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Abstract

Despite the fact that construction industry is a main contributor in development of
a country, it imposes negative impacts on economy and environment. As we know,
wastes in construction industry have always been causing significant problems like
cost overruns, time delays, and quality compromises, especially in developing
countries like Pakistan. A lot of work has been done internationally on determining
different causes of waste, its contribution to waste generation and evaluating
percentages of waste of different materials. However, there is a lack in research on
the contribution of construction waste on the micro level in Pakistan.
This research therefore focuses on analyzing the most vital and frequent causes
contributing to the various construction wastes in Pakistan and its overall impact
on cost, time, quality and material of the project. Almost 120 questionnaires of
well-designed structured questionnaires were distributed in two phases among
architects, civil engineers, contractors, and quantity surveyors etc. All the factors
contributing to non-value adding activities were identified by going through the
literature and personal observation made by visiting ongoing projects. The top ten
factors were finalized after the first phase by calculating the Relative Importance
Index (RII) of each factor. Furthermore, construction professionals were asked to
provide contribution of these factors affecting cost, time, quality and material
based on their experience and knowledge in the construction field. In the second
phase the subject matter experts were asked to score their judgments about these
ten factors generating waste in construction projects in Pakistan for its overall
quantification and validation. Finally, the data collected were statistically analyzed
and processed. Moreover, interviews of construction professionals were conducted.
Based upon their recommendations, mitigating measures to minimize waste in
construction projects in Pakistan were added in this report. The top three factors as
extracted from the data collected from the construction professionals and validated
by the data collected from other subject matter experts shows that the top three
factors contributing to the construction wastes in Pakistan are lack of training and
awareness to workers, lack of waste reduction/poor management plan and
inventory issues respectively.
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CHAPTER-1

1 INTRODUCTION

1.1 Introduction

The construction sector has brought with it several issues such as waste because of
its progressive nature and constant development. When it comes to defining
construction waste, there are two schools of thought: some describe it as surplus
and damaged products and materials created during new construction, repair, and
demolition of structures, while others include non-value-adding operations.
Construction is thought to be a critical activity for infrastructure and economic
development. In terms of the environment, though, it is unpleasant. During
construction activities, a significant amount of waste is generated, up to 30%.

It is commonly acknowledged that the construction sector generates a substantial
amount of garbage, both by obtaining inputs from them and by giving almost all of
them waste. Because development has such a major and direct impact on so many
other businesses, reducing or eliminating waste might save society a lot of money.
Construction waste is normally generated during the project's execution phase,
although it is the result of a series of events that occur during the design,
construction, and procurement phases.

This study focuses on determining the most critical factors contributing to waste in
construction projects in Pakistan, their quantification and then determining their

effect on cost, time, quality, and material of the construction projects. Mitigating




measures are also provided to curtail the waste production in construction industry

of Pakistan due to these determined factors.

1.2 Background / General

Construction industry is one of the main industries which contribute in the nation
economy. In Pakistan almost 7% of the workers are concerned with the
construction industry as per the economic survey of Pakistan 2018-19 and
construction industry contribute 5.8% to GDP. In the recent times when population
IS SO much increasing constantly at the rate 3.4% per year in Pakistan according to
World Bank, not only in Pakistan but all over the world.
When Pakistan got independence its population was just 30 million and according
to the 2017 census of Pakistan it is almost 207 million which depicts 57% increase
In just 19 years, so with the increase in population and the migration of people
from villages to main cities the construction in main cities is increased because
people need buildings to work, roads for transportation and other different type of
constructions so, for this purpose as the construction is everywhere increased then
the waste generated from this construction and the demolition of the older
buildings and roads are also increased in a very huge manner (Nadia Qamar, 2017).
Every industry faces their problems. In construction industry, construction waste is
one of the biggest problems in worldwide and it is generated in almost all
construction sites.

Construction is increasing constantly all over the world due to increase
in population and the huge demand of new construction buildings for their unique

purposes therefore, new construction carried out and also the old buildings and old




designs which does not match the new design requirements get demolished and
some are demolished due to natural hazards like earthquake, floods, hurricane etc.
This depicts the debris and demolished waste of the infrastructure on large basis
and that creates problems for the local community and also for the newly

constructed buildings.

1.3 Problem statement

Construction wastes are a huge source of creeps in costs, budgets, times and
materials internationally but it is specifically significant in a developing country
like Pakistan, it gains even more importance as on one hand the practices of
avoiding construction wastes and efficient methodologies are minimum to none
and on the other hand the financial capabilities are also limited because of poor
economics. In today’s world the construction industry is so much increasing
constantly and also the demolishing of the old structures and construct new
buildings, dams and roads. So the biggest industry of all other industries is

producing also so much C&D waste in billions of tons every year.

1.4 Research Objectives

The objectives of this research are:

e To identify the factors causing waste in a construction project as a result of
non-value adding activities overall but specially in Pakistan.




e To enumerate the most common factors causing construction wastes.

e To analyze the factors and find out their relative importance index

e To find the impact of these factors in regard to their contribution to the
wastes in time, cost, quality and material.

e To validate results by conducting survey between subject matter experts and
then comparing the results

e To formulate effective measures to mitigate and minimize the wastage

caused in construction, may it be physical or non-physical.

1.5 Research questions

The research will help us understand the most significant sources of
construction wastes, especially in Pakistan, and accordingly chart out the
ways and practices to mitigate these construction wastes. The following are

our main research questions.

e ‘What are the most significant sources of construction wastes, especially in

Pakistan?

e What is their relative importance in contributing towards the wastage of

time, cost, quality and material?

e What are the ways and practices which can be adapted to counter and

minimize these wastes?




1.6 Limitations

e While carrying out the research and interviews it was a major hindrance that
in a developing country like Pakistan there is a huge lack of policies as well
as adequate surveillance and monitoring practices due to which the

respondents were not able to give exact figures and numbers.

e Moreover, it is also worth mentioning that in real life projects and
construction works, the scope and horizons of expenditures is so vast and
versatile that only a limited specification is possible among the various
wastes. For example, only in the calculation of labor cost and its wastage
one has to include all the minor events like the cost of loading/unloading,
transporting, daily fluctuations in work hours and respective wages, the

provision of food, shelter and safety to the workforce etc.

e Therefore, the numeric data had to be extracted from some international
articles besides interviewing a few available sources in Pakistan which were

available to provide some numeric data.




1.7 Thesis structure

Thesis work will comprise of seven chapters as under.

o Chapter — 1. Introduction

o Chapter — 2. Literature Review

o Chapter — 3. Research Methodology

o Chapter — 4. Survey Demography and Results

e Chapter — 5. Analysis and Discussion

o Chapter — 6. Mitigating Measures to reduce wastage
e Chapter — 7. Conclusion and Recommendations

e References

e Appendices




CHAPTER-2

2 LITERATURE REVIEW

2.1 Background

The construction business is quite important in most developing countries. It is
currently facing significant barriers and challenges as a result of the massive
amounts of building waste produced. Rising living standards, changing consumer
preferences, and natural population growth are all factors that contribute to an
increase in construction waste, as seen by large increases in the past two decades.
Most environmental organizations prioritized the quantification of construction
waste created by various construction operations. To demonstrate this, the “United
States Environmental Protection Agency (EPA) reported 170 million tons of

construction trash in 2002."

