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Abstract: Construction sites generate a large amount of material wastes and have become
a common problem with associated risks in Ethiopia. However, the sources of such wastes
are not well recognised. Therefore, the purpose of this research was to analyse the risk
factors that contribute to material wastes in building construction projects. To achieve
this goal, the factors that cause construction wastes were identified from literature and
construction experts via focus group discussions and personal interviews. Following this,
the factors were subjected to a questionnaire survey to identify the most critical factors
of construction wastes. The questionnaire was distributed purposively to 85 construction
experts representing contractors, consultants, and clients and 70 questionnaires were duly
received for analysis. The data were analysed with a mean score and ranked to identify
the most critical factors generating material wastes at construction sites. According to
the results of the study frequent changes made to the design, poor strategies for waste
minimisation, improper storage of material, poor site management, poor planning and
supervision, and errors of contract document were the most critical factors causing
construction wastes.
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1. INTRODUCTION

The construction sector has been blamed for its environmental impact as it
consumes large amounts of natural resources and contributes the largest portion
of wastes.! The rapid growth of this sector directly generates a huge quantity of
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construction waste.? In the last century, the amount of construction waste generated
from construction sites to landfill areas has increased.* The increase in current
construction activities in the world translated to a corresponding increase in the
amount of wastes.’ This waste has resulted in serious and fatal impacts on urban
sustainability and survival in terms of economic values and environmental safety.®
The enormous amounts of debris generated at construction sites lead to economic,
social and environmental problems.” At present, construction waste is the main
barrier to sustainability and requires urgent solutions.®

Wastes from the construction site are the main causes of the health
problem of the society and pollutants of the environment. In addition, it results in
the reduction and depletion of natural resources as well as affects the sustainability
of a construction project. According to Eze et al.,” material wastes generated
from construction project site results in damage to the construction project, the
environment and the economy. Environmental impact from material wastage
includes soil contamination, water contamination and deterioration of landscape.!’
Material wastage also has a negative economic impact by increasing project costs
due to the need to replace and dispose of wasted materials. Enshassi, Al-Hallaq
and Mohamed'" report that construction wastes are one of the major causes of
building stakeholder’s business failure in developing countries.

Various research results from different countries confirmed that
construction material waste represents a relatively larger percentage of construction
cost overrun. It is evident that waste is the major contributor to the construction
project cost overrun and the total cost overrun due to material waste is 30% of
the total cost of materials.”!’ Depending on the material type, 8.47% to 16.61%
of the amount of material recorded as wastage from the total amount delivered to
construction sites.'? The ranges of the percentage contribution of material waste
to project-cost overrun is from 1.96% to 8.01%, with an average contribution of
4.0%." This and other impacts from construction wastes, therefore, need to be
managed properly to achieve sustainable construction. However, to develop and
implement waste management strategies, nature and its source must be identified.
In Ethiopia, the rate of construction has increased along with the increasing amount
of waste generated from time to time.'* This situation has initiated the identification
of the root causes and the development of key waste management strategies for
preventing and reducing the stream of wastes. '

The identification of the sources of wastes and the corresponding ranking
will help prioritise the problems as well as develop and implement mitigation
strategies for waste reduction and effectiveness.'” Waste reduction has many
benefits, including conservation of natural resources and reduction in the use of
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virgin materials to produce construction materials, cost reductions from reducing
the number of construction materials and reducing expenses from waste disposal.!®
Other benefits from waste reduction include decreasing carbon dioxide emissions
(CO,), reducing health problems in workers and communities around construction
sites, prolonging landfill life spans and reducing the cost of projects.!” Therefore,
the purpose of this research was to examine the critical factors that contribute
to material wastes in building construction projects in Addis Ababa, Ethiopia.
The outcome will serve as a reference for construction experts and researchers
by providing the critical factors causing construction wastes in the area. This
will be significant in developing and implementing appropriate waste mitigation
measures based on their sources. Such measures will subsequently help lower high
project costs due to material wastes, safeguard material resources and improve the
sustainability of the building construction sector.

1.1 Causes of Construction Wastes

Material waste can originate from different sources in the construction sites.
Researchers have identified the factors causing material wastes. A study by
Ghanim'® classified the root causes of material wastage into six major groups:
design and contract documents, site management, procurements, storage and
handling of materials, workers and supervision, site conditions and external factor.
Ikau, Joseph and Tawi'® identified the major sources of material wastage as design,
procurement, material handling and construction stage. Some of the major causes
of construction wastes are lack of adequate documentation, poor communication,
negligence and changes to specifications among others.?’ Kaliannan et al.” analysed
the root causes of construction waste generation and categorised them into design
and document, project management, material and equipment, human resources,
project site condition and other external. Design and contract documents,
procurement, handling, storage, workers, site management and supervision and
external factors were presented as the main sources of wastes at construction sites
with each group having several factors.”!

