolysis and char gasification 
carried out in the gasifier. The heat for 
these processes will be taken from 
the hot gaseous mixture passing 
through the section till the point that 
all the materials in the top section are 
in thermal equilibrium. 
 
2.1 COMPONENTS: 
The following components were 
selected from Aspen Plus® databank: 
02, CO2, H2, H2O, CH4, N2, H2S, 
C6H6, C, S and (Coal, Dry Coal, Char 
and Ash) were taken as Non-
Conventional. The different 
components used in this study are 
described with their composition and 
property models are used for the 
approximation of their physical 
properties. For these components two 
models must be assigned: one for 
density (DCOALIGT) and the other for 
enthalpy (HCOALGEN), which 
requires knowledge of proximate 
analysis and ultimate analysis of the 
solids. These characteristics for coal 
are presented in paper, which is 
provided by Pakistan Council for 
Scientific and Industrial Research, 
PCSIR, Karachi Pakistan. These 
numbers represents, the PROXANAL 
and ULTANAL of air-dried sample of 
Thar Lignite Coal shown in Table 1.  

 
2.2 PROCESS DESCRIPTION: 
In this process, the coal is heated and 
a rapid process takes place with can 
be completed and certain 
temperature, the bounded moisture is 
removed from the coal by using steam 
that was injected from the bottom and 
coal from the top of the gasifier. The 
heated mixture contribute the 
breakdown of dried coal into char and 

other gases engendered form the 
conversion of volatile material into 
other products and tar. Heat required 
for the process can is supplied by the 
bayonets which are in vertical 
arrangement. The produced gases i.e. 
CO, CO2, H2, and CH4 sent to the 
product stream with some other 
unreacted steam also escorts them. 
The ash discards off from the bottom. 
The product stream is alienated in to 
two parts, part of which is combusted 
in the furnace to derive gasifier 
bayonets and other as a sales 
product. Figure-1 shows the process 
of indirect gasification .  
 
1.3 HEAT INTEGRATION: 
Hot syngas stream available from the 
gasifier at high temperature is 
introduced in the cross-flow heat 
exchanger, where saturated steam is 
produced. The cold syngas stream is 
then fragmented in two parts. One is 
drawn as the product stream for 
further processing while the other 
goes for the combustion in the 
furnace combined with preheated air 
and then sent for combustion in the 
furnace where hot flue gases are 
generated. The saturated steam 
already produced is then used to 
generate superheated steam using 
the heat from the high temperature 
flue gases from the furnace. This 
steam is then sent to the gasifier to 
take part in the gasification reaction. 
Then the flue gases enter the 
bayonets to provide the heat required 
 

for gasification reaction. The flue 
gases from the gasifier bayonets are 
then used to preheat the air stream 
required for the combustion in 
furnace. The flow rate of the air 
stream is kept in excess to the 
stoichiometric air requirement for the 
combustion of syngas. Flue gases 
from the air preheat are then used to 
generate the corresponding saturated 
steam for the process and are 

exhausted to the atmosphere. The 
saturated steam produced here is 
mixed with the saturated steam 
produced from syngas cooling and 
sent for superheated steam 
generation. Hot ash from the gasifier 
is used for the preheating of water. 
 
2.3 CHEMICAL KINETICS: 
In the process of char gasification, the 
following reactions are considered.[3][4] 

 
3 RESULTS: 
Results were generated by using 
different geometric variations in order 
to analyse their effect on the quality of 
the syngas produced. Feed conditions 
for both coal and steam were taken as 
same, with steam to coal ratio of 2.0. 
The effects of the following variables 
were analysed:  
 
• Diameter of the gasifier;  
• Height of Bayonets (making the non-
adiabatic gasification section);  
The performance indexes which were 
defined and estimated according to  
 
simulation results were following: 
Cold Gas Efficiency  
Cold Gas Efficiency of the process is 
calculated as: 

 Simulation results for the Thar Lignite 
Gasification are presented in Figures 
2, 3 and 4. These results are based 
on the analysis of dry syngas after 
condensate removal from the raw 
syngas product stream and were 
plotted by using MATLAB ® 2013. 
  
In Fig. 2, cold gas efficiency is 
reported as a function of diameter and 
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bayonets' height. A trend similar to 
the elliptical valley was obtained. It is 
shown that cold gas efficiency varies 
significantly as the diameter as well 
as height of the bayonets are altered, 
rising in the middle to about 50%. The 
parameters, when altered, cause a 
change in superficial velocities within 
the gasifier and heat transfer between 
the flue gases and the gasifier 
environment. Hence the cold gas 
efficiency is drastically changed.  
 

 
H2/CO molar ratio is reported as a 
function of diameter and bayonets' 
height in Fig. 3. It can be seen that 
the values of H2/CO ratio obtained 
are approaching the conventionally 
desirable value of 3. The sensitivity of 
the parameter is much increased at 
the higher values of diameter. H2/CO 
molar ratio is showing increasing 
trend as with increase in diameter. 
However, it should be noted that the 
values of H2/CO are all close to 2.7 
and it can be concluded that these 

parameters have less impact on this 
ratio. 
  

Carbon conversion in percentage is 
plotted as a function of diameter and 
bayonets' height in Fig. 4. The trend 
obtained was similar to that of cold 
gas efficiency. It was observed that 
the carbon conversion do not drop 
lower than 70% and can be as high as 
90%. The Conversion of carbon in 
gasifier is showing optimum results by 
increase in the diameter of gasifier. 
  

4 CONCLUSIONS:  
The development of the gasifier 
environment is carried out by using 
Aspen Plus® process simulator. Coal, 

Dry Coal, Char and Ash are described 
using their proximate and ultimate 
analyses. In the gasifier, coal is de-
moisturized, pyrolyzed and gasified to 
produce syngas. Part of the syngas 
stream is combusted in the furnace 
where hot flue gases are generated to 
provide the heat required for 
gasification reaction. Results were 
generated by using different 
geometric variations in diameter of the 
gasifier and height of bayonets. Cold 
gas efficiency, carbon conversion and 
H2/CO molar ratio were considered 
as the performance indexes. Results 
show that cold gas efficiency varies 
significantly as the diameter as well 
as height of the bayonets is altered, 
rising to about 50%. Values of H2/CO 
ratio obtained are approaching the 
conventionally desirable value of 3, 
but are all close to 2.7 and it can be 
concluded that these parameters 
have relatively less impact on this 
ratio. Carbon conversion is affected 
considerably as the diameter and 
height of the bayonets is changed, 
attaining a maximum of about 90%. 
Production of SOxs and NOxs are 
also avoided due to the reductive 
environment of gasifier. Hence the 
scheme proposed is viable and can 
provide solution to the energy crisis 
as well as environmental pollution.  
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ABSTRACT 
A novel approach has been presented 
along with the research that has been 
carried out to prove its validity so that 
implementation regarding the use of 
indigenous materials like clay could 
be accomplished. It is strange to note 
that although clay has remained in 
use as major material of construction 
where it is available in plenty since 
the time immemorial, no scientific 
approach has been adopted to 
replace reinforced cement concrete 
with this cheap material of 
construction. With this particular 
intention in mind, a systematic 
programme of experimental study 
visualizing the future construction in 
the rural areas at relatively cheap and 
affordable prices for the poor masses, 
a large number of beam panels were 
cast, baked, post reinforced, cured 
and tested. The results of that 
experimental study have been 
presented in this paper. This study 
was carried out in terms of modulus of 
rupture, shear/ flexural behavior, 
mode of failure, crack pattern and 
ultimate load of baked clay beams. 
 
KEYWORDS 
Baked Clay, Construction, 
Compacted, Post-reinforced, plate 
support, 
 
1. INTRODUCTION 
Clay is a very common, abundant and 
inexpensive material. It is easy to 
extract and does not require 
significant transformation. Clay is also 
a capricious material with very 
variable physical properties. Clay 
creates many problems when it 
shrinks during drying and firing. 
Certain clays shrink more than others. 
The finished products of clay crack 
during cooling [Argile, 2007]. 
Advocating clay as the first choice for 
rendering straw bale walls as well as 
any other conventional wall system is 
predominantly linked to its great  

 
benefits to our health and the 
environment. Earth has a vast 
technical and architectural potential in 
the construction industry and the fact 
that it has been used in the simplest 
and most sophisticated structures all 
over the world supports its importance 
in this industry today [Strawtec]. Clay 
is cohesive material and this property 
improves if clay is micro-fined and 
properly kneaded after mixing the 
water. Wet clay having a sufficient 
quantity of water acts like a lubricant 
but with only a little quantity of water, 
it acts like a plastic body. It has no 
elastic limit and could be worked to 
any shape with little pressure without 
rupturing. Clay possesses the 
property of a binding agent [Kulkarni 
G. J. 1980]. International Resource 
Institute (IRI) has recently been 
involved in Natural Composite 
Architecture using a composite of 
bentonite clay/cellulose fiber /straw 
bale wall and roof system [Lance. D]. 
Polymer clay has been in use as man-
made modeling material just like 
ceramic. It is being supplied by 
various suppliers under the brand 
name as FIMO. FIMO is easy to use 
extremely versatile plastic based 
modeling clay [Garie S]. A systematic 
review of a large number of journals 
pertaining to the field of Civil 
Engineering including those of ACI, 
ASCE and British Institute of Civil 
Engineering was carried out but as 
expected, there is no research 
conducted up to this time mentioned 
for studying the behavior of the pre-
fabricated, postrein forced baked clay 
structural panels which would be used 
as replacement for pre-cast concrete 
panels for erection of buildings at 
relatively lower cost without sacrificing 
durability, reliability and elegance. 
Although hundreds of technical 
publications regarding the properties 
and uses of clay for various purposes 
were found in the Journals, they 

