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Introduction

This book captures the research outcomes presented during the International
Conference on Sustainable Design, Engineering, Management and Sciences
(ICSDEMS 2019). The international conference was held from October 16 to 17,
2019, with a focus on “Sustainable Environment.” The overarching theme of the
conference centered on “Towards a Sustainable Environment: Exploring the
Solutions for the Future.” The conference was created to provide a platform to
researchers, engineers, building scientists, designers, planners, project managers,
and professionals from different sectors across the globe to present, share, and
exchange their research outcomes and developmental activities on all aspects of
green built environment. This book showcases the efforts of the presenters and
contributors regarding their research findings and how the results could promote a
global partner for research collaboration in future. The conference provides an
opportunity for delegates to have face-to-face discussion and thus establishes the
expected research networking for participants in various specializations related to
sustainable architecture, building, construction, engineering, planning, information
technology, and project management. The editors carefully considered the peer
reviewers’ reports and comments which were sent to the presenters and contribu-
tors. The comments, suggestions, and recommendations have shaped and
strengthened the quality of the chapters presented in this book.

This book comprises 29 chapters from various presenters and contributors. The
first five chapters (Chapters Eco-Friendly Masonry Products for Affordable
Housing—Perspective of Positive Social Impact–Service Quality Gap Analysis of
Water Supply in Urban Areas) capture a range of topics from application of
eco-friendly masonry products for affordable housing to conformity of the use of
space and land use in a metropolis. The first section also captures the factors
influencing the perception of people in the surrounding community of a village to
analyze the pedestrian movements due to the operational activities in a transit
station. Additionally, the first section considers a study on service quality gap
analysis of water supply in a water supply company of urban areas. The first five
chapters show a strong connection between the applications of eco-friendly prod-
ucts for affordable housing to use of land and space. The first five chapters also
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discuss the factors affecting people’s perception of the immediate environment to
understanding how operational activities affect pedestrian patterns in a transit sta-
tion to understanding the service quality gap of water supply in many urban areas.

The second five chapters (Chapters Review on Research Methods in
Performance-Based Building Design of High-Rise Residential Property–Analysis
of Gen Y Lifestyle Based on Life Cycle on Housing Preferences in Depok City) of
this book focus on topics such as review of research methods in performance-based
multi-story residential buildings, an investigation on non-destructive tests of old
concrete specimens under different load and unload conditions. Other topics include
the use of polyethylene terephthalate plastic bottle waste for modification of asphalt
concrete mix, analysis of land carrying capacity and population capacity around a
toll road of a metropolitan area, and analysis of a lifestyle based on life cycle on
housing preferences in a city. The topics would help readers understand how the use
of materials and waste products can help attain a sustainable environment due to a
paradigm shift in our lifestyle.

The third five chapters (Chapters Architect’s Knowledge and Perception to
Apply Green Building Aspect in Design–Pesanggrahan River Management in the
Recent Times, The Anthropocene Era: A Case Study of Sangga Buana Urban
Forest, Jakarta) focus on collection of work on topics including architect’s
knowledge and perception to apply green building concept in design, analysis of the
impact of urban development on river water quality: a case study of a metropolitan
area, spatial assessment of micro-hydro power plant in subsidized housing in a
community, cost–benefit analysis of hybrid retaining walls construction, and river
management in the recent times: a case of an urban forest. The third five chapters
emphasize the importance of different aspects of sustainable environment, including
river water quality, spatial assessment of hydro power plant, and cost–benefit
analysis of green built environment. The chapters would also help readers under-
stand some overarching issues regarding river management in urban forests.

The fourth five chapters (Chapters Simulation of Damage due to Alkali-Silica
Reaction in a Concrete Model at the Macroscale Level–Sustainability in
Architectural Conservation of Heritage Building: A Qualitative Approach) dis-
cuss a range of topics from simulation of damage due to alkali–silica reaction in a
concrete model at the macroscale level to combination of LEM and FEM analysis
for stability of concrete cantilever retaining wall. The fourth five chapters also
contain other topics such as application of waste low-density polyethylene (LDPE)
as bitumen modifier in asphalt concrete-binder course (AC-BC) mix, comparative
study of energy efficiency and thermal comfort technology: case studies of
eco-friendly studio and house, and a qualitative approach to sustainability in
architectural conservation of heritage buildings. This part of the book would help
readers capture how technology has helped promote sustainable environment from
the perspective of engineering, building science, and architectural conservation.

The fifth five chapters (Chapters Analysis of Road Traffic Services due to the
Operation of Cibubur Greater Jakarta Light Rail Transit Station–Bearing Strength
of Concrete Blocks with External Wrapping of Carbon Fibre Reinforced Plastic
(CFRP)) of the book capture and present some interesting topics such as analysis of
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road traffic services due to the operational activities at a light rail transit station and
analysis of pedestrian scenarios in public spaces: a case study of a metro light rail
transit station. Other topics include changes of facades in a building with com-
mercial function in an urban area, bearing strength of reinforced concrete blocks
axially loaded through different sizes of steel plates, and bearing strength of con-
crete blocks with external wrapping of carbon fiber-reinforced plastic (CFRP). The
topics present in Chapters “Analysis of Road Traffic Services due to the Operation
of Cibubur Greater Jakarta Light Rail Transit Station”–“Bearing Strength of
Concrete Blocks with External Wrapping of Carbon Fibre Reinforced Plastic
(CFRP)” would help readers capture the various developmental activities regarding
the aspects of sustainable built environment in light rail transit stations, building
facades, reinforced concrete structures, and carbon fiber-reinforced plastic.

The last four chapters (Chapters “Mechanical properties of Engineered
Cementitious Composite (ECC): An Overview”–“Impact of Urban Configurations
on Airflow: Tropical Context Study”) discuss a selection of topics that range from
an overview of mechanical properties of engineered cementitious composite
(ECC) to a comparative study of solar heat transmission through single-skin façade
(SSF) and naturally ventilated double-skin façade under a hot and humid climate.
The last four chapters also capture topics on responsible waste management of
micro, small, and medium enterprises (MSMEs) toward sustainable development in
a case study city and impact of urban configurations on airflow: tropical context
study. Chapters “Mechanical properties of Engineered Cementitious Composite
(ECC): An Overview”–“Impact of Urban Configurations on Airflow: Tropical
Context Study” provide insight on various ways we can promote a sustainable
environment through use of single-skin façade and naturally ventilated double-skin
façade. This part of the book also includes information on responsible waste
management at various levels toward attaining sustainable development in different
locations and contexts.

The editors hope the collections of chapters in this book will help readers,
including researchers, academia, and industrial professionals, reach out to the
presenters and contributors for continued networking and collaboration toward
attaining a sustainable environment. We are optimistic that readers would find the
research findings in this book helpful and promote future discussion on how some
of the research projects could be further developed. It is our hope the collection of
work in this book would help provide answers or hints to some unanswered
questions in the fields of sustainable architecture, building technology, construction,
engineering, planning, information technology, and project management. We hope
you enjoy reading the book. We also hope we can build on this work in the future.

Timothy O. Adekunle
(on behalf of the editors)
Seyed Sattar Emamian

Utaberta Nangkula
Mokhtar Awang

(Eds.)
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Eco-Friendly Masonry Products
for Affordable Housing—Perspective
of Positive Social Impact

R. Ramesh Nayaka, U. Johnson Alengaram, Mohd Zamin Jumaat,
and K. Balakrishna Rao

Abstract Although many countries have the wish to assess the social impact, it is
not clear how to evaluate societal quality, exclusively for basic and strategic research.
Besides, it is very essential for a young researcher, engineer, and scientist to under-
stand the importance of societal impact for research. The major contribution to
infrastructure development and housing comes through the construction industry.
However, due to extensive usage of natural resources as conventional materials in
construction, they have led to a rise in environmental problems and a rise in cost of
materials which has impact on social cost. Improper waste management causes the
health impact rise due to environmental problem.Hence, it is important to translate the
ideas to fill the gap between solid waste and construction industry through advancing
the understanding of fundamentals and developing solutions to problems of social
significance. Therefore, this study attempted to utilize industrial by-products (IP’s)
to develop masonry products. In this research, the palm oil industry by-products
such as palm oil clinker powder (POCP) was used as an example to address the
social impact. The basic properties of POCP were investigated to meet the stan-
dard limit, and engineering performance was investigated to evaluate the masonry
mortar containing POCP as cement replacement. Eventually, the reduction of carbon
emission and cost were evaluated to assess the positive impact on society. The inves-
tigation results revealed that adequate engineering performance achieved by POCP
incorporated masonry mortar. In addition, appreciable reduction of carbon emission
(32%) and cost (20%) were noticed due to the incorporation of IP’s. Further, the
landfilling was reduced by diverting IP’s that were utilized in masonry products. The
new masonry mortar or masonry products can be used in masonry construction and
can be used to alleviate the inadequate supply of affordable housing.
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Department of Civil Engineering, Manipal Institute of Technology (MIT), Manipal Academy of
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1 Introduction

Inadequate supply of affordable housing for the growing population in the Asia
region has caused a rapid increase in construction activities which has a very high
social impacted as the matter of basic need. Therefore, adopting alternatives to meet
the challenge of bridging the affordability gap is significant. For instance, 89% of
total wastes in Malaysia goes to landfilling which pollutes the soil and water causes
environmental problems, and this waste generation has been forecasted to increase
by 65% by 2020 [1, 2]. Although, Malaysia stands in the first place among palm
oil exporters and the second in palm oil production worldwide [1]. Eventually, an
enormous quantity of palm oil wastes are produced as in the form of empty fruit
bunches (EFB), mesofibres, palm shells, etc., which are posing disposal problems
[3]. However, 85% of waste is reused as fossil fuel to generate flux to produce palm
oil [4]. Even after using as fossil fuel, the combusted waste about 25% is remained
as in the form of palm oil clinker (POC) and palm oil fuel ash (POFA) which goes
to landfilling and causes air and soil pollution [5]. Therefore, diversion of palm oil
waste by-products is essential and could be an alternative environmental-friendly
building material to utilise in masonry mortar to preserve the natural resources.

Previous research studies have reported on the utilization of palm oil mills by-
products in mortar and concrete. Extensive research work on using of palm oil shell
in blast resistance concrete has been highlighted [6], and previous works on using
of POC as coarse aggregate in self-compacting concrete, high strength concrete
and lightweight concrete were noticed [7–10]. In a study, Karim et al. [9] revealed
that POCP is a pozzolanic material which is better than palm oil fuel ash (POFA).
Nayaka et al. [7, 11] studied to replace cement with POCP to minimize CO2 and cost
in masonry mortar without compromising the minimum requirement of mortar. The
results revealed that POCP could be used up to 40%which reflects on 32% reduction
of CO2 and about 20% reduction of cost. Hence, the challenge in diverting waste
from landfilling to produce potential building materials would be remedied for the
environmental problem and supporting society to afford housing. In this context, the
research is investigated on the utilization of POCP as a binder to replace cement. The
utilization of POCP will have an influence on cost-saving and reduce CO2 emission
[12]. In addition, the research addresses the societal impact necessary to investigate
the economic and environmental vulnerability of POCP without compromising the
engineering properties. Hence, this study attempted to evaluate the economic and
environmental vulnerability through indices developed by Kanadasan and Razak
[13], namely engineering environmental index (EEI) and engineering economic index
(ECI).
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2 Methods

The objectives in this research were, firstly, to utilize local industrial by-products, i.e.
POCP to produce eco-friendly masonry products. Secondly, to analyse the perfor-
mance of masonry products, and finally, to evaluate carbon footprint and cost of
eco-friendly materials for environmental and social benefits. Figure 1 presents the
method adopted in this study to attempt the challenges and get solutions through this
research which contribute to powering the green cities and has a positive impact on
society in terms of economy and environment.

Figure 2 presents the conventional materials being used in masonry products and
available alternativematerials from industrial by-products to replace the conventional
materials. In addition, it shows that the masonry products could be produced using
these industrial by-products. However, extensive researchwork is required to attempt
all the industrial by-products and to produce avariety ofmasonryproducts. Therefore,
this research presents only an attempt of using POCP as cement replacement in
masonry mortar to show the positive societal impact. Similar could be followed for
further research work on other industrials by-products to produce masonry products.

The type “S” cement limemortar is selected in this studywhich ismore suitable for
laying bricks and blocks and could be used for rendering work with lower compres-
sive strength and improved bonding property. The mix proportion of the cement
lime mortar is 1:0.5:4.5 (Binder: Lime: Sand). The water (based on w/b ratio) was

Fig. 1 Schematic diagram for attempting challenges for the solutions
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Fig. 2 Possible alternative materials to replace conventional material to produce masonry products

adjusted to meet the consistency of 110 ± 5% based on ASTM standard [18]. First
of all, OPC, hydrated lime, and sand were blended in a mortar mixer for 3–5 min to
obtain a homogeneous blend and then added to the blend and blended for another
2–3 min to obtain a coherent mortar paste. Secondly, the mortar paste was tested
for slump flow to attain a value of 110 ± 5%, and accordingly, water content was
adjusted, and subsequently, the fresh density of mortar was measured. Finally, the
paste was taken from the mixing bowl and deposited into 50mm cubic moulds in two
layers in themould and each layer was compacted by usingmechanical table vibrator.
Furthermore, themouldswere let for curing by covering plastic sheets to avoid plastic
shrinkage of the mortar due to evaporation of moisture from mortar paste. After 24 h
of initial curing, the specimens were demoulded and transported to wet curing unit
for further curing in the laboratory environment with the varying temperature of
28–32 °C and relative humidity of 70–80%. Similar steps were followed for the
mixes that were prepared with POCP substitution. The masonry mortar mixes were
prepared by substitution of POCP to replace cement up to 80% with a gradual of
increase of 10% for every mix prepared. The ideal mixture was selected based on
meeting the required strength of 12.40 MPa based on ASTM C270-14 [15]. In the
investigation, the hardened properties of every mix were determined by the hardened
density and compressive strength based on ASTM C109-14 [18]. The reduction of
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Table 1 Fresh properties of mortar with respect to POCP replacement level

Mix ID W/C ratio W/B ratio A/B ratio Slump flow (mm) Fresh density (kg/m3)

CL 0.5 0.46 3.83 108.00 2225

CLP10 0.59 0.49 3.83 115.00 2185

CLP20 0.67 0.57 3.83 113.25 2135

CLP30 0.67 0.57 3.83 106.50 2120

CLP40 0.67 0.57 3.83 111.75 2095

CLP50 0.67 0.57 3.83 109.50 2060

CLP60 0.70 0.60 3.83 112.50 2035

CLP70 0.70 0.60 3.83 108.50 2022

CLP80 0.70 0.60 3.83 110.75 2015

carbon emission and cost reductionwere evaluated. In addition, engineering econom-
ical index (ECI) and engineering environmental index (EEI) were selected from the
previous conducted study [13, 14]. Indices were determined, and a comparison was
drawn between conventional and environmentally roundly masonry mortars of the
ideal mixture.

3 Results and Discussion

3.1 Fresh Properties

The required slump flow of conventional mortar reached aw/b ratio of 0.40, while the
POCP replaced the w/b ratio in place of cement as the POCP content increased due
to the presence of unburnt carbon in the POCP and irregular particle sizes of powder
[12, 17]. The w/b ratio rose from 0.49 to 0.60 with respect to POCP replacement
with cement is presented in Table 1.