There has been extensive research into the many causes of waste, their
contributions to waste generation, and the percentages of garbage generated from

various materials.

This chapter highlights the work of several authors from different countries in

various domains relating to construction waste.




2.2 Construction industry of Pakistan

The construction industry is in charge of creating the basic physical structures that
humans require to live and survive. In emerging countries, increased development
efforts have resulted in tremendous waste generation. It has grown in importance
as a result of poor site management, and it has a variety of negative consequences
for society and the environment. This underutilized waste material has a big
environmental impact and will cost a lot of money to recycle, reuse, and dispose
of. Pakistan, like other developing countries, spends a significant portion of its
GDP on waste management in the building industry. Construction and demolition
debris account for up to 30% of total solid waste created in Pakistan. Given that
Pakistan creates “48.5 million tons of solid trash per year, which is growing at a
pace of 2% per year”, construction waste is estimated to be over 14 million tons
per year (ITA, 2019). In Pakistan almost 7% of the workers are concerned with the
construction industry as per the economic survey of Pakistan 2018-19 and
construction industry contribute 5.8% to GDP. The sector employs 7.61% of the

employed Pakistani labor force.

2.3 Definition of waste

Waste has defined in several ways. (Rajendran and Pathrose, 2012), defines the
waste as “any loss resulted by construction activities that cause direct and indirect
costs but does not add any value to the product from the customer’s point of view.”
Similarly, (Formoso et al., 2002), define the construction waste as “the weight of

products and materials generating from construction processes.”
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2.4 Construction Waste

Construction waste is material that is thrown away during the construction process
and is often described as the difference between what is ordered and what is
actually used on the job. Construction waste is a mixture of surplus materials such
as bricks or blocks, concrete or crushed stones, sand, cement, wood, metals, and
other items generated during the construction process.

Construction is thought to be a critical activity for infrastructure and economic
development. In terms of the environment, though, it is unpleasant. During
construction activities, a significant amount of waste is generated, up to 30%.
Because this trash is not effectively managed in developing nations, it has a severe
Impact on the ecosystem and ecology, as well as causing serious environmental
disturbance and pollution on a local and global scale.

All the non-value adding activities increasing the time and cost of the project are

also included in construction waste.

2.5 Types of Construction Waste

Construction is accountable for a wide range of wastes. According to a study,
building waste is divided into three categories: material, labor, and machinery
waste. Cutting waste, application waste, transit trash, and theft and vandalism are
all types of construction material waste. Construction, demolition, civil work, and

renovation work waste are all types of waste.




2.6 Resources and Reasons of Construction Waste

Poor or multiple handling, inadequate storage and protection, over-ordering of
goods, poor site control, lack of training, faulty stock control, and damage to items
during delivery have all been documented as causes of waste production on
construction sites. The largest contributor to construction waste generation is the
oversupply of building materials. Furthermore, bad design, poor material handling,
a lack of planning, unsuitable procurement, mismanagement, and other procedures

are all reasons and sources of waste.

Other factors that influence construction waste generation include labor attitude
and behavior, material management and design coordination, region, structural and
functional type, building above ground, height underground, total floor area and
project size, construction method, building type, human error, technical problem,

and material storage method.

In addition, lack of experience and poor planning, design faults and errors, frequent
design changes, and insufficient monitoring and control are all factors that

contribute to the development of construction waste.

External variables such as theft and vandalism, as well as important stakeholders
such as vendors, developers, architects, owners, designers, and contractors, all

have an impact on trash generation.
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2.7 Quantity of construction waste

Because of the changing nature of building operations, the quantity and
composition of construction waste cannot be precisely measured with different
construction methods and practices, as well as project specialization and phases.
Construction waste accounts for between 25 and 30 percent of all solid waste
created globally. According to current statistics, construction, and demolition trash

accounts for 10 to 30 percent of waste at numerous disposal sites across the world.

According to a study, the United States generates around 136 million tons of
construction and demolition debris each year. In the Netherlands, 1-10% of the
amount purchased for each building material is wasted, depending on the type of
material. Every year, around 70 million tons of C&D materials and soil end up in
the United Kingdom. Construction waste accounted for 16-44 percent of total solid
waste created in Australia each year. Construction operations account for almost

40% of the total municipal solid waste generated in China each year.

According to a survey, the amount of building trash generated in Mumbai, India is
5.8 million tons per year. Construction and demolition debris account for up to

30% of total solid waste created in Pakistan.

2.8 Composition of construction material wastage

Papers, wood, metal, brick, material packing, concrete, drywall, roofing, organic

material, plastics, cardboard, and other waste components are produced by the
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building industry. Construction trash typically consists of wood, metals, concrete,

drywall, roofing, brick, and other materials.

According to a survey conducted on 30 building sites, the most common trash
generated is concrete (12.32 percent), metal (9.62 percent), brick (6.54 percent),
plastic (0.43 percent), wood (69.10 percent), and others (2 percent).

2.9 International work done on construction waste

2.9.1 In Iraq
This article is written by “Tareq Khaleel and Ahmed al Zubaidy who belong
to Building and Construction Engineering Department, University of
Technology, Baghdad, Irag”.
This study shows that the results have been generated by using the data
collected by distributing a questionnaire survey from 100 respondents. The
outcomes of this study show that succeeding three factors are the most
significant based on their respective relative importance indexes (RII):
1) Damage of material on site (RII: 0.866)
2) Double handling of materials (R1I: 0.844)
3) Incompetent contractor’s technical staff (RII: 0.83)
Using these results the practitioners and the policy makers would be able to
make effective waste reduction policies and improve factors regarding waste

management performance.
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29.1.1 Drawbacks

In this article the author is quite narrow; he did not incorporate several other
major factors that are evidently common in other article and sources. These
include:

1. Wastage due to change in orders,

2. Wastage due to improper worker’s skills etc.

2.9.2 In Turkey

A study in Turkey on construction wastage was done by Gul Polat and
Glenn Ballard.
The key objective of this study was to identify the main wastage causes in
the Turkish construction industry. This would help in developing effective
methods for the preventing and eliminating causes of wastage which are
repetitive in a construction process.
For this study a total of 116 forms were distributed to contractors out of
which 30 were project consultants. According to the findings of this study,
the following factors are the most important on the basis of their percentage
of frequency in causing wastage.

1) Ordering materials that do not fulfill requirements of projects (86%0)

2) Delay in material supply (72%o)

3) Imperfect planning of construction (61%0)
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29.2.1 Limitations

The main hurdle in carrying out this survey was to maximize the response
rate. It is a commonly known fact that the more a survey uses face to face
interviews the lesser is a response rate. As the study was based partially on

interviews so it faced the issue of less response rate.

2.9.3 In UAE

This research is done by “A. Alhaj, PhD, Heriot Watt University and K.
Hamani, MSc, Heriot Watt University”. It was somewhat detailed case
study of 4 construction projects which also incorporated a survey of the
perspective of the contractors on the respective issue. It looked at past
research on waste sources and the mitigation methods that were suggested.
Consequently, the author charted out a number of waste causing factors on
the basis of direct as well as indirect wastage and ranked each factor

separately.