Waste can be because of rework contrary to drawings and specifications,
design changes and revisions and waste from uneconomical shapes.® According
to Olusanjo, Panos and Ezekiel'® the factors that influence the generation of
material wastage are data error, design, handling, operation, weather, vandalism,
misplacement, residual and others. The major factors that lead to the generation
of material wastage are design and documentation, operational, procurement,
materials storage and handling factors.?? Sasidharani and Jayanthi* also identified
the major sources of material wastage as material handling, site management,
operational, procurement and design and documentation attributes. In addition,
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as described in the literature, the causes of waste during the design phase include
design changes, design and detailing errors, material specification, design and
detailing complexity and ineffective communication and coordination among
the design team.”** In general, previous research are evident that the natures or
sources of wastes vary from country to country and even from site to site due
to the performance of the sector, method of construction, coordination between
stakeholders, awareness of the sectors regarding the impacts associated with
construction wastes, the management strategies of the sectors and other factors.

2. METHODS

The current study was developed to identify the critical factors contributing to
construction wastes. The next section provides a methodological approach of this
study including the data sourcing, collection and analysis process of the study.

2.1 Research Instrument

At the early stages of this study, observation of building construction sites and
an interview with selected construction experts were conducted. To explore
qualitative data, in-depth interviews with the individual or multiple participants
could be employed.?® This was followed by a comprehensive review of literature
on the significant factors causing construction wastes. Forty-seven factors causing
construction wastes were identified and the factors that have similar nature were
categorised into eight main groups. Then, a questionnaire was designed and
prepared to send to construction experts. A questionnaire helps to cheaply reach
out to large audiences, through a standardised means of data collection, thereby
helping generalisability of the research findings,?® a questionnaire is a systematic
compilation of questions that are submitted to a sampling of the population from
which information is desired.”’

The validity of the contents and appropriateness of the questionnaire
were checked by construction experts. A pilot survey was conducted to test
the reliability of the contents and the design of the questionnaire. A potential
threat to the questionnaire survey, regarding content validity, can be addressed
by a comprehensive literature review, while it ensured face validity through a
pilot study.” The pilot study provided an additional opportunity for asking the
respondents about other sources of material wastes and the feedback was used to
improve the limitation of the questionnaire. Finally, the improved questionnaire
served as a means of data collection was distributed to 85 stakeholders (contractors,
consultants and clients) on their project site and head office using purposive
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sampling. The selection criteria of the study respondents were based on their job
position, experience, availability and convenience to participate in the survey. Out
of the distributed questionnaire, 70 were duly returned for analysis, representing a
high response rate of 8§1.67%.

2.2 Data Analysis

The collected data from the targeted respondents were analysed with the descriptive
statistics method (mean score) on Microsoft Excel version 2016. A 5-point Likert
scale, ranging from 1 (Very low influence) to 5 (Very high influence) was adopted
to address the agreement level of the respondents and to calculate the mean result
for each factor that contribute to material wastes. Given the nature of ordinal
scales, the numbers assigned to degree of influence (e.g., 1, 2, 3, 4 and 5) do not
indicate that the interval between scales is equal nor do they indicate absolute
quantities, rather they are merely numerical labels.!! The Likert scales used were
1 = “Very low influence”, 2 = “Low influence”, 3 = “Moderate influence”, 4 =
“High influence” and 5 = “Very high influence”.

3. RESULTS
3.1 Ranking the Causes of Material Wastes
Table 1 shows the 47 factors causing material wastes, the major category level of

each factor, the number of responses for each ordinal scale, the mean value and the
ranks by category and the overall ranks of all factors.

Table 1: Mean and rank of construction waste causes.

Number of respondents

Factor Rank by  Overall

scorin
level Factors £ Mean Category Rank
1 2 3 4 5
DDF1 Frequent changes of design — - — 25 45 4.65 1 1
PMF1 Poor strategy of waste - 1 — 24 45 462 1 2
minimisation
MSF1 Improper storage of 1 1 - 21 47 460 1 3
material
PMF2 Poor site management - - 2 25 43 459 2 4
PMF3 Poor planning and - 2 2 20 46 457 3 5
supervision

(continued on next page)
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Table 1 (continued)

