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Material waste is considered one of the major problem in construction industry. Material waste causes nega-

tive impact on economy of the country and environment. This research work is based on material waste man-

agement in building construction through the dissertation work, attempt is made to identify general causes of

material waste, barriers to implementation of waste management and what are the waste minimization measures practiced
in construction industry by conducting questionnaire survey.

. INTRODUCTION

Material, Manpower Money and Machine play crucial role in
construction projects and building materials account for 60
to 70% of the project cost [2]. Hence even one percent of
material wastage will have huge negative impact on cost of
construction and economy of the country. However construc-
tion industry in India generates about 10-12 million tons of
waste annually [1].

Identifying sources of material waste not only have financial
and environmental benefits but also shows the areas which
need improvisation and also helps to finish the project on
time showing how we can avoid rework. Hence effort can be
made to reduce the overall cost of project by waste minimiza-
tion or maximum utilization of resources.

Il. RESEARCH OBJECTIVES

e Identifying General Causes of Material waste in construc-
tion.

e |dentifying causes of waste for client supplied materials.

e Identifying importance of waste recognition, barriers to
implement waste management and existing waste re-
duction techniques/strategies followed in construction
industry.

1Il. METHODOLOGY

e Identifying causes of waste which contributes for genera-
tion of those construction waste by literature survey and
site visits.

e Formulating questionnaires and validating, data collec-
tion by questionnaire survey.

e Analysing data.

¢ Discussion and interpretation of result.

e Conclusion and recommendation.

IV. QUESTIONNAIRE FORMAT
Based on literature survey and observation made on site the
questionnaire is formed.

The questionnaire is divided into 4 parts:

Part 1: Personal information

Part 2: General causes of material waste

Part 3: Causes of waste for client supplied material

Part 4: Attitudes and perceptions toward construction waste
management

V.QUESTIONNAIRE DISTRIBUTION AND RESPONSE
Totally 35 numbers of questionnaire were distributed to
employees of 5 different construction companies in Banga-

lore. 31 out of 35 Reponses were collected (response rate
is 88.6%).

VI.Analysis and results

A. Reliability Of Instrument

The reliability of a measuring instrument is a major criterion
for assessing its quality and adequacy. An instrument can be
said to be reliable if its measures accurately reflect the “true”
measure of the attribute under investigation. The value of the
reliability coefficient theoretically can range between -1.00
and +1.00. For most purposes, reliability coefficients above
0.70 are considered satisfactory.

In this case for 136 variables Cronbach’s Alpha value was
found out to be 0.984 for 31 respondents.

B. Mean And Ranking

For each causes mean was calculated and they are ranked
descending order based on mean value with respect to their
group. This was done to identify causes which contributes
most to material waste in that group.

Part I: General Causes of Material waste:
TABLE | Ranking Of General Causes Of Material Waste

Symbol Effects degree

Very low influence

Low influence

High influence

1
2
3 Moderate influence
4
5

Very high influence

Rank |Group I: Design and Documentation Mean
Selecting the lowest bidder subcontrac-

1 tor without knowing their skills of handling  |3.871
material
Selection of low quality products which