3.2 Hardened Density

Figure 3 shows the hardened density of mortar prepared using POCP, the cement
replacement increased in the mortar when POCP was reduced the hardened density.
It was observed that the hardened density of POCPmortar declined from 2375 kg/m3

at 0%ofPOCP to2025kg/m3 at 80%of thePOCP.WhenhighvolumeofPOCP (80%)
is used inmortar, then the hardened density was decreased by 14.74% as compared to
control mortar mix. There were decreases in density as the POCP content increased
due to lower specific gravity, and coarser particles of POCP influenced the developing
voids which resulted in the reduction of hardened densities [7, 16].
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Fig. 3 Effect of POCP replacement level on hardened density

3.3 Compressive Strength

Figure 4 demonstrates the impact of replacing POCP on masonry mortar’s compres-
sive strength. The POCP is replaced up to 80% with cement, and the strength of the
mortar mix with 80% of POCP was considerably attained less at 28 days of curing
period; however, only 10% of POCP replacement was attained higher strength than

Fig. 4 Influence of POCP replacement level on compressive strength
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the conventional mortar due to influence of pozzolanic effect from rich silica content.
In the meantime, CLP50 achieved 58% of the strength control and more than the
required compressive strength of 12.40 MPa. However, CLP60 and CLP70 obtained
compressive strength of about 35 and 18% of the strength of CL which is lower than
requisite strength of mortar for structural purpose; therefore, CLP60 and CLP70
could be used for the non-structural application. It was noteworthy to observe that
the strength of mortar had attained the value of 28 MPa at 28 days of curing, and
merely 10% of POCP replacement in mortar achieved higher compressive strength
of 29.20 MPa compared to control. The enhanced strength in mortar containing 10%
of POCP could be attributed by higher silica content, and coarser particles helped
to develop good bonding between paste and aggregates resulted in fewer voids [17].
However, the compressive strength ofmasonrymortar decreased as the POCPcontent
increased from 20% onwards due to the impact of dilution of POCP, and reaction to
hydration also reduced due to less cementitious content impacted on weaker bonding
between aggregate and binders; therefore, it led to reduction of compressive strength.
However, in accordance with requisite strength of 12.40 MPa for masonry mortar
the optimum of 40% of POCP could be recommended to use in masonry mortar as
far as strength is concerned [11, 15] and considering variation factors.

3.4 Structural Efficiency (S.E.)

The connection between compressive strength and hardened density was determined
by the structural efficiency (S.E.) of masonrymortar. In Fig. 5, it can be observed that
S.E. values of the obtained control mortar were about 0.012, and in 10% of POCP
replacement, it was noticed that the improved S.E. might be attributed due to rich

Fig. 5 POCP replacement level on the structural efficiency of mortar
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silica content and presence of gypsum in POCP particles which acted as retarders to
improve the strength and density; hence, that result reflected on S.E. Furthermore,
the S.E. was decreased substantially as POCP content increased due to dilution effect
and reduction of heat evolution rate [2, 13].

3.5 Reduction of Carbon Emission and EEI

Table 2 presents the total carbon emission and engineering environmental index (EEI)
values for masonrymortar in which cement was replaced by POCP as a binder from 0
to 80%. The total carbon emission of control masonry mortar obtained 0.4085 tCO2-
e/m3. The carbon emission of masonry mortar from 10% was about 0.3751 tCO2-
e/m3 which implies the reduction of about 8%, and for 80% replacement, the carbon
emission was reduced by 65%. However, according to requisite strength, the 40%
of POCP mix was the ideal POCP mix which was based on requisite strength which
reduced the carbon emission about 32%. This reduction of carbon emission could be
attributed to the non-combustion process of POCP which was collected and directly
grounded without any combustion. Evaluation of integrated engineering element
through EEI was observed, and the obtained EEI value increased up to 40% of the
POCP replacement and afterwards was decreased. The EEI value was enhanced by
23% in POCP replacement of 40% as compared control mix which indicates the
POCP’s capacity to generate significant engineering performance without forgoing
the environmental benefits. This outcome represents the contribution to be made in
increasing the use of POCP with respect to sustainability criteria [2, 7, 13].

Table 2 Total carbon
production, reduction of CO2,
and EEI with respect to POCP
replacement level

Mix ID Total e-CO2 of
mortar

Reduction of CO2
(%)

EEI

CL 0.4085 0 0.02968

CLP10 0.3751 8 0.03562

CLP20 0.3426 16 0.03424

CLP30 0.3091 24 0.03515

CLP40 0.2766 32 0.02857

CLP50 0.2431 40 0.03282

CLP60 0.2097 49 0.02431

CLP70 0.1771 57 0.019959

CLP80 0.1437 65 0.017717
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Table 3 Total cost of mortar, cost reduction (%), and ECI with respect to POCP replacement level

Material (kg/m3) Total cost (RM/m3) Total cost (USD/m3) Cost reduction (%) ECI

CL 312.64 73.05 0.00 3.88E−05

CLP10 296.85 69.36 5.05 4.50E−05

CLP20 281.06 65.67 10.10 4.17E−05

CLP30 265.26 61.98 15.15 4.10E−05

CLP40 249.47 58.29 20.20 3.17E−05

CLP50 233.68 54.60 25.26 3.41E−05

CLP60 217.89 50.91 30.31 2.34E−05

CLP70 202.10 47.22 35.36 1.75E−05

CLP80 186.30 43.53 40.41 1.37E−05

3.6 Cost-Saving and ECI

Table 3 presents the total cost of mortar determined for 1 m3 of mortar, the cost
reduction due to the incorporation of POCP, and engineering economical index (ECI)
which shows the relationship between engineering performance and cost. In this
study, POCP value was considered to be “zero cost” material. The price of materials
was considered based on market values. It was found that the total cost of 1 m3

was about RM 312.64 ($73.05) per m3 for mortar. The total cost of CLP80 was
obtained about RM 186.30 ($43.53) which was reduced about 40.41%, and for the
ideal mix, the cost reductionwas about 20.21%. This shows substantial building cost-
savings on a wider scale. The ECI was carried out by integrating the price factor with
the characteristics of the engineering. In addition to the economic advantages, the
findings provide a useful indication to assess POCP’s beneficial contribution to the
hardened system, besides the economic advantages. For 10% of POCPmix, which is
greater than control mortar, the ECI was acquired around 4.50× 10−5. This excellent
ECI value demonstrates a healthy connection between the engineering characteristics
and cost.As shown inTable 3, by integrating 40%ofPOCP, nearly 20.20%of the price
can be decreased or saved. The cement industry is one of the biggest contributions
of carbon emission to environment worldwide. The excellent correlation shows the
construction industry balanced between cost and environmental elements [2, 7, 13].

4 Conclusions

Utilizing a high volume of POCP in masonry mortar for showcasing positive societal
impact has been thoroughly researched in this study and concluded as follows:

• The POCP replacement up to 40% with cement is recommended to be used for
masonrymortar with reference to achievement of requisite strength of 12.40MPa.
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• The replacement of cement by POCP at 40% achieved mean S.E. about
0.008 MPa/kg/m3 and produced about 75% of control mortar. This indicates that
POCP mortar is lighter than control mortar and there is a good bonding between
strength and density.

• The total carbon emissionwas reduced by 32% for 40% replacement of POCP and
could be reduced by 65% for 80% of POCP substitution for cement in masonry
mortar. Reduction of carbon emission and cost have proven that POCP mortar is
environmentally friendly and more cost-effective than the control mortar.

• The EEI value for CLP40 improved about 23% compared to CL, which indicates
the ability of OCP to achieve engineering performance without aforementioned
environmental benefits. The ECI was obtained about 4.50 × 10−5 for 10% of
CLP10 which is higher than control mortar. This good value of ECI shows a good
relationship between engineering properties and cost. As observed in Table 3, the
cost was reduced by about 20.20% by using 40% of POCP.

In other words, powder forms of IP’s such as POCP, fly ash, POFA powder, rice
husk ash, and bagasse ash are reactive and these could be used to replace cement to
produce eco-friendly products due to carbon-free characteristic as there is no thermal
treatment involved in processing industrial by-products intomasonry products; there-
fore, no carbon emission is produced that would help to save the environment and
less energy is required to process the materials that would save the energy. Indus-
trial by-products which are used to replace the aggregates such as palm oil clinker,
oil palm shell, steel slag, and incinerated bottom ash aggregates are non-reactive.
Besides, the cost of these industrial by-products is very low such as their transporta-
tion cost; therefore, they are suitable for low-cost housing that could be affordable
to low-income group community. Overall, it could be concluded that adaptation of
industrial by-products in the construction industry has a more significant societal
impact on the environment, cost reduction, and effective solid waste management.
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Conformity of the Use of Space and Land
Use in North Jakarta Administrative City

Galih Jati Utomo, Hafid Setiadi, and Rudy P. Tambunan

Abstract North JakartaCity as part of theSpecialCapitalRegionof JakartaProvince
has a region characteristic typically of coastal areas with varied land use functions.
Urban development that occurs alongwith population growth and development activ-
ities increases the demand for land, though the city is designed in a planological
manner according to the type of designation and land use that has been previously
determined. This condition leads to the occurrence of land use deviation from the
North Jakarta Regional Spatial Plan (RTRW) and Detailed Spatial Plan (RDTR).
This study aims to determine the pattern of changes in land use and utilization
(spatial and temporal). The method used in this study was map analysis with overlay
using geographic information system, qualitative data collection and quantitative
descriptive method by identifying and conducting field survey observations. The
results showed a change in the pattern of spatial utilization in 2008 until 2018. The
land use that showed increase in North Jakarta City was industrial land and ware-
housing of 9.26%, whereas the most decreasing land use was occupancy/housing of
11.83%. Based on the results of the analysis, the land use that had conformity with
the spatial plan in 2018 was 51.05%, 12.48% supported the spatial plan, 29.48% had
no conformity with the spatial plan and 6.96% had not approved yet.

Keywords Spatial analysis · Spatial violation · Spatial planning · Spatial use ·
Land use

1 Introduction

A common problem faced by big cities in Indonesia is the high growth of urban
population. This is due to natural population growth and urbanization factors. These
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two factors ultimately have an impact on the emergence of various problems in urban
areas such as the lack of space for the needs of housing, offices, trade and services.
The current urban development has an impact on increasing the need for space in
urban areas and the high demand for land. Therefore, spatial planning is needed to
regulate utilization patterns based on activities, types of activities, location functions,
space quality and environmental aesthetics [1].

Based on the DKI Jakarta 2030 Spatial Planning (RTRW), in order to control
the development of activities so as not to exceed the carrying capacity and accom-
modative capacity of the environment, one strategy is to prioritize the development
of cities to the east, west and north and limit development to southward [2]. This
is also in line with the vision of the North Jakarta Administrative City, namely to
realize the North Jakarta Administrative City as a modern coastal city that is neatly
organized, advanced, comfortable and prosperous and has a cultured society and a
government-oriented public service. As a coastal city, North Jakarta has a strategic
value in controlling space utilization in the DKI Jakarta Province.

Problems in the City of Jakarta related to the control of spatial use are land use and
spatial use that do not comply with applicable laws and regulations. This is a factor
that triggers the non-conformity of urban space utilization. Beneath that problem,
DKI Jakarta Province still does not have anyRegionalRegulation on theManagement
Zoning of Small Coastal Areas and Islands (RZWP3K). The unresolved problem this
spatial plan has been making the weak utilization control space, especially in coastal
areas [3]. This issue also occurred in the North Jakarta Administrative City, and
limited land and the high price of land in Jakarta and North Jakarta in particular
caused an increase in the intensity of land use in each ownership.

This study is very important considering the great benefits obtained when the
land use and spatial use can be identified. Through this study, it is expected to be
known to what extent the conditions, dynamics and the extent of non-conformity
that occurred in spatial planning in the North Jakarta Administrative City. Thus,
evaluations can be carried out in the context of proposed changes or providing input
on the revision of the Regional Spatial Plan (RTRW) through approaches that are
in line with environmental conditions and problems. Based on the facts described
above, the authors are interested to conduct a study entitled “Conformity of The Use
of Space and Land Use in North Jakarta Administrative City.”

According to Gallion and Eisner [4], changes in an area and part of a city are
influenced by the geographical location of a city. There are several determinants in
urban growth, such as transportation networks and relationships between cities and
elements of the population. This is due to an increase in human activities in urban
areas. The main urban activities that play an important role in urban development
are trade activities, industrial activities and housing activities [5].

Land usability planning is often interchangeable with the term land use planning,
because it basically has the same understanding. In some literatures, it is called
land use planning. The difference between the two lies in the emphasis on space.
According to Baja [6], land use implicitly contains the definition of space in it,
because it is related to the use, arrangement or setting of the use both in the context
of space and time (spatial and temporal). Meanwhile, Shirvani [7] mentions that each
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city designmust pay attention to the existing design elements so that the citywill have
clear characteristics. There are eight elements that make up a city (mainly the city
center), and one of them is land use. Allotment of land (land use) must pay attention
or adjust to the problems in how to develop the city. The study conducted by Shirvani
[7] also mentioned that zoning ordinance is a practical and useful control mechanism
in urban design. The main emphasis lies on the three-dimensional problem, namely
the harmony relationship between buildings and environmental quality. This is the
basis for urban spatial planning.

Furthermore, Kivell [5] states that land use planning and zoning are instruments
in spatial planning. These two instruments are generally detailed in the structure plan
or in more detail in the area plan that shows where development can be permitted
and in what form of building. The objectives of the area plan are limit the use of
permitted space; guarantee the balance of land use for all activities in all strategic
areas; avoid non-strategic land use.

In land use theory, land use is defined as land use regulation [8]. In land use, land
can be interpreted as land that already has ownership and allocation status. Land is
a limited natural resource as a necessity of life for every individual; its use needs to
be regulated and planned. Land use is closely related to daily activities held on the
plots of land. Thus, there are land uses for agriculture, industry, housing, education
and so on. These land use patterns are regulated or planned in land use planning [9].

The theory of changes in an area and its surroundings as part of a wider urban area
according toGallion andEisner [4] in the book, entitledTheUrbanPattern,may cause
distortions in land use changes. Based on Chapin and Kaiser’s theory [10], urban
development will always be associated with urban land use where there are three key
systems that influence. The three systems include (a) the city activity system; (b)
environmental system; (c) land development system. Meanwhile, land conformity
is the level of conformity of a plot of land for a particular use. The conformity of
the land can be assessed for current conditions (actual land conformity) or after
improvements have been made (potential land conformity) [11].

2 Methods

This study uses amix-method approachwith a stepwisemethod, namelymap analysis
andquantitative andqualitative descriptive analyses by conducting in-depth interview
with key informant. Changes in land use in the North Jakarta Administrative City
area were obtained by analyzing digital maps by overlaying 2008 land use map and
2018 land usemap as the secondary data from local government agencies. The results
of the overlay produced a map of land use changes at the specified year spacing.

Then, to obtain the amount of land use non-conformity, it was obtained by clas-
sifying the forms of land use or classifications of space allocation on the RTRW
which were determined based on the classification standards of the themes listed in
the 2010–2030 RTRW Jakarta Spatial Pattern Map. The map used was a comparison
of Detailed Spatial Plan map with land use map in 2018.
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The amount of space utilization and the non-conformity to spatial planning were
obtained from visual interpretation using geographic information systems (GISs).
Geographic information system (GIS) is a computer-based system of work that has
the ability to enter, manage, analyze and reactivate data that have spatial references
for various purposes related to mapping and planning. The final result (output) in the
form of geographical display is very useful for decision making [12].

3 Result and Discussions

3.1 Land Use Change

Based on the analysis results of the map of land use in 2008 (Fig. 1) and 2018 (Fig. 2)
with interpretation of aerial photographs (satellite imagery) based on secondary data
from the Department of Spatial Planning and Land Management of DKI Jakarta
Province, there were 26 (twenty-six) classes or land use classification in North
Jakarta Administrative City. To simplify land use classification, the authors simpli-
fied the classification into 6 (six) types, including a. facilities and means; b. occu-
pancy/housing; c. industry and warehousing; d. offices, trade and services; e. open
space, cemeteries, plantations, agriculture and vacant land and f. others. Based on
an analysis of land use change, it was shown the pattern of land use in 2008 (Fig. 3)

Fig. 1 Map of land use in North Jakarta Administrative City in 2008
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Fig. 2 Map of land use in North Jakarta Administrative City in 2018

6%

47%

11%
4%

22%

10%

Land Use in North Jakarta Administrative City in 2008 
(%)

Facility and Infrastructure

Occupation/Housing

Industrial and Warehousing

Office, Trade and Service

Open Space, Cemeterty, Plantation,
Agriculture and Empty Land

Others

Fig. 3 Land use in North Jakarta Administrative City in 2008

and 2018 (Fig. 4) in North Jakarta City. The details for each subdistrict and land use
changes at that time can be seen in Table 1.