Latest Development in the 
Structural Material Consisting of 

Reinforced Baked Clay
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mostly discussed the geotechnical, 
geological, chemical and agricultural 
aspects of clay. Complete series of 
booklet published by the United 
Nation’s Economic & Social 
Commission for Asia & Pacific Region 
Bangkok, giving details of research 
conducted on indigenous materials of 
construction and low cost housing 
does not include any research on the 
structural panels as tested during 
present study [United Nation]. Baked 
clay brick fragments were used in 
cement concrete as coarse aggregate 
[Memon et-al, 1992] and the same 
aggregate was later treated with 
cement slurry to reduce its porosity 
and increase the strength [Memon et-
al, 1995]. For several years hundreds 
of researchers worked on various 
aspects of concrete as major material 
of construction for buildings, bridges 
and other structures. However, 
economy could be achieved if local 
materials of construction are used 
instead of transporting heavy and 
expensive materials like hill sand, 
coarse aggregate of rock origin, 
cement and steel bars over long 
distance particularly in fertile plains of 
various countries. The most 
commonly and universally available 
materials of construction such as the 
clay, silt and pit sand have not been 
resorted to for the construction with 
pre-perceived notion that these are 
inferior and therefore could not be 
used for quality work. In fact clay has 
remained in use right from the early 
civilizations like that of Moen-jo-daro, 
Mesopotamia [Magnus M, 1977] and 
Nile delta in the shape of sun dried 
and burnt bricks for masonry. During 
preliminary experimental study by the 
authors [Memon M et-al, 1999] which 
consisted of molding, compacting, 
baking and testing hundreds of clay 
cylindrical and cubical specimens 
having various intensities of 
compression for compaction and clay 
to pit-sand ratio as the parameters, it 
was clearly manifested that strength 
of this particular type of material could 
equally be as good as that of cement 
concrete, if properly compacted. The 
cement concrete used in common 
buildings for R.C construction is 
normally designed for compressive 
strength of 20 N/mm2 (3000psi). But 
from our study it was quite visible that 

with properly controlled conditions 
and 70:30, clay: pit-sand ratio the 
strength could comfortably be 
increased much more beyond this 
limit by increasing the compacting 
force and decreasing the water 
content which obviously reduces the 
voids. All these aspects self-evidently 
imply to the direction where instead of 
bricks, structural panels could be 
manufactured, baked and used for 
swift quality construction of buildings 
at relatively lower cost than concrete. 
 
2. CLAY AS REPLACEMENT OF 
RCC 
Clay has remained in use for erecting 
the most beautiful and durable 
structures even better than RCC even 
thousands of years ago. They were 
considered as the Wonders of the 
world. The Ziggurats of Mesopotamia 
and the Hanging Garden of Babylon 
are the evidence. One third of 
humanity of the world even today has 
made use of clay as the major 
material of construction. However, no 
systematic research has been carried 
out to make use of this material as a 
parallel to concrete. For the first time 
the authors under took this task. For 
ten years we wallowed in the wildness 
of clay and developed an idea to use 
precast panels pre-perforated, baked, 
post-reinforced and grouted which 
could be factory made on mass scale 
and used for multistory buildings as a 
replacement of RCC [Ansari, 2007, 
Memon et-al, 1999, 2006, 2007, 2014, 
2007, 2007], which has been named 
as R.B.C. The authors on their part 
have reached a stage where 
compressive strength resembling to 
that of concrete has been achieved. 
The material constants like Poissan’s 
ratio and modulus of elasticity are well 
within the range of RCC. The flexural 
and shear behavior is also 
satisfactory. More research is 
required which is being carried out 
presently [Lakho, 2007] and remains 
un-published so far. Future buildings 
as per the vision of this project shall 
be of baked clay, particularly in the 
fertile plains where this material is 
abundantly available.  
 
3. PRESENT STUDY 
Stiff steel moulds were fabricated for 
casting the specimens for beam 

panels. The design of these moulds 
was accomplished on the basis of 
stress analysis performed by using 
computer based numerical approach. 
The major force for which these 
moulds were to be designed was the 
lateral outward force induced by 
vertical compression applied for 
compaction. A Plate Bending, 
rectangular, eight-node Finite 
Element, originally formulated by 
Hinton and Owen was employed to 
perform elastic analysis particularly in 
terms of maximum deflection at free 
edges (upper edges of long walls of 
the moulds) and bending moments at 
fixed edges of the long sides of the 
mould, the thickness of which was 
assumed in the first instance. The 
base slab is firmly supported all over 
by the ground. The thickness of this 
plate was also assumed and then its 
adequacy was checked against 
induced stresses. The long walls were 
analyzed as fixed at both the ends at 
the bottom while the top edge was a 
free edge. Since the compressive 
load was applied vertically downward 
for compaction and the clay was 
nearly in the plastic state, it was 
presumed that all the force was 
transferred to the long sides of the 
mould as lateral force which was 
normal to the inner surfaces of the 
long sides of plates. The distribution 
of this force was assumed to be 
uniform. Special arrangement for 
applying the pre-compression 
manually, (so that density could be 
improved, compaction to the desired 
degree could be achieved), was 
designed and fabricated. During 
casting of models it was observed that 
due to lateral deformation bulging 
took place beyond acceptable limits. 
Therefore a system of restraining the 
lateral deformation was designed and 
made use of after trying various 
options. This arrangement is 
presented in Fig 1. 

which is the best and most efficient  

Figure 1: Strengthening of the mould by welding 
the stiffeners and other strengthening system to 
avoid the bulging. 



___________________________________________________________________________ 

Vol 63, Issue 2 | 35  

amongst those tried by authors. 
Mixing of materials depended upon 
best proportions of clay and pit sand 
with earlier research presented in 
[Memon et-al, 2006], Total water 
content as percentage in terms of dry 
material was maintained at about 20 
percent on the basis of the results 
pertaining to workability and strength 
to be achieved. The clay was 
obtained from various sources at a 
depth of 4 ft from the ground level. It 
was dried at a temperature of 105°C 
for 24 hours. The clay was then 
pulverized for micro-fining. Then as in 
previous research conducted by the 
authors [Memon et-al, 2006] 30% of 
pit-sand, was mixed. Mixing of the 
materials and the water was done 
with the electrically operated Pan 
mixer. 
Mixing was done for approximately 10 
minutes for each batch. After delivery 
of the material in the mould, 
compressive force for first test series 
of 3.5 N/mm2 was applied and 
measured with the help of electric 
load cells and digital display amplifier 
system. Compression was applied by 
tightening the wing nuts as shown in 
Fig. 2. Several impediments and 
hurdles were experienced. For 
example enormous shrinkage 
occurred during drying which caused 
cracking of the beams rendering them 
useless. The drying under the shade 
without exposure to sunshine with a 
thin plastic wrapper solved the 
problem. Special scheme was 
resorted to by providing a heavy 
wooden plank fitted with a very 
smooth surfaced metallic sheet 
properly oiled to support the beam 
specimen at the bottom during its 
drying period; so that shrinkage and 
consequent deformation did not cause 
any cracking. However, a system of 
slight compression with the help of 
springs was devised and used as 
shown in Fig 3.  
It must be mentioned here that the 
beams cast, dried, baked and tested 
during this experimental investigation 
were 6 inches (150 mm) wide, 12 
inches (300 mm) deep and 6.5 ft 
(1950 mm) long initially but were 
reduced in length by 4 inches (100 
mm), breadth decreased by 0.3 
inches (7.2 mm) while the depth 
showed a shrinkage of 0.6 inches 

(14.3 mm). After drying for sufficient 
time under the shade the beams were 
exposed to sunshine to exclude as 
much moisture as possible which was 
trapped deep inside them. The beams 
were then placed in the Kiln where the 
temperature was measured with the 
help of thermo-couples. Initially a 
lower temperature of 250°C was 
maintained for six hours. The 
temperature was then raised 
gradually to 950°C and was 
maintained at this level for 22 hours. 
Then the temperature was lowered 
slowly and the fire was stopped and 
the kiln was allowed to cool down 
over next two days. The temperature 
and time periods were selected after 
trying a large number of temperature 
and duration combinations to achieve 
the best possible results because the 
thickness of beams is obviously much 
more than bricks and therefore the 
complete baking of the beams could 
be possible only on the basis of 
experimental investigation. The 
beams were pre-perforated near the 
bottom with two holes of one inch 
diameter for placement of tensile 
reinforcement. However, a few beams 
were reinforced both at top and 
bottom hence there were two holes 
near top and two near the bottom in 
these beams. A few beams contained 
vertical holes at 6 inches centre to 
centre for shear reinforcement as 
shown in Figure4. 
The steel bars of 3/8”, ½” and 5/8 inch 
diameter were used as longitudinal 
reinforcement. A puller as shown in 
Fig. 5 was manufactured to pull out 
the steel shafts from the beams after 
their casting. The bond between steel 
bars and the surrounding baked clay 
was achieved through forced grouting 
of cement slurry with fine aggregate in 
the ratio 1:1. The equipment 
manufactured for this purpose is 
shown in Fig 6. After grouting curing 
was done for 14 days. Curing tub is 
shown in Fig 7. This created sufficient 
bond to avoid the problem of slipping 
of bars up to the ultimate load. Initially 
the bond between steel bars and 
baked clay openings was investigated 
separately to ensure that the failure 
did not occur on this account. Special 
trolley was designed and fabricated 
for safe lifting of the beam from place 
to place. 