2 causes more rewgr P 3.6774
Incomplete contract documents at com-

3 menceF?nent of project 3.4839

4 Lack of information in Good For Construc- (3 4194

tion drawings
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Last minute client requirement (resulting in Use of incorrect material, thus requirin
> rewor 9 9 3.4194 8 replacement U9 13.4194
6 Errors in contract documents 3.3871 Carrying out work without using Equip-
? men>t//Tgo| Due to shortage/Ungvai atfility 3.3871
7 Complexity of detailing in the Good For 3.3871
Construction drawings ) 10 Unfriendly attitudes of labour 3.3871
Lack of knowledge about construction tech- - - -
8 niques during degsign activities 3.3548 11 g::gl’ey:c?grﬁlé%giﬂl(e\?”thou'f taking clear- |3 3871
R k that don't ly with drawi d
7 ss&?fricatigns ont comply with drawings and |3 3226 12 Accidents due to negligence 3.3871
10 |Design changes and revisions 3.2581 Damage to work done caused by subse-
'9 9 VISt 13 quentgtrades Y 3.3226
Determination of types and dimensions of "
1 Imaterial without cgr?sidering waste 3.2581 14 |Severe weather conditions 3.1935
12 |Lack of information about types and sizes of |3 555 15 Difficulties in obtaining work permits 3.129
materials on design documentation :
16 Effects of political and social conditions  [2.7742
13 |Waiting for design documents and drawings |3.1613
Lack of attention paid to dimensions of
14 products availablgin market 31613 -
— - - Rank |Group IV : Site Management Mean
15 |Ambiguities, mistakes, and changes in 3.0968
specitications 1 Slow in making decisions 3.7097
Rank [Group Il: Material Based Mean 2 }Qii‘g'acﬁﬁgit,g;‘,‘;‘t’;ma“o” provided to pro- 13 5804
1 Damage materials on site 3.6129 3 It‘igﬂ;d supervision and delay of inspec- 3.5161
2 éJZifré%tsmaterials with manufacturing 3.5484 4 Shortage of technical professionals 3.5161
Damage due to Improper packing of ;
3 9 proper p 9 3.4839 Lack of a quality management system
materials 5 aimed at \?vasteyminimisz]ation Y 3.4194
Using excessive quantities of materials
4 moré than the require 3.4839 6 Poor coordination and communication |3 4104
5 Inadequate stacking and insufficient stor- |3 354 within the parties involved in the project
age in inventory ) p ite | hich lead
- F " N 7 oor site layout which leads to unneces- |3 371
6 Eg&‘{gff&ggﬁte rom cutting uneco 3.3226 sary handling of materials 3.38
wrong storage of materials while execu- Ineffective planning and scheduling of
/ tion 9 9 3.2581 8 the |orojectp 9 ° 3.3871
Unnecessary inventories in site which lead T :
8 y 3.2581 Poor qualification of the technical staff
to waste ? assigr?ed to the project 3.3226
Damage due to improper loading and
? unloading technique 3.2258 10 Improper material management 3.2903
10 |Wrong handling of materials on site 3.2258 11 Lack of waste management plan 3.2258
Over-sized el ts which dif-
M ﬁc\(;eltr fgﬁan%?emen s which are very ci 3.2258 12 Lack of strategy to waste minimization 3.129
Inappropriate storage leading to damage
12 ppropriate e} e] 9¢€ |3.2258
or deterioration Part Il: Causes of waste for client supplied materials:
13 |Lack of onsite materials control 3.1613 This thesis work was carried out under one of the client com-
- pany in Bangalore. Hence only these three materials which
14 |Theft and vandalism 3129 client was supplying to contractor were chosen specifically.
15 |Wrong storage of materials at inventory |3
TABLE Il RANKING OF CAUSES OF WASTE FOR CLIENT
16 |Unnecessary material handling 2.9677 SUPPLIED MATERIAL
17 Insufficient instructions about handling 2.9677 Symbol Effects degree
1 |Very low influence
Rank [Group llI: Execution based Mean 2 |Low influence
1 Using untrained labors 3.7097 3 |Moderate influence
Rework due to workers mistakes/Poor L
2 workmanship 3.7097 4 |High influence
3 Lack of workers skill 3.6129 5 |Very high influence
Improper Interaction between engineers
4 prop g 3.5806
and workers Rank [Material I: Reinforcement steel Mean
5 Using wrong construction method 3.5161 - :
6 Using wrong Equipment/Tool for execu- |3 4g39 ! Mistakes in BBS 3.9¢677
tion i P _Usiné; longer bars than what are mentioned |3 5904
7 Using damaged Equipment/Tools which |3 4514 in BBS ’
leads to rework : U I £ bars b
8 Use of incorrect material, thus requiring |3 4194 3 Ia?gg%eigﬁgtersgaarcsement orsomebarsby 35806
replacement :
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Unnecessary cutting of bars instead of usin .~ - ! .
* lshorpieces el L B PO e e e