Number of respondents

Factor Factors scoring Mean Rank by  Overall
level Category Rank
1 2 3 4 5

DDEF2 Error in contract document —  — 5 21 44 456 2

WF1 Rework due to workers 1 2 2 27 38 442 1
mistake

PMF4 Inappropriate construction 1 3 1 27 38 440 4 8
methods

DDF3 Irregular shape of design 3 3 1 22 41 436 3 9

WEF2 Lack of specialise 2 1 4 27 36 435 2 10
professional

WEF3 Shortage of skilled workers 2 1 4 28 35 433 3 11

PMF5 Lack of co-ordination - - 9 30 31 432 5 12
among parties

PMF6 Using inappropriate 2 2 - 35 31 430 6 13
equipment and tools

PMF7 Lack of environmental 1 1 7 29 32 429 7 14
awareness

DDF4 Specifying material and - 7 8 14 41 427 4 15

member size without
considering waste

DDF5 Designing without 5 3 5 13 44 426 5 16
considering standard
material dimension

PMEF8 Low awareness of 6 2 3 17 42 425 8 17
recycling wastes

PMF9 Delay of payment 5 3 4 17 41 423 9 18

DDF6 Mistakes in quantity survey 6 1 7 14 42 422 6 19
and specification

WF4 Incompetent consultants - - 16 24 30 420 4 20
engineer

MSF2 Damage during 5 2 8§ 15 40 4.19 2 21
transportation

MSF3 Poor packaging 8 1 - 23 38 4.17 3 22

DDF7 Poor design quality 4 5 7 14 40 4.16 7 23

PF1 Purchase of materials 2 2 6 34 26 4.15 1 24
contrary to specification

EF1 Lack of legislative - 312 28 27 413 1 25
enforcement

MSF4 Wrong handling of - 5 11 26 28 4.10 4 26
materials

(continued on next page)
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Table 1 (continued)

Number of respondents

Factor Factors scoring Mean Rank by  Overall
level Category Rank
1 2 3 4 5

TF1 Lack of recycling 6 - 9 22 33 409 1 27
technology

TF2 Lack of latest technology 6 3 8 16 37 4.07 2 28
product

TF3 Poor technology or 8 2 9 12 39 403 3 29
malfunction of equipment

PF2 Ordering errors 8 3 12 39 4.02 2 30

PMF10 Leftover material on site 6 6 6 16 36 4.00 10 31

DDF8 Slow drawing distribution 2 9 10 16 33 3.99 8 32

PMF11 Insufficient instructions 3 7 13 13 34 397 11 33

EF2 Change of government 5 6 10 16 33 3.95 2 34
regulations

TF4 Change in technology 10 5 - 20 35 393 4 35

DDF9 Complex detailing of 4 5 15 16 30 3.90 9 36
drawing

DDF10 Long project duration 8 4 11 21 26 3.76 10 37

SCF1 Effects of subsurface 8 7 6 22 27 3.6 1 38
conditions

EF3 Theft and vandalism 11 3 3 29 24 375 3 39

EF4 Effect of weather 2 - 27 31 10 3.67 4 40

SCF2 Poor site layout 10 4 8 26 22 3.66 2 41

EF5 Defect of material producer 4 17 12 4 33 3.65 5 42

PF3 Suppliers’ error 6 12 14 8 30 3.63 3 43

PF4 Requirements to bulk 8 9 9 20 24 362 4 44
purchase

SCF3 Congestion of the site 8 9 14 20 19 347 3 45

SCF4 In-sufficient space for 4 12 16 27 11 342 4 46
movement

SCF5 Unforeseen problems 3 14 29 6 18 332 5 47

Notes: DDF = Design and document factors; PMF = Planning and management factors; MSF = Material handling
and storage factors; PF = Procurement factors; WF = Worker factors; TF = Technology factors; SCF = Site
condition factors; EF = External factors.
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3.1.1 Design and Document Factors

Errors that lead to construction wastes have started at the planning and designing
stages of the projects in addition to the construction level of the projects. The mean
and rank of 10 factors grouped under Design and document factors are shown in
Table 1. Frequent changes of design, errors in contract documents and irregular
shape of the design were the three top-ranked factors causing construction wastes.
The lowest-ranked Design and document factors factors that contribute to material
wastes were complex detailing of drawing and long project duration with a mean
value of 3.90 and 3.76, respectively.

3.1.2 Planning and Management Factors

The mean score ranks of the factors by category and the overall ranks of 11 factors
grouped under Planning and management factors are presented in Table 1. The
result indicated that poor strategy of waste minimisation, poor site management,
inappropriate plans and site supervision were the three critical factors that lead to
building construction wastes. This implies that effective management has a major
role in achieving waste-effective construction sites. The output of the project
depends on the plan and the management system adopted.