2.9.3.1 Direct causes of waste

1) Deficiency of workers’ awareness
2) Poor design (resulting into off-cuts)
3) Inexpert labor and rework

4) Time burden

5) Complications of material handling
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2.9.3.2 Indirect causes of waste

1) Lack of Government legislation and policies
2) Lack of contractual incentives
3) Lack of local reprocessing facilities

4) Lack of support from the company administrators
2.9.3.3 Measures for Material waste minimization

This study also recommended several wastes minimization measures which

are ranked as follows on the basis of their effectiveness.

1) Adequate storage of materials
2) Ordering the right amount of material
3) Awareness and training of staff

4) Measuring and keeping record of different waste streams
2.9.3.4  Conclusion

This was quite a detailed and comprehensive study on the concerned
Issue as it incorporated the factors from quite a broad perspective and
recommended the measures to mitigate in a comprehendible and
understandable manner. Moreover, the emergence of case studies with
interviews made this study relatively unique from other conventional
research.
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2.10 National work done on construction waste

2.10.1 In Punjab Province

This article is written by “Khalid Igbal who belongs to Department of
Environmental Engineering, Institute of Environmental Sciences and Engineering
(IESE), School of Civil and Environmental Engineering (SCEE), National
University of Sciences and Technology (NUST), Islamabad, Pakistan and
Muhammad Anwar Baig from Institute of Environmental Sciences and
Engineering (IESE), School of Civil and Environmental Engineering (SCEE),
National University of Sciences and Technology (NUST), Islamabad, Pakistan”.

This study focused on analyzing mainly four types of construction waste i.e.,
cutting waste, transportation wastes, waste during application and waste due to
theft and vandalism. A huge number of questionnaires were issued to numerous
civil engineers, architects, contractors, and quantity surveyors for this purpose,
with the request that they rate their judgments in percentage categories. The

percentage of respondents is shown in figure 1.

Architects

Figure 1: Percentage of respondents




This study further gave the quantitative assessment of the 4 major wastage types
mentioned above. By calculating the mean wastage using the quantitative
assessment of the above mentioned wastage types and their sub types, the article

charts out the following ranking:

1) Theft and vandalism
2) Cutting waste
3) Transit waste

4) Applictaion waste
2.10.1.1 Drawbacks

This article focuses on the wastage of materials only and does not inculcate other

Important constraints like time, cost and quality.

2.10.2 General construction industry of Pakistan

2.10.2.1 Introduction
This article is written by “Husnain arshad, Muhammad gasim, Muhammad Jamal
ud din thaheem and farooq gabriel all of them belong to NUST Islamabad”.

The study is based on the waste diagnostic survey in which sites of 38 projects

were surveyed.

This study quantifies the wastage of material and the respective causes found in

different sorts of construction project.
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2.10.2.2 Most wasted materials

It was revealed from the survey responds results that following are the most

wasteful materials:

1) Bricks

2) Tiles

3) Plasters from mortar

Moreover, it was observed from the results of this study which factors were the

most significant in causing wastage.
2.10.2.3 Most effective factors

The factors are ranked according to their significance as follows:

1) Improper workers’ skill
2) Poor supervision

3) Lack of management
4) Equipment malfunction

5) Lack of waste reduction and minimization plan

2.10.2.4 Drawbacks

Like the previous national study, this one also focused only on the material
wastage and didn’t incorporate time, cost and quality constraints. Moreover, the

span and domain of surveys is also somewhat limited and narrow.
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CHAPTER-3

3 RESEARCH METHODOLOGY

3.1 Methodology Hierarchy

Identification of factors
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Figure 2: Flowchart showing Methodology hierarchy
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3.2 Introduction

This study employs a quantitative method, with a questionnaire survey serving as
the major data collection technique. Secondary data was gathered through a survey
of the literature. Other methodologies adopted for determining data for
guantification of factors contributing to waste generation in Pakistan includes
direct observation by our syndicate members; survey via telephone, interviews; on-
site analyzing waste contributing factors and data acquiring through employees of

construction companies.

Data for this study was gathered via a structured questionnaire distributed to civil
engineers, architects, site supervisors, contractors, and design consultants from
across Pakistan. The questionnaire's numerical questions were designed to elicit
information regarding the respondent's opinion, behavior, expectation, and
understanding of the elements that contribute to construction waste development.
A total of 200 questionnaires were provided to these individuals who were
involved in various operations at various levels in various Pakistani cities. Along
with their educational qualifications and work experience, respondents were asked
to rate their opinions on a variety of factors in the first phase. A total of 120 copies
were found to be appropriate for the study, indicating a response rate of 60%.The
data collected were presented in excel sheets to the project advisor and was
analyzed using graphical representations, relative importance index (RII),
summation, percentage and mean representations. factors contributing to waste in
the construction industry of Pakistan, according to their intensities and significance
along with the effect of these factors on Cost, Time, Quality and Material. The

most critical factors were finalized after the first phase by calculating the Relative
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Importance Index (RII) of each factor. In the second phase the respondents were
asked to score their judgments about these critical factors generating waste in
construction projects in Pakistan on percentage of five construction wastage
classes: 00-20%, 21-40%, 41-60%, 61-80%, and 81-100% for its overall

guantification.

3.3 Research Design

Following the identification of factors that contribute to waste in construction

projects in Pakistan, the research was conducted in mainly two phases.

3.3.1 Identification of factors

The factors which were to be added in the survey questionnaire were finalized by
visiting different ongoing construction project sites. Visual inspection of site was
carried out which helped in waste identification. Finally the factors contributing to
waste were analyzed and were added in the survey questionnaire draft. Secondary
data was collected through literature review; both international and national
articles were consulted and were thoroughly read by the syndicate members.
Tables were presented to the project advisor which included the factors mentioned
by respective authors and its ranking was done by the syndicate members; attached
in the appendixes. A final table; table 1 was presented which showed the most
common factors recognized internationally and in Pakistan, separately. The factors
added in the final survey questionnaire were finalized by the project advisor.
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Legends:
(Red: internationally recognized factors)
(Green: Common factors in Pakistan)

(Black: Other factors)
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Improper worker's skills

1 Poar supervizion/Lack of management

3. Equipment malfumction’ poor quality
Equipment

4. Lack of waste redoction'management plan

3. Emor in contract document /poor document

6. Chamges in desipn / client changes

T. Damage of material on site'poor quality
matarial

g Inadequate storage / Inventory away from site

. Wrong handling of material & equipment

10 Crwer ordering of material'miztake in quoantity
Surveyng

11. Material delivery schadule /delay in material
supply

1 Delay in cazhflow, regular payments

13, Lack of tramming’ awarsness

14. Fework due to worker: miztake

15. Theft and vandalizm

16. Hon availability of equipment

1 Weather contingency

18. Complicated design

1z Long project duration ->change in material
price

H. Poor product keowledge

11 Poor coordination & communication bitw
senior mast and workers

R Lack of mcentives

Table 1: Identified factors
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3.3.2 First Phase