Platform Lift was designed, 
manufactured and installed beside the 
kiln for safe lifting up of clay beam 
models which are so fragile that even 
a slight jerk could reduce them to 
pieces, as shown in Fig. 8. 
 
Mobile Lift as shown in Fig. 9 was 
designed and manufactured for 
carrying the beams to the testing 
laboratory for placement of these 
models on the machine for testing. 
Torsee Testing Machine that was 
used to test the beams. Load cells 
were used together with digital display 
system to measure intensity of the 
load independently. Demec Gauge 
was used to measure the strain at 
various locations with reference to the 
neutral axis. Thirteen pairs of demec 
pads were stuck on the beam to 
measure the strain with the help of 
demec gauge. To test the 
fundamental structural properties of 
the beam material itself specimens 
were cut from the intact portions of 
beams after testing. 

 
4. DISCUSSION OF TEST RESULTS 
REGARDING FLEXURE & SHEAR 
BEHAVIOUR OF BEAMS 
The flexural strength of the beams in 
terms of tension and compression 
was calculated by using the equations 
of BS CP 8110 and ACI-318 after 
removing all partial safety factors. The 
shear strength of the beams was also 
estimated in accordance with the 
above codes. All these values along 
with ultimate experimental loads are 
presented in Table 1, for the phase-I 
of the Main Test Series. It was 
expected that the failure would be 
dominated by shear strength of the 
beams. The failure of the beams did 
occur due to shear. The failure 
occurred due to diagonal cracks as 
shown in Fig. 10, which is indicating 
shear force behaviour. From the test 
results shown in Table 1, it is quite 
apparent that the failure occurred 
somewhere near the estimated load 
calculated on the basis of shear 
strength. This is clear indication that 
baked clay panels are sufficiently 
good when compared with the 
concrete. Initially the rectangular 
beams were roller supported 
subjected to point load at the centre. 
The load at failure is in the range 
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which is averagely 1.33 times more 
than the shear strength calculated on 
the basis of BS CP-8110 and 1.04 
times more than shear strength 
calculated on the basis of ACI-318. 
However, for I-section this relationship 
between ultimate experimental load 
and the estimated load was only 1.03 
and only 0.79 respectively. It appears 
that BS CP-8110 is more conservative 
than ACI-318 when it comes to 
estimate shear strength of beams. 
From this it can be deduced that I-
section baked clay beams which were 
basically tested in order to investigate 
the possibility of the use of a lighter 
section, cannot be considered as 
suitable. Great improvement in terms 
of experimental load at failure was 
observed when uniformly distributed 
load (UDL) was applied in place of 
point load on the central portion of 
beam 1.15 meter wide as shown in 
Fig 10. UDL was applied only at the 
central portion because in the regions 
near the supports, the load would 
have been directly transferred to the 
supports thus giving false impression 
about the strength of the beams. The 
average ratio between estimated 
critical shear strength and the actual 
load at failure is found to be 3.19 and 
2.13 respectively, which is quite good. 
The benefit in terms of uniformly 
distributed load is 100%. However, in 
terms of bending moment at the 
centre, this increase is found to be 
31% where a component must have 
been due to (i) the resistance offered 
by the loading system, (ii) the 
reduction of concentration of stresses 
due to bending as compared to point 
load and (iii) due to gradual increase 
of shear force from centre towards the 
supports. The type of support when 
rollers were replaced by plates, 
affected the ultimate experimental 
load by approximately 12%. However, 
the increase of maximum bending 
moment at the centre was only 2%. It 
can be observed from Table 1, that 
although the failure was dominated by 
shear, the strain in baked clay at the 
level of flexural steel is an indication 
that the yielding point had already in 
the beams which were tested by 
applying UDL. Although maximum 
shear is at the supports and if the 
shear alone is responsible for the 
failure such an increase of ultimate 

load could not have been achieved. It 
may be mentioned here that the UDL 
was applied by the system so that the 
friction could be minimized in order to 
let the baked clay material undergo 
compression without being deterred 
by the load application system. 
However, since this was a relatively 
stiff steel beam transferring load 
through a number of circular bar 
pieces welded with it, this might have 
affected the behaviour of the beams 
and their ultimate load to some extent. 
Perhaps a system consisting of 
smaller separate hydraulic jacks or a 
multi-point electrically operated 
hydraulics load applying machine 
would have worked better. However, 
due to practical difficulties and un-
availability of required gadgets this 
system could not be developed /tried. 
After testing the beams the bottom 
cover of a few beams was removed to 
ensure that bond failure between steel 
and surrounding concrete did not 
occur. Initially the load was measured 
in DVM units with the help of load cell 
and digital display system. Through 
calibration this load was converted 
into Newtons. One DVM unit was 
equal to 460 N. Since DVM units were 
same for all the five beams within 
each group, so the values became 
same for all the beams of the same 
group. Thus it can be deduced that if 
buildings are to be constructed in the 
rural areas where hill sand, coarse 
aggregate and cement are not 
available locally this material can also 
serve the local population well within 
affordable prices. This material could 
prove suitable for multistory buildings 
of reasonable height. Therefore we 
shall stick to the original idea of 
producing structural panels on large 
scale with minimum quantity of 
reinforcement, no cement, no 
aggregate of hill origin but clay and 
pit-sand, dune-sand and river bed 
sand; all available locally and cheaply. 
A very respectable average of 
ultimate load for rectangular beams 
supported on steel plate with UDL has 
been achieved which is 3.55 and 2.3 
(BS CP-8110 & ACI respectively) 
times more than the estimated 
strength in terms of shear. Beams 
which were tested were only 1.95 
meters long. However, in real 
structures beams could be very long 

and more commonly loads are 
distributed because slab transfers the 
load to the beam along its entire span, 
the structure produced with panels of 
preper forated post-reinforced baked 
clay shall exhibit even better 
performance. 
 
5. CONCLUSIONS 
1. As compared to normal cement 
concrete the compressive strength of 
baked clay panel with a proportion of 
70:30 percent of clay:pit sand, holds 
promise to achieve strength as good 
as concrete with only moderate 
compression force of 3.5 N/mm2 for 
compaction. A value of crushing 
strength as high as 31.39 N/mm2 is 
reached. 

 
2. Great improvement in terms of 
experimental load at failure was 
observed when uniformly 
Distributed Load was applied in place 
of Point Load on the central portion of 
the beam. 
 
3. The average ratio between 
estimated critical shear strength and 
the actual load at failure to be 3.19 
and 2.13 respectively, which is quite 
good. 
 
4. When roller supports were 
replaced by plate supports, affected 
the ultimate experimental load by 
approximately 12%. However, the 
increase of maximum bending 
moment at the centre was only 2%. 
 
5. Split of bottom cover, slipping of 
bar or destruction of bond between 
steel and surrounding 
material did not take place. 
 
6. It can be deduced that if buildings 
are to be constructed in the rural 
areas where hill sand, coarse 
aggregate and cement are not 
available locally, this material can also 
serve the local population well within 
affordable prices. 
 
7. It is quite apparent that the failure 
of beam is dominated by shear rather 
than flexure, thereforeshear strength 
must be improved to ensure ductile 
failure due to yielding of steel in 
tensile zone. 
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unity and 
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Addressing Pakistan 
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(27th December,1947) 
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ABSTRACT 
Nowadays Artificial Intelligence 
especially Expert System is used in 
the fields of Science, Engineering, 
Business, Manufacturing, 
Management, Construction 
Management and many others. 
 
This paper delineates development of 
an Expert System Frame-Work for 
controlling time & cost 
overruns in construction project. The 
purpose of this paper is to assess the 
significant level of 
causative factors of cost and time 
overrun on project success 
throughout the lifecycle of 
construction process. Expert system 
will be completely attached with the 
whole project schedule to the 
approximate outcome of the causative 
factors, which are not properly 
controlled. This will be goaled by 
applying the techniques of artificial 
intelligence, such as rule based 
system and case based system. The 
purpose of system will also be 
capable for suggesting the mitigation 
measures for controlling the causative 
factors. In the last various reports can 
be made up for controlling the 
causative factors of cost and time 
overrun by applying the appropriate 
mitigation measures. 
 