3.1.3 Material Handling and Storage Factors

Construction material deteriorates and damage due to inadequate storage
and handling. Table 1 represents the mean score and the ranks of four factors
contributing to construction wastes categorise under Material handling and storage
factors. The result shows that improper storage of material was the first critical
factor that causes material waste in Addis Ababa building construction projects
with a mean score of 4.60. Besides, damage during transportation and poor
packaging held the second and third ranks as a cause of construction wastes with a
mean value of 4.19 and 4.17. Wrong handling of materials takes the lowest order
compared to other Material handling and storage factors causing material wastes
with a mean result of 4.10.

3.1.4 Procurement Factors

In a construction project, an adequate procurement system is required to have the
right material with the right quantity at the right time. The influential factors that are
categorised under Procurement factors and contributed to the generation of material
wastes include purchase of material contrary to specification, ordering error, the
requirement for bulk purchase, supplier’s error and non-involvement as shown in
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Table 1. From the analysis result, purchase of material contrary to the specification
(mean = 4.02) ranked as the most critical factor that causes construction wastes.
Ordering error took the second position as a source of material wastage with a mean
value of 4.02. In contrast, supplier error was the third contributor to construction
wastes with a mean score of 3.63. Although the requirement for the bulk purchase
(mean = 3.62) was held the least rank as a contributor of construction material
wastes.

3.1.5 Worker Factors

There are a number of professionals in building construction sites, skilled or non-
skilled and the role they play in this sector is significant for the achievement of
projects performance requirements. Construction workers have their contribution
to the quantity of wastes generated from construction sites. The mean value ranks
of the factor by category and the overall ranks of the four factors that are grouped
under Worker factors are presented in Table 1. It is depicted that lack of specialised
professionals with a mean value of 4.35 was the highest critical factor causing
material wastes, whereas shortage of skilled workers followed by a mean value
of' 4.33 and incompetent consultant engineer is ranked as the third contributor for
the generation of construction wastes at building construction projects of Addis
Ababa, Ethiopia.

3.1.6 Technology Factors

Technology and its product play a key role in the construction industry,
and it includes all the products of technology (building components,
plants, equipments and others). It is a barrier and not widely adopted in the
Ethiopian construction sector and most of the building projects followed the
traditional construction system and are labour-intensive. The total number
of responses for each Likert scale, mean value and the ranks of the four
factors that are categorised under Technology factors are depicted in Table
1. The analysis result indicated that lack of recycling technology ranked
as the most contributing factor for construction wastes and a large amount
of materials are leftover on the project site and dumped to landfill sites.
Lack of emerging technology products found to be the second cause factor
and poor technology or malfunction of equipment was the third risk factor
contributing to construction wastes.
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3.1.7 Site Condition Factors

Table 1 depicts the number of respondent’s responses on each factor contributing
to the occurrence of wastes that are grouped under Site condition factors and their
rank order done based on the mean results. The effects of subsurface conditions
took the first rank in its effect to cause material wastage. Poor site layout was also
ranked as the second critical factor leading to construction material wastes while
congestion on the site is the third-ranked factor causing material wastage over the
other causative factors.

3.1.8 External Factors

The mean and ranks of the five factors that are grouped under the External
factors are presented in Table 1. The result has indicated that lack of legislative
enforcement (mean = 4.13) was the highest contributor of wastes. Change of
government regulations (mean = 3.9) ranked second in its event among all the
examined factors, which demonstrates the essential impact on construction waste
generation. Theft and vandalism ranked as the third out of five factors in this
category that have a critical impact on construction waste generation. Effect of
weather and defects of material producer took the least fourth and fifth position.

3.2 Critical Factors Causing Material Wastes

Analysing many factors is not effective and the sector should be concentrated on
handling the main problems confronting the building sectors. Pareto principle
(80/20 rule) states that for many events roughly 80% of the effect comes from 20%
of causal factors. Based on this principle the concerned body should especially
focus on the top 10 or 20% critical factors out of the 47 factors explored in this
study. Figure 1 outlines the top ten critical factors causing construction wastes
based on their overall ranks and category.
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Frequent changes made to the design | 1

Poor strategy for waste minimisation | 2

Wrong storage of material 3

Poor site management 4

Inadequate planning and supervision | 5

Etror in a contract document 6
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Rework due to workers mistakes ‘ 7

Inappropriate construction methods | 8
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Arrangement and iregular shape of
the design

Lack of specialised professional 10

Figure 1: Critical factors causing construction wastes.