In the first phase the survey questionnaire was made on google forms as well as
hard copies were distributed among civil engineers, architects, site supervisors,
contractors and design consultants, hailing from various cities of Pakistan. The
questionnaire's numerical questions were designed to elicit information regarding
factors leading to waste in construction projects in Pakistan based on the
respondent’s knowledge and expertise in the sector. A total of 140 questionnaires
were provided to these individuals who were involved in various operations at
various levels in various Pakistani cities. A total of 90 copies were discovered to be
eligible for examination; 65 responses on google forms and 25 responses after
interviews and distribution on the field; which depicts the response rate of almost
65%. The data collected were presented in excel sheets to the project advisor and
was analyzed using graphical representations, relative importance index (RII),
summation, percentage and mean representations. In the first phase, the
respondents were primarily asked to score their judgments about various factors
contributing to waste in the Pakistani construction industry, according to their
intensities and significance, as well as the effect of these factors on Cost, Time,
Quality, and Material for quantification. The most critical factors were finalized
after the first phase by computing each factor's Relative Importance Index (RII)

RIl is given by:
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Formula of Relative Important Index (R11)

rw
(A XN)

RIl =

Where :
W = Weightage given by the respondent to each factor
A = Highest Weightage

N = Total number of respondent

(5n5+4n4+3n3+2n2+1n1l)
5n

Relative Importance Index (RI1) =

In our situation, weights run from 1 to 5, with 1 being the least significant (very
low) and 5 being the most significant (very High). A stand for the highest weight

(in this case, 5), and N stands for the total number of responders.

3.3.3 Effect of factors on Cost, Time, Quality and Material

Other part of the first phase was the general quantification of the factors on Cost,
Time, Quality and Material solely based upon the experience and knowledge of the
respondents. The average number of years respondents had worked in the field was
about five. As a result, it is possible to conclude that the respondents were suitable
and had gained sufficient relevant experience in the building business. As a result,
the information provided by these respondents was deemed trustworthy and

credible based on this analysis.
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3.3.4 Second Phase

In the second phase the survey questionnaire was made on google forms and was
only distributed among subject matter experts with a minimum qualification of
bachelors and a minimum experience of 5 years in the construction field. After the
first phase, the respondents were asked to evaluate their opinions on the top 10
factors, which were then finalized by computing the Relative Importance Index
(RII) for each component; generating waste in construction projects in Pakistan on
percentage of five construction wastage classes: 00-20%, 21-40%, 41-60%, 61-
80%, and 81-100% for its overall quantification and validation of results of phase
1. The Center for Strategy Research suggests a minimum sample size of 30
respondents or more for a questionnaire survey to accurately estimate reality. A
total of 60 questionnaires were issued to subject matter experts, and 30 responses
were received, indicating a response rate of 50%. The data collected were
presented to the project advisor and was analyzed using graphical representations;
shown in the further chapters. The questionnaire used in the second phase is also

attached in the appendix. The formula used for analysis was

1n1+3n2+5n3+7n4+9n5
Mean = ( . )

Where:

N = number of respondents
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3.4 Interviews of Construction Professionals

Interviews were also conducted throughout the research to know the trends in the
construction industry of Pakistan. Following population was covered in this phase

of the research:
 Civil Engineers
« Contractors
« Site Supervisors
» Architects
« Design Consultants
»  Workers

Professionals with degrees in modern fields of civil engineering such as Green and
Energy Efficient Buildings helped a lot in formulating methodologies to counter

and minimize the waste generation in construction projects in Pakistan.

3.5 Construction process improvement methodology

Traditional problem-solving methodology was modified into a universal approach
for performance improvement. The goal of general issue solving is to rectify a
situation where what is happening is less than what is required. The methodology
is typically used to analyze and enhance a current construction project. A flow

diagram of the methodology's main steps is shown in Figure 3. The methodology
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comprises numerous loops, as illustrated in the diagram, to correct problems that

may develop during the improvement process owing to the unique characteristics

of the scenario (management style, labor

characteristics, performance

requirements, etc.). The methodology includes various lessons learnt after repeated

use, which provide an essential source of information for future improvement

methods. This is an essential feature.

Review new identified

Desire/need of Waste Reduction

areas or improve

v

diagnostic
E P[ Diagnostic of current sitwation —l‘~—
Address other
problems p|  Analysis and [dentification of g
Improvement Opporturities
Strategies and
actions are not y |
effective Definition and Evaluation of Improvement |
Strategies and Actions
Implcmentation plan *
does not work R - - — e
oe > Planning of Implementation @ | I Experience sadiknowledge ’
and Implementation SR TS SR, :

T

€¢—————{ Monitoring and Evaluation of Obtained Results ’———b.

Corrective Actions and Maintenance of Changes
1o Assure Benefits

Figure 3: Flowchart of construction process improvement methodology

(Alfredo Serpell* and Luis Fernando Alarcon)
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CHAPTER-4

4 SURVEY DEMOGRAPHY AND RESULTS

4.1 Questionnaire design

Two structured questionnaires: the first questionnaire's questions were numerical
and were designed to elicit information based on the respondent's knowledge and
experience in the construction field. The respondents were primarily asked to rate
the intensity and significance of several factors contributing to waste in the
Pakistani construction sector, as well as the impact of these factors on Cost, Time,
Quality, and Material, in order to quantify it. The questionnaire used a 5-point
Likert scale, with 1 representing "very low," 2 representing "low," 3 representing
"medium,” 4 representing "high,” and 5 representing “extremely high."
Respondents were asked to evaluate their opinions on the top ten factors in the
second questionnaire, which was then concluded by computing the Relative
Importance Index (RII) for each factor after the completion of first phase;
generating waste in construction projects in Pakistan on percentage of five
construction wastage classes: 00-20%, 21-40%, 41-60%, 61-80%, and 81-100% for

its overall quantification.
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4.2 Questionnaire Survey Conduct

Questionnaire surveys are conducted to gather information about any particular
Issue, project or simply any phenomenon. Basic aim is to collect information from
as many related individuals as possible through simple to understand questions.
Individuals selected for questionnaire should essentially be related to the topic

under the research so that relevant information can be gathered.

4.3 Questionnaire Development and Planning

Questionnaire development process included exploration of key factors to be
covered by the questionnaire. The factors to be included in the survey were
discussed with project advisor. Several things were kept in mind while formulating
the questionnaire such as the structure was kept as general as possible and yet
keeping an easy to answer format. The questionnaire was to be filled by a very
specific population which included individuals who were directly related to the
construction industry of Pakistan. These included individuals from MES, FWO,

NLC and many private construction companies in Pakistan.

4.4 Survey Reporting and Results

After the conduction of survey and collection of data, reporting process is done in
which data received is analyzed and it is converted into an easy to understand
format. From this Survey reports result is formulated which are inferred from the

outcome of report.
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4.5 Survey Conducted for first phase

We conducted a survey by first formulating a questionnaire finalized by the project
advisor and then asking concerned individuals to answer it. Our main target
individuals were those who were directly related to the construction industry of
Pakistan, which were the civil engineers, architects, site supervisors, contractors
and design consultants. Figure 4 shows the survey cycle adopted for both the

phases.

Identify
factors

Collect
the
questionn
aire

Distribute
the
survey

Create a
survey

Figure 4: Survey cycle
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4.6 Survey Conducted for second phase

In the second phase the survey was conducted by making a questionnaire on
google forms and was only distributed among people related to construction
industry with a minimum qualification of bachelors and a minimum experience of

5 years in the construction field.