5 Short unusable pieces are produced when |3 4514 _ _
bars are cut : It encourages companies and firms to
/ decrease waste 3.6129
6 Damage during storage and rusting 3.3871 8 It helps contractors in pricing bids 3.5806
Achieving the project according to its defi-
Rank |Material Il : Cement Mean 9 nite budget prol ° 3.5484
unnecessary chipping of plaster due to lack 10 |It puts an end to contractors failure 3.5161
1 of interaction between finishing , electrical, |3.8387 - -
plumbing teams 11 |To get enough finance for a project 3.3871
2 Poor performance causing rework 3.7097
- - - TABLE IV RANKING OF BARRIERS TO IMPLEMENT
3 Using excessive thickness of plaster 3.7097 WASTE MANAGEMENT
4 gﬂdﬁgg of quantities greater than the re- 3.6129 Rank angrir?gsn:cro Implementation of Waste Man-  |\1can
5 %%?egt?]);%etsﬁg/feqﬂ?r%tg|es during mixing 3.5806 1 Lack of technical skills 3.9032
9 2 Inadequate pre-planning 3.7419
6  |[Wrong storage 3.4839 3 L_es|§ involvement of contractors and spe- |3 ¢774
7 Damage the external plaster due to rainfall |3.3871 cialists in design process
4 Poorl fi individual R ibiliti .6452
8 Not reusing fallen mortar 3.2903 oorly defined individual Responsibilities  |3.645
- 5 Unsuitable organizational structure 3.6129
9 Dan&age resulting from severe weather 32903
conditions : 6 Lack of training 3.5484
10 nl\:lg!’iiap;le handling of the same batch of 3.2903 7 Lack of interest from clients 3.4839
11 |Damage the fall mortar during plastering 3.2903 8 Waste accepted as inevitable 3.3871
12 |Loading the cement manually in the mixer |3 55g4 ? Long implementation period 3.3226
using inadequate equipment and tools : High d_ependenp)i of ddesign speciﬁcatiogs
on in-situ materials and components rather
13 |Excessive consumption of mortar in joints 3.2258 10 than standardized and industrialized prefab- 3.2903
ricated components
14 |Inappropriate way of transportation 3
15 ng e pcs | AR BN oF BuIe ST pERUCTON
TION INDUSTRY
Rank [Material [l : Granite/Marble/Tiles Mean
1 Rework as a result of executive mistakes 3.6129 1 2 3 4 5
2 Deploying Unskilled workers 3.5806
3 negligent handling in site 3.5806 Not orac- |Not prac F tl Most
Damaging the tile during the necessa i 0 |4 " |Practiced | RANENYY |frequentl
4 cutting p?ocess g ry 3.5484 ticed at all |tice practiced prattice
5 Cutting unnecessarily instead of using small |3 5444
pieces : o
6 Improper packing while transportation 3.4516 Rank |Waste Minimization Measures Mean
7 Damage during transportation 3.4516 1 Training of construction personnel 3.6452
Damage caused after finishing work b : !
8 g 9 y 3.3871 Changing attitude of workers towards the
subsequent works 2 9 . the 3.6452
5 Damage due to improper storage 33548 handhgng of materials by proper training
10 |Unable to use small piece 3.2903 3 Improving supervision 3.6129
11 Manufacturing defects 3.2903 L
Good coordination between store and con-
4 struction personnel to avoid over-ordering 3.6129
Partt lll: Attitudes tand perceptions toward construction 5 Proper storage and handling of materials |3 4a30
waste management: on site :
This part contains questions regarding importance of waste 6 Good construction management practices  |3.4839
recognition, barriers to implement waste management and -
existing waste reduction techniques/strategies followed in / Employment of skilled labour 3.4516
construction industry. 8 Minimizing design changes 3.4194
f ffici i ip-
TABLE Ill RANKING OF IMPORTAMCE OF WASTE REGG- 9 |Use of more eflicient construction equip- |3 3871
NITION FACTORS 10 |Adoption of proper material management |3 3540
Rank |Importance of Construction Waste Recogni- |\1aan techniques
tion 11 |Reusing some of waste materials on site 3.2903
To know the real requirements of the project Minimizing waste at the source of origin
1 represented in matgrials, time and co?t ) 3.9355 12 only 31935
= ; : : Issui terials that are just sufficient
P !;cjgapr‘rcgi%ates in project success and achiev- |3 gogs 13 [ug o e sials that are Just suthicient 13 129
To knOW the exact required quantities for Waste management officer or personnel
3 project execution 3.8065 14 employed toghandle waste issupes 3.0645
It helps the contractor to prepare accurate ving i i
4 schecFJ)ules to procure matgriaFI)s 3.7419 15 |Giving incentives 29677
c e - PR 36774 16 |Recycling of some waste materials on site  |2.9355
t keeps environment out of poflution : 17 |conducting waste audits 2.9032
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C. One Way ANOVA

One way Analysis of Variance was done to compare means
of all groups (dependent) against Experience of respondents
(Independent).

Here are the hypothesis set for the analysis

H,: There is no statically significant difference between
means of all the variables.

H.: There is statically significant variation in means of all vari-
ables

TABLE VI ONE WAY ANOVA

GROUP NAME Sig.

Design and documentation 0.301
Material based 0.065
Execution 0.433
Site management and practices 0.122
Cement 0.182
Steel 0.197
Marblef/tiles 0.051
Importance waste recognition 0.182
Barriers to implement waste management 0.094
Strategies/techniques 0.100

As we can see in table VI all the groups have significance
level greater than 0.05. Hence test fail to reject null hypoth-
esis. In words there is no statistically significant difference
between means of these groups even though respondents
experience different.

VII. conclusion

The generation of construction waste also contributes to
the depletion of raw materials used in the construction in-
dustry hence leading to shortage of raw materials.This study
is focused on material waste in construction projects, it also
identified the major causes of waste in construction and pre-
sented a comprehensive analysis of these causes.

Volume : 4 | Issue : 6 | June 2014 | ISSN - 2249-555X

The top twenty factors causing material wastes are Select-
ing the lowest bidder subcontractor without knowing their
skills of handling material, Using untrained labors, Rework
due to workers mistakes/Poor workmanship, Slow in mak-
ing decisions, Selection of low quality products which causes
more rework, Damage materials on site, Lack of workers
skill, Improper Interaction between engineers and workers,
Insufficient information provided to project participants,
Poorly scheduled materials procurement, Using materials
with manufacturing defects, Purchased materials that don't
comply with specification, Using wrong construction method,
Shortage of technical professionals, Lack of supervision and
delay of inspections, Incomplete contract documents at com-
mencement of project, Using excessive quantities of materi-
als more than the required, Damage due to Improper pack-
ing of materials.

Also causes of wastage for cement, reinforcement steel and
marble/granite/tiles were identified and ranked to know
which factors influences more.

Top five reasons for waste recognition are, to know the real
requirements of the project represented in materials, time
and cost, it participates in project success and achieving prof-
its, to know the exact required quantities for project execu-
tion, it helps the contractor to prepare accurate schedules
to procure materials, and it participates in increasing the na-
tional income in construction industry.

Top five barriers to implement waste management in con-
struction industry are, Lack of technical skills, Inadequate
pre-planning, less involvement of contractors and specialists
in design process, poorly defined individual Responsibilities
and Unsuitable organizational structure.

Top five strategy/techniques practiced in constructing indus-
try currently are, Training of construction personnel, chang-
ing attitude of workers towards the handling of materials by
proper training, Improving supervision, Good coordination
between store and construction personnel to avoid over-or-
dering and proper storage and handling of materials on site.
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