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1. INTRODUCTION

Construction waste has become an important environmental problem of the construction industry in
China. China is considered as one of the biggest producers of waste, in 2001 China produced approximately
30% of the world’s municipal solid waste (MSW) [1]. The extensive building and infrastructure development
programmes, including redevelopment of old districts has led to a significant increase in construction and
demolition waste generation in the last three decades in China, which makes up about 40% of the overall
solid waste [2]-[3]. A total of 400 million tons of construction waste is generated in China every year [3].
These figures show the pressing need for the country to change how to deal with construction waste, and
adopt other waste practices other than disposal in a landfill. This research supports this change by Identifying
the major causative factors of material waste, preventive waste minimization Measures and the relations
between the factors and their preventive measures in China construction sites.

2. BACKGROUND

Waste in the construction industry has been the subject of interest for several researchers around the
world in recent years. Construction waste can be defined as all those activities that produce costs, direct or
indirect, and take time, resources or require storage, but do not add value or progress to the product [4].
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Alternatively, a simple way has been introduced to define construction waste which is “that which can be
eliminated without reducing customer value”. It can be activities, resources, rules, etc [5].

Many factors contribute to the generation of material waste in construction sites. These factors were
grouped under four categories: (1) design; (2) procurement; (3) handling of materials; and (4) operation [6].
Construction waste is generated from various sources in the whole process of implementing a construction
project. Construction waste sources have been classified into design errors, procurement errors, materials
handling errors, machine operation errors and residual or leftover scraps [7].

Waste minimization has been defined according to EPA as “any method that reduces the volume or
toxicity of a waste that requires disposal” [8]. Waste minimization includes source reduction and recycling
[9]. Source reduction was defined as any activity that reduces or eliminates the generation of waste at source,
usually within a process, and recycling as the recovery and/or re-use of what would otherwise be a waste
material [9]. It was emphasized that the reduction is the best and most efficient method for minimizing the
generation of waste and eliminating many of the waste disposal problems [5].

3. RESEARCH METHODS
3.1. Data Collection Methods

Thirty-four (34) causative factors of construction material waste generation as listed in Table 1, and
nine (9) preventive waste minimization measures from the following references [9]-[10], [22], [25], which
have been extensively studied were extracted from the literature. Both factors and measures were pre-tested
in a pilot study using interviews and questionnaire involving seven selected construction experts to evaluate
their applicability to the current study. Two of the experts were from contractors, three were from on-site
supervision companies, and two from a construction research institute in the city. Most of them demonstrated
in depth understanding and knowledge of both the factors and measures extracted from the literature for the
study. They agreed with the applicability of the selected factors and measures to the current study. To reach
the aim of this study, a structured questionnaire survey was conducted. The questionnaire was divided into
three sections. The first part sought information about the respondents’ profile, in the second and third part,
respondents were requested to evaluate the 34 individual factors based on their category and the 9 measures
in terms of their importance.

The level of importance for the 34 factors and 9 measures was measured on a 5-point Likert scale,
where 5 indicated extremely important, 4 important, 3 neutral, 2 unimportant, and 1 negligible. The
questionnaire survey (written in Chinese) was conducted in Chongging over a three-month period from
January to March 2014. A total of 90 questionnaires were distributed through direct visits to the construction
firms and sites. The target groups were randomly selected from industry practitioners. Finally a total of 80
valid responses were received, representing an overall response rate of 89%, which is considered satisfactory
[11].

The respondents included 45 engineers comprising office and supervision engineers, 11 experienced
project managers, 10 Construction Technicians, 5 Architects, and 9 Quantity Surveyors. Most of the
respondents were well-experienced professionals in construction practice since the majority of them (80
percent) have more than ten years’ working experience in the construction industry (see Figure 1).
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Figure 1. Respondent’s experience in the construction industry

3.2. Data Analysis Methods

The reliability test was conducted on the data to measure its stability and consistency. In this test,
the index Cronbach’s coefficient alpha was calculated in order to indicate the reliability of the data.
Cronbach’s alpha reliability coefficient normally ranges between 0 and 1. The closer Cronbach’s coefficient

Relations between the Causative Factors of Waste and Their Preventive... (Sulala M.Z.F AL-Hamadani)



180 a ISSN: 2252-8814

alpha value to 1 the higher the internal consistency reliability of the data [12]. The result of this test is 0.912,
indicating that the data collected are highly reliable.

Table 1. Causative factors of construction material waste

Causative factors of construction material

No Source waste References

1 Frequent design changes [5] [15] [16] [17] [18] [19] [20] [21]
2 Design Mistakes and Errors in design [2] [6] [71 [14] [16] [17] [18] [19] [22]
3 Complexity of detailing in the drawings [5] [6]

4 Lack of information in the drawings [5] [15] [16] [17] [23]

5 Damage during transportation to site/on site [2] [6] [15] [19]

6 Handling Inappropriate storage leading to damage [2] [6] [71 [15] [16] [19] [21] [22] [23]
7 Wrong material handling [5] [6] [71 [15] [16] [20] [21] [22] [23]
8 Ordering errors [2] [6] [71  [14] [19] [22]

9 Procurement E;:gg#?gugﬂt in compliance with 5] [19]

10 Mistakes in quantity surveys [5] [6] [15] [21]

1 E:(rj’r;ige to work done caused by subsequent [16] [9] [23] [24]

12 Operaton i;elaocfe :Eggtrrect material, thus requiring 21 [16] [9 [23]

13 Poor workmanship. [22] [25] [26]

14 Mistakes during construction. [2] [24]

15 Insufficient training for workers [2] [15] [26]

16 Shortage of skilled workers [5] [16] [23] [26]

Worker

17 Workers’ mistakes [2] [6] [71 [14] [19] [20] [25]

18 Rework due to workers’ mistake [5] [6] [25]

19 Poor site management and supervision [2] [16] [17] [18] [22] [24]

20 Lack of strategy to waste minimization [25]

21 Lack of on site waste management plans [5] [19] [24] [25]

22 Inadequate planning and scheduling [6] [71  [22] [23]

23 Incompetent subcontractors [2] [6] [7]

24 Management Lack of coordination among parties [5] [15] [16]

25 Scarcity of equipment or Outdated equipment  [5] [6] [16] [18] [23]

26 Inappropriate construction methods [16] [21] [23]

27 Slow information flow between the parties [6] [15] [19]

28 Unnecessary inventories [16]

29 Site Poor site condition [16] [18] [23]

30 condition Difficult access in construction sites [18]

21 Lighting problem in night shaft operations [18]

32 Accidents [6] [16] [17] [19] [22]

33 Ef’;tc‘ig:z' Effect of weather 5] [6] [17] [191 [22]

34 Unpredictable local conditions [5] [13]

The data were then analyzed by using statistical analysis techniques including ranking analysis and
correlation test. These research activities were facilitated with the aid of SPSS 12.0. The process of data
analysis is interpreted as follows.

First, the relative importance of all factors and measures was examined by ranking them based on
their mean values and standard deviation. It is worth highlighting that only those factors and measures with
mean values that are greater than 3.000 were recognized as critical causative factors and preventive measures
of material waste. Then an investigation was conducted in this study to determine the correlation between the
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major factors and the measures. To determine the correlation, the Spearman Correlation approach has been
run, which is the most appropriate statistical test when assessing ordinal data that are related to more than one
attribute [13]. In statistics, the value of the correlation coefficient varies between +1 and -1. When the value
of the correlation coefficient lies around + 1, strong correlation between the two variables is considered.
When the value of the correlation coefficient goes towards 0, weak correlation between the two variables is
considered [13].

4. DATAFINDINGS AND ANALYSIS
4.1. Major Causative Factors of Material Waste

The results of the major causative factors in each category are shown in Table 2. Causative factors
were grouped into the eight categories: Design, Handling, Procurement, Operation, Worker, Management,
Site condition and External factors. The significance of the causative factor in each category was determined
based on the mean value and standard deviation. The factor that has the highest mean value of each category
was identified as a major factor within that category.