KEYWORDS 
Artificial Intelligence, Expert System, 
Time Overrun, Cost Overrun, 
Significant Factors. 
 
1. INTRODUCTION 
A project can be successful by 
measuring of different ways of 
performance such as time, cost, 
quality etc. Atkinson (1999), 
expressed that cost, time in addition 
with quality assists on Iron Triangle to 
meet a project successful. Time in 
addition to cost performance will be 
the most important warning regarding 
project accomplishment. 

 
It shows not only the productivity of an 
organization but also firm’s profitability 
throughout any construction project. It 
can be witnessed and always used to 
achieve the estimated performance of 
the project. 
 
However, poor cost and time 
performance makes a construction 
project un- capable to complete with 
its estimated time and budget. This 
persistent issue is increasing to 
critical condition and it can be 
observed worldwide. A research work 
regarding the cost overrun issues was 
conducted by Flyvbjerg et al. (2003), 
throughout the world in which they 
found that 9 out of 10 projects suffer 
with an average of more than 28% 
cost escalation. The issue of poor 
performance of cost and time overrun 
is frequent issue in both developed 
and developing countries like USA, 
UK, Portugal, Malaysia, Pakistan and 
others. The succeeding section 
presents literature review of some 
previous studies relates d to cost and 
time overrun. 
 
 
2. LITERATURE REVIEW 
 
In 1994, a study in usa was 
conducted. It showed that only 16% of 
the projects were according to the 
criteria of cost, time and quality. A 
case study on four projects on cost 
performance was conducted by chang 
(2002), it identified that 12.3% to 
51.3% projects were facing cost 
overrun problem, which is an average 
of 24.8% of a contract. In contrast, 
barrick, (1995) studied throughout the 
uk, that almost a third of the owners’ 
complaints that their own projects 
usually overrun funds. Even more, 
Department of Environment, 
Transport and the Regions (DETR, 
2000) stated that 55% of projects 
experienced a huge amount of cost 

Developing an Expert System for 
Controlling Cost and Time Overrun 
(ESCCTO) in Construction Projects
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overrun. An audit report between 
1985 and 2002 was published by 
National Court of Audit Portugal 
(NACL, 2000) as summarize by 
(Moura, Teixeira, & Pires, 2007). It 
included cost effectiveness of 26 
motorway and 98 expo projects. The 
report of these projects showed that 
35% of motorway and 41% of expo 
projects had cost overrun. 
Construction industry is facing the 
common issues of cost and time 
overruns problems. In 2008 Malaysian 
Auditor General highlighted report 
which reviewed by other researchers 
(Khamidi, Khan, & Idrus, 2011). It 
reported that RM 1.43 billion cost 
overrun in the completion of double 
track electrified project between 
Rawang and Ipoh . A total of 359 
projects were analyzed by Endut et al. 
(2009), in which they found 46.80% 
projects completed within the 
estimated budget and remaining 
projects faced cost overrun. 
Moreover, a research conducted by 
Abdullah et al. (2009) in the Majlis 
Amanah Rakyat (MARA) large 
construction projects, revealed that 
more than 90% of MARA large 
construction projects experiencing 
delay since 1984 with major effects of 
time and cost overrun. Like other 
countries, cost and time overrun are 
common problem in construction 
projects of Pakistan. A Research 
study conducted by Nida Azhar et. el. 
(2008) mentioned that cost overrun is 
the major problem in Pakistan. Every 
construction project exceeds 100% of 
its time and budget. Recently a 
research study was conducted on 
time overrun in construction projects 
by Saiful Haq et al. (2014), 
which revealed that 99% of 
construction projects delay due to the 
time ove run. This indicates that the 
construction projects are mostly 
facing the problem of poor time and 
cost performance and it must be 
addressed. 
 
3. FACTORS AFFECTING COST 
AND TIME OVERRUN IN 
CONSTRUCTION PROJECTS 
 
Several factors and reasons can 
cause delays in construction projects 
or cost overrun issues. Construction 
performance in terms of time and cost 

is prone to risk due to several 
governing factors. Hence, 
comprehensive literature review on 
causative risk factors regarding time 
and cost overrun is carried out to 
understand these issues. Various 
researchers have highlighted number 
of factors which basically become the 
cause for time and cost overrun. It’s 
quite important to control these 
factors to limit the cost and time 
overrun. 
 
In 2006, Assaf and Al-Hejji studied the 
reasons for delays in huge 
construction projects in Saudi Arabia 
and revealed the utmost important 
causes of delay, that includes the 
change orders by owner during 
construction, delay in progress 
payments, ineffective planning and 
scheduling by contractor, poor site 
management and supervision by 
contractor, shortage of labors, 
difficulties in financing by contractor, 
changes in government regulations, 
traffic control and restrictions at site, 
effect of social and cultural factors 
and accidents during construction. 
 
A questionnaire survey was 
conducted by Frimpong et al. (2003). 
It consisted of 26 factors to study 
major contributors of cost overrun in 
groundwater drilling projects in 
Ghana. 
Out of 26 factors 
considered, top 10 factors are 
monthly payment difficulties, poor 
contract management, material 
procurement, inflation, contractors’ 
financial difficulties, escalation of 
material prices, cash flow during 
construction, planning and scheduling 
deficiencies, bad weather and 
deficiencies in cost estimates 
prepared. 
 
Time overrun issues in construction 
building projects in Ghana from views 
of clients, consultants and contractors 
were focused by Fugar and 
Agyakwah - Baah (2010), Time 
overrun factors which influenced 
much, were delay in honoring 
certificates, underestimation of the 
cost of project, underestimation of 
complexity of project, difficulty in 
accessing bank credit, poor 
supervision, underestimation of time 

for completion of projects by 
contractors, shortage of materials, 
poor professional management, 
fluctuation of prices/rising cost of 
materials and poor site 
management. 
 
The causes of construction delay in 
traditional contracts in Jordan were 
studied by Odeh and Battaineh 
(2002). 
 
The major causes which were found 
by the authors includes owner 
interference, 
inadequate contractor experience, 
financing and payments of completed 
work, labor productivity, site 
management, slow decision making, 
construction methods, improper 
planning and subcontractors. Later, 
through Sweis et al. (2008), it came to 
be known that all of the respondents 
(i.e. clients, contractors, consultants). 
Too many change orders from owner 
and poor planning and scheduling are 
the main critical causes of 
consultant’s part. The shortage of 
manpower and too many orders from 
owner were major causes of time 
overrun in view of contractors. 
 
While incompetent technical staff 
working on the project, poor planning 
and scheduling done are the most 
critical factors in view of owners. Le-
Hoai et al. (2008) studied the causes 
of time and cost overrun in large 
construction project of Vietnam using 
questionnaire survey. It included 21 
causative factors and top 5 common 
and intense causes of cost overrun 
were poor site management and 
supervision, poor project 
management assistance, financial 
difficulties of owner, financial 
difficulties of contractor; design 
changes. 
 
In UK, Jackson(2002) studied the 
reasons of budget overrun through 
questionnaire survey and found that 
major reasons of overrun were design 
changes, design development factors, 
information availability, method of 
estimation, performance of design 
team and project management. 
 
Another investigation was carried out 
by Olawale & Sun (2010) for finding 
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time and cost overrun factors through 
an administered questionnaire and 
found that cost control inhibiting 
factors were (in ranking order) design 
changes, risk and uncertainty 
associated with projects, inaccurate 
evaluation of projects’ time/duration, 
non-performance of subcontractors 
and nominated suppliers, complexity 
of works, conflict between project 
parties, discrepancies in contract 
documentation, contract and 
specification interpretation 
disagreement, inflation of prices, 
financing and payment for completed 
works, lack of proper training and 
experience of project manager, low 
skilled manpower, unpredictable 
weather conditions, dependency on 
imported materials, lack of 
appropriate software, unstable 
interest rate, fluctuation of 
currency/exchange rate, weak 
regulation and control, project fraud 
and corruption, and unstable 
government policies. 
 
Schedule delay was identified as the 
major reason of cost overrun; as 
found in summary of Malaysians 
Auditor General 2008 report by 
Khamidi et al. (2011). Ali & 
Kamaruzzaman, (2010) conducted a 
study to identify main causes of cost 
overrun in large building projects in 
Klang Valley and found that major 
factors contributing to cost overrun  

included inaccurate or poor estimation 
of original cost, inflation of project 
costs, improper planning, fluctuation 
in price of raw materials, poor project 
management, lack of experience, 
obsolete or unsuitable construction 
equipments and methods, unforeseen 
site conditions, mistake in design, 
insufficient fund, poor contract 
management, high cost of 
machineries, and construction cost 
underestimation . In 2007, Alaghbari 
et al, the problems of time overrun 
and were studied and found that the 
top ten important factors included 
financial difficulties by owner, financial 
problems by contractor, supervision 
too late, slowness in making decisions 
and slow give instructions by 
consultant, lack of material by 
external factor, poor site 
management, materials shortage, 
construction mistakes and delay 
delivery of materials by contractor, 
slowness making decision by owner, 
lack of experience and incomplete 
documents by consultant. Another 
study by Sambasivan and Soon 
(2007) revealed the most important 
causes of time  
overrun and those were contractor’s 
improper planning mistakes during 
construction stage, inadequate 
contractor experience, inadequate 
client’s finance and payments for 
completed work and lack of 
communication between parties.  