Spatially, a subdistrict that has access to or is directly adjacent to a port and
infrastructure in the form of accessibility to an activity center and an adequate road
network has a high level of change. The results of the analysis showed that the use of
residential land experienced a significant decline in the period of 2008–2018. This
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Office, Trade and Service

Open Space, Cemeterty, Plantation,
Agriculture and Empty Land

Others

Fig. 4 Land use in North Jakarta Administrative City in 2018

is in accordance with cases of land use in urban areas, where housing is currently
directed as vertical housing. In accordance with the DKI Jakarta Spatial Planning,
achieving good density condition for Jakarta can be done through increasing land
carrying capacity and intensifying land use through vertical development.

As a coastal area and to facilitate the need for space, plans to develop industrial
estates and warehouses are indeed part of the spatial pattern plan in North Jakarta
City. In addition, in the spatial pattern plan referred to in the cultivation area plan,
a plan to develop industrial estates and warehouses was established to support the
activities of Tanjung Priok Port. This can be seen from the increased use of space in
the form of processing industries and warehousing services. Based on the results of
the analysis, there was an increase of 9.26% (from 11.02 to 20.28%) for industrial
and warehousing use.

3.2 Land Use Conformity

As a benchmark for conducting an overlay analysis, the matrix was first set as a tool
for the land use conformity assessment. Thematrix in this study was used to compare
two factors, in which the column section was the spatial planning zoning and the row
section was the classification of land use. The column and row show the strength of
the relationship between items or nonlinear relationship.

The 2018 land use conformity matrix for Detailed Spatial Plan in North Jakarta
City can be seen in Table 2. Matrix analysis referred to the approach adopted to
Minister of Public Works Regulation No. 20 of 2011 concerning Guidelines for
Preparation of Detailed Spatial Plan and District/City Zoning Ordinance [13]. The
author limited the determination that did not refer to zoningordinancewhere activities
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Table 2 Analysis matrix of land use conformity with the Regional Spatial Plan of North Jakarta
City

Detailed Spatial  
Planning (RDTR)

Land use

M
ixed zone

R
ecreational zone

Industrial and w
arehousing zone

R
oad zone

G
reen zone

Protected zone

Public service and social zone

R
egional governm

ent zone

N
ational governm

ent zone

O
ffice, trade and service zone

O
ffice, trade and service zone

L
ow

 building basic coefficient 

V
illage housing zone

H
ousing zone

L
ow

 building basic coefficient

H
ousing zone

M
oderate-high building basic coefficient

V
ertical housing zone

V
ertical housing zone low

 building basic 
coefficient

C
em

etery zone

R
eclam

ation zone

C
ity park zone /environm

ent

B
lue open zone

Facility and infrastructure

1. Health facility M TS TS TS TS TS S S S S S M M M M M TS TS TS TS
2. Government facility S TS S TS TS TS S S S M M TS TS TS TS TS TS TS TS TS
3. Education facility S TS TS TS TS TS S S S M M M M M M M TS TS TS TS
4. Religious facility M TS M TS TS TS S M M M M M M M M M TS TS TS TS
5. Telecommunication 

facility 
M TS M TS TS TS S M M M M M M M M M TS TS TS TS

6. Art and culture 
facility 

M TS TS TS TS TS S M M M M M M M M M TS TS TS TS

7. Market M TS TS TS TS TS S S S S S TS TS TS TS TS TS TS TS TS

8. Public service M TS M TS TS TS S M M M M M M M M M TS TS TS TS
9. Study and research M TS TS TS TS TS S M M M M TS TS TS TS TS TS TS TS TS

Residential/housing
1. Residential, 

housing, settlement
S TS TS TS TS TS M TS TS M M S S S S S TS TS TS TS

Industrial and warehousing

1. Industrial TS TS S TS TS TS TS TS TS M M TS TS TS TS TS TS TS TS TS
2. Warehousing TS TS S TS TS TS TS TS TS M M TS TS TS TS TS TS TS TS TS

Office, trade and service 
1. Office, trade and 

service
S TS M TS TS TS TS TS TS S S TS TS TS TS TS TS TS TS TS

Open space
Forest area M S M TS S S M M M M M M M M M M M TS S TS

1. Empty land M M TS TS M M M M M M M M M M M M M TS S TS

2. Cemetery TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS S TS M TS
3. Plantation TS M TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS S TS

4. Agriculture TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS S TS
5. Open space M S M TS S M M M M M M M M M M M M TS S TS

6. Agricultural field TS TS M TS S M M M M M M M M M M M M TS S TS
Other allocation

1. Waters TS TS TS TS TS S TS TS TS TS TS TS TS TS TS TS TS TS M S
2. Fishery TS TS TS TS TS TS TS TS TS M M TS TS TS TS TS TS TS TS S
3. Defense and 

security
TS TS S TS TS TS S S S TS TS TS TS TS TS TS TS TS TS TS

4. Transportation TS TS M S TS TS S TS TS TS TS TS TS TS TS TS TS TS TS TS
5. Tourism TS S TS TS TS TS M TS TS M M TS TS TS TS TS TS TS S TS

6. Others TS TS TS S S TS TS TS TS TS TS TS TS TS TS TS TS BS M S

Information
S : Appropriate
M : Supportive
TS : Inappropriate
BS : Not Approved Yet

were conditional and limited to the ITBX table Regional Regulation No. 1 of 2014
concerningDetailed Spatial Plan and zoning ordinance in DKI Jakarta Province [14];
however, the determination of land use conformity was close to that.

From the results of the overlapping analysis using 2018 land use map with spatial
planning, it can be seen that there was “inappropriate” land use with “supportive”
land use to the North Jakarta Administrative City plan. In conducting the analysis,
the authors calculated the appropriate, not appropriate and supportive land area.
Conformity between the types of land use for the functions planned in the spatial
planning in the North Jakarta Administrative City was based on four criteria as
follows:

1. Appropriate (S), if land use has been fully was in accordance with regional
functions in the Detailed Spatial Plan (RDTR).
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2. Inappropriate (TS), if land use was not in accordance with regional functions
in the Detailed Spatial Plan (RDTR).

3. Supportive (M), if land use was not in accordance with regional functions but its
existence could be maintained or adjusted as long as it did not interfere and could
contribute to the realization of regional functions as stipulated in the Detailed
Spatial Plan (RDTR).

4. NotApprovedYet (BS), if the land allocation conditions had not been established
or had not been approved in the Detailed Spatial Plan (RDTR).

Especially for reclamation islands in this study were included in the classification
of other land allocation with a study matrix in the form of “plans that have not
been approved.” This is because the reclamation islands do not yet have zoning and
regulations that are set as the legal basis in themanagement of coastal areas and small
islands located in Jakarta Bay (Regional Regulation on the Management Zoning of
Small Coastal Areas and Islands [RZWP3K]).

The results of the conformity overlay between spatial pattern plan contained in
the Regional Spatial Plan dan Detailed Spatial Plan with the land use map in 2018
can be seen in Table 3 and the conformity map is presented in Fig. 5.

In calculating the conformity amount, this study used the Minister of Agrarian
and Spatial Planning (ATR)/Head of National Land Agency (BPN) Regulation No. 6
of 2017 concerning Procedures for Reviewing the Regional Spatial Plan to calculate
the percentage of the area of each planned area [15].

A

x
× 100% = a% (1)

a Land use conformity value
A Existing physical shape
x Area according to spatial plan.

The percentage of conformity between spatial pattern plan contained in the Regi-
nala Spatial Plan dan Detailed Spatial Plan with land use in 2018 can be seen in
Fig. 6 while the conformity map is presented in Fig. 5 as the result of overlaying
the two. Based on Figs. 5, 6 and 7, it was known that 7650.24 ha of land use in
2018 or 51.05% of the total area of North Jakarta City were appropriate based on the
spatial pattern plan, whereas 1869.85 ha (12.48%) were supportive spatial pattern
plan, 4422.42 ha (29.51%) were not appropriate and 1042.87 ha (6.96%) of the plans
had not yet been approved yet. The region with the highest conformity value was
Kelapa Gading District of 64.16% and the lowest was Cilincing District of 35.32%.

Then, based on theMinister of Agrarian Affairs and Spatial Planning (ATR)/Head
of National LandAgency (BPN)No. 6 of 2017 concerning Procedures for Reviewing
Regional Spatial Planning, the calculation of utilization conformity (space pattern)
could be taken as follows:

7650.24 ha

14,985.38 ha
× 100% = 51.05% (2)
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Fig. 5 Map of land use conformity in 2018 with North Jakarta City Detailed Spatial Plan, North
Jakarta City

Fig. 6 Percentage of land
use conformity in 2018 with
North Jakarta City Detailed
Spatial Plan
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Fig. 7 Percentage of land
use conformity in 2018 with
North Jakarta City Detailed
Spatial Plan based on
subdistrict
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With a conformity value of 51.05% and viewed from the aspect of realization of
the type and amount of spatial utilization implementation, North Jakarta City could
be said to have amoderate category. This was due to the realization value of the space
utilization implementation between 51.05 up and 62.53% if the support category was
also included in the calculation value.

3.3 Factors That Influence and Impact and Impact of Land
Use Non-conformity

Based on the result of interview conducted with key informant, namely the Head of
Cipta Karya Office, Spatial Planning and Land Administration of North Jakarta City
and field observations, the factors that allegedly influenced the occurrence of land
use non-conformity in North Jakarta City included land/space ownership system,
economic benefits and influence of neighborhood unit.

Coastal areas have a vulnerability to higher land change and development. The
implication as a consequence of landuse non-conformity toward spatial planningmay
cause threats to the carrying capacity and sustainability of life in the future. Problems
that arise as a result of the spatial utilization non-conformity that coincide with the
unavailability of environmental infrastructure in North Jakarta City resulted in the
emergence of irregular housing, traffic congestion, natural vulnerabilities (floods),
damage to environmental quality, reduced public space and inability to implement
government development programs and so on.
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4 Conclusions

Changes in land use utilization in the North Jakarta Administrative City occurred in
several land uses. Land with increased utilization in North Jakarta between 2008 and
2018 was industrial and warehousing of 9.26%. Meanwhile, the land with the most
decreased utilization was residential/housing of 11.83%. The increase in changes in
land use is in accordance with the direction of the DKI Jakarta Spatial Plan, which
states that the spatial pattern of North Jakarta City is to provide warehousing and
industrial facilities to support trade activities and services to support the activities of
Tanjung Priok Port.

Compliance between existing land use in 2018 with Detailed Spatial Plan in
North Jakarta Administrative City showed a value of 51.05 up to 62.53% which was
included in support category. This figure was categorized in moderate level in the
evaluation of spatial use conformity based onMinister ofAgrarianAffairs and Spatial
Planning (ATR)/Head of National Land Agency (BPN) No. 6 of 2017 concerning
Procedures for Reviewing Regional Spatial Plan.

The implications of land use non-conformity in North Jakarta City included the
emergence of irregular housing, traffic congestion, natural vulnerabilities such as
floods, damage to environmental quality, reduced public space and inability to imple-
ment government development programs and so on. And approach to overcome these
problems is by reviewing spatial plans, increasing the role of the government inmoni-
toring and controlling spatial use andmaking priority programs and areas with a tight
control system.
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Study (PITMA B) 2019–2020 of the University of Indonesia with the theme of “Practices
of Planning and Conflict of Spatial Use in Urban Development,” contract number NKB-
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Factors Affecting the Perception
of the Surrounding Community
in Maintaining the Sustainability
of the Setu Babakan Betawi Cultural
Village in South Jakarta

Dwinanto Suberlian and Chotib

Abstract The Setu Babakan Betawi cultural village is an area that has been estab-
lished by the Government for Betawi culture preservation since 2000. The purpose
of this study is to analyze the current landuse and at the time of its establishment as
a Betawi socio-cultural preservation area, analyze the attitudes and expectations of
the surrounding community toward the existence and sustainability, and analyze the
variables that influence people’s perceptions of area. A total of 345 questionnaires
were distributed using a simple random sampling method. Descriptive analysis is
used to find out the categories of respondents’ statements from each variable indi-
cator.While quantitative analysis using structural equationmodeling (SEM) analysis
techniques aims to measure how significant the relationship between variables and
indicators [1], there was a change in the land use from 2005 to 2019, namely the
reduction of green open space and the increase in residential land area. Community
perceptions are shown in a statement supporting and agreeing that the home environ-
ment of the residence is included in the area [2]. The hopes and desires of the people
around Betawi Village are that the community can continue to be in the area and
be involved in activities within the area. Economic factors are the most important
variables for the community to maintain sustainability because the community feels
very economically helped by opening small businesses in the region. Social factors
also play an important role in maintaining the sustainability. Based on the results of
path analysis from structural equation models, it is known that public perception is
significantly influenced by economic factors and social factors, while environmental
factors do not significantly influence people’s perceptions.
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1 Introduction

The establishment of the Betawi cultural village area is not widely known by new
people came to Jakarta. Not all surrounding communities support cultural tourism
programs due to inappropriate understanding such as: lack of knowledge and under-
standing of the surrounding community, regional support facilities that have not been
much realized, and the involvement of the surrounding community, which is less
involved in regional planning [3]. Furthermore, the research question in this research
is How is the change at the time of determination in the Betawi Village region
compared with the current conditions? What is the perception of the surrounding
community about the change? What are the efforts of the community toward the
existence and sustainability of Betawi Village? What efforts should be made by the
community in order to maintain the existence and sustainability of Betawi Village.

2 Methods

This research aims to test the theory by using a mix of quantitative and qualitative
methods in one period of time to produce an overall information for the interpretation
of results (Table 1).

In order to get a representative sample, one person represents each house who can
be the head of the family or one of the household members who are older adults who
live in the area. The sample size of the population uses the simple random sampling
method with the aim that all members of the population have the same opportunity to
be chosen regardless of the strata in the population. 345 samples of this study were
calculated using the Slovin formula.