4. DISCUSSIONS

The result of this study reported that frequent changes of the design while
construction is in progress are critical factors causing construction wastes. For
example, if the required material is purchased based on the original design and
the design is changed while the work is in progress, material wastage will occur
if the material cannot be resold or returned to the source or supplier. In addition,
design change is made when the project is in progress, demolishing and rework is
required which leads to wastage. Design changes while construction is in progress
are the most significant factors that contributes to construction waste.!*!®!° Design
and detail errors often lead to inadequate information required for the buildability
of a project, which consequently leads to rework.>>** Poor strategy of waste
minimisation in Ethiopian building construction sectors was the cause of material
wastes. This is consistent with another study by Eze et al.” and Ganim'® in which
it is indicated as the most significant factor leading to construction wastes. Lack
of responsibility on waste management by the resident engineer intended to be the
most dominant source of material wastes at every construction site.*°
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The current study presented that improper storage of material at the
construction sites was the third highest-ranked cause of construction material
wastes. Construction material can break and deteriorate due to inadequate or
improper storage on the project sites. Material waste caused by inappropriate
storage accounted for a large quantities and it is a principal reason for building
material wastes.>3! As reported by previous studies, wrong material storage is the
main problem contributing to construction wastes as an error in storing materials
will cause a delay in the project and physical waste generation.>? It is the main
cause of material wastes generated in construction sites.**? Poor site management
was identified as the critical factor causing construction wastes based on the result
of this study. Achievement or success in construction projects requires effective
site management.* Lack of adequate site management is the influential factor that
causes construction wastes.?’ This implies that appropriate waste management on-
site significantly reduces the number of material wastes at construction sites.*
On the other hand, poor planning and site supervision were the other dominant
factor that causes building construction wastes. According to Adewuyi and Otali®,
inadequate site supervision is recognised as the influential factor that contributes
to material wastes. Appropriate planning and adequate supervision are therefore
essential to control the issues that lead to the generation of material wastes. The
current study is evidence that errors in the contract documents are indicated as
an important factor leading to wastes in construction sites. According to Mbote,
Makworo and Kimtai*® lack of proper documentation was reported as the major
risk factor causing material wastes.

In addition, rework due to worker mistakes holds the seventh position
as a source of material wastes in Ethiopia. Construction waste may be generated
in different sites if the worker on the project site does not perform their
responsibilities effectively and there is an error in the installations that needs
rework and replacements. Rework due to errors of site workers reported as a
critical factor causing construction wastes.?’? Any mistakes or errors, while the
work is in progress, leads to reworks and it is recognised as one of the main sources
for the generation of wastes from construction sites.'® Moreover, inappropriate
construction method was identified and ranked as the eighth-highest influential
factor of construction wastes. Research by Luangcharoenrat et al.’ report that it is
a critical factor that causes material wastes. Furthermore, the analysis result of this
study depicts that the arrangement and irregular shapes of the design hold the ninth
rank as a cause of construction wastes. If the drawing is not well arranged and its
shape is irregular, it is difficult to fit with available standard material dimensions
and it needs cutting which leads to wastes. Design complexity and irregularities
are the most important factors causing wastage of materials in construction sites.?
Finally, the lack of specialised professionals assigned to handle waste issues at
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construction sites has its role as a source of construction wastes. Husnain et al.*
states that improper worker’s skill is the major influential factor causing wastes of
construction materials. Professional inexperience is noted as the main sources of
construction wastes in Nigerian construction projects.?

5. CONCLUSION

The purpose of this paper was to identify the major sources of construction wastes
that affect building construction projects in Addis Ababa, Ethiopia. To identify the
main sources of construction wastes, a literature review and expert interviews were
conducted. A list of 47 factors that causes construction wastes were identified from
literature, building construction professionals and categorised into eight major
groups. Then, the factors were subjected to further quantitative evaluation in a
questionnaire survey. The questionnaire collected from contractors, consultants
and clients was analysed and ranked using descriptive mean statistics based on a
5-point Likert scale.

The results of this paper contributed to the study’s finding by demonstrating
the top influencing factors of construction wastes. The identified critical factors
causing construction wastes are frequent design changes, poor waste minimisation
strategy, improper material storage, poor site management, poor planning and
supervision, contract document error, rework due to worker mistakes, inappropriate
construction methods, arrangement and irregular shape of the design and a lack of
specialised professionals. The ranking and identification of new and previously
reported factors that cause material wastes aids to develop and implement
construction waste mitigation strategies. It also allows which aspects must be
addressed first to improve waste efficiency and sustainability on construction
sites. At every stage of the project, stakeholders involved in building construction
projects should address and consider the major influential factors causing material
wastes. As this study was carried out in Ethiopia within the context of Addis Ababa
building construction projects, further research could be expanded to other regions
of the country and construction sectors such as road projects, water work projects
and other infrastructure projects.
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