In 2008, Nida Azhar et al, conducted 
a research concerning the Pakistan’s 
construction industry to identify the 
major causes of cost overrun and 
determined major factors of 
contributing the cost overrun including 
the fluctuation in prices of raw 
materials, unstable cost of 
manufactured, management/ poor 
cost control, delays between design 
and procurement phases, incorrect/ 
inappropriate methods of cost 
estimation, additional work, improper 
planning, and unsupportive 
government policies, materials, high 
cost of machineries, lowest bidding 
procurement procedures, poor project 
(site). 
Later Naeem Ejaz et al. (2013) 
studied that these are the main 
causes of time and cost overrun in 
Pakistan construction projects. The 
authors identified escalation of 
material prices, inadequate control 
procedure, shortage of technical 
persons, delays in work approval and 
shortage of materials, 
plant/equipment are most critical 
factor of time and cost overrun . 
These factors of time and cost 
overrun throughout the world in 
construction projects are the part of 
the whole literature review. On the 
basis of this comprehensive literature 
review 27 common factors of time and 
cost overrun are identified, which are 
shown in table 1. 

No. Factors Affecting Time and Cost Overrun Origin 

1. 
Change orders by owner during 
construction 

Fugar and Agyakwah - Baah (2010), 
Sweis et al. (2008), Le-Hoai et al. (2008). 

2. Delay in progress payments 
Assaf and Al-Hejji (2006), Frimpong et 
al. (2003), Odeh and Battaineh (2002). 

3. 
Ineffective planning and scheduling by 
contractor 

Assaf and Al-Hejji (2006), Sweis et al. 
(2008). 

4. Poor site management and supervision 
Frimpong et al. (2003), Assaf and AlHejji (2006), Fugar and 
Agyakwah - 
Baah (2010), Le-Hoai et al. (2008). 

5. Shortage of labors 
Assaf and Al-Hejji (2006), Odeh and 
Battaineh (2002), Naeem Ejaz et al. 
(2013). 

6. Difficulties in financing by contractor 
Assaf and Al-Hejji (2006), Frimpong et 
al. (2003), Fugar and Agyakwah - Baah 
(2010), Odeh and Battaineh (2002), LeHoai et al. (2008). 

Table 1: Mapping Factors Affecting Cost and Time Overrun 
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7 Changes in government regulations 
Assaf and Al-Hejji (2006), Olawale & 
Sun (2010). 

8 Material procurement 
Frimpong et al. (2003), Assaf and AlHejji 
(2006). 

9 Escalation of material prices 

Frimpong et al. (2003), Fugar and 
Agyakwah - Baah (2010), Olawale & 
Sun (2010), Khamidi, Khan, & Idrus, 
(2011). 

10 Unpredictable weather 
Frimpong et al. (2003), Olawale & Sun 
(2010), 

11 Shortage of material 
Assaf and Al-Hejji (2006), Fugar and 
Agyakwah - Baah (2010), Olawale & 
Sun (2010). 

12 Inadequate contract experience 
Odeh and Battaineh (2002), Sweis et al. 
(2008), Sambasivan and Soon (2007). 

13 Improper planning and subcontractor 

Odeh and Battaineh (2002), Olawale & 
Sun (2010), Khamidi, Khan, & Idrus, 
(2011), Sambasivan and Soon (2007), 
Nida Azhar et. el. (2008). 

14 Incompetent technical staff 
Sweis et al. (2008), Olawale & Sun 
(2010), Alaghbari et al. (2007). 

15 Design Changes 
Le-Hoai et al. (2008), Jackson (2002), 
Olawale & Sun (2010), Khamidi, Khan, 
& Idrus, (2011). 

16 Conflicts between project parties 
Olawale & Sun (2010), Khamidi, Khan, 
& Idrus, (2011). 

17 Lack of appropriate software 
Olawale & Sun (2010), Alaghbari et al. 
(2007). 

18 Lack of experience 
Khamidi, Khan, & Idrus, (2011), 
Alaghbari et al. (2007). 

19 
Mistakes in design during 
construction 

Khamidi, Khan, & Idrus, (2011), 
Alaghbari et al. (2007), Sambasivan and 
Soon (2007). 

20 
Lack of communication between 
parties 

Sambasivan and Soon (2007), Olawale & 
Sun (2010). 

21 
Delays between design and 
procurement phases 

Olawale & Sun (2010), Nida Azhar et. 
el. (2008). 

22 
Inappropriate cost estimation 
methods 

Olawale & Sun (2010), Nida Azhar et. 
el. (2008). 

23 Unsupportive government policies 
Olawale & Sun (2010), Nida Azhar et. 
el. (2008), Sambasivan and Soon (2007). 

24 High cost of machineries 
Nida Azhar et. el. (2008), Sambasivan 
and Soon (2007). 

25 Inadequate control procedure 
Nida Azhar et. el. (2008), Naeem Ejaz et 
al. (2013). 

26 Delays in approval of documentation 
Olawale & Sun (2010), Alaghbari et al. 
(2007). 



___________________________________________________________________________ 

Vol 63, Issue 2 | 44  

4. EXPERT SYSTEM FOR 
CONTROLLING COST AND TIME 
OVERRUN (ESCCTO) 
 
The purpose of “ESCCTO” is to 
provide a user interface friendly 
system for determining the various 
causative factors of time and cost 
overrun performance; it will also be 
able to suggest the possible 
mitigation measures for controlling the 
time and cost overrun factors. 
Following tasks are involved in 
developing the ESCCTO. 
 
1. Determining the causative 

factor of time and cost overrun in 

each phase of construction project 

life cycle. 

2. Determining the significant 

level of causative factor through 

(SPSS) Statistical Package for 

Social Science. 

3. Incorporating expert system 

in proposing mitigation measures for 

controlling causative factors of time 

and cost overrun. 

 
This research will use quantitative and 
qualitative approach in determining 
the causative factors of time and cost 
overrun in each phase of construction 
project life cycle. The data will be 
analyzed by using SPSS. The key 
fulfillment of this research is 
incorporating the expert system with 
experience based mitigation measure 
for controlling the identified/ expected 
causative factor of time and cost 
overrun. 
 
4.1 CONCEPTUAL FRAME-WORK 
OF ESCCTO 
For determining the various causative 
factors of time and cost overrun, 
ESCCTO will provide a user interface 
friendly system and this system will 
also support the users in suggesting 
the mitigation measures of the 
causative factors. The figure 1: is 
shows the conceptual FrameWork of 
ESCCTO system. 
 
Figure 1: Conceptual Frame-Work 
of ESCCTO 
The conceptual frame-work of 
ESCCTO is divided in two stages as 
explained bellow; 

 
Stage 1: Give the clear image of the 
determining the causative factors of 
time and cost overrun. This will be 
completed through quantitative 
approach technique using 
questionnaire surve y and interviews 
with the experts involved in 
construction projects. From that stage 
users will be capable to find out the 
significant factors of cost and time 
overrun for exploring the mitigation 
measures. 
 
Stage 2: A data base of mitigation 
measures will be developed on the 
basis of the causative factors. The 
expert system will help in selecting 
the most appropriate measure from 
the data base to control the causative 
factors of cost and time overrun. 
 
4. CONCLUSION 
This research study is presenting a 
conceptual frame work of software 
development for controlling the 
problem of time and cost overrun is 
faced by construction industry since 
decades. As mentioned most of the 
construction projects throughout the 
world are concerned with time and 
cost overrun. These overruns are the 
outcome of various causative factors 
which are the main barriers to project 
completion. ESCCTO frame work will 
be able in determining the various 
causative factors in affecting the 
project time and cost. On the basis of 
determined factors the proposed 
system will be capable to suggest the 
mitigation measure for controlling the 
causative factors of time and cost 
overrun and consequently improve 
the project performance. 
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   AHORE: A total of 900 railway passenger coaches will be overhauled and upgraded, decided a meeting presided over by     
     Minister Khwaja Saad Rafique here on Monday. For the last five years, some 420 coaches of German origin had been 
stationed at various railway yards for periodic overhaul, while another 480 also required overhaul, the meeting was 
informed. The minister constituted a committee, headed by Additional General Manager (Mechanical) Liaqat Chughtai, to 
submit by July 31 a report about the condition of the coaches. Directing that standard of coaches' maintenance be 
improved, Mr Rafique also sought a comprehensive plan for upgrading the washing lines so that sanitary conditions in trains 
could be further improved. Availability of sanitary staff in every train should also be ensured, he said. Meanwhile, another 
meeting presided over by the minister finalized agenda for a six-member delegation of Pakistan Railways (PR) visiting China  
from July 24. The delegation would primarily discuss with their Chinese 
counterparts upgrading of Karachi-Peshawar and Taxila Havelian dry 
port main rail track. Matters pertaining to implementation of Phase I and 
II of five-year China-Pakistan Economic Corridor (CPEC) project, 
especially improving the capacity of the existing track and framework 
would also be discussed in details during the visit. Comprising Railways 
Board Chairperson Parveen Agha, minister's adviser Anjum Pervaiz, 
Chief Executive Officer Javed Anwar, CPEC railways project head 
Ashfaq Khattak, Additional General Manager (Infrastructure) Humayun 
Rashid and Director General (Planning) Mazhar All Shah, the 
delegation will return on July 29. 