3 Result and Discussions

3.1 Respondent Profile

Respondents were people were settled in this location before the Betawi Village
location determination was set by the DKI Government in 2000. If compared with
the main occupational profile of respondents who generally are outside the area, this
would indicate that the mobility of people coming out and entering this region was
low. Accessibility of this business will be a potential key and key to support the
region and an effort that can be made if community perception does not support the
existence and sustainability of the Betawi Village area.
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Table 1 Operational conceptual variables

Variable Indicator Size

Population profile 1. Age
2. Gender
3. Duration of education
4. Own house
5. Length of stay
6. Number of family members
7. Betawi ethnic native population
8. The type of work is directly related to the

Betawi cultural village activities
9. The main source of income for the house

dealing directly with a ladder attraction

Year
Nominal
Year
Yes/No
Year
Person
Yes/No
Yes/No
Yes/No

Community perception 1. Determination of living environment as a
Betawi cultural area

2. The purpose of the Betawi Village area is to
revive Betawi culture

3. The neighborhood is better and more
comfortable

4. Plans for additional Betawi Village area
5. There is a characteristic of Betawi architecture

in the house of residence
6. Open living environment for tourist visitors
7. The living environment is more organized and

neat
8. Management of residential environment by the

DKI Jakarta Regional Government
9. The neighborhood is a tourist attraction
10. Special locations for trading activities will be

developed

Likert scale
1–5 where:
1 = very not agree
5 = strongly agree

Social 1. The existence of social relations/social ties
2. Close relationship with neighbors
3. Knowing each other and communication
4. Neighbors help each other
5. Desire and behave together
6. Participation [4]

Likert scale
1–5 where:
1 = very not agree
5 = strongly agree

Environment 1. Availability of clean water
2. Environmental quality is clean from air, water,

and sound pollution
3. Green open space
4. Availability of education, health, social and

public facilities
5. Availability of public open space

Likert scale
1–5 where:
1 = very not agree
5 = strongly agree

Economy 1. There is a chance to work
2. There are people/institutions that want to help

finance
3. Ease of getting a loan
4. Selling, buying and renting a house to live in [5]
5. Facilities for trading/services

Likert scale
1–5 Where:
1 = very not agree
5 = strongly agree
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Table 2 Land use existing and plan area 2005–2019

Land use 2005 Spatial detail plan
2010–2030

2019a

M2 % M2 % M2 %

Residential 1312888 46.89 1479123 51.18 1450346 51.64

Mix (commercial and residential) – – – – 114491 4.08

Tourism service – – – – 29712 1.06

Public facilities 124231 4.44 343246 11.88 157076 5.59

Open green space 1254547 44.80 658325 22.78 764359 27.22

Open blue space 108461 3.87 409303 14.16 292492 10.41

Total 2800128 100 2890000 100 2808479 100

aInterpreted May, 2019

3.2 Land Use Existing

The utilizations of area space that was carried out at the time of the study mostly
were residential and water open space. In addition, there are also mixed space uses
such as shop houses, green open spaces (funerals, parks, agricultural land) and public
facilities (schools, hospitals, health centers). Mixed functions (commercial and resi-
dential) are along the path of the main road of the area, namely M. Kahfi II Street
with residential functions in the area behind it. The need for the development of
new housing due to the development of the city using or taking up green open space
means the reduced potential of land for green land (parks, plantations). The capacity
for residential and mixed functions has exceeded the limit, and it is recommended
that the government should immediately provide a policy of incentives and disincen-
tives for landowners (communities) to maintain the existing land and not to change
the function of their land from designated open land (gardens) to built land (Table 2).

4 Conclusions

Based on the relationship between variables that shape people’s perceptions, the
network variable is formed from neighboring life in the neighborhood (family). This
shows that the statement of the respondent still believing and reintroducing the life
values of the Betawi community in the past is again applied to the Betawi Village
environment (Table 3).

The expected reciprocity is to get help from neighbors when needed. So, if you
want to make people’s perceptions to support the existence of the Betawi Village
area, values must be sought to instill a passion for helping and giving importance to
others. This will give birth to reciprocal value. To increase community participation
in activities in a residential area, it is recommended to approach the local community



Factors Affecting the Perception of the Surrounding Community … 31

Table 3 Evaluation model measurement phase 2 (second-order outer model)

Var. latent Variable manifest Loading factor Rule of thumb Value Rank

Social Network 0.926 0.500 Valid 1

Mutual 0.880 0.500 Valid 2

Participation 0.639 0.500 Valid 3

through the potential characteristics of the local community both from the productive
age, the level of education, the similarity of ethnic, and the length of stay in the region
(Table 4).

To build the public perception that maintains the existence and sustainability
of the area from the economic variable, it is recommended to improve facilities
for trade/services. This is an effort to provide positive aspects to build people’s
perceptions. Economic aspects are the most significant thing in building people’s
perceptions to maintain Betawi Village sustainability. In the community perception
variable, to strive for the existence and sustainability of the Betawi Village area, the
effort that must be built is a combination of economic, social, and environmental
variables. The best indicator in forming environmental variables is the quality of the
environment clean from air, water, and sound pollutions. From a long period of stay
of more than 10 years to more than 30 years, local people want the conditions of their
living environment to be clean from water, air, and sound pollutions [6]. This shows
that the community recalls the environmental conditions which at the beginning in
the residential environment were still beautiful and clean.

The limited land and the rapid development of the city of Jakarta has encouraged
rapid changes in the use of space from 2005 to 2019 from green open spaces to
built land in the Betawi Village area. Changes in land ownership to migrants have
become one of the problems in maintaining regional preservation because there will
be a change in values and elimination of the characteristics of Betawi culture. The
constraints on the lack of land in Betawi Village owned by the government cause
changes in the use of non-built land into residential or home land due to the rapid
development of the city, which can lead to reduce the image of the area as a Betawi
cultural preservation area. The development of the Betawi Village area is still far
from the expectations set out in the regional regulation concerning the arrangement

Table 4 Results of estimates and testing of hypotheses

Variable Coefficient of
path

Resulting test Score

Independent → Dependent CR p-value

Social → Community
perception

0.237 3.249 0.001 Significant

Environment → Community
perception

0.054 0.912 0.362 Not
significant

Economic → Community
perception

0.534 6.582 0.000 Significant
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of the Betawi Village area. From the designated area, dense settlements have been
developed, and there are difficulties in realizing the Betawi Village development
master plan outside the core zone of the Situ Babakan area because the government
should have immediately decided to allocate a new land to the regional development
plan.

Community perceptions of Betawi Village shown in the statement of hopes and
desires from the people aroundBetawiVillage are that the community can continue to
be in the area and to be involved in activitieswithin theBetawiVillage area. Economic
factors are themost important variables for the community tomaintainBetawiVillage
sustainability, because the community feels very economically helped by opening
businesses in the region Betawi Village. Social factors also play an important role
in maintaining the sustainability of Betawi Village. The most important dimension
of the social variable is the network or social relations based on trust, reciprocity
(reciprocal), and the existence of community participation in activities.
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Analysis of Pedestrian Movements Due
to the Operations of Cibubur LRT
Station

Wiby Adhitya Prayoga and Jachrizal Sumabrata

Abstract As a result of the construction of theCibubur LRTStation, new commuters
will come from and toward to the LRT station point. This has a positive impact
because there is an increase in users of public transportation.However, this also had to
cause new problems caused by the increasing volume of prospective passengers. This
study aims to analyze the movement of walking and several scenarios for pedestrian
access from or to the LRT station’s central point to supporting facilities around the
area and find the best solution to improve service levels. The station road access
models are created using PTV VISSIM 11 software. A validation test is needed to
determine whether the model is acceptable or not by comparing the results of the
model and actual conditions in the field. Service level analysis (LOS) uses HCM
2000 as a reference standard.

Keywords Pedestrian · PTV Vissim 11 · Cibubur LRT Station · LOS

1 Introduction

1.1 Background

In this century era, the need for efficient public transportation is certainly a very urgent
need. These situations are referred to as the condition of the highway is no longer
available to accommodate the number of daily commuters, especially for private
vehicles such as cars and motorbikes to work in Jakarta from Bodetabek cities. The
concept of transit-oriented development (TOD) has begun to be plannedmassively in
a long-term masterplan to facilitate the mobility of community activities. However,
due to the condition of the satellite cities that are gettingmore andmore crowded, new
urban areas will emerge, such as in the Cibubur, Sentul, Cileungsi, and so on areas
that have not been served by mass transportation. This is certainly the government’s
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focus in building new infrastructures such as light rapid transit (LRT) along with
supporting infrastructures such as in the Cibubur area and its surroundings.

1.2 Objective

The purpose of this study is to conduct modeling of the movement plan and direction
of prospective passengers regarding the planned construction of the Cibubur LRT
station area which will be implemented later, using the modeling application, PTV
VISSIM 11.

2 Theory

2.1 LRT Cibubur Station

This Cibubur LRT Station will be built on the Kwartir Nasional (Kwarnas) land.
Covering an area of 19 ha, later in this area, a terminus station will be built from the
light rapid transit service (LRT) from Cibubur–Cawang line for 14.5 km and will
be operational by the end of 2021. Later in and around the station, various kinds of
public interactive spaces will be built, such asmeeting rooms/ballrooms, food stands,
and modern shopping areas to provide facilities for the prospective LRT passengers.
In addition, of course, pedestrian access and parking lots will be built that are large
enough to facilitate prospective passengers.

2.2 Model Analysis

LOS is an analytic concept related to passenger comfort and safety, which was
developed in The Highway Capacity Manual 1965. It consists of six classes. LOS A
is for roads where pedestrians can walk on a free-flow speed, and can walk there with
no obstacle from people walking past it. While on LOS F, the density of pedestrians
has reached a critical point, and pedestrians sometimes have to stop because they are
disturbed by other pedestrians (Table 1).

2.3 Design Walkway Concept

According to the Transport Capacity and Quality of Service Manual [1], the purpose
of the walkway concept is to determine the effective width, where this effective width
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Table 1 Relationship
between LOS and pedestrian
flow

LOS Space modulus M (m2/p) Unit flow rate v (p/min/m)

A >5.6 <17

B >3.7–5.6 >17–23

C >2.2–3.7 >23–33

D >1.4–2.2 >33–50

E >0.7–1.4 >50–77

F <0.7 Uncertain

Source HCM 2000 [5]

is the width provided for walking. According to PUPR [2], the effective width of the
walkway can be calculated using the equation:

We = v

35
+ N

whereas
We = Effective width (m)
v = Unit flow rate (p/min/m)
N = Additional width (N = 1.5 m for high number of pedestrians, N = 1.0 for

medium number of pedestrians, and N = 0.5 m for low number of pedestrians on
sidewalks).

3 Methods

This research was conducted to analyze the preliminary design of the construction of
the Cibubur LRT Station area, particularly regarding access to pedestrian/pedestrian
lines from and to the Cibubur LRT Station toward passenger destinations. The final
stage of this research is to analyze whether the passenger/pedestrian access plan is
appropriate and able to make prospective passengers comfortable and safe when the
LRT is operated by the end of 2021. In addition, if the existing access scenario is not
feasible, it can propose effective and efficient pedestrian access, by changing some
of the variables used or by changing several alternative access station scenarios. The
results of data processing are then processed so that they get a conclusion using a
comparison of LOS analysis in every measurement area.
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Fig. 1 Pedestrian route decision layout

4 Results

4.1 Research Variable

4.1.1 Design Plan Layout

According to the plan, the sidewalk is 2 m wide. This is the following determination
of the network of pedestrian routes at the Cibubur LRT station. The division of the
section area for measurement area analysis is summarized in the modeling layout
(Fig. 1).

4.1.2 Modal Split

After defining the pedestrian routes, the modeling of the modal split variable will be
divided according to the mode to be used and the area of origin/destination of the
passenger. Broadly speaking, it can be summarized in Tables 2 and 3.

4.1.3 Passengers Volume (Number of Pedestrians)

Getting the number of passenger volumes to be entered into the PTV Vissim 11
model depends on several variables used, for example, The headway LRT (5 and
10 min), train occupancy factors (5 and 75%), and modal split variables, The total
number of passengers per hour obtained from the calculation as follows:
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Table 2 Modal split

Scenario model Origin/destination passengers

Public transportation (%) Private vehicle (%)

1 10 90

2 25 75

3 75 25

4 90 10

Table 3 Divided of modal split

Scenario models Origin/destination passengers modal

Public transportation Private vehicle

A1 A2 A3 A4 A5 and A6

All Scenario 40% 40% 20% 60% 40%

V = Vm × n × N × Occ; N = 60

H

whereas
V = Number of passengers (p/h)
Vm =Max number of passengers in Rush Load per cars unit (p/cars)
n = Number of the cars on one train set (cars)
N = The frequency of trains arriving and departing in one hour (train/h)
Occ = Occupancy factors (50 or 75% of the total passenger capacity that can be

transported in a series of LRT trains).

4.2 Processing Data Input to the PTV Vissim 11

As a result of several research variables that have been done processed before, the
results of the input number of passengers that will arrive and depart from the Cibubur
LRT station are then run in each simulation to get the desired results. The results are
summarized in Table 4. We assumed the amount of departures passengers input are
50% from the arrival passengers input during the time of simulation (in the evening).

4.3 Initial Design Plan Scenario (S0)

The first simulation plan is the initial plan that will illustrate the possibility of the
condition of the plan to be built according to the design from the contractor data.
As planned, the width of the sidewalk will be 2 m wide on each pavement. In this
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Fig. 2 Modeling of running simulation from Cibubur Junction direction view [3]

scenario, there are four types of modeling that are run, namely S0 1-2, S0 1-3, S0 4-2,
andS0 4-3,which are distinguished from the variable number of passengers, headway
arrival of LRT, occupancy, and capital split factors. In the initial plan scenario, this
will be analyzed using the measurement area and Pedestrian Travel Time approach
(Fig. 2).

4.3.1 Measurement Area Analysis

The picture is the grid cells level of service in each simulation that has been done,
where the blue indicates LOS A, blue-green indicates LOS B, green indicates LOS
C, yellow indicates LOS D, orange indicates LOS E and the red is LOS F. From the
results of the modeling, it can be concluded that some sidewalk locations get a poor
level of service. This is caused by a large number of pedestrians that are not balanced
with the condition of the sidewalk as supply. The level of service obtained refers to
the value of the pedestrian flow and the modulus of space that has been previously
treated. In this scenario, the average pedestrian generally experiences blockages in
the sidewalk corner area, because modeled pedestrians prefer the fastest way to get to
the destination so that the flow of pedestrians passing through the sidewalk network
is very low. The worst conditions occur in simulation S0 4-2, where pedestrians lose
space to walk to the destination according to the specified pedestrian route (Fig. 3).

4.3.2 Time Travel Analysis

Previously, a validation test had been carried out on the time needed by the pedestrian
to reach his/her destination. For example, in Ped. Time Msr. Point 3, it only takes
420 s, but during simulation S0 1-2, it takes a longer time, which is 610 s. This
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Fig. 3 Grid cells results from PTV Vissim 11 in every simulation; a S0 1-2, b S0 1-3, c S0 4-2,
and d S0 4-3

happens due to a slowdown caused by the obstruction of pedestrians on the sidewalk
network.

4.4 Proposed Design Scenario (S1)

In the proposed scenario, some results of running an analysis of the initial scenario
(S0) that has been modeled before are used as references to improve the condition
of the level of service in each measurement area needed, such as the value of the
effective width value (We). In addition, widening the corners of the sidewalk is held
so as not to form a perpendicular angle, by widening the angle of the sidewalk. This
is done so that the flow of pedestrians remains smooth when crossing the sidewalk
network.

4.4.1 Measurement Area Analysis

If we see the results of the level of service in this proposed scenario, in general, the
level of service at each measurement area increases. For example, in measurement
area 3, which previously had a service level/LOS C, it changes to LOS A with a
previous density of 0.42–0.19 p/m2. This occurs due to several changes made, so
that it can increase the level of service on the sidewalk network model. Figure 4 is
the area grid cell scheme in each component of the measurement area.

4.4.2 Travel Time Analysis

The amount of travel time carried out by pedestrians has further diminished. For
example, in Ped. Time Msr. Point 9, it previously needed around 734–662 s. This is
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Fig. 4 Grid cells results from PTV Vissim 11 in every simulation; a S1 1-2, b S1 1-3, c S1 4-2,
and d S1 4-3

certainly due to changes in the layout and width of the sidewalk that is carried out
to smoothen the flow of pedestrians on the sidewalk network.

4.4.3 Model Comparison

If the measurement area results are compared, you will see an increase in the desired
level of service by changing the initial layout part of the plan, such as widening the
sidewalk and widening the corners of the sidewalk meeting. This level of service is
obtained from the results of the density level of space available as demand, namely
LRT passenger volume which will go up and down at Cibubur Station, so that it
can be concluded overall that the design of the modeled proposal can be a reference
material for contractor developers to adjust the plan conditions with existing demand
conditions. Broadly speaking, a summary of measurement area comparisons in each
simulation are shown in Table 5.

Furthermore, if compared to the travel time on each route of direction and desti-
nation in the two modeled scenarios, it can be concluded that overall changes in the
condition of the sidewalk carried out can accelerate pedestrian travel time. All figures
in Table 6 are expressed in units of seconds (s) which state the travel time.

After obtaining the calculation results from the initial scenario, Fig. 5 is a graph
of the relationship between the service level and the effective walkway width (We)
required at each service level.