4.7 Survey Population

The survey questionnaire was distributed among the following construction

companies/ firms of Pakistan:

Frontier Works Organization (FWO)

National Logistic Cell (NLC)

Military Engineer Services (MES)

Comrades Planning & Design Consultants (Pvt) Ltd
Ideal Building Designer (Pvt) Ltd

Mariam Sher Associates (Pvt) Ltd

Tahir Builders (Pvt) Ltd

Pyramid Design consultants (Pvt) Ltd

© 0O N o g~ w N E

Taameer Associates (Pvt) Ltd

10.ECON GRUNE INGENIEURE (Pvt) Ltd
11.HIM Enterprises (Pvt) Ltd

12. M&H Constructions (Pvt) Ltd
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Other than these firms, the questionnaire was also distributed among private and

government contractors.

4.8 Survey Results

After the conduction of survey, the results were collected and analyzed. There
were mainly 2 phases in which results were divided; in the first phase the results
gave us the significance of different factors promoting waste in Pakistani
construction projects. The results of questionnaire are shown in the form of bar
graph here with values depicting significance of each factor from 65 respondents.
In the second phase the results give the quantification of the most critical factors

that are contributing most to the generation of construction waste in Pakistan.

4.8.1 Results of first phase

Results are shown in the form of four graphs here in figure 5-8. These results show
different intensities marked by respondents in the survey questionnaire. Factors are

marked on x-axis, whereas number of respondents are shown on y-axis.
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Results of first phase
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Figure 5: Results of Phase 1
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Figure 6: Results of Phase 1
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Results of first phase
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Figure 7: Results of Phase 1
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4.8.2 Results of second phase

Results are shown in the form of two graphs here in figure 9-10.

Results of second phase
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Figure 9: Results of Phase 2
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Figure 10: Results of Phase 2
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CHAPTER-5

5 ANALYSIS AND DISCUSSION

5.1 General

In this chapter all the results are analyzed using different formulas and then
discussed based on the inference from results. It also includes the comparison of
different analysis made from the results. Other than this all the important aspects of
the study are analyzed and discussed in the headings below using different

techniques and methodologies.

5.2 Inference from Results

After analyzing the data obtained and formulating the result we worked upon
inferring the the outcome from the questionnaires. We sorted the result in three
phases.After the first questionnaire was collected, the top ten factors based on their
Realtive Importance Index (RII) value were selected for phase two. In the second
phase, the effect of these factors on Cost, Time,Quality and Material was inferred in
the form of mean value from the percentages given by the respondants.In the third
phase, the quantification of most common factors causing waste in construction

projects in Pakistan was inferred.
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5.2.1 Inference from Results of first phase

Table 2 shows identified factors with RIl value and its ranking according to

respective RII value.

5/No. FACTORS RII VALUE |IMPORTANCE
1 Improper worker's skills 0.6765 =
2 Poor supervision of contractor or project manager/Lack of management 0.7252 2
3 Equipment malfunction/ poor guality equipment 0.6215 7
4 Lack of waste reduction/poor management plan 0.7107 3
5 Error in contract document /poor document 0.5538 16
& Changes in design / client changes 0.6184 g
7 Damage of matenal on site/poor quality material 0.5932 12
5 Inadequate storage / Inventory away from site 0.6092 5
3 Wraong handling of material & equipment 0.6052
10 Cver ordering of material/mistzke in guantity surveying 0.5507 13
11 Material delivery schedule /delay in matenial supply 0.5652 14
12 Delay in cashflow/ regular payments 0.5807 13
13 Lack of trmining of workers/ awareness 0.7015 4
14 Rework due to workers mis ke 0.6615 b
15 Theft and vandalism 0.563 15
16 Non availability of equipment 0.6 10
17 Weather contingency 0.5476 18
18 Complicated design 0.5477 17
13 Long project duration -change in material price 0.6615 b
20 Poor product knowledze 0.5532 12
21 Lack of incentives 0.5569 11
22|Poor coordination & communication btw senior management and workers 0.8215 1

Table 2: Inference from results of phase 1
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5.2.2 Inference from effect of these factors on Cost, Time, Quality &

Material

This inference is based on the impact of the most critical factors contributing to

construction waste on cost, time, quality and material and careful consideration is

given to all aspects. Generally, the inference is not a direct process, in its place

careful analysis of data and results is required. The analysis and inference were

done by taking mean of answers to each factor affecting these four components.

5.2.2.1

Inference of Cost Analysis

Figure 11 shows the inference made from the cost analysis. The inference shows

that long project duration- change in material price contributes most to the cost

wastage, that is up to 6-7 %.

FACTORS

COST

Non availability of equipment

Wrong handling of material & equipment
Inadequate storage / Inventory away from site
Change in design

Rework due to workers mistake

Long project duration -change in material price
Improper workers skill

Lack of training of workers/ awareness

Lack of waste reduction/poor management plan
Poor supervision of contractor or project

Poor coordination & communication btw

I 3.05
I 4778
I 3,083
I 5 833
I 5,083
I 6 444
I /028
e 4.8
s 2389

.. I——— /, 544

.. I—— 3.028
0 1 2 3 4 5 6 7

IMPACT IN PERCENTAGES

Figure 11: Inference of Cost Analysis




5.2.2.2 Inference of Time Analysis

Figure 12 shows the inference made from the time analysis. The inference shows

that change in design contributes most to the time wastage, that is up to 7 %.

TIME

Non availability of equipment | RN - 24
Wrong handling of material & equipment || NN ::::
Inadequate storage / Inventory away from site || | NG 3361
Change in design | R 722
Rework due to workers mistake || R S - ss:

FACTORS

Long project duration -change in material price | NEGEEKEKGKTTGNGNGEGNGEGEGEGEEEE ::::
Improper workers skill | NG ;017
Lack of training of workers/ awareness | NN ;
Lack of waste reduction/poor management plan | I 26557

Poor supervision of contractor or project I s

manager/Lack of management

Poor coordination & communication btw senior I

management and workers

0 1 2 3 4 5 6 7
IMPACT IN PERCENTAGES

Figure 12: Inference of time analysis
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5.2.2.3 Inference of Quality Analysis

Figure 13 shows the inference made from the quality analysis. The inference shows
that lack of training of workers contributes most to the quality wastage, that is up
to 7 %.

QUALITY

Non availability of equipment | NN 2611
Wrong handling of material & equipment | RN : 343
Inadequate storage / Inventory away from site | RN 3.083
Change in design | GG 24161
Rework due to workers mistake | INNENEGEGEGEE o044

Long project duration -change in material price | NN 3.167

FACTORS

Improper workers skill [N 773
Lack of training of workers/ awareness [ INNEGGEN G.co4

Lack of waste reduction/poor management plan | N 2.9044

Poor supervision of contractor or project =

manager/Lack of management

Poor coordination & communication btw senior I o7

management and workers

0 1 2 3 4 5 6 7
IMPACT IN PERCENTAGES

Figure 13: Inference of quality analysis
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5.2.2.4  Inference of Material Analysis

Figure 14 shows the inference made from the material analysis. The inference
shows that rework due to workers’ mistake contributes most to the material

wastage, that is up to 5 %.