 

L 

900 Railway Coaches To Be Upgraded                      News Digest 
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ABSTRACT 
This study aimed to provide a general 
view and description of safety 
structure of the construction industry 
in Afghanistan including private 
projects, government projects, NGO 
projects, PRT projects, U.S. army 
projects and other donors who are 
working in this sector in Afghanistan. 
Several interviews were conducted 
with thne officials of governmental 
ministries in Kabul and their related 
departments in Herat province to find 
out how they manage safety in 
construction sites such as sewer 
systems, water supply and power 
projects inside the country. Beside the 
interviews, several contracts and 
reports were reviewed in order to find 
out the current safety procedures in 
the construction industry of the 
country. The policy makers have not 
developed a unique standard safety 
manual to be applied all over the 
country, yet. Furthermore, accurate 
data of annual occupational accidents 
are not available and policy makers 
have not taken any step to make a 
structure for recording accidents’ 
characteristics up to now. Moreover, 
unfamiliarity with safety hazards and 
safety promotion techniques has led 
to increasing frequency and severity 
of accidents in construction jobsites. It 
is highly recommended that decision 
makers and top management develop 
a standard safety and health manual 
for the construction industry to be 
applied all over Afghanistan. 
 
KEYWORDS 
Safety structure, Occupational safety, 
Construction industry, Safety 
promotion, Afghanistan 
 
1. INTRODUCTION 
“Construction is known as one of the 
most dangerous industries all over the 
word” Amiri et al., 2014). The 
approach for controlling accidents in 
the construction industry needs  

 
considering several factors. Among 
them, an important factor is 
generating standard safety guidelines 
/manuals and proper application of 
these guidelines at construction sites. 
Lack of national safety manuals / 
guidelines in Afghanistan has resulted 
in various safety hazards. 
Safety structure in Afghanistan can be 
studied in two time intervals as below: 
 
 Before 2002: The construction 

industry was under the preemption of 

government of Afghanistan. In this 

period, few construction companies 

were established by the support of 

government to implement 

infrastructural projects inside the 

country. For instance, the following 

companies can be mentioned: Banai 

construction organization, Afghani 

construction organization, Helmand 

construction organization, Tasadi 

Khanah Sazi corporation in Kabul and 

some others. Generally, PPE were 

given to workers, but a 

complete/standard safety manual was 

not developed to be used at 

construction sites.  

 

 After 2002: After the collapse of 

Taliban regime in Afghanistan in 2001 

by the military assistance of USA , 

rehabilitation and reconstruction of 

infrastructures projects restarted at 

2002 by the national and international 

community’s financial aids. Military 

forces from several countries of 

NATO entered to Afghanistan and the 

Provincial Reconstruction Team 

(PRT) was established at each 

province to control security of the 

country. Besides taking care of the 

security issues, participating in the 

reconstruction of infrastructures was 

Developing a Standard Safety
Manual for the Construction

Industry in Afghanistan
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another objective of the PRTs as well. 

Furthermore, some other donors such 

as World Bank, Asian development 

bank, USAID and others tried to 

provide financial aid for the 

rehabilitation and reconstruction 

projects in the country. In addition, 

USA army allocated a big amount of 

found for reconstruction of army 

bases for national police and national 

army of Afghanistan. These projects 

were implemented according to safety 

culture/standard of each donor).  

This study is based on the working 
experience with different donors and 
agencies including UN organization, 
government of Afghanistan, 
international and national construction 
companies in Afghanistan since 2002. 
In addition to personal experience, 
several interviews are conducted with 
different provincial departments in 
Herat and ministries at Kabul to find 
the exact safety and health structure 
in the construction industry of 
Afghanistan. However, the authors 
could not find any national safety 
document/guideline to be used 
nationwide. The aim of this study is to 
encourage the policymakers of 
Afghanistan to start developing a 
comprehensive guideline in order to 
mitigate safety hazards at 
construction industry of Afghanistan. 

Methodology, results, discussion, 
conclusion and references are coming 
in the next sections. 
 
2. METHODOLOGY 
The research methodology is based 
on the following points: 
 
 The author conducted several 

interviews with officials in Herat and 

Kabul provinces and with different 

departments who are engaged in the 

construction industry (in order to 

check the availability of a national 

safety manual) and gathered 

information about safety structure in 

the country. 

 

 Collecting information, reports, 

data, contracts, design drawings and 

photos related to safety structure of 

the country from individuals and 

related organizations. 

 

 Searching o n l i n e publications 

and published reports on safety 

procedure in different types of 

construction projects in Afghanistan. 

 

 Review of relevant literature, 

including several reports and Ministry 

of Agriculture Irrigation and  

contracts, in particular, produced by 

Ministry of Energy and Water (MEW), 

Livestock (MAIL), Ministry of Rural 

Rehabilitation & Development 

(MRRD), Ministry of Urban 

Development (MUD), Food and 

Agriculture Organization (FAO), Asian 

Development Bank (ADB), World 

Bank and Corps of Engineers projects 

in-country. 

 

 Subsequent analysis of the 

above mentioned data to introduce 

the construction safety structure of 

Afghanistan. 

 

One of the challenges in considering 

safety measures in the construction 

industry in Afghanistan is lack of 

national safety manuals, accident 

data, low reliability and accuracy of 

the accident databases inside the 

country. “unfortunately, a great deal of 

Information, resources and 

institutional capacity of accurate 

monitoring and reporting on natural 

resources statistics were lost during 

the years of (Rout and Lee, 2008) 

This study has focused on numerous 
information sources as presented in 
table (1) and (2): 
 

ID Organization Position 

1 Ministry of energy and water, Kabul, Afghanistan 
Director of planning water 
department 

2 Unite nation- food and agriculture organization, ministry of energy and water Quality control manager 

3 Ministry of urban development affairs Construction director 

4 Ministry of rural rehabilitation development- Nation Solidarity Project (NSP) Senior irrigation design engineer 

5 Ministry of urban development affairs Former minister (2008) 

ID Organization Position 

1 Construction department of Herat municipality, Herat, Afghanistan Director of construction 

2 Lower Hari Rud-Morghab river basin department, Herat, Afghanistan Director 

3 Urban development affairs department of Herat, Afghanistan Deputy director 

4 Public work department of Herat, Afghanistan Director 

5 Rural rehabilitation and development department of Herat, Afghanistan Director 

6 Water supply and waste water department of Heart, Afghanistan Director 

7 Bania construction company, Herat, Afghanistan Director 

Table 1: List of Departments and Authorized Persons Who Are Interviewed in Heart. 

Table 2: List of Organizations Contacted in Kabul 
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3. RESULTS AND DISCUSSION 
After collecting information from 
several in-charge organizations, it 
was found that safety 
structure in the construction industry 
of Afghanistan is based on the 
projects financial source. In 
this regard, at the present time, 
projects are divided into five main 
categories based on their 
financial source in Afghanistan as 
follows: 
 
3.1 GOVERNMENTAL PROJECTS: 
 
These projects, which are 
implementing by government, are 
divided into two categories based on 
the source of financial fund as below: 
 
 Projects which are financed by 
government's normal budget: Most of 
these projects are implemented by 
local and international contractors 
without proper safety considerations. 
However, contractors must provide 
safe working-site and PPE for workers 
based on standard human resource 
management policy of Afghanistan 
which stiputates: “the contractor must 
provide proper safety equipment and 
PPE for the workers at construction 
site.” (Standard Human Resource 
Management Policy, 2008). 

 
The Chapter 10 of standard human 
resource management policy of 
Afghanistan is dedicated to safety and 
health issues in construction. This 
chapter includes 13 separate items 
which provide instructions to clients 
and contractors. According to this 
chapter, they must provide enough 
considerations for safety of jobsite 
personnel in construction sites. 
However, detailed techniques of 
safety requirements are not defined 
clearly. 
 
 Projects which are financed by 
loans or grants of donors: Safety 
considerations can’t be observed in 
these projects as well, albeit contract 
documents obligate the contractor to 
provide proper safety environment 
and PPE for workers. However, there 
is not a complete safety 
manual/guideline attached to 
contracts in order to define all 
required safety techniques for 

minimizing safety hazards at all stage 
of construction. Furthermore, the 
contractors that are awarded these 
contracts are not screwed by the 
implementer agencies for using the 
standard safety techniques and 
protect workers from safety hazards. 
In addition, most of engineers who are 
working in government organizations 
are not aware of the criticality of 
safety hazards and their effects. 