5 Conclusions

From the results of the research and analysis that have been carried out above, several
points can be summarized as follows:
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Fig. 5 Relationship between pedestrian volume and effective width walkways [4]

1. The initial design plan scenario (S0) of the sidewalk network from the main
highway leading to the Cibubur LRT station is not feasible, and it can be seen
from LOS E and LOS F in some measurement areas that have been simulated.

2. After several sidewalk design changes, such aswidening thewidth of the sidewalk
from the previous 2 to 3 m in several places or the required measurement area,
the addition of the area in the corners of the sidewalk meeting seems to have very
significant results in improving the quality of network services, which are given
in Table 5, where almost all sidewalk networks have good service levels (A to
C).

3. As a result of the sidewalk wide design changes that have been made in the
proposed design scenario (S1), they also have an impact on the reduction in
travel time needed by pedestrians on each pedestrian route. On average, it has
a reduced travel time of up to 2 min. This is caused because the density of
pedestrians has been further reduced, and the condition of the flow of passengers
on the sidewalks to access the station has become more smooth. The overall
results of the travel time comparison are summarized in Table 6.
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Service Quality Gap Analysis of Water
Supply in Urban Areas: Water Supply
Company, Bogor Regency

Armeinita Octavia and Chotib

Abstract High population growth in urban areas has led to higher activities which
increase the needs of clean water. Efforts to provide water in urban areas come from
the government known aswater supply companies. The increasing demandwill affect
the quality of clean water itself, because of water resources capacity is limited and
could create water service quality gap in the end. The purpose of this thesis is to
identify the level of customer satisfaction with the service performance of PDAM
Kota Wisata, to identify factors which influence service quality of water supply
company and to analyse service quality gaps between water supply and the benefits
received by the users (customers). This research uses a qualitative and quantitative
approach, and data collection is done through area observation, agency visits and
questionnaires, as well as literature reviews. The assessment of service quality is
carried out through weighting based on the Likert scale, data processing and analysis
methods which are carried out through the structuring equation modelling (SEM)
method. The results showed some of the service quality aspects which are caused
by several factors, start from the water resources capacity, the management of the
water supply company and the operational standards and procedures in serving water
to the users. The conclusions can be drawn by forming irreparable factors and give
alternative solutions to reduce the gap of service quality between water supply and
benefits to the users.

Keywords Water supply company · Service quality ·Water resources · Gap
analysis
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1 Introduction

The increasing of urban population requires the availability of clean water. SDG’s
number 6 challenge is to ensure the availability andmanagement of sustainable water
and sanitation for all, and then, the government’s target is to achieve 100%cleanwater
in 2019 which is not an easy thing to do without the help and coordination of various
stakeholders, both in government and the community itself, including assistance from
the private sector.

The management of Bogor Regency drinking water is managed by the regional
water supply company (PDAM) Tirta Kahuripan which is designated as a water
services BUMD (Permendagri 2/2007), and the management characteristics is non-
rivalry and join consumption, but there are excludability (people will be charged for
consuming water, the higher the usage, the higher the cost, and there is a market
mechanism). And to achieve service for all, water management must be done prop-
erly, from water source, production and distribution system, including providing
scales of services.

Permen PUPR 19/PRT/M/2016 has regulated cooperation in drinking water
supply system (SPAM) implementation related to government support (DPP) on
SPAM cooperation, procedures for granting government support andmanagement of
central/regional assets from government support. In case of funding support, it could
be done by cooperation with the private sector (public-private partnership/KPBU).

PDAM Tirta Kahuripan classify customers as follows: I, IIA, IIB, IIIA, IIIB,
IIIC, IVA, IVB, IVC, IVD, IVE and V. PDAM Tirta Kahuripan is a member of
international organization (PERPAMSI), and its performance received rank tenth
of healthy PDAM [1]. Based on Permendagri 23/2006, tariffs are set based on the
principle of affordability and fairness, service quality, cost recovery, efficient use of
water, transparency and accountability and protection of raw water/water resource,
divided into four types of tariffs: (1) low tariff (tariff whose value is lower than the
basic cost), (2) basic tariff (tariff with the same value or equivalent to the basic cost),
(3) full tariff (higher value than the basic cost) and (4) agreement rates (tariffs which
are based on agreements between PDAM and customers).
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WATERSHED /Groundwater Basin 
DAS Kali Bekasi

Service area of 
PDAM Kota 
Wisata

Two of PDAM Tirta Kahuripan service area located in separate watersheds of
ground water basins (CAT) Bogor are Gunung Putri and Cileungsi (located in CAT
Bekasi-Karawang) with the highest and third-highest population in Bogor Regency
(7.9 and 6% of the total population in 40 sub-districts of Bogor Regency). The largest
service area is managed by PDAM Kota Wisata Services Unit with 400 l/s capacity,
and 120 l/s to serve KotaWisata housing area (775 Ha), which is the largest and most
integrated housing area with PDAM facilitation.

Although PDAMservices for KotaWisata has been integrated, and the group rates
are included in IVA (luxury houses), there are still problems, both inwater quality and
service system that affect customer satisfaction. Some of the alleged problems that
occur include the diminishing water discharge capacity received by users, frequent
turbidity of water (especially during the dry season) and the absence of notification
for repairing leaks, so it cannot be anticipated by the users. These problems occurred
because of the increasing of PDAM users and declining infrastructure conditions.

The purpose of this study is to identify the level of customer satisfaction with
the service performance of PDAM Kota Wisata, to identify factors which influence
service quality of water supply company and to analyse service quality gaps between
water supply and the benefits received by the users (customers). The result of this
study will be useful as an input to PDAM Tirta Kahuripan in improving the quality
of services, as well as for the local government in terms of regulating water supply
policy for PDAM.
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This study starts from the acknowledgement of drinking water supply system
(SPAM) and the component of SPAM development (water resources, water manage-
ment and water services distribution), which has been stated in the government regu-
lation 122/2015, Permen PUPR 27/PRT/M/2016 stipulated the importance of water
management, and it is inseparable frommanagement principles in the form of utiliza-
tion, protection and control, which are carried out in an integrated manner/multi-
sector (Law 32/2009). This includes how to control the efficiency and sustainability
of the drinking water treatment chain [2], existing water supply networks that highly
stressed due to the increasing water consumption and the high quantity of water
losses [3], also the water quality monitors [4, 5].

Urban water provision is clearly provided by water supply company
(BUMD/PDAM), and it must create sustainable water resources management. But
in the other hand, it still does not lead to a paradigm (mindset) of peoples’ behaviour
towards water itself and start to think that water is an unlimited resource. Water
consumption factors are influenced by individual factors [6]. The Ministry of Public
Works and Housing has set the standards for domestic water requirements that
currently apply in urban areas according to the size of the population [7], which
is >60–100 l/person/day with >3000–20,000 population.

The SPAM pipeline network development needs to apply the principles of water
governance [8]: (*) Approach: open and transparent, inclusive and communica-
tive, coherent and integrative, and fair and ethical; (*) performance and operations:
accountable, efficient, responsive and sustainable.

One of the descriptive methods to describe customer satisfaction level (in this
case is PDAM service quality) is service quality (ServQual). Quality of service can
also be defined as everything that focuses on the business to meet the needs and
desires of consumers which are accompanied by the accuracy in delivering it, so that
compatibility is matched with consumer expectations [9]. Thus, service quality can
be defined as an analysis of the expectation achievement level of services received
by the customers/consumers.

Service quality can be identified in five dimensions: (1) reliability, (2) respon-
siveness, (3) assurance, (4) empathy and (5) tangibles [10–13]. The assessment of
service quality will be differed in the order of dimensions according to the needs of
the study. For the gap analysis, one of five gaps in ServQual will be used [14]: Gap
5: expected service versus perceived service.

2 Methods

This study used mix-methods (quantitative and qualitative approach) with cross-
sectional type of survey. The quantitative approach has been done by questionnaire
distribution and structured interview. Choice of sampling came from the population
characteristics that had been facilitated by PDAM for providing water. The sample
size had been measured by using 90% reliability, which is 100 respondents, using
Slovin formula from 8.568 population, and the choice of sample is proportional
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to size. The study variables consist of a dependent variable (Y ) and independent
variables (X). The dependent variable is service quality of PDAM Kota Wisata, and
the independent variables are five dimensions of ServQual: (1) responsiveness (2
aspects, 4 questions); (2) reliability (4 aspects, 9 questions); (3) empathy (3 aspects,
4 questions); (4) assurance (3 aspects, 8 questions); and (5) tangible (2 aspects,
7 questions). The measurement of each independent variable is based on certain
indicators and using Likert scale from 1 to 4.

The qualitative approach has been done by field observations, in-depth interviews
and documentation. The observation consists of passive participation observation
and gathering documents from the field related to the study. In-depth interviews
consist of semi-structured interviews with PDAM Kota Wisata and Gunung Putri
Installation (IPAGunung Putri), using recording and transcription, and it is equipped
with documentation.

Data analysis has been done through univariate and multivariate data analysis and
triangulation. The statistical data will be analysed using SEM method with analysis
moment of structure (AMOS).

3 Results and Discussions

The study location is at the end of DAS Kali Bekasi, CAT Bekasi-Karawang.
According to Bogor Regency spatial plan, the area is designated as a high intensity
urban zone. The low slope rate is only around 0–15%, making the area a potential for
development, especially for urban settlements. But according to ground water basins
data, the study location is designated as prone zones of greater 40–60% zone drop,
with 250–600 mg/l chloride content. PDAM Kota Wisata is one of the service units
of PDAM Tirta Kahuripan, Branch Cileungsi, which has one installation named
IPA Gunung Putri, with Cikeas River as the water resource (surface water). The
capacity is 400 l/s. It served several settlements, and the biggest one is at Perumahan
Kota Wisata, which has 8.568 active connections (SR/Sambungan Rumah). The
number of employees working at PDAM Kota Wisata is 15 people including one
Head of the Service Unit. The 14 staff consists of: customer relations (including
five meter-readers), engineering, engineering administration and cashier/financial
administration.
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3.1 Level of Customer Satisfaction with the Service
Performance of PDAM Kota Wisata

The most important thing in this study is the respondents’ assessment of PDAM
service performance.There is a questionnairewhichhas beengiven to the respondents
to measure the service quality based on Likert scale 1–4 (lowest to highest). It will
be compared with the level of importance (respondents’ expectation) (Tables 1 and
2). To describe mean score of each item, the indicators and variables are using class
intervals based on the equation below:

(Highest answer score− Lowest answer score)

Sumof class/categories

3.1.1 Service Performance: Responsiveness

In carrying out payments, the clerk is quite alert and fast to serve residents who want
to pay the PDAM bill at the payment counter. This is also in accordance with the

Table 1 Basic interpretation of indicator scores in research variables

No. Score Interpretation of performance quality and expectation/importance

1 1–1.75 Very low

2 >1.75–2.5 Low

3 >2.5–3.25 High

4 >3.25–4.0 Very high
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Table 2 Accumulations of respondents’ satisfaction

Item of X Satisfaction level Mean Performance quality

SP P TP STP

Responsiveness (X1) F 44 477 234 41 2.66 High

% 5.53 59.92 29.40 5.15

Reliability (X2) F 116 889 594 192 2.52 High

% 6.48 49.64 33.17 10.72

Empathy (X3) F 44 454 251 47 2.62 High

% 5.53 57.04 31.53 5.90

Assurance (X4) F 79 789 558 166 2.49 Low

% 4.96 49.56 35.05 10.43

Tangible (X5) F 73 776 467 77 2.61 High

% 5.24 55.71 33.52 5.53

standard, operational and procedures (SOP) for administrative and financial services
for PDAM customers.

On the other hand, the importance of item 1 (customer administration services)
is low because all respondents who have PDAM facilities have never dealt with
customer administration services, especially in registering as newcustomers, because
it has been integrated with housing construction, so that at the time of the handover
of the house, the PDAM is installed.

3.1.2 Service Performance: Reliability

Easiness of payment at the counters has the highest satisfaction among others,
because there are other alternatives besides the payment counter in the PDAM
office, such as paying through Government Bank ATMs (Mandiri, BNI, BRI, BTN),
Alfamart and Indomaret, Online (Tokopedia, Bukalapak), etc. Although it gener-
ally shows high-quality performance, there are several important and vital items for
customer service that are still relatively low, such as the aspect of water quality
and quantity. However, the PDAM has implemented SOP for clean water fulfilment
in maintaining the quality and stability of clean water, as well as maintaining the
smooth running of water and the physical quality of water, including: Permenkes
492/Menkes/Per/IV/2010 concerning Requirements for Quality of Drinking Water,
then the arrangement of water discharge through a distribution pump adjustment for
peak and off-peak hours, and water quality monitoring by laboratory tests (once a
month).With this low satisfaction for water quality and quantity, the result shows that
about 20% of the respondents have switched or added other water resource (ground
water).
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On the other hand, the importance of this reliability dimension is related to easiness
for payment system, accuracyofwatermeter-reading and the stability of PDAMwater
quality and quantity.

3.1.3 Service Performance: Empathy

The respondents felt well received when making complaints, and the location of
the office is very accessible. However, the important item ‘Sensitivity of officers in
providing information regarding tariff changes’ has the lowest quality performance,
and a lot of respondents did not receive notification of the tariff changes, even though
PDAM has the SOP of service to customers related to tariffs: socializing through
online media, distributing letter of notification regarding tariff changes and posting
information at the payment counter.

On the other hand, ‘Sensitivity of officers in providing information regarding tariff
changes’ becomes the highest expectations of respondents. This information problem
may have occurred because of the coordination and information delivery system
from PDAM to the users are still not optimal, which is due to conventional style of
delivering information (still using letter of notification/non-online/non-digital), and
PDAM does not have all the RW contacts on each cluster in Kota Wisata.

3.1.4 Service Performance: Assurance

The skills of employees and engineering officers, based on the survey results, did not
encounter significant problems, but there were problems related to the attitude and
friendliness of the officers in resolving complaints, if we compare it with the SOP
of recruiting PDAM employees already refers to Perda Kabupaten Bogor 7/2007
about the Organizations and Staffing of PDAM Tirta Kahuripan, and it requires the
employees to have the education, skills and expertise needed, with a maximum age
of 35 years, who has passed the selection, and for the service section, they have been
educated with various types of training.

Item of assurance which has the lower quality performance is the information of
water supply system aspect (condition of water resources, infrastructures, manage-
ment and monitoring system). It is also in accordance with the lack of the SOP
regarding the information of water supply system, unless there are users who request
it. There is also an evidence that around 36% of the respondents did not even know
where the water source of PDAMwas coming from. Even though lots of them could
answer the source was from the river, but 42% of them failed to mention which one
was the correct river.
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Table 3 Measurement model evaluation phase 2 (second-order outer model)

Latent variables Manifest variables Loading/weight Rule of thumb Note Rank

Service quality (X) Responsiveness (X1) 0.927 0.500 Valid 2

Reliability (X2) 0.882 0.500 Valid 4

Empathy (X3) 0.926 1.500 Valid 3

Assurance (X4) 0.941 2.500 Valid 1

Tangible (X5) 0.85 0.500 Valid 5

3.1.5 Service Performance: Tangible

Tangible items do not affect the level of satisfaction toomuch, because there aremany
alternatives on the payment system. However, for some respondents who still relied
on travelling to the payment counter, several assessments of dissatisfaction were
more related to the condition of the service office that was less feasible, and there is
no SOP for service facilities at the PDAM, only adjusting to service requirements,
at least having a payment counter and a complaint office.

Although there are many alternative payments that can be done, the respondents’
expectations regarding PDAM service office facilities still need to be improved,
because some respondents still choose to pay manually to the counters, especially
those who do a lot of activities around their houses.

3.2 Factors Identification Which Influence Service Quality
of Water Supply Company

To get the key factors and indicators that have major roles in service quality, the
method used is confirmatory factor analysis (CFA), using AMOS software as the
analysis tool which is used in one of the structural equation modelling (SEM)
procedures. With this analysis, it can be identified which indicators can explain
a construct/concept/variable.