MATERIAL

Non availability of equipment |NEENEREEEEEEE 2.194
Wrong handling of material & equipment | RGN - cc3
Inadequate storage / Inventory away from site || R :75
OEUANN SO @ 000 0 K
Rework due to workers mistake || NIENRENEGEGEGEGEGEGEEEEEEEEEE 055
Long project duration -change in material price | RGN : 77

FACTORS

Improper workers skill | RN :.o0s6
Lack of training of workers/ awareness || R -+
Lack of waste reduction/poor management plan [ RN 2773

Poor supervision of contractor or project I 2

manager/Lack of management

Poor coordination & communication btw senior I 350

management and workers

0 1 2 3 4 5
IMPACT IN PERCENTAGES

Figure 14: Inference of material analysis
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5.2.3 Inference from Results of second phase

Inference was made from the results of second phase by using mean/average
formula given in Chap 3. Figure 15 shows the overall quantification of the most
critical factors, it is further explained in the paragraphs below. Whereas figure 16
shows the RII values of the most critical factors based on the responses obtained
from the subject matter experts.

* Poor coordination & communication btw senior
management and workers
* Poor supervision of contractor or project
manager/Lack of management
20.50% ¥ Lack of waste reduction/poor management plan

19,50%
9
18.50% 18.50% Sk 18.50%  y— o
17.50% 17.50% * Lack of training of workers/ awareness
16.50% ——
g ¥ Improper workers skill
15.00%
¥ Long project duration /change in material price
Rework due to workers mistake
\
N Change in design

* Inadequate storage / Inventory away from site

Wrong handling of material & equipment

=
w
=
<
s
z
0
[
O
=
14
=
)
Z
o)
(8]
Z
(o)
-
<
o
2

* Non availability of equipment

FACTORS CONTRIBUTING CONSTRUCTION WASTE

Figure 15: Inference from results of phase 2
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FACTORS CONTRIBUTING CONSTRUCTION WASTES

Non availability of equipment

49%

Wrong handling of material & equipment

50.48%

Inadequate storage / Inventory away from site

Change in design

Rework due to workers mistake

Long project duration -change in material price

Improper workers skill

51.

57.14%

54.28%

52%

54.28%

43%

Lack of training of workers/ awareness

Lack of waste reduction/poor management plan

Poor supervision of contractor or project manager/Lack of
management

Poor coordination & communication btw senior management and
workers

0.00%

10.00%

20.00%

30.00%

40.00%

RII (%)

50.00%

Figure 16: RI1 values of most critical factors obtained from experts

56.19%

52.30%

60.00%

5.2.3.1 Poor coordination & communication between senior

management and workers

67.62%

60.00%

70.00%

The results from the survey show that poor coordination and communication

between senior management and workers contributes to construction wastage up to

16-17 %. Based on the RII percentages; of the most critical factors contributing to

waste, calculated by the responses of subject matter experts, this factor is ranked

number 6.
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5.2.3.2 Poor supervision of contractor or project manager/Lack

of management

The results from the survey show that poor supervision of contractors or project
manager due to the lack of management contributes to construction wastage up to

18-19 %. Based on the RII percentages, this factor is ranked number 4.

5.2.3.3  Lack of waste reduction/poor management plan

The results from the survey show that the lack of waste reduction and management
plan contributes to construction wastage up to 20-21 %. Based on the RII
percentages, this factor is ranked number 2. But there is a contradiction between
the results of phase 1 and phase 2 for this factor. The results of phase 1 show that
this factor only contributes to the wastage up to 10-11 %. It is further explained in

the recommendation portion.

5.2.34 Lack of training of workers/ awareness

The results from the survey show that the lack of training/awareness of workers
contributes to construction wastage up to 23-24 %. Based on the RII percentages;
of the most critical factors contributing to waste, calculated by the responses of
subject matter experts, this factor is ranked number 1. This shows that this factor is

the major contributor to the construction waste.
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5.2.3.5 Improper worker’s skills

The results from the survey show that improper worker’s skills contribute to
construction wastage up to 17-18 %. Based on the RII percentages, this factor is

ranked number 7.

5.2.3.6  Long project duration -change in material price

The results from the survey show that improper worker’s skills contribute to
construction wastage up to 18-19 %. Based on the RII percentages, this factor is

ranked number 5.

5.2.3.7 Rework due to worker’s mistake

The results from the survey show that rework due to worker’s mistake contribute to
construction wastage up to 18-20 %. Based on the RII percentages; of the most
critical factors contributing to waste, calculated by the responses of subject matter

experts, this factor is ranked number 6.

5.2.3.8  Changes in design / client changes

The results from the survey show that changes in design by the client contribute to
construction wastage up to 18-19 %. Based on the RII percentages, this factor is

ranked number 5.
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5.2.3.9 Inadequate storage / Inventory away from site

The results from the survey show that the inadequate storage problem contributes
to construction wastage up to 18-19 %. Based on the RII percentages, this factor is

ranked number 3.

5.2.3.10 Wrong handling of material & equipment

The results from the survey show that wrong handling of material and equipment
contributes to construction wastage up to 17-18 %. Based on the RII percentages;
of the most critical factors contributing to waste, calculated by the responses of

subject matter experts, this factor is ranked number 8.

5.2.3.11 Non availability of equipment

The results from the survey show that non availability of equipment contributes to
construction wastage up to 13-15 %. Based on the RII percentages, this factor is

ranked number 9.
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5.3 Comparison of results of phase 1 and phase 2

Figure 17 shows comparison of results of both the surveys. It can be clearly seen
that the results for all the factors are compatible expect the third factor i.e., lack of
waste reduction and management plan. It is further discussed in the last chapter.

So, we can conclude that the quantification obtained is reliable.

FACTORS CONTRIBUTING CONSTRUCTION
WASTES

PHASE 1 PHASE 2
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communication btw
senior management...
Poor supervision of
contractor or project
manager/Lack of...
Lack of waste
reduction/poor
management plan
Lack of training of
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Improper workers skill
Long project duration
/change in material
Rework due to
workers mistake
Change in design
Inadequate storage /
Inventory away from
site
Wrong handling of
material & equipment
Non availability of
equipment

Figure 17: Validation of Results
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5.4 Respondent’s profile

5.4.1 Percentage of respondents in the survey

Figure 18 shows percentage of different respondents in our survey. Almost 50 % of
our respondents were civil engineers and the highest percentage of respondents are

of contracts i.e., 36%.

N Design
ontractors

consultants
36% /2%

J \ Site
Architects Supervisors
14% 28%

Figure 18: Percentage of Respondents

5.4.2 Educational qualification of Respondents

Figure 19 shows percentage of qualification of different respondents. More than 50
% of our respondents were having bachelor’s degree and almost 22 % of the

respondents were having master’s degree.
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Bachelors
55%

Masters
22%

i

~~_Others

DAE Holders__— 6%

17%

Figure 19: Qualification of Respondents

5.4.3 Experience of Respondents

Figure 20 shows percentage of experience of our respondents. 30% of our
respondents were having experience between 1-5 years and almost 18% were

having experience of more than 30 years.

m0-5yrs
m6-10yrs
m10-15yrs
m16-25yrs
m 30+ yrs

Figure 20: Experience of Respondents
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CHAPTER-6

6 MITIGATING MEASURES TO REDUCE WASTE

6.1 Background

After determining the most vital factors contributing to waste in construction
industry of Pakistan, mitigating measures to counter these are explained in this
chapter. These measures are not based on the analysis rather they are generic and
are advised, based on observing general trends in the industry of Pakistan.
Construction professionals were also asked to advise mitigating measures to
counter these factors while conducting interviews, which are also included in this

chapter.

