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Abstract

Material waste is a term from the amount of waste material percentzge and is one of the serions problems in the implementation of road
constraction project. The research objective is to caloulate the average percentsge of waste material in road constmcton projects and
obtzin waste material influencing profit and mske a regression model of % materis] waste to % profit confractors. The data obtained are
158 projects in East and Morth Eslimantan divided into 51 road boilding projects and 107 road improvement projects. The percentage of
waste materizl on road building project is B aggregate as the largest (26%) and ready mix comcrete (5.3%) as the smallest The
percentage of waste materizl on road inprovement project is B aggregate as the largest (24.2%) and ready mix concrete (6.14%) as the
smallest. The influencing waste material on the mad constoction project is B aggregate. lean concrete and ready mix concrete with
regression equation to determine the estimated % profit contractor as a function of % material waste is Y = 7.363 -0.032 X3 - 0.078 X4 -
0.066 X6, The influenced waste material on road fmprovement projects are cement, B aggregate, and Land Fill with the regression
equation to determine the estimated % proft of contractor as a function of % material waste &= Y = 8,702- 0,037 X4- 0,054 X35- 0,044
X7
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help increase the profits of contractors and reduce environmental
impact. Messurement of waste is an effective way to assess the
performance of the production system as  generslly allow
Waste in the construction field can be interpreted as a 10ss of 8 jmprovement for potential aress and inefficiencies sources can be
loss of material resources, time (with regard to lsbor snd  jdenfified. Constmiction i i i

1. Iniroduction

equipment) and capits], which is camsed by activides that cost
money, directly or indirectly, tat does not add walue o end
product for wsers of construction services. Waste material is a term
from the large percentage of waste material ocours and is one of
the serious problems in the ifmplementstion of the road
constraction project. Material is one component with contmibution
of 40-60% of the project costs. Material waste on construction
project does not only focns on waste material st the site of the
project, bt is also associsted with a mumber of other activities
such as the stapes of work that is not required repair and rework,
schedunle delzys, poor material hendling, the selecdion of
construction methods, waiting time, equipment movement of
workers and construction can reach 63% of all waste constmuction
in Csnada resulted from road and bridges comstuction. In
addition, United 5tates conchided that the major contributor of
waste is fom the construction of roads and bridges by 123 million
tons. In 2010 China is estimated to produce waste by 800 million
tonsfyear. Effort to minimize constroction waste materials will

determining the cost of a project, more than half of the project cost
is absorbed by the materis] nsed. Material waste that ocours in the
execution of constraction is quite hizh and extremely difficult to
measure  systematically. At the implementation phase of
constuction material the use of waste materials in the feld is
frequently large that the effort to memimize waste material is
necessary to be applied. Foad constmaction project is one of the
pricrity infrastrucnare  projects in East and Morth Ealimantan as
the roads in East Kalimantan and North Ealimantan as they are
mainly subgrade and sggregate. There are mwo types of
povermment project: (1) Road improvemsnt project mesns there
heas been road, but the asphalt snd surface layer have been eroded;
(2) The road tuilding project is the constmction of 2 new road
[1]-[10].
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2. Experimental Details

Waste material is aclassic topic, yet in Indonesia this issue has

not been widely discussed, especially in road consmaction projects.

The sbeence of data regarding waste material road construction
project in Indonesia is becanse waste discussed is mostly only on
the consmuction building project. Formose (2002) suggests that
the largest waste in building projects is cement by 6.4% to 247.1%
of 41 sampling sites. Feady mix concrete, concrete steel, bricks
and ceramics are also on the list The largest construction waste in
building project is bricks (12.31%:) and sand (11.39%) [9]-[10].
Problem Identification: (a) The study was condocted om a road
project in East Ealimantan with the largest waste is cemsnr,
followed by sand, stone, land fill, and resdy mix concrete. The
study was conducted with direct research by analyzing what
ocours in the field, in addiion to questionnaires. The results of
both questionnzire and fisld data is in similar percentage between
§-10%. Validatdon for causing factors on road project are also
resulting in cansing factor inchiding unclear drawing information,
lack detsiling drawing of desizm | supply excesding the needs
and supply that cannot be made in small quantties, bad weathsr
and carelessness of workers in the field The total cost of waste is
§.86%. The smdy was conducted from Jamuary 2015 to Septembar
2015; (b) Fecent research on road projects in the Ring Road 3 Bast
Ealimantan shows that the largest waste is aggregate B, sand A
ageregate respectively by 20% followed by the rebars by 10% 5
Apgrezate by 5%, ready mix concrete by 4 %o and lean concrete by
1%. Total material of waste is 53% to the overall project value.
Factors that camse road project inchide desigm, proourement,
implementation, handling that produce causal factors inchiding
unclesr desin, Lack  information  desizm, supply materis]
exceading than the demsnd and supply material that cannot be
made in small quantties, bad weather and not carefiul handling,
emphaziz on time, emphasis on cost. The research is conducted
from October to December 2015, Primary data is data obtained
directly m the feld this mchide Direct observations with
interviews and discussions by directly asking about the percentage
of material waste and total waste and contractors proft. Secondary
data is real project data in the form of contractors report both hard
copy and soft copy in fiscal year of 2014 wntl 2015 in East
Halimantan and Morth Bormeo. Contractors report is in the form of
daily reports, monthly reports, monthly cerdficates, and
conmactors’ § conmact. The researchers perform re-checking by
nsing data fTom the existing reports to recaloulate the percentage
of waste matenial [9]-[10]. Multiple Linjer Regression is virmslly
identical to a simple linear regression, the difference is that the
independent variables is more than one. The general squation is
[1174197:

T=a+plX1+@X2+__+faXn

T iz dependsnt varisble, and X is independent variables, o is a
constant (intercept) and @ is the regression coefficient of each
independent varisble |-/

Hypothesis of this smdy ana:
T=o-pl X1 232 - - XD
T="% Profit

H1 = Material waste of formwork has negative effect (-) to the
profit of a project

2 =Nateriz] waste rebar has negative effact (<) to the profitof a
project

33 = Material waste of ready mix concrete has negative affect (<)
to the profit of a project

34 = Material waste of B agzregate has negative effect (-) to the
profit of a project

35 = Marerial waste of land fill has negative effect (-) to the
profit of a praject

36 = Material waste of lean concrete has negative effect () to the
profit of a project

37T = Marerial waste of cement has negative effect (-) to the proft
of a project

& =Materiz]l waste of stone has negatve effect (-) to the profit of
a project
30 =DNatenial waste of sand has negative effect (-) to the profit of
a project

3. Result and Discussion

This research obtains results Som 158 road constmcton project as
respondents, which consists of Roads constmuction snd Foad
Improvement package Based on these data, the researchers
divided it imto 51 Foad Building Project and 107 Road
Improvement Project.

Project Data

.]
Fig.1: Packagze of Foad Building and Foad Improvement Project

Dam Analysis of Waste Marerial Percentage, was performed to
calculate the percentape of material waste from the sites, both
Foads Improvement and Foad Building Projects. Description of
waste material iz as follows: (1) Mean the highsst percentage of
waste material is agpregate B by 26.12%, and the lowest is ready
mix concrete by 5.38%. Mean the percentage of profit fom road
constuction project is 4.53% and average total cost of waste is
5.3%0; (2) Median the largest percentage of waste materizl om
aggregate B 15 26.25% and the lowest is ready mix concrete by
5.75% Meadian the percentage of the profit the road building
project is 4.5% and total waste iz 4.5%; (3) Modus the largest
percentaze of material waste iz B agpregate by 26.5% and the
lowest is ready mix concrete by 6% Modus percentage of road
constuction profit that appears most frequendy i= 4.3% and total
waste is 5.5%. Fegression results with enter method indicates that
Adjusted F. Square (koeficent determination) indicates the
coefficient determination is 0.870 as shown in Table 3. The results
of Adjusted F. Square 0.870 shows the swong influence from
three waste materia] to profit projects, they are - aggregate B, lean
concrete and ready mix concrete.
Model equations obtamed is: ¥ = 7,363- 0,032 33 - 0.078 34 -
0.066 36; Where: ¥ = % Profitt 33 = % Ready Mix Concrete
Marerizl Waste; X4 = % B Aggregare Material Waste: X6 =%
Lean Concrete Material Waste
T Test, Test results exhibits that t is greater than t tzble in where t
of formwerk showed 9648 greater than 1.833. Similarly with
other waste msterizls
F Test, The test results showed that F table 90.018 = F table by
2.1 indicating that three materials, aggregate B, lean concrete and
resdy mix concrete preathy affects the profit
F.oad Pegression Model Obmined ¥ = 7,363- 0,032 X3 - 0,078
X4 - 0,066 X6 ; Where: ¥ = % Profit X3 =% Material Waste of
Feady Mix CEEI.IZI'HE 4 =% Material Waste of B Agprepste;
36 =% Material Waste of Lean Concrete. Validation:
T=72363-0,032 X3 - 0,078 X4 - 0,066 X6
Y46=7363 - 0,032x3 65 — 0,078x24 25 — 0.066x4 4 = 5,045
T47="7363 -0,032x3,55 - 0,078x24 - (.066x43 = 5074
T48="7263 - 0,052x3,6 — 0,078x24,25 - 0,066x4.45 = 5,043
Walidity of Data Road Building Project, Data validity of profit is
obtained from the contractor by conducting imterviews with the
compstent suthorites, ie the managing director or related partdes
who know sbout contractor’s profit such as Site Manaper
Naximmm and Minimum Profit, Based on regression model:
=7,363- 0,032 X3 - 0,078 34 - 0,066 X6
The data iz obtained in the range 2= follows:
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To arse the maximmm profit it is necessary to obtaimn the
mininmm of waste material as in the shove range. Afer obtzining
regression model that has been tested in both validsdon and
validity of the data, the model can be used for comtractors n
following suction When contractors bid, they certaimly pay
artenfion in order to achieve mavinmm profit with minimnm waste.
Fegarding limits (ranze) of waste material it is expected that
contractors can anticipate by producing mininmim waste for
incresse maximum profit. To be achieve minimmum waste, misk
MENIFEMENT 3T CONSTUCHoN is necessary.

Procarerses Stage
% Tut e

Naragerimt

Fig. 1: Bensfit Repression Model of Materal Waste Road Building
Project
Deescription of waste material is as follows: (1) Mean the highest
percentage of waste material is a B ageregate by 24.12% and the
lowest is ready mix concrete by 6.14%: Mean the percentage of
profit on road Improvement project is 6.16%, the total waste is
7,15%; (2) Medisn the largest percentage of waste material is B
aggnegxhe by 24% and the lowest is the ready mix comcrete at
5.75%. Median of road improvement project profit percentage is
§.275% and total waste is 7.18%:; (3) Modus the largest percentage
of material waste is B aggregate by 23% and the lowest is ready
mix concrete by 5%. Modns data of profit percentage for road
improvement that frequently arses is §%, total waste that occurs
is §%.
Enter method regression results show that that Adjnsted F. square
(coefficient determination) indicates the coefficient of
determimation of 0.933. The results of Adjusted B Square is 0.933
indicating strong influence of the three marerial waste to pmcﬁt
projects of Cement, gates B and Land. The maodal
obmined is: ¥ =8702- 0,037 X4 0,054 X5- 0,044 X7, Where: ¥
=% Prodt X4 =% Waste Material B Azgregate, X5 ="‘o Material
Waste of Land Fill , X7 =% Waste Material Waste of Cement.
T Test, Test results of t are greater than t tsble by 1.833 where t B
Apgregate showed 2,993 | greater than 1,833, Similarly with other
waste materials, the desail is shown in
F Test, The test results table shows F iz 461,037 = F table that i=
1.97 then shows the waste material ie: cement, aggregates B and
Land Fill affect profit happens.
Fegrassion Model of Foad Improvemsent, Then:
T =8,702 - 0,037 X4 - 0,054 X5 - 0,044 X7
The validafion is:
T101 =8.8702 - 0,037x29.5
Y102 =8,702 - 003"528 0,03x21,5 - 0,062x21 =
Y103 = 8,702 — 0,037x27 - 0,03x22 - 0,062x22= 5 55
Until the ca].cl.llaﬁ.un of Y107 as shown in Table 16 and the results
of the wmble shows that the model can be nsed Data validity of
profit from Foad Improvement Project is obtsined from the
conmactor by conducting interviews with the conmpetent
authorities, i.e the managing director or relzted parties who know
shout contractor’s profit such as Site Manager Mawinmm and
Minimum Profit of Road Improvement Project, From the
resulting model regression, the squation as follows:
T =8702-0,037TX4- 0,05455- 0,044 X7
The data is at the range of
M4=185=x =205
XE=10.7
XT=115<x<23
Tuobmmemummpmﬁtnlsmssal}muhmnme
mininmm waste materials such as at range above the results

-0,050x25 — 0,062x23 = 5,36
58

Benefit Fepression Model of Foad Improvement Project, Affer
obtaining resression model that has been tested in both validadon
and validity of the data, the model can be used for confractors in
following suction. When contractors bid, they certainly pay
attention in order to achieve maxinmim profit with minimom waste.
Fegarding limits (range) of waste material, it is expected that
confTactors can anticipate by producing minimmum waste for
increase maxinmm profit. To be achieve minimum waste, risk
at consmction is necessary.

oo s e g
Er—

T T = = .
— =

Fig 3: Benefit Regression Model of Material Waste Foad Improvement
Praject

4. Conclusion

The largest average percentage of waste material of road building
project is B aggregate (26%:) while the lowest is ready mix
concrete (5.3%), from the largest to smallest is the B Aggregate,
land fll, sand stome, cement fornmeork, rebar, lesn concrete,
ready mix concrete. The larpest swerage percentage of waste
material of road improvemen: praject is B Azgregate (24.2%) and
the lowest is ready mix comcrete (6.14%) from the largest to
smallest iz the agpregate B, land 61, sand, stone, cement,
formmwork, rebar, lean comcrete, ready mix concrete. Material
waste affecting the road building project of & items of materisl
waste iz the B aggregate, lean concrete and ready mix concrete
and the result is seen from the regression equation of ¥ = 7.3463 -
0.032 33 - 0078 34 - 0,066 X6, where: ¥ =% Profit, 33 =%
material waste of Feady Mix Concrete, X4 =% marerial waste of
E Agsregate, X6 =% material waste of Lean Concrste with
Adjusted F. square is 0.87. The waste material affecting road
improvemsnt project of 9 items material waste are cement B
aggregate, and soil deposits and the result seen from the regression
equation ¥ = 8.702 - 0.03734 - 0,054 X5 - 0,044 X7, where: ¥
=% Proft, X4 = % Material Waste of B Aggegae, X5 =%
Materizl Waste of Land Fill, X7 =% Waste Material of Cement
with adjusted F.-square is 0.933.
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