As we can see at Table 3, the aspect on assurance dimension has the highest
loading factor (0.94), with the best indicators forming assurance variables are the
skills of employees and technical officers.

3.3 Service Quality Gap Analysis Between Water Supply
and the Benefits Received by the Users (Customers)

This gap analysis will give the information about how much the level of customer
satisfaction for service quality is. This level of customer satisfaction can be deter-
mined by means of the average value of expectations then disputed by the average
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value of performance, which can result in three categories: (1) Positive (+), cate-
gory: Very Satisfied; (2) Zero (0), category: Satisfied; (3) Negative (−), category:
Not Satisfied.

The highest quality service gaps are found in the quality and stability of clean
water, quantity (debit) and physical quality of water (water clarity), sensitivity of
officers in providing information on tariff changes and information regarding the
condition of water sources, conditions of water supply infrastructure, conditions of
management systems and supervision ofwater use including the easiness of obtaining
information related to PDAM policies.

4 Conclusions

PDAM Kota Wisata service is still not able to provide maximum service quality for
its customers. The main aspect for improving service quality, based on the statistical
analysis result, is the skills of employees and technical/engineering officers. But,
it is not limited only on skills at payment process and technical implementation in
the field, it also needs to improve attitudes in serving customers, to avoid conflicts
and misunderstandings when complaints occur. This means it needs to improve the
human resources, especially who serve directly to the users (costumers).

There is still dissatisfaction especially in the aspect of quality and quantity. This
became a concern because although the planning has been integrated with PDAM
facility, and has been equipped with several service SOPs, and it has been charged
with luxury houses tariff, the problem still occurred. Further action must be done
especially regarding improving better quantity and quality water provision, because
it will straightly be related to water sustainability in the area.

On the other hand, the provision and management of clean water for urban areas
cannot only be handled by PDAM, and it needs coordination from various sectors,
from the government to the user community, including the involvement of private
sector, so it can achieve the principle of water governance, which is accountable,
efficient, responsive and sustainable.
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Review on Research Methods
in Performance-Based Building Design
of High-Rise Residential Property

Sulfiah Dwi Astarini and Christiono Utomo

Abstract The success of a construction project depends on a successful design.
Performance-Based Building Design (PBBD) concept in high-rise residential prop-
erty considers building performance for user convenience. The concept should create
a more sustainable design. However, designers often find several obstacles that can
reduce the level of design success in the form of models and design methods. These
studies use various methods. The diversities are qualitative–quantitative paradigm,
primary–secondary data sources, and method of analysis. This study aims to explore
the researchmethods of 16 papers published in several reputable journals. The results
were presented in a diagram of a map research method. The map divides four quad-
rants through the x-axis namely the source of data (primary–secondary) and the
y-axis namely the research paradigm (qualitative–quantitative). This is useful to help
choosing the research method that will be used in future research.

Keywords Research methods · PBBD · High-rise residential

1 Introduction

In the construction industry, the performance approach in buildings is developed as
a result of the use of performance concepts. It has a definition as a product behavior
related to use in the building. This concept is referred to as a performance-based
building design [1]. Related to planning building performance, there is an approach
to achieve sustainable building design, using a concept tool called Performance-
Based Building Design (PBBD) [2]. The reasons of interest in performance-based
building are to increase innovation by articulating the performance of the building
and by offering the relevant procurement of construction practitioners. Furthermore,
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PBBD also provides a policy of innovating in fulfilling more effective and efficient
performance requirements [3].

Many researches discusses about the PBBD concept. The first is the functionality.
They are accessibility, operation and maintenance building. The second is safety,
containing structural safety and fire safety. The third is health and well-being. In the
concept, there are indoor air quality, indoor climate, acoustics, and water quality. The
last concept is sustainability. It containing energy efficiency, environmental impact,
and durability.

The concept of PBBD is very interesting so that it’s currently very widely used in
construction projects. There are several researchmethods used, for example, research
[4] uses literature studies to gather information about methods in assessing building
performance in facilitating sustainable design. Researchers of [5] use a case study
that critically reviewed performance-based design of building design solutions by
interacting in 3D geometry and evaluating energy consumption for air conditioners.
Researchers of [6] used a survey method user for occupants to determine indoor
air quality on post-occupancy building performance and perceptions collected and
processed using AHP [7].

Further research is needed regarding the method in research on the concept. For
this reason, this paper will focus on mapping the research methods used and aims to
analyze the research methods most widely used in previous studies on PBBD. The
results of this study are expected to be a reference for the selection of methods for
further research.

2 Conceptual Background

In concept of PBBD, the main thing is to determine the performance of the building
design according to the user/client needs [8]. High-performance designed build-
ings reflect design excellence. Fully in accordance with the principles of PBBD, the
proposed framework provides the designer with a flexible tool for the description of
the structural performance, where the acceptable probability of exceedance can be
chosen by a team of decision-makers (designers, building owner, tenants), depending
on the peculiarities of the structure, and is seen as an alternative to the use of prescrip-
tive approaches [9]. Performance-based design is a process of performance require-
ments defined and integrated into building design [1]. Performance-based design
consists of explorations supported by strategies to generate and analyze alternatives
that address challenges with explicit objectives [10].

3 Research Method

It consists of quantitative and qualitative methods with primary and secondary
data sources. The research reviewed case studies, literature reviews, IT Model,
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and surveys. Case study research examines many of the features of some cases
that are individuals, groups, organizations, movements, events, or geographic units
[11]. Case study research has many advantages because it can classify the thinking
of researchers, and connect abstract ideas into reality based on the observed case.
This technique produces complex explanations in the form of narrative stories about
certain people and events [11].

Literature review builds upon a collection of knowledge ideas that can be learned
from and builds upon what others have done [11]. Literature reviews are also useful
in obtaining multiple variables as attributes that can affect results [12]. Reading
the articles has the purpose of introducing the topic and turning to specific research
questions thatwill be themain focus of the research, then it establishes the importance
of research questions, linking to previous studies and then outlining the theoretical
framework and defining the main concepts [11].

IT Model in PBBD research can use Analytical Hierarchy Process (AHP) and
Building Information Modeling (BIM). AHP assists in making decisions character-
ized by multiple interrelated and competing criteria. The main feature of AHP is the
inherent capability of systematically dealing with a vast number of intangible and
non-quantifiable attributes, as well as with tangible and objective factors [13].

BIM is one of the technologies used in the architecture, engineering, and construc-
tion that is able to simulate all information in a development project in a three-
Dimensional model. BIM is a shared knowledge resource for information about a
facility forming a reliable basis for decisions during its lifecycle [15]. BIM has not
only a database saving and providing necessary information for projects, but also
comprises many important functions for building performance analysis [15].

The survey technique is the most widely used technique because this technique
can be used for exploratory, descriptive, and explanatory research that has several
forms such as interviews, internet opinion polls, and various types of questionnaires
[11].

4 Result and Discussion

It was found the articles are considered relevant to the topic of PBBD. However,
previous research related to high-rise residential buildings is rarely discussed. The
literature review is used to summarize the literature, identify gaps, and provide a
framework for future research. In this study, the literature used is from journals of
Advanced Engineering Informatics, Building Environment, Building Research and
Information, Built Environment Project and Asset Management, Design Studies,
Energy and Buildings, Fire Technology, International Journal of Sustainable Engi-
neering, Journal Construction Engineering Management, Journal of Engineering
Design, Renewable, and Sustainable Energy Reviews.

Currently, there are many studies that discuss PBBD. The study uses different
methods depending on the purpose of the research, for this part of the results will be
described methods and objectives used in previous studies. Researcher of [13] using
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a survey to building owners with the aim of obtaining information on fire loads in
building safety simulations.

Research of [14] developed a literature review on computer simulations that were
used in the design process. Study by [5, 15] usedBIMmodeling to facilitate designers
in optimizing sustainable designs. The results show that compared to traditional
designs, PBBD on design optimizations that use BIM can minimize Life Cycle Cost
(LCC) and Life Cycle Carbon Emission (LCCE) [15]. Researchers of [7] used a
survey aimed at evaluating building designs based on respondents’ perceptions of
indoor air quality. Researchers of [7] usedAHP to obtain importantweights of various
environmental quality attributes in a room whose results can help facility managers
manage buildingswith limited budgets. Good air quality shows an increase inwelfare
and effectiveness (increased productivity) for occupants [6].

Sexton andBarrett [3] developed a literature reviewexploringPBBD.The research
results state that the PBBD requires a strategic focus that integrates buildings, busi-
ness performance, and innovation and is in line with a sustainable high-performance
building population [3]. A case study was used by [16] to produce many alterna-
tive design solutions using parametric modeling in support of the exploration of
geometric designs. Since client quality plays a major role in enhancing green design
performance, clients should participate effectively during the design process [10].
Therefore, effective design team attributes and client’s qualities may increase the
performance of the design green building performance in order to enhance building
performance and reduce building impact on the environment [10].

There are six research methods used, and consist of case studies, literature review
combine survey combine ITmodel: AHP andComputational FluidDynamics (CFD),
Literature review combine survey, survey combines ITmodel: AHP, literature review,
case study combines ITmodel: BIM. Table 1 presents the implementation of research
method in previous researches.

Sources of data consist of primary and secondary data collection [12]. Primary data
are collected by the authors through observation, experiments, surveys, interviews,
daily reports, and case studies. Secondary data are collected data by others and has
been available from books, libraries, and the web [17]. The research methods most
widely used by the previous researches is the literature review, survey, and case
studies.

Table 1 Literature review map of previous research methods

No. Method Previous research

1 Case study [5, 10]

2 Literature review, survey, IT model: AHP, CFD [4, 13]

3 Literature review, survey [6, 12, 17]

4 Survey, IT model: AHP [7]

5 Literature review [1–3, 8, 14, 16]

6 Case study, IT model (BIM) [9, 15]
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The advantage of using the literature review method is the availability of various
references that can be used in research so that making it easier for researchers to
find research of material. The weakness of using the literature review is that the
information obtained is not easy to be accepted and digested by researcher, and some
sources of literature may have changed due to old issues. For the survey method, the
advantage is relatively inexpensive, it can be determining the number of samples
so that to give significant statistical results and its area was broad to reach remote
locations by using mail, email, or telephone. The weakness of the survey method is
enabling the researcher to obtain unwanted respondents, and researchers can ensure
that most samples can provide the response. The advantage of the case study method
is that it can provide as-is reports regarding specific events and not obtained from
other researchers, whereas the weakness is that it less contributes to the practical
problems in overcoming a problem.

Qualitative analysis provides a set of hypotheses ready to be tested from the liter-
ature. In this analysis, the researcher captures all the details of social settings in
very detailed descriptions and conveys an intimate feeling for the settings and inner
lives of people. Whereas quantitative analysis uses a set of interrelated constructs (or
variables) that form propositions, or hypotheses, which determine the relationship
between variables (usually in big terms or directions) and are presented by statis-
tics and other programs for analyzing data. The mapping of research method from
previous research in PBBD is shown in Fig. 1.

Based on Fig. 1, the most widely used research method is the analysis of quantita-
tive data with primary data sources. The data is collected based on surveys and inter-
views from parties influencing the construction industry. The tendency of researchers
to use quantitative analysis with primary data sources also began to develop due to
the knowledge to develop existing hypotheses based on previous researchers.

Quantitative

Primary

Secondary

Qualitative

[2] [3] [4] [14] 
[9]

[16]

[1] [6] [7] [12] 
[13] [17] 

[5] [8] [10] [15] 

Fig. 1 Literature mapping of research method



64 S. D. Astarini and C. Utomo

5 Conclusion

From the description above, the research on the concept of design performance
will continue to develop. Researches from the year 2008 to 2015 used qualitative
methods with more exploring research on PBBD, then from the year 2011 to 2019,
research methods on PBBD began to tend to use quantitative methods. This is due
to researchers starting to develop hypotheses built from previous research.

It can be concluded that further research can consider qualitative primarymethods,
which can be carried out by questionnaire or interview, and analyze data by using
statistical programs. After conducting a literature analysis, it also provides a better
understanding of the approach methods that are mostly used to collect data. The
results have also identified important questions in future research to find out the
PBBD variable.
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A Study of Non-destructive Test (NDT)
Results on Old Concrete Specimens
Under Loaded and Unloaded Conditions
and Their Crushing Strength

Ajmal Paktiawal and Mehtab Alam

Abstract Concrete in the structures undergoes the environmental effect of changing
weather during its life span and carries a certain minimum load. Some concrete
structures suffer from damage due to weather effects of the environment at early
age. Environmental effect with age on concrete specimens of different grades under
loaded and unloaded conditions has been studied using; ultrasonic pulse velocity,
rebound hammer, and crushing strength. A systematic planned experimental study
(using ultrasonic pulse velocity and rebound hammer tests) has been conducted on
unloaded and loaded concrete with 20% of expected crushing strength. The results
of ultrasonic pulse velocity and rebound hammer obtained from concrete specimens
of different strengths and ages have been correlated with their compressive strength.
The experimental test results indicate that the pulse velocity response of concretes
of different ages with regards to NDT and crushing strength show that lean mixes
respond poorly under unloading and loading conditions. It can be also concluded
that the average value of rebound hammer under loading and unloading conditions
do not show a clear decreasing/increasing trend with increasing age. Based upon
the experimental results it may be concluded that concretes of lower grades respond
poorly with age due to environmental effect.

Keywords Non-destructive testing · Ultrasonic pulse velocity · Surface hardness ·
Compressive strength