6.2 Measures to address non availability of equipment

This issue can be mitigated by taking following measures:

e Taking correct and detailed quantity take offs

e Dealing with reliable sources of procurement

e Consider the benefit of availability while making “buy or rent” decision

e |f same equipment is to be used in multiple places in a project, scheduling it

accordingly from beginning and updating in the Gantt chart
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6.3 Measures to mitigate wrong handling of material & equipment

This issue can be mitigated by taking following measures:

Professional personnel on the field

Awareness about handling of materials to the labor

Proper system of maintenance and storage in the warehouse

Surveillance on the workforce during handling

6.4 Measures to mitigate inventory/storage issues

This issue can be mitigated by taking following measures:

e Proper chain of command for the surveillance and maintenance at the
inventories of big projects to ensure regular checks etc.

e Adequate security measures for safety

e Adequate structural and other (temperature and moisture adjustments etc. if

needed), measures at the inventory

6.5 Measures to reduce change in design

This issue can be mitigated by taking following measures:

e Professional consultation at the very first phase of the project planning
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e Absolute clarity and coordination between owner and architect in the
planning

e Use of the latest useful software and models etc. while planning

e Ensuring all the structural and architectural requirement’s fulfillment in the
design phase of the project

e Ensuring compliance with the national, international, and local standards of
structure, design, and all other requirements

e Regular upgradation, verification, and approval as the project proceeds

e Absolute coordination between architect and contractor, contractors, and

sub- contractors

6.6 Measures to reduce rework due to worker’s mistake

This issue can be mitigated by taking following measures:

e Hiring professional contractors with professional teams

e Contract teams such that everyone tries his best to avoid mistakes
e Proper and clear briefing to workers

e Constant supervision

¢ Incentives for the working teams

6.7 Measures to mitigate long project duration-change in material

price issues

This issue can be mitigated by taking following measures:

e Compression of project schedule as much as possible
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e Proper inventory must be provided where the materials are stocked
periodically according to the quantity take off sheets

e Procurement must be done as quickly as possible

6.8 Measures to enhance worker’s skills

Worker’s skills can be enhanced by taking following measures:

¢ Reliable contractors with reliable team and sub-contractors
e Training and awareness of the operation of construction machinery

e Awareness about the continuously modifying construction methodologies

and techniques
e Not excessively hastening the workforce; to compel the workers to work

below their required quality standards (giving them enough time to practice
their best skills)

¢ Incentives for commendable delegation and works
e Match tasks to skills
e Communicate effectively

e Keeping and defining goals clear and focused

6.9 Measures to reduce lack of training of workers/ awareness issue

This issue can be mitigated by taking following measures:
e Provision of training sessions to workers specially in large projects
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¢ Institutes for the training of workers should be introduced
e Strict policies by the government to ensure labor rights, so that the labor

force should not search for jobs in developed countries

6.10 Measures to address lack of waste reduction/poor management

plan issue

This issue can be mitigated by taking following measures:

¢ Incorporation of waste reduction plans from the beginning of the project
e Working effectively on it and keeping track of it to ensure it is followed
e Encouraging Communication between and within the different tiers to avoid

management issues

e Strict policies by the government to provide proper waste reduction plan for

the project approval

6.11 Measures to enhance poor supervision of contractor or project

manager

This issue can be mitigated by taking following measures:

e Effective chain of command, systematic and regular reports from supervisor/

contractor
e Assigning responsibilities to the supervisor or concerned personnel clearly to

avoid the blaming of each other

e Strict policies by the senior management
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6.12 Measures to mitigate poor communication & coordination

between workers & senior management issue

The issue of poor communication and coordination between the workers and senior

management can be mitigated by following measures:

e Direct interactive sessions with the workers by the senior management

frequently
e Provide opportunities for workers to convey their grievances anytime

through representatives

e Frequent site visits by the senior management team
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CHAPTER-7

7 CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

e This study concludes and enumerates the top factors contributing to wastage
in construction industry of Pakistan and quantifies its impacts on the
different constraints of time, cost, material, and quality and recommends
some measures to mitigate them.

e The top three factors as extracted from the data collected from the
construction professionals and validated by the data collected from other
subject matter experts shows that the top three factors contributive to the
building/ construction wastes are lack of awareness and training to workers,
lack of waste reduction/poor management plan and inventory issues
respectively with the second being differed in ranking by the construction
professionals but more emphasized by the subject matter experts as in a
progressing country like Pakistan, there is a meager planning and
implementation of the waste reduction and management plans in the
planning phase of the project, however the modern studies and analysis have
proven to the subject matter experts its significant impact.

e The top factor, lack of training contributes 21- 24 percent to the overall
wastage and can be mitigated by measures like provision of training sessions
to workers specially in large projects and introduction of institutes for the
training of workers.

57




e The second factor, lack of waste reduction plan, although differed in the two
phases contributes 20-21 percent to the overall construction wastage and can
be mitigated by incorporation of waste reduction plans from the beginning of
the project and working effectively on it and keeping track of it to ensure it
is followed.

e The third factor, inventory issues, contributes 19-20 percent, and can be
mitigated by introducing proper chain of command for the surveillance and
maintenance at the inventories of big projects to ensure regular checks etc.

and by taking adequate security measures for safety.

7.2 Recommendations

e The study recommends that lack of waste reduction and management plan is
a major contributor to wastage in construction industry of Pakistan but there
Is a contradiction between the results obtained from subject matter experts
and construction professionals on the field. This is due to the ignorance of
latest trends and modern techniques in the construction field by developing
countries like Pakistan.

e Subject matter experts have analyzed the importance of this factor by
following the new trends followed by developed countries.

e However further research can be done on this factor by analyzing different

case studies in Pakistan.

58




e Furthermore, the research can also be validated by taking data from different
ongoing projects in Pakistan and comparing the estimated time, cost, quality
and material required for the project, before and after the project completion.

e Mitigating measures should be identified analytically for the most critical

factors for waste minimization.
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Appendices

Appendix A — Survey Questionnaire Phase 1

TR TS PR EURVEY FORM FOR ARALYSIE OF FACTORS DONTRELUTING TO CONETRLUCTICN WASTE

SURVEY FORM FOR ANALYSIS OF FACTORS
CONTRIBUTING TO CONSTRUCTION WASTE

Diear respondents,

We are final year undergraduate studenis of Bachelor of Civil Engineering at MCE MUST. As
yioud ki, wastes in construction industry have always been causing significant problems
like cost overruns, time delays, and quality comprormises, specially in developing counires
like Pakistan.

We ane therefore working on & project 1o establish ways to minimize these

wakles by analyzing the most vital and frequent causes contributing 1o the various
consiruction wastes. We therefone request you 1o join ow project by completing the
attached suraey questionnaing in which the most comman factors of waste production in a
consiruction ploject ane enumearalied,

Wit shall cnly take you around 3-5 minules 1o complele the survey),

Wi will uge the research information for acadernic purposes. Additionally, we

will keep your responses confidential. Your support towards my research will help conduct
the siudy ideally.

Thank you very much.

* Requined

it s e g, e Towmmid IS U OC OO P ThEES DI ESE2 S hadgl nFrulwhiiedt

3
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A0, 44PN

FACTORS CONTRIBUTIMG TC COMSTRUCTIZN WASTE *

Based on your knowledge and experience you are requested to put a “tick mark” in front of each of the
factors ;oontributing to waste in the construction industry, in the respective tabs acoonding to their intensities
and significance. “There is spoace left in the end, where you can mention any other faotor that is not already

mentionsd in the takble~

Check all that spply.

o
.
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o
=

MEDLIM

HIGH

EURVEY FORM FOR AKRALYSIE OF FACTORS CONTRELUTING TO CONETRUCTION WRSTE

VERY
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Poar supervision of contrasior o
project manages/Lack of management

Equipment malfunction/ poor quality
equipment

Lack of waste reduction/poor
management plan

Error in comract document /poor
docurment

Changes in design / client changes

Carmage of material on site/poor
guality rraterial

Inadequate storage / Inventary away
from site

Wirong handling of reaterial Samp;
Ui prment

Owver ordering of matesial/mistake in
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Material delivery schedule fdelsy in
malerial supply

Deelay in cashilow/ regular payments

Lack of training of workers/
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Rewaork due 1o workers mistake
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AT, T4 PM

Theft and vandalizm

[

Man availability of equiprrent

[

[l

O

EURVEY FORM FOR ANALYSIS OF FACTORS COMTRELUTING TO CONETRUCTION WASTE

Weather contingency

Complicated design

Long praject duration -change in
material price

Poor product knowledge

Lack of incentives

Q| O (Od(d (.

Q| O (Od(d (.

o oo

oo o oo |d

Q| OO0 g

2 ANY OTHER FACTOR THAT IS NOT MEMTIONED...

3. HAMEOF COMPANYIFIRM [IF ANYY: =

This cantent is neither created nor endorsed by Google.

Google Forms
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FOR INTERVIEWS:

SURVEY FORM FOR AMALYSIS OF FACTORS
COMTRIBUTIMNG TO COMSTRUCTION WASTE

INTRODLFCTIOMN:

Deair respandents,

Wi aars fined weoar undorgraduste stedonts ot Bachebor of Sl Englinsoring 21 WMOE RLET. A
o lonece, wiasTos In comsbnustikon industny hase abways boon causing significant probiloms
Nk oot oresnnune, Times delays, and gualiny comproemiises, spocadly i descbaping countrkss
e Palistan. e ane thoencdone working on 2 propcsct ©o cstablish wiays to milnimies thess
wastes by aralyEing the mast wital and froquent csuses contrilbuting ta the waskous
COMETTTEOn Wastos. W Therodons roguesst o T Bodn oear prodsot by comipheting: the
attadhed surecy Questionmadne; in wihikdh the most oomman tohors of waste production ina
CONETNUCHaN [prajsd are crumerated. it shall anly take you around 35 minuhes ta complete
fthee sunecy. W willl wse the rescandh Indonmation for acadomibs punposes.  Addithonaliy, wio
vl looogp wosur respanses canfidentisl. Your support toweards my neseandh weill help conduc

e study kdealby. Thank wou wory mmuch.

RESPOMDEMNT IMFORMATIOM:

NARME OF COMPANY/FIRM (IF ANY): P

NAME OF RESPONDERT: s

DESIGRATION OF RESPORDERT: s

SIGNATURE (respondent]: = RATE: =
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FACTORS

Poor coordination & communication btw senior
management and workers

Poor supervision of contractor or project
manager/Lack of management

Lack of waste reduction/poor management plan

Lack of training of workers/ awareness
Improper worker’s skills

Long project duration -change in material price
Equipment malfunction/ poor quality equipment
Changes in design / client changes

Inadequate storage / Inventory away from site
Wrong handling of material & equipment

Non availability of equipment
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Appendix B — Survey Questionnaire Phase 2
SO5T2 TIH AM EURVEY FORN FOR CUANTIFICATION OF FACTORS CONTRIBUTING TO CONETRUCTION WASTE

SURVEY FORM FOR QUANTIFICATION OF FACTORS
CONTRIBUTING TO CONSTRUCTION WASTE

Desar respondents,

We are final year undergraduate siudents of Bachelor of Civil Engineering at MCE NUST. As
Wasles i ConStruction industry have always been causing significant problerms like ooct
awerruns, time delays, and quality cormpromizes.

Therefore you are request 1o join our project by completing the attached survey
questionnaire; in which the most cormmaon factors of wasie production in & construction
project ane enurmesated.

Thank you very much.

* Reguired

1. NAMECFRESPONDENTDESKGMATION: *

2 NAMECFCOMPANY/FIRM (IF ANY

il W Sy e et ToaTrri i 3 TR e 8o WS- O WL Sy DWW vH Pedi

13
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SORT2 TIE AN

3.

FACTORS CONTRIBUTING TCO COMSTRUCTICM WASTE *

Based on your knowledge and experience you are requested to select one of the option in front of each of the
factors; contributing to waste in the construction industry, sccording to their intensities and significance.

Check all that apply.

s 2% -
0% 40%

41% -

61% -
Bl

EURVEY FORM FOR QUANTIFICATION OF FACTORS COMTRIBLTING TO CONETRLUCTION WASTE

1% -
100%
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Lack of waste reduction/ poos
managernent plan

Lack of training of workers,
EWATENELE

Irmproper worker's skills

Long project duration -change in
material price

Rework due 1o workers mistake

Changes in design / elient changes

Inadequate storage / nventory away
from site

wirong handling of rmaterial &
equipment

Won availability of equiprment
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Appendix C — Identification of Factors

Australia’s Largest
Construction
Firms

son

PAPER OUTCOME/AIM | FACTORS RANKI | AUTHOR REF DOl
NG
Quantification Of To Quantify The Poor Supervision |2 Husnain Arshad, Https://Doi.0rg/10.21315/)cd
Material Wastage In Material Wastage Lack Of 3 Muhammad Qasim, | c2017.22.2.2
Construction Industry | And Its Causes In Management 5 Muhammad
Of Pakistan: An Different Types Of e Lack Of Waste 10 Jamaluddin
Analytical Relationship | Building Projects Reduction Plan 11 Thaheem
Between Building Types * Absence OFf Site 14 Hamza Farooq
And Waste Generation. Waste Manager |18 Gabriel
s Rework 1
Weather 4
Accidents 2
* |Improper 7
Worker's Skill 6
* Equipment
Malfunction
* Changes In
Design
s Error In Contract
Documents
Exploring Types Of To Investigate The e Contractor 1 Muhammad Akram | Http://Spaj.Ukm.My/lsb/Inde
Waste Generated: A Types Of Consultant 2 Akhund, %.Php/Ibp/Index
Study Of Construction Construction Client 3 Aftab Hameed
Industry Of Pakistan Waste Generated s Planner Engineer |4 Memon,
On Site And Their Nafees Ahmed
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