 
3.2 PRT’S CONSTRUCTION 
PROJECT 
In 2002, the Provincial Reconstruction 
Teams (PRT) of NATO was 
established in Afghanistan and 
military forces of each NATO member 
entered a province to provide security 
and participate in reconstruction of 
infrastructures of that province. In this 
regard, they financed several projects 
such as schools, roads, bridges and 
other infrastructures. However, from 
construction safety point of view, they 
did not care safety in almost all their 
projects. 
 
3.3 NGO’S CONSTRUCTION 
PROJECTS 
Most of the construction projects 
which are implemented by NGOs, do 
not benefit from a standard safety 
plan. These construction sites are not 
safe for workers and PPE are not 
provided to them as well. 
 
3.4 PROJECTS IMPLEMENTED BY 
THE GRANT FUND OF THE 
NEIGHBORING COUNTRIES 
 
The contractors of these projects 
were from the country that provided 
the fund of the projects and safety 
rules and regulations were based on 
safety standard of that country. For 
example the Salma dam is under 
construction in western region of 
Afghanistan and Indian government 
provides the fund of this project. So, 
the contractor of this project is an 
Indian construction company who 
manages safety at the project site 
based on his own safety rules and 
regulations. 
 
3.5 US ARMY FUNDED MILITARY 
PROJECTS 
Safety was the first priority in 
construction jobsites of projects that 

were implemented by corps of 
engineers and AFCEE in Afghanistan. 
All the safety rules and regulations 
were implemented in the US army 
projects according to safety and 
health requirement manual EM385-1-
1, which has been developed by the 
US army corps of engineers. It was 
stipulated that “This munual 
prescribes the safety and health 
requirements for all Corps of Engine 
Safety and Health Requirements 
Manual, 2008). 
 
The applicability of this manual is 
defined as: “This manual applies to 
headquarters, US Army Corps of 
Engineers (HQUSACE) elements, 
major subordinate commands, district, 
centers, laboratories and field 
operation activities (FOA), as well as 
USACE contracts and those 
administered on behalf of the USACE. 
Applicability extends to occupational 
exposure for missions under the 
command of the Chief of Engineers, 
whether accomplished by military, 
civilian, or contract Safety and Health 
Requirements Manual, 2008) 
 
The US Army projects that are 
executed in Afghanistan affected on 
afghan construction companies, 
engineers, foremen, skill labors, 
operators and labors and made them 
aware of latest construction systems 
and safety programs at construction 
jobsites. Actually, these projects were 
a job training course for the afghan 
human resources working in the 
construction industry of Afghanistan. 
 
All in all, the findings of this study can 
be summarized as follows: 
 
 Still the policymakers in 
Afghanistan have not developed a 
comprehensive national safety 
manual to be applied on Afghan 
construction jobsites. 
 The role of insurance systems 
is not still defined in the construction 
industry of Afghanistan. 
 
 Occupational accidents are 
not recorded in the Afghan hospitals; 
therefore, collecting proper data of the 
accidents are a challenge for 
researchers inside the country. 
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 Most of engineers working in 
governmental organizations do not 
have enough knowledge about safety 
and health rules and regulation. 
 
 Lack of safety training for 
construction workers has resulted in a 
profound lack of interest in workers to 
follow safety rules and regulations in 
jobsites. 
 
The US army has implemented billion 
dollars of construction projects in the 
past ten years with high standard of 
safety and health. Many engineers, 
foremen, supervisors, lab technicians, 
skill labors, operators and labors are 
trained at these jobsites and got 
proper information about safety 
hazards and manners to protect from 
these hazards. Opportunity of working 
with US army corps of engineers 
system has built the capacity of 
Afghan construction industry to  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

continue the safety system that has 
been established by the U.S. army 
corps of engineers inside the country. 
 
5. CONCLUSION 
This study shows that the 
development of a standard safety 
manuals and its application is one of 
the most important priorities for the 
construction industry of Afghanistan. 
Further, this study can help to 
motivate the vision of the policy 
makers to start the development of 
standard safety manual for the 
country in order to have better control 
on prevention of the safety hazards at 
construction sites. 
 
Moreover, it is recommended that 
officials collect more information 
about corps of engineers in order to 
prepare a standard safety manual 
based on the EM385 and apply it all 
over the county. 
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INTRODUCTION 
Engineering, based upon building of 
difficult things for bringing comfort in 
the lives of people, is a very tough 
study of science. Wearing the same t-
shirts, recycled jeans, different socks, 
having swollen red eyes, being 
forcefully insomniac but still managing 
to get to lectures on time, engineering 
students always have a way to make 
things work. Associated to the pain of 
thousands of intricate mathematical 
formulae, numerous droning spend 
making assignments, reports, and 
projects, engineers who take away 
the countless sleep-deprived nights 
are rarely hailed as heroes for 
bringing about positive changes in the 
lives of Pakistanis. 
 
Presently the leading problem in the 
world is unemployment, which is 
increasing rapidly due to scarcity of 
sources and in such complex 
scenarios of unemployment phase, 
frequent problems including crimes 
take place. Pakistan the Asian country 
has more difficulties in these days and 
unemployment is one of those. 
According to the parents, family 
members and friends, an engineer 
means that he can fix everything 
around and due to these external 
pressures and the employment 
situation in the market of Pakistan, 
engineers often settle for non-
engineering odd jobs. This is a 
genuine issue for a large group of 
freshly-employed engineers. 
Engineers in Pakistan are not only 
underappreciated, but are heavily 
underpaid too. In such situation, then 
how we can expect them to make 
things work for Pakistan when they 
can’t even properly work effects out 
for themselves. The social aspect of 
this massive under-employment and 
unemployment is not in the interest of 
peace and development of Pakistan. 
 
PREVAILING SATE OF AFFAIRS. 
The economy of Pakistan, though 
improving is not in a good shape. 
Recently, it has been rated as one of 
the most expensive countries of Asia. 
Our inflation rate is still very high. It  

 
 
has been handicapped by our 
imports. The price of Pakistani 
products is incompatible to cope with 
the foreign products. Pakistan has 
countless natural resources but 
unfortunately those are being wasted 
since the independence of Pakistan. 
The people of Pakistan are 
considered highly talented and 
hardworking in the world, while there 
is no value of talent in Pakistan. A 
large No. of students graduating out 
of Pakistan's engineering colleges run 
the risk of being unemployed, 
wandering about for job opportunities 
due to bad employment system and 
the others are constrained to take 
jobs well below their technical 
qualifications in the market, where 
there are only few jobs for the 
overflowing technical talent pool. 
Affected by a flood of institutions, 
offering degree in various disciplines 
of engineering education and a 
shrinking market for their skills, 
Pakistan's engineers are struggling to 
survive in an extremely challenging 
market. The future of engineers in 
Pakistan is very disappointing. Those 
without any influence remain 
unemployed, which makes the drain 
of qualified technology possessed 
persons out of Pakistan and desire of 
development in technical field remains 
unfold due to this neglect of technical 
tools. Presently Pakistan is generally 
not a friendly place for graduate 
Engineers, specially the fresh 
engineers and many of the fresh 
graduates have immense difficulty in 
securing a good job. This is because 
the industry in Pakistan is not 
flourishing and also that it does not 
either look keen and interested to 
engage graduate engineers or the 
engineering industrialist are not yet 
aware of its importance, as they do 
not actually identify that engineering is 
a broad term which covers many 
areas of scientific, finance and 
marketing study and most of these 
studies are highly connected and of 
course sharp problem solving skills 
are made readily available to them. It 
is however not out of place to mention 

Academia Industry Linkages



___________________________________________________________________________ 

Vol 63, Issue 2 | 51  

that most of the industries hire 
graduates from reputed engineering 
universities, which of course is also 
debatable in a way that mushrooms of 
engineering institutions have 
succeeded in getting recognition of 
Pakistan Engineering Council (PEC), 
but failed to produce promising quality 
of engineers and as such could not 
gain confidence of industrialist. The 
Supreme Court of Pakistan also 
shown similar concern about medical 
colleges, as reported in “daily Jang” 
dated August 24, 2016. 
 
The quality of engineer passing out of 
many colleges is not up to mark and 
most of them are unaware about what 
they did in 4 years and it looks like as 
degrees are awarded without 
imparting quality education and 
research work. The problem is also 
linked with the lack of research and 
development in our industry. The 
commercialized approach of 
businessmen and the non-industrially 
approach at academia is the main 
stumbling block in development of this 
research sector. 
 
According to data from PEC, the 
regulator for engineering education in 
Pakistan, there were 113 engineering 
colleges offering 340 engineering 
courses in different disciplines across 
the country. According to multiple 
estimates, Pakistan trains around 
15000 engineers per annum, meaning 
thereby that about 1250 new 
vacancies are required to adjust the 
new graduate’s engineers every 
month, which is a great challenge and 
No. of unemployed engineers, is 
increasing with the announcement of 
every successive final year’s result of 
each engineering institution. 
 
The tendency of employers is 
changing increasingly and they don't 
care what you know but they focus on 
what you can do with that knowledge 
and in such situation the candidates 
having practical technical knowledge 
better than a graduate engineer are 
preferred. 
 