1 Introduction

Concrete is by far the most widely used construction material in the world that looks
like stone. The word “concrete” is derived from Latin concretus, meaning “to grow
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together.” Concrete is amanmade buildingmaterial that consists of aggregates (filler)
embedded in a hard matrix (the cement or binder) that fills the gaps among the aggre-
gate particles and glues them together [1]. Non-destructive testing (NDT) is a tech-
nique used by inspector engineers to detect defects in materials and structures, either
during construction or in the life of service [2]. The non-destructive testing mech-
anism is practicable both for old and new structures. It is often necessary to check
whether the structure is compatible with its design use [3]. According to ACI 228.2R
Committee report, the non-destructive test method can be used to evaluate hardened
concrete properties and conditions of the concrete in bridges, buildings, deep foun-
dations, and dams. It can also be applied for quality control of new construction,
quality assurance of repaired concrete structures, and also check older concrete for
rehabilitation [4]. The ultrasonic pulse velocity test, as prescribed in non-destructive
testing of concrete method of test IS: 13311 (Part 1)-1992, is a non-destructive test,
can be used to check the quality without destructing the structure and assesses the
homogeneity, presence of cracks, and voids in the concrete [5]. According to the
ACI committee 228.1R report, a pulse sends a short-duration, high-voltage signal to
a transducer, causing the transducer to vibrate at its resonant frequency. At the start
of the electrical pulse, an electronic timer is switched on. The transducer vibration
is transferred to the concrete through a viscous coupling fluid. The vibrational pulse
travels through the member and is detected by a receiving transducer coupled to the
opposite surface of the concrete. When the pulse is received, the electronic timer is
turned off and the elapsed travel time is displayed. The direct path length between
the transducer is divided by the travel time to obtain the pulse velocity through the
concrete [6]. The dynamic Young’s modulus of elasticity (E) of the concrete can be
obtained from the pulse velocity and the dynamic Poisson’s ratio. From the principle
of elastic wave propagation, the pulse velocity is proportional to the square root of
the elastic modulus [6]. The rebound hammer also known as Schmidt hammer or
Swiss hammer test is also a non-destructive test that gives a convenient and rapid
indication of the compressive strength of concrete. The test is sensitive and the results
are affected by the location of the hammer’s plunger. If the plunger is located over
the hard-aggregate particles, it will show a higher rebound number, whereas, over a
large air void or over a soft aggregate particle, a lower rebound number will occur.
According to ASTM C805, ten readings for rebound hammer number must be taken
for a test [6, 7]. The combined use of ultrasonic pulse velocity with rebound hammer
was experimentally investigated for early age behavior of recycled concrete aggregate
at a different water-cement ratio of 0.4, 0.5, 0.6, and 0.7. It was reported that compres-
sive strength andUPV results for fresh aggregate concretewere higher as compared to
recycled aggregate concrete. However, the rebound hammer results obtained for the
recycled aggregate concrete were higher than normal concrete [8]. The old concrete
cubes of different compressive strengths were collected from the university campus.
After collection, all cubes were cured in water for 28 days. After this period, the cube
specimens were tested for ultrasonic pulse velocity, rebound hammer, and compres-
sive strength. The test result indicated that strength was obtained with an accuracy of
91% by rebound hammer and 78% by ultrasonic pulse velocity test [9]. This paper
studied a comparative analysis between the rebound hammer and an ultrasonic pulse
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velocity test. Concrete of different mix proportions of 1:2:4 and 1:3:6 with a constant
water-cement ratio of 0.45were tested for the suggested ages of 7, 14, 21, and 28 days.
From the test result, it was concluded that no significant variation existed between
the rebound hammer as well as the ultrasonic pulse velocity test and inferred that
both tests could be applied while assessing the quality and strength of concrete [10].
This paper evaluated compressive strength by using non-destructive techniques. In
this research work, concrete with varying compressive strengths from 20 to 50 MPa
was cast and tested for 7, 28, and 56 days. The result showed that more age resulted
in higher ultrasonic pulse velocity as well as rebound hammer and also increased the
UPV as well as rebound hammer by reducing the water-cement ratio [11, 12]. This
paper investigated damage evaluation of reinforced concrete buildings after seismic
events. The research work carried out by shaking table and generated several earth-
quakes. During the investigation, direct and indirect sonic methods, as well as partial
and complete ultrasonic tomography tests were carried out. These NDT tests were
applied before and after shaking the table test. Considerable correlation between the
inter-storey drift ratio and ultrasonic pulse velocity reduction in orthogonal direction
of each columnwas recognized. A feasible procedure for inspection of RCC building
subjected to earthquake was formulated. From the test result, it was found that the
high difference in ultrasonic measurement was identified at mid-height and bottom
of the column after seismic event [13]. This research work was carried out to study
non-destructive tests on fine and coarse recycled aggregate concrete. In this paper,
the combination of both fine and coarse recycled aggregates was replaced by natural
aggregate at varied percentages of 0, 8, 20, and 31%. In this investigation, the influ-
ence of recycled aggregate on the correlation between E-Modulus and compressive
strength was studied by UPV and electrical conductivity test. From the test result, it
was concluded that for the same value of NDT, the higher was the amount of recy-
cled aggregate, the lower was E-Modulus. At an early age, the correlation between
compressive strength and E-Modulus was affected by the amount of recycled aggre-
gate [14]. This paper studied the estimation of self-compacting concrete strength
using a non-destructive test. Concrete of different water-cement ratios ranged from
0.3 to 0.4 were provided. Silica fume type sika fume-HR was used to enhance the
stability of concrete. For rebound hammer, the cube was fixed under the compressive
testing machine and applied a constant pressure of 5 MPa. From the test result, it
was concluded that ultrasonic pulse velocity and rebound number were decreased
with an increase in the water-cement ratio. It was also inferred that combined usage
of rebound hammer and ultrasonic pulse velocity improved prediction in terms of
compressive strength [15]. This paper reported the effect of stress on the result of
ultrasonic pulse velocity in concrete. The concrete cylinders of different composi-
tion were subjected to gradually increased and repeated compression loading. In this
investigation, the UPV test was measured under the loaded and unloaded conditions
with different frequencies. From the test result, it was concluded that at gradually
loaded stress level, the UPV measurements slightly increased, whereas, at 70% of
its ultimate strength, it remained constant, and beyond 70% of its ultimate strength,
the UPV result rapidly decreased [16]. This paper investigated to study plain and
polypropylene fiber reinforced concrete (PFRC) at elevated temperature to obtain
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compressive strength and also to assess the reliability of Schmidt’s rebound hammer
test at elevated temperature. The concrete cylinders of 100mm diameter and 200mm
length were tested at ambient temperature as well as the elevated temperatures of
200, 400, 600, and 800 °C. From the test result, it was found that the deviation value
of plain concrete at elevated temperature was higher as compared to polypropylene
fiber reinforced concrete. It was also concluded that Schmidt’s rebound hammer test
result was in good relation with the destructive compressive test result at an elevated
temperature of less than 600 °C. And beyond the 600 °C, the rebound hammer test
was not suitable [17].

2 Significance of the Research

For health monitoring and assessing the strength of the old concrete, ND Testing
is required to be done, at times distressed structures are also assessed using non-
destructive techniques such as ultrasonic pulse velocity and rebound hammer.
Keeping this in mind, virgin concrete specimens of 150 × 150 × 150 mm of
various concrete grades and varying age lying in the Engineering Materials Labs
were collected and grouped as shown in Table 1. These samples of concrete grades
M25, M30, M40, M45, and M50 were cast in different years. A total number of 64
collected concrete specimens were segregated into twenty groups according to their
age and grade. Each segregated group contained three or four specimens.

Table 1 Number of segregated specimens into different groups

Grade of
concrete
(MPa)

No. of
specimens

Age
(days)

Group
No.

Grade of
concrete
(MPa)

No. of
specimens

Age
(days)

Group
No.

50 3 272 G-1 40 3 165 G-11

3 353 G-2 3 183 G-12

3 387 G-3 3 406 G-13

3 448 G-4 4 475 G-14

3 503 G-5 4 833 G-15

45 3 154 G-6 30 3 256 G-16

3 348 G-7 3 265 G-17

3 356 G-8 3 135 G-18

3 377 G-9 25 3 470 G-19

4 503 G-10 4 880 G-20
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(a) Load applying                     (b) UPV reading                       (c) Rebound hammer reading

Fig. 1 Showing NDT test procedure on cube specimen of size 150× 150× 150 mm under loaded
condition

3 Test Method and Procedure

In the present work, all specimens were tested for ultrasonic pulse velocity, rebound
hammer, and compressive strength. The test procedure of concrete specimens was
divided into two distinct conditions namely the loaded condition and unloaded condi-
tion. In unloaded condition, all specimens were tested for ultrasonic pulse velocity
and rebound hammer, whereas, in the loaded condition, each specimen was placed
under beam testing machine with capacity of 350 kN and the load applied from beam
testing machine on the cube specimens without shock; and increased gradually at
a constant rate of 14 N/mm2/min as specified by [18]. When the applied load from
the beam testing machine reached 20% of its ultimate strength, then, beam testing
machine was held and the specimen was first tested for ultrasonic pulse velocity and
then for rebound hammer. After the UPV and the rebound hammer test, the same
cube of size 150× 150× 150 mm was tested for compressive strength at a specified
age. An automatic compressive testing machine with a capacity of 2000 kN was
used. The load was applied without shock and gradually increased at a constant rate
of 5.3 kN/s as given by [18]. These procedures are shown in Fig. 1.

4 Result and Discussion

In this part of the research, we discussed the results obtained from experimental tests,
both for loaded and unloaded conditions. These results belong to ultrasonic pulse
velocity, dynamic modulus of elasticity, rebound hammer, and compressive strength.

4.1 Ultrasonic Pulse Velocity

The ultrasonic pulse velocity test is the non-destructive technique of test which can
monitor the quality of concrete without destructing the concrete member or structure.
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As per [19], this test can be performed to assess the homogeneity, presence of cracks,
voids, and quality of concrete. Pulse velocity test is carried out on four faces of cubes,
with four readings on every two opposite faces. UPV was measured by taking the
time in a microsecond that pulse traveled between two transducers across a known
distance (Path length=150mm).Ultrasonic pulse velocity can be found as the known
length divided by transit time. The natural frequency of transducers was 54 kHz. The
UPV test was carried out under loaded and unloaded conditions. Under the loaded
condition, all specimens were placed under a beam testing machine. A load of 20%
of its ultimate strength was applied and then held the machine, and the pulse velocity
was measured. Under the unloaded condition, the specimen was measured for UPV
without any applied load. The results under loaded and unloaded conditions were
presented in Tables 2 and 3 and plotted from Fig. 2a–d. By considering these figures,
it can be concluded that UPV result for loaded condition for concrete of M50 grade
which contained five different groups (G-1, G-2, G-3, G-4, and G-5) decreased by
2.4% as compared to unloaded condition, whereas, for concrete of gradesM45,M40,
M30, and M25, was decreased by 2.4, 3, 2, and 4.9%, respectively. The decrease in

Table 2 Unloaded condition results for ultrasonic pulse velocity test

Group No. Age (Days) Ultrasonic pulse velocity
(km/s)

Average Standard
deviation

Coefficient of
variation (%)

S1 S2 S3 S4

G-1 272 4.67 4.65 4.66 – 4.66 0.01 0.2

G-2 353 4.63 4.59 4.61 – 4.61 0.02 0.4

G-3 387 4.49 4.57 4.57 – 4.54 0.05 1.1

G-4 448 4.29 4.11 4.30 – 4.23 0.11 2.6

G-5 503 4.08 4.07 4.08 – 4.07 0.01 0.2

G-6 154 4.54 4.37 4.46 – 4.45 0.08 1.8

G-7 348 4.21 4.26 4.24 – 4.24 0.03 0.7

G-8 356 4.17 4.14 4.13 – 4.15 0.02 0.5

G-9 377 4.16 4.06 4.24 – 4.15 0.10 2.4

G-10 503 4.06 4.09 4.07 – 4.07 0.02 0.5

G-11 165 4.35 4.43 4.35 – 4.37 0.05 1.1

G-12 183 4.33 4.43 4.38 – 4.38 0.05 1.1

G-13 406 4.19 4.11 4.05 4.17 4.13 0.06 1.5

G-14 475 4.40 4.26 4.15 – 4.27 0.13 3.0

G-15 833 4.07 4.15 4.21 4.04 4.12 0.08 1.9

G-16 256 4.17 4.38 4.28 – 4.28 0.11 2.6

G-17 265 4.06 4.07 4.13 – 4.09 0.04 1.0

G-18 135 3.91 4.20 4.06 – 4.06 0.15 3.7

G-19 470 4.14 3.92 4.03 – 4.03 0.11 2.7

G-20 880 4.04 4.07 3.90 3.93 3.98 0.08 2.0
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Table 3 Loaded condition results for ultrasonic pulse velocity test

Group No. Age (Days) Ultrasonic pulse velocity
(km/s)

Average Standard
deviation

Coefficient of
variation (%)

S1 S2 S3 S4

G-1 272 4.46 4.53 4.49 – 4.49 0.03 0.7

G-2 353 4.41 4.39 4.40 – 4.40 0.01 0.2

G-3 387 4.47 4.46 4.46 – 4.46 0.01 0.2

G-4 448 4.28 4.19 4.21 – 4.22 0.05 1.2

G-5 503 4.02 3.99 4.01 – 4.00 0.02 0.5

G-6 154 4.30 4.13 4.22 – 4.22 0.08 1.9

G-7 348 4.09 4.18 4.11 – 4.13 0.05 1.2

G-8 356 4.00 4.02 4.07 – 4.03 0.04 1.0

G-9 377 4.09 4.22 4.10 4.14 0.07 1.7

G-10 503 4.09 4.04 4.06 – 4.06 0.03 0.7

G-11 165 4.16 4.25 4.09 – 4.17 0.08 1.9

G-12 183 3.96 4.09 4.03 – 4.03 0.07 1.7

G-13 406 4.10 4.07 4.10 4.23 4.12 0.07 1.7

G-14 475 4.26 4.19 4.18 – 4.21 0.04 1.0

G-15 833 4.03 4.14 4.21 3.98 4.09 0.10 2.4

G-16 256 4.09 4.21 4.15 – 4.15 0.06 1.4

G-17 265 4.03 4.03 4.06 – 4.05 0.02 0.5

G-18 135 3.24 3.95 3.60 – 3.59 0.40 11.0

G-19 470 4.17 3.85 4.01 – 4.01 0.16 4.0

G-20 880 3.93 3.87 3.85 3.83 3.87 0.04 1.0

UPV under loaded conditions can be attributed to the propagation of internal micro-
cracks caused by stresses in the concrete. In practical terms, structures under heavy
loaded conditions, the pulse velocity test should not be used for the assessment of
the quality of concrete.

4.2 Dynamic Modulus of Elasticity

Based on the obtained data for both loaded and unloaded conditions, now it is possible
to find the dynamic Young’s modulus of elasticity (E) of the concrete from the pulse
velocity and the dynamic Poisson’s ratio (μ) as specified by [19], using the following
relationship:

Ed = ρV 2(1+ μ)(1− 2μ)/(1− μ)
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Fig. 2 a–d Relationship between compressive strength and ultrasonic pulse velocity
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Fig. 2 (continued)

where

V is the pulse velocity in m/s
ρ is the density and
μ is the dynamic Poisson’s ratio.

As per [19], Poisson’s ratio varies from 0.2 to 0.35, which in this research work
it is considered as 0.2. The dynamic modulus of elasticity of concrete is presented
in Table 4.

4.3 Rebound Hammer

The rebound hammer test is a non-destructive test that gives a rapid indication of
compressive strength of the concrete members. The aim of the rebound hammer is
to assess the relationship between rebound hammer index and compressive strength
as specified by [20]. In this investigation, rebound hammer tests were carried out
on cube specimens of size 150 × 150 × 150 mm at different ages and compressive
strengths. These specimens were first marked with a grid of 4 × 4@30 mm c/c
having 16 points on each of the four vertical faces with marker. Ultrasonic pulse
velocity and rebound hammer tests were conducted under unloading and loading
conditions of 20% of expected crushing strength. In each condition of loading and
unloading, alternate grid points were selected (Fig. 3) for UPV and rebound hammer.
The results are presented in Tables 5 and 6 and plotted in Fig. 4a–d. From Fig. 4a–d,
it can be concluded that rebound number value for a loaded condition for concrete
of M50 grade had a negligible decrease by 1.2% as compared to unloaded condition,
whereas, for concrete of grades M45, M40, M30, and M25 were decreased by 2,
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Table 4 Dynamic Young’s modulus of elasticity for loaded and unloaded conditions

Group
No.

Unloaded
UPV
(km/s)

Loaded
UPV
(km/s)

Strength
(MPa)

Density
(kg/m3)

Poisson’s
ratio

Unloaded
dynamic
modulus of
elasticity
(MPa)

Loaded
dynamic
modulus of
elasticity
(MPa)

G-1 4.66 4.49 55.8 2444 0.2 4.78 × 104 4.43 × 104

G-2 4.61 4.40 56.0 2534 0.2 4.85 × 104 4.41 × 104

G-3 4.54 4.46 58.5 2549 0.2 4.73 × 104 4.56 × 104

G-4 4.23 4.22 57.0 2497 0.2 4.02 × 104 4.00 × 104

G-5 4.07 4.00 55.3 2484 0.2 3.70 × 104 3.58 × 104

G-6 4.45 4.22 52.1 2423 0.2 4.32 × 104 3.88 × 104

G-7 4.24 4.13 55.2 2409 0.2 3.90 × 104 3.70 × 104

G-8 4.15 4.03 51.6 2438 0.2 3.78 × 104 3.56 × 104

G-9 4.15 4.15 49.1 2482 0.2 3.85 × 104 3.85 × 104

G-10 4.07 4.06 47.2 2529 0.2 3.77 × 104 3.75 × 104

G-11 4.37 4.17 44.8 24,440 0.2 4.20 × 104 3.82 × 104

G-12 4.38 4.03 43.8 2415 0.2 4.17 × 104 3.53 × 104

G-13 4.13 4.12 46.6 2395 0.2 3.68 × 104 3.66 × 104

G-14 4.27 4.21 44.5 2386 0.2 3.91 × 104 3.81 × 104

G-15 4.12 4.09 45.7 2463 0.2 3.76 × 104 3.71 × 104

G-16 4.28 4.15 42.4 2391 0.2 3.94 × 104 3.71 × 104

G-17 4.09 4.05 40.4 2469 0.2 3.72 × 104 3.64 × 104

G-18 4.06 3.59 32.8 2366 0.2 3.51 × 104 2.74 × 104

G-19 4.03 4.01 38.2 2399 0.2 3.51 × 104 3.47 × 104

G-20 3.98 3.87 36.1 2449 0.2 3.50 × 104 3.30 × 104

4, 1.4, and 2%, respectively. It can be also concluded that the probable accuracy of
estimation of strength of concrete by rebound hammer in this investigation was +
11% and −4.4% as average and was within the acceptable region of clause 8.1 of
[20].