Table 2. Major causative factors based on their category

5. Category Major causative factors Mean Std. Deviation
6. Design Mistakes and Errors in design 3.73 1.30
7. Handling Inappropriate storage leading to damage 3.82 1.16
g, Procurement Products not in compliance with specification 3.55 131
9 Operation Poor workmanship. 3.97 1.01
' Worker Insufficient training for workers 431 0.95
10 Management Lack of on site waste management plans 3.26 1.04
11 Site condition Difficult access in construction sites 3.08 0.96
12 External factors Effect of weather 3.00 1.00

4.2. Preventive Waste Minimization Measures

The analysis on material waste minimization measures is shown in Table 3. The analysis shows that
the top four measures focus on waste prevention. These measures are: Vocational training and heightened
awareness, Ordering just what is needed of material, Efficient coordination between store and construction
personnel, and Using materials before expiry dates. Undoubtedly, this is a prioritized option to most if not all
firms. It is better to prevent waste from the beginning than dealing with it after it is generated.

The two measures that the analysis presents to be less considerably implemented in the industry are:
employment of on-site waste management personnel and recycling of waste materials on-site or off-site.
Employment of on-site waste management personnel was seen as the least preferred option for contractors
because it would be a cost adding item. Furthermore, recycling is rarely carried out because of the lack of
recycling facilities and mature market for trading recycled materials in China Chongqing city.

Table 3. Ranking of preventive waste minimization measures

Preventive waste minimization measures Mean  Std. Deviation Rank
Vocational training and heightened awareness 4.80 0.54 1
Ordering just what is needed of material 4.02 0.56 2
Efficient coordination between store and construction personnel  3.62 0.78 3
Using materials before expiry dates 351 0.80 4
Effective construction management practices 3.35 0.89 5
Vigilant on site supervision system 3.05 1.01 6
Use of Low-waste construction technologies 2.44 0.62 7
Employment of on-site waste management personnel 2.05 0.77 8
Recycling of waste materials on-site or off-site 1.67 0.70 9

4.3. Relations between the Causative Factors and Preventive Measures

As shown in Table 4, the strength of the relationship between the determined major causative factors
obtained from Table 2 and the ranking of the preventive measures in the Table 3 was tested. To determine the
strength, the Spearman correlation approach was adopted. The values of correlation coefficient were obtained
by analyzing the already-existing data into SPSS 12.0. The null hypothesis was set as: “there was no
significant relationship between the ranking of the preventive measures and the correspondent causes
involving these measures". The null hypothesis was accepted, because a-value is less than (0.01).
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Table 4. Correlation test between causative factors and preventive measures

Causative factor of waste Preventive measure a-value CCorr_eI_a tion
oefficient (r)
Lack of on-site waste management plan  Effective construction management practices 0.001 +0.722**
Insufficient training for workers Vocational training and heightened awareness 0.000 +0.657**
1 H *x
Inappropriate storage leading to damage Efficient coordination between store and construction personnel 0.003 -0.557
Poor workmanship Vigilant on site supervision system 0.002 -0.602**

** Correlation is significant at the 0.01 level (2-tailed)

The positive correlation between the ranking of 'Lack of on-site waste management plan' and '
Effective construction management practices' can be explained that 'Lack of on-site waste management plan’
factor is considered as a significant factor because the on-site waste management plans were not sufficiently
applied on Chinese construction sites, and 'good construction management practices' measure needed to be
applied. In addition, the positive correlation between the ranking of 'Vocational training and heightened
awareness' and 'Insufficient training for workers' can be illustrated that this measure was not effectively
implemented because insufficient training is considered as a high contributor to waste.

The negative correlation between the rankings of 'Vigilant on-site supervision system' and ‘Poor
workmanship; and between ‘Inappropriate storage leading to damage' and 'Efficient coordination between
store and construction personnel’ indicates that the two factors are considered of the least contribution to the
generation of material waste because of the repeated implementation of the proper measures.

5. CONCLUSION

This paper has investigated the findings from a questionnaire survey conducted in China
construction sites Chongging city looking at the identification of major causative factors of material waste
and preventive minimization measures, in addition to the relations between them.

These findings will give a better understanding to the Chinese construction industry practitioner
about the major causative factors of material waste during the construction process, so that considerable
efforts can be devoted to applying the relevant minimization measures as a first line of defense in a campaign
to reduce construction material waste.
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