Customers are asking for more and 
as such recruiters are changing their 
strategy. The crisis is very real today 
and an engineering degree is a poor 
proxy for your education and 

employment skills. To meet these 
challenges, the linkage of Academia 
and Industry leads towards better 
solution. 
 
NEED FOR ACADEMIA-INDUSTRY 
LINKAGES 
 
Knowledge gains value if it meets the 
present-day requirements and 
simultaneously it is shared 
expansively. Research work of 
industry-specific needs is essential, 
which requires identification of 
industry’s research needs and also 
the reliable data. Therefore integrated 
Academia-Industry Linkages are the 
dire need of today. 
 
One of the critical requirements for 
the success in this regard is highly 
superior manpower. Though the 
solution lies in the linkage of 
academia and industry, while both the 
two entities normally work in different 
spheres and their collaboration can 
bridge the gap of mindset, where 
according to academia knowledge 
output of scientific research is a public 
ownership but contrarily most of 
industrial organizations consider their 
scientific and technical knowledge as 
their proprietary. 
 
Sustainable linkage has remained a 
big challenge in Pakistan as industries 
have a genuine complaint that the 
curriculum of engineering 
universities/institutions is mostly of 
tutorial approach which does not 
match with the industrial needs. Such 
linkages can prove a historic event, if 
academic standards are improved to 
international level, students are 
encouraged and managed to translate 
science and technological knowledge 
to develop commercialization 
achievements so as to transform the 
relevant data into required results 
through research, with the 
deployment of qualified and devoted 
faculty. 
 
Such curriculum designed to meet 
industry’s requirements backed with 
the feedback system of corporate 
sector can bring revolutionary uplift in 
productive changes of market 
dynamics to the demand of young 
engineers, firm’s productivity and 
economic growth, besides formation 

of automatic accountability system 
amongst the engineering universities / 
institutions. 
 
REAL TIME SCENARIO IN 
BUILDING OF ACADEMIA 
INDUSTRY LINKAGES 
 
The linkages could not take priority in 
Pakistan for numerous reasons. 
Some the factors for barrier in building 
of Academia-Industry Linkages can 
be illustrated as under: 
 

i. Non-allocation of substantial 
funds by the Government of 
Pakistan for R&D in science 
and technology. 
 

ii. Mismatch between the 
knowledge delivered by 
academic institutions and 
the real demand of applied 
knowledge in industry. 

 

iii. Communication gap 
between academia and 
industry. 

 

iv. Difference in nature and 
objectives of the two 
entities. 

 

v. Cultural difference of two 
individual bodies, operating 
under different 
organizational environments 
with different customs, 
standards and values. 

 

vi. Lack of motivation, 
confidence and 
entrepreneurial spirit among 
the faculty of newly 
established institutions / 
universities to shift the role 
of academia from traditional 
engineering and science 
education providers to the 
additional role of 
contributing the knowledge 
towards commercialization 
and active contribution to 
the development of private 
enterprises. 

 

vii. Non sharing of research 
achievements with others to 



___________________________________________________________________________ 

Vol 63, Issue 2 | 52  

keep it proprietary for profit 
strategies. 

 

viii. Geographic location of 
university, having limited 
access to the high-tech 
industries due to inadequate 
infrastructure of 
communication modes and 
transport etc. 

 

ix.  Inadequate lab facilities at 
universities to conduct 
Research and Development 
activities. 

 

x. Lack of time due to 
workload capacity 
commitments, lack of proper 
methodology/SOP and 
encouraging/helpful 
structure for such linkages. 
 

FORMATION 
 
To match the international standards 
of present-day requirements and to 
fight for the survival of economy, 
research oriented education system in 
collaboration with industry is 
necessary so as to transform teaching 
universities / institutions to research 
universities/institutions in the first 
stage and subsequently transform  
these research universities/institutions 
to entrepreneurial in the second 
stage. 
 
To achieve the targets, sustainable 
collaboration between academia and 
industry is need of the day, which 
cannot prevail a success without the 
presence of a regulatory body.  
 
Higher Education Commission (HEC) 
and Pakistan Engineering Council 
(PEC) should be the strategic partner 
sunder sponsored supervision of the 
Government of Pakistan. 
 
 Regional Academia-Industry Linkage 
committees should be formed with 
essential membership of Chamber of 
Commerce and Industry. These 
committees should work as interaction 
cells within the universities, which will 
be instrumental in developing 
relations between academia and 
industry.  
 

The dedicated units comprising of 
devoted and experienced persons, 
capable of providing support services 
to involve academia in solving 
industry problems should be 
established. A strong set of policies 
and SOP should be formulated for 
smooth and successful working of the 
cell. HEC and PEC may jointly 
develop a consortium under which 
research needs of various types of 
industry may be elaborated and 
course outlines are designed and 
monitored accordingly. 
 
OBJECTIVES 
 
Following objectives can be achieved 
through building of Academia-Industry 
linkages. 
 
(i) A very useful platform can be 

provided for mutual discussions, 
exchange of knowledge, 
experience sharing, seminars, 
workshops, meetings and 
exhibitions with different 
industrial divisions. 

 
(ii) Development of friendly relations 

between academia and industry 
for lodging industrial internship 
programs at undergraduate and 
postgraduate stages. 

 
(iii) To set line of direction to 

translate tutorial knowledge to 
research oriented output on the 
basis of feedback data of 
industry and also transform the 
research results into 
entrepreneur.  

 
(iv) To develop understanding for 

providing job opportunities to the 
fresh engineers of 
undergraduate and postgraduate 
programs, trained on a specific 
research activity of industrial 
needs.  

 
(v) Technology transfer within or 

across firms through movement 
of employees from one section to 
another within the same industry, 
from one industry to  the other or 
one country to another and of 
course coordinated transfer of 
knowledge between academia 
and industry. 

 

GUIDELINES TO ACHIEVETHE 
TARGETS 
 
The following are the suggested plans 
for fastening the industries and 
academia. 
 
1. A policy should be drafted by the 

Government of Pakistan to 
encourage R&D efforts by 
allocating R&D grant for 
universities and tax concessions 
to the industry, collaborating with 
universities and using local 
technology.  
 

2. Interaction Cells formed in the 
universities be made effective. 
 

3. Industrial internship should be 
included in the curriculum. The 
industries, Consulting 
Engineering Firms and 
Constructors/Operator Firms 
should coordinate with the 
academia for extending one year 
internship program to fresh 
graduates and three months 
program for final year/final 
semester students to take 
training in the specific field of 
their expertise. 

 
4. Interactions between academia 

and industry should also focus 
on contract research, joint 
research, consultancy and the 
projects to contribute innovation. 

 
5. Laboratory facilities be improved. 
 
6. All the engineering universities 

should establish incubation 
centers on priority basis. These 
centers will serve the purpose of 
establishing a platform where 
both the sectors can meet on 
regular basis. The industry, 
recommended by Chamber of 
Commerce and Industry will 
have access to these incubation 
centers. 

 
7. In order to bridge the gap 

between industry and academia, 
universities should publicize job 
market data to attract the 
students and HEC/PEC should 
play their role to restrict 
universities to keep needs of  
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employers in consideration 
before designing and offering the 
courses accordingly. 

 
8. Regular industrial visits by 

students and the staff should be 
encouraged. 

 
9. Universities should involve 

skilled and experienced staff in 
teaching programs. 

 
10. Seminars and workshops should 

be conducted by the universities, 
Institution of Engineers Pakistan, 
Institution of Electrical and 
Electronics Engineers, Pakistan 
Engineering Congress, Institution 
of Chemical Engineers of 
Pakistan, other engineering 
institutions and industry on the 
latest research on regular basis. 
In addition training, contract 
research, consultancy, 
development and innovation and 
many other interactions, besides 
accountability of universities / 
engineering colleges can be  

 

 
demonstrated through such 
linkages. 

 
11. It should be made obligatory for 

the academics to undertake a 
certain amount of work with 
industry and after some 
experimentation introduce 
reforms in the university policies 
with respect to governance of 
technology commercialization 
and introduce entrepreneurial 
knowledge in university syllabus. 
The PHD scholars of academia 
can serve the purpose of annual 
business evaluation of industry 
and production cost can be 
considerably decreased if the 
latest technologies are coped by 
the local experts. Things would 
get cheaper if it is streamlined 
with the latest advancements 
that increase efficiency with 
minimum cost. 

 
12. Career grooming workshops of 

students/young engineers should 
be carried out with the strong  

 

 
interaction between the 
specialists to distinguish the 
work nature of different jobs. 

 
13. Many of the industries in 

Pakistan work by taking projects 
from international companies 
and then even hire highly 
specialized staff to cater those 
projects or in other cases, look 
for other companies abroad to 
out-source those projects. If 
these projects are out-sourced to 
the fresh graduates or even 
students through incubation 
centers, then they can carry out 
that project in much less 
expenses. This would benefit 
both the industry and academia. 
Industry would save its money 
whereas students and fresh 
graduates will get experience as 
well a small amount of money to 
make them independent.  
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