5 Conclusions

In this research work, non-destructive test was carried out on old concrete cube
under loaded and unloaded conditions, and based on the test results; the following
conclusion can be derived.

• For all the groups, the UPV result under loaded condition is found to be lower as
compared to the unloaded condition.
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Fig. 3 Showing alternate
grid points for loaded and
unloaded conditions

• The average value of UPV under unloaded conditions is found decreasing for
all groups with higher ages. It is due to the environmental effect of temperature
variation on the concrete specimens.

• Average value of UPV under loaded condition does not show a clear
decreasing/increasing trend with increasing age. It may be attributed to the devel-
opment of new cracks along with random opening and closing of existing cracks
due to environmental effects on concrete specimens.

• The average ultrasonic pulse velocity result under loaded condition for concrete
grades of M50, M45, M40, and M30 is marginally lower by 2.45% as compared
to unloaded condition, whereas, for concrete of grade M25 it is lower by 4.9% as
compared to unloaded condition. It shows that the lower grade concrete is more
susceptible to environmental damage than richer ones.

• The value of dynamic modulus of elasticity of concrete under loaded condition is
found to be less than unloaded condition.

• For all the groups, the rebound hammer results under loaded conditions are found
to be lower as compared to unloaded condition.

• The average of rebound hammer result under loaded condition for concrete grades
ofM50,M45,M40,M30, andM25 is found to be lower by about 2.1%as compared
to unloaded condition.

Average values of rebound hammer under loading and unloading conditions do
not show a clear decreasing/increasing trendwith increasing age. Based on the exper-
imental results, it may be concluded that concretes of lower grades respond poorly
with age due to environmental effects.
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Fig. 4 a–d Relationship between rebound hammer number and compressive strength
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The Utilization of Polyethylene
Terephthalate Plastic Bottle Waste
for Asphalt Concrete Mix Modification

Amalia Firdaus Mawardi, Machsus Machsus, Rachmad Basuki,
Mohamad Khoiri, Sukobar, and Ahmad Faqihul Muqoddam

Abstract The aim of this research is mainly to analyze the influence of adding
polyethylene terephthalate (PET) plastic bottle waste to asphalt concrete-binder
course mix. The polyethylene terephthalate (PET) plastic bottle waste was added
to asphalt concrete-binder course mix using the wet processing method, in which the
PET particles were directly mixed with the asphalt hot mix along with its aggregates.
This whole research was conducted using asphalt with 60/70 penetration specifica-
tion and 5.8% of asphalt content. While PET particles were added using various
content ratios of 0, 1, 2, 3, 4, 5, 6, 7, and 8%. Based on the Marshall test, it is proven
that the number of void in mix (VIM), viscosity modifying admixtures (VMA), and
Marshall Quotient went up as the number of density, voids filled with asphalt (VFA),
and Marshall flow went down.

Keywords Plastic waste · Polyethylene terephthalate · AC-BC ·Marshall
properties

1 Introduction

Waste management is an emerging challenge for Indonesia to solve. Recently,
Indonesian waste production is estimated to reach 68 million tons by 2019, nearly
14%of the total waste is coming from plastic waste. Surabaya is estimated to produce
1500 tons ofwaste daily, inwhich 60%of the totalwastewas contributed fromorganic
matters while the rest 40% were from inorganic matters like plastic [1]. Most plastic
bottlesweremade fromPETsubstance.This particular substance is difficult to recycle
due to its complex chemical structure and demanding high technology machinery
to break down into smaller particles to reuse. Therefore, it is commonly seen that
plastic bottles are left unrecycled.

In order to keep a sustainable living, it is necessary to figure out a way to recycle
PET plastic bottle waste. Utilizing PET waste as an asphalt concrete mix could be a
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beneficial solution for both environment and society. Recently, the ministry of public
work and housing republic Indonesia is planning to construct 258 km of brand new
roads across Indonesian borders. This mega project would have an additional value
for sustainability if the constructionswere done using revolutionarymethod of adding
PET into the asphalt concrete mix.

Generally, asphalt could bemodified by adding polymer into itsmixture. There are
three polymers that are usually used to modify asphalt including elastomer thermo-
plastic, plastomer, and reactive polymer. The addition of elastomer thermo-plastic
could increase the elasticity of asphalt [2].

Asphalt concrete-binder course is an asphalt type that has very little influence
on its surrounding weather and climate environment. Yet, it is required to have a
certain thickness in order to stand the stretch and tension due to the traffic load. It is
essential to take the asphalt stability into consideration during the mixing process [3,
4]. Based on the Indonesian national standardization code (SNI) 2010 annex 6.3.1 2c,
it is required for asphalt concrete-binder course mix to have the maximum aggregate
of 25.4 mm with a minimum thickness of 600 mm [5].

Ahmadinia et al. [6] did research on adding PET to asphalt concrete-binder course
mix using a dry method in which the PET particles were added at the very end of the
mixing process. It turned out that the optimum asphalt concrete was achieved at the
level of 6%. During this particular process, the asphalt stability level and Marshall
quotient were recorded to hit their highest level. The PET addition was proven to
enhance the stiffness of the mix and resistance towards permanent deformation. The
main intention of using the dry method is to preserve the PET with its original form
which is also known for a semi-crystalline resin form so that PET has a minimum
physical and property deformation.

Yasanthi et al. [7] re-summarized the previous research on waste utilization for
asphalt construction. Yasanthi et al. [7] used sawdust, PET, and asphalt by-products
for the research materials. Based on the loading and deformation test, it is concluded
that the composition of the PET and sawdust at 2% from its total mass could be
suggested as optimum support for roads with relatively low traffic.

Alfahdawi et al. [8] did an experiment on addingpolyethylene terephthalate (PET),
polypropylene (PP), and other plastic-related components to reinforced concrete,
mortar, and substitution material for aggregation He concluded that, if a plastic-
based material was added within the ratio of 0.1–0.5%, the mix property, and the
durability could be improved by 14.28% while the compressive strength could be
stimulated up to 34%.

2 Materials and Methods

The cylinder sample creation was done using asphalt concrete-binder course mix
standard code. There were two steps of cylinder sample creation. First, the cylinder
sample was prepared without adding the PET on the mixture to obtain the optimum
asphalt content. Second, the cylinder sample by adding PET. However, the second
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step could be done right after the first step was finished in order to gain an initial
insight into the optimum asphalt content. There are generally two types of asphalt
mixing methods. There are wet and dry mixing processes. In general, the wet mixing
process is better than the dry one in terms of preserving original properties. Yet, both
methods should follow the minimum threshold of ductility [9].

2.1 Material and Tools

Various types and sizes of aggregates were used during this research. The coarse
aggregate size ranges which were used during this research were (10–20 mm), (10–
10 mm), and (5–10 mm) while the fine aggregates ere rock ash with the size of
(0–5 mm). This research was also conducted using asphalt with 60/70 penetration
specification (Fig. 1).

Coarse Aggregate
(10-20) mm

Coarse Aggregate
(10-10) mm

Fine Aggregate
(0-5) mm

Coarse Aggregate
(5-10) mm

Fig. 1 Various sizes of aggregate used
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The testing tools which involved during the testing process for this particular
research included sieve shaker, Marshall tool, asphalt property test machinery, and
other asphalt-related tools and the PET plastic bottle waste content ratio was varied
as follows: 0, 1, 2, 3, 4, 5, 6, 7, and 8%. The PET plastic bottle waste was used as the
additional material into the asphalt hot mix. Therefore, the PET plastic bottle waste
had to be cut into small pieces using specialized crushed machinery in order to be
blended with the asphalt hot mix.

2.2 Material Testing

Material test was done to examine and reassure the asphalt, aggregate, and addi-
tive substance qualities to check if they follow the standard code or not. The material
testing process covered the test of physical aggregate property, physical asphalt prop-
erty, and the additive. Tables 1 and 2 will portray the results of crushed aggregate
and bitumen properties.

Table 1 Physical properties
of aggregate

Properties Standard code of testing Value (%)

Abrasion test (%) AASHTO T 96-87 28.38

Coating and
stripping (%)

AASHTO T 182-82 95

Resistance to
degradation (%)

AASHTO T 96-02 20

Table 2 Physical properties
of bitumen

Properties Standard code of
testing

Unit Value

Penetration AASHTO T
49-68

1/10 mm 70.1

Ductility AASHTO T
51-74

Cm 125.5

Ash and fire point AASHTO T
48-74

C 270.5

Softening point AASHTO T
53–74

C 52.5

Los and heating AASHTO T
197-74

% 0.108

Specific gravity of
asphalt

AASHTO T-100 gr/cc 1.030

Solubility asphalt AASHTO T
44-70

% 99.59
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Fig. 2 The aggregate gradation of asphalt concrete-binder coarse

2.3 Mix Design

In order to obtain an ideal mixture design and optimum strength, it is necessary to
compose a good mix design which follows either local or international specification
and standard code. The aggregate mixing for cylinder samples must be done using a
variety of material content in order to fulfill the Marshall parameter. Four fractions
of combined aggregate were used during this research. Figure 2 will further explain
which mixed gradation falls into the allowable limit.

2.4 Marshall Test

The aim of the Marshall test is to determine the durability, stability, and flow of
asphalt mix based on AASHTO 245-90 standard code. The outcome of this test is a
graph in which the results are plotted using the data of asphalt content and Marshall
parameters which include asphalt density, void in mix (VIM), void filled with asphalt
(VFA), void in mineral aggregate (VMA), stability, flow, and Marshall quotient.

3 Result and Discussions

All procedures and requirements done throughout this whole research were done
using Indonesian national standardization (SNI) and the American Association
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of State Highway and Transportation Officials (AASHTO). The tests which were
done during this research included the aggregate properties investigation which also
covered the coarse, medium, and fine aggregate as well as physical properties inves-
tigation of 60/70 asphalt penetration. All aggregate materials were supplied from
Mojokerto East Java area, while the asphalt penetration of 60/70 materials were
supplied by PT. Bumindo.

There were a total of five cylindrical samples with each three varieties of asphalt
contents that were prepared for the whole research. The exact proportion of asphalt
content variety was obtained from a series of calculations and designs based on
the Indonesia standard code. Each variety has interval difference of 0.5. Gener-
ally, all cylindrical samples weighted about 1200 g and composed of three different
aggregates. All the aggregates and binders were mixed together under the tempera-
ture of 1550 °C, while the temperature for compaction process was set at 1450 °C.
Compaction for asphalt concrete-binder course with relatively high traffic load will
be further proceeded with total of 75 flows.

Right after figuring out the designed asphalt content, it is then processed into
sampling preparationwith interval difference of 0.5 for its asphalt content. Therefore,
the cylindrical sample will have a variation of asphalt content 5,00; 5,50; 6,00; 6,50,
and 7,00.

In order to obtain the optimum asphalt content, it is necessary to run the Marshall
test first. Make sure that all materials were weighted under three different circum-
stances which include the dry weigh, saturated weight under the water, and saturated
surface-dry. In order to obtain the saturated weight for aggregate, it is necessary to
soak up the aggregate for 24 h then continue to go under the water bathing process for
about half an hour under temperature of 600 °C. After that, run the series of Marshall
tests to determine the stability and flow rate. Right after gaining stability and flow rate
data, another Marshall parameter such as VMA, VFA, VIM, Density, and Marshall
Quotient (MQ) could be further determined. Tables 3 and 4 will describe more about
the Marshall parameter results.

Based on Table 4, it can be inferred that the asphalt optimum content was at
5.8% this percentage will further be used as the reference number to determine the
asphalt optimum content in asphalt concrete-binder course mix with PET plastic
bottle addition.

Table 3 Marshall parameter test result

Marshall parameter Specification Asphalt content

5.00 5.50 6.00 6.50 7.00

Stability >800 kg 1436.9 1290.1 1227.8 1121.1 1267.9

Flow (2–4) mm 3.11 2.79 2.71 2.79 3.18

VIM (3–5) % 6.43 4.95 3.81 2.37 2.11

VMA >14% 14.49 14.27 14.37 14.22 15.11

VFA >65% 55.59 65.29 73.48 83.32 86.01

MQ >250 kg/mm 461.53 462.96 453.07 401.81 398.28
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Table 4 Determining optimum asphalt content
Marshall 

Parameter
Specification Range Optimum Asphalt Content

(OAC %)
STABILITY > 800 kg 5.0 - 7.0

FLOW (2-4) mm 5.0 - 7.0
VIM (3-5) % 5.5 - 6.0
VMA > 14% 5.0 - 7.0
VFA > 65% 5.5 - 7.0
MQ >250 kg/mm 5.0 – 7.0

Designed Asphalt Content (%) 5.0 5.5 6.0 6.5 7.0
Optimum Asphalt Content (%) 5.8

Aside from that, more cylindrical samples were then prepared with total of nine
varieties based on the different PET contents. The varieties of PET contents were
prepared at the percentage of 0, 1, 2, 3, 4, 5, 6, 7, and 8% from the asphalt total
weight. This mixing process was done using wet process in which PET particles
were added along with other aggregates and binders.

Figure 3 depicted that the density was inversely proportional with the plastic
content. The more plastic content was added, the less density it had. There was a
slight decline in the density value up to 5.0% of plastic content then it went back
up to 7%. The highest density was reached at 2.42 when the plastic content showed
its percentage at 1, 2, 7, and 8%. While the lowest density reached at 2.39 when the
plastic content showed its percentage at 5%.

Figure 4 showed that the more PET plastic was added to the mixture, the more
VIM it had, yet there was a slight decline at 6–8%. The highest VIMwas hit at 6.26%
when the plastic content showed at 5% rate. Based on this data, it could be inferred
that PET plastic addition to the mixture could increase the number of voids in the
mix.

Figure 5 describes that the more PET plastic was added, the more voids in mineral

Fig. 3 Binder course density after PET addition
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Fig. 4 Void in mix in binder course mixture after PET addition

Fig. 5 VMA in binder course mixture after PET addition

aggregate were found. Yet, there was a slight decline at 6–8%. The highest VMA
was at 16.11% when the plastic content was at 5%. While the lowest VMA hit at
15.02% when the plastic content was at 8%. Based on this data, it could be inferred
that PET plastic addition to themixture could increase the number of voids inmineral
aggregate.

Figure 6 portrayed that the more PET plastic was added, the less voids in asphalt
were found. Yet, there was a slight increase at 6–8%. The highest VFAwas at 66.45%
when the plastic content was at 8%. While the lowest VMA hit at 61.16% when the
plastic content was at 5%. Based on this data, it could be inferred that PET plastic
addition to the mixture could decrease the number of voids filled in asphalt.

Figure 7 showed that the more PET plastic was added, the more asphalt stability
was found. Yet, there was a slight decrease at 4–8%. The highest stability was at
2286.6 kg when the plastic content was at 3%. The optimum stability was achieved
at 2286.6 kg with plastic addition to its mixture. In contrast, the optimum stability



The Utilization of Polyethylene Terephthalate Plastic … 91

Fig. 6 VFA in binder course mixture after PET addition

Fig. 7 Binder course stability after PET addition

was achieved at 1632.7 kg without plastic addition into the mixture. Therefore, the
addition of PET plastic particles contributed to 40% increase in mixture stability.

Figure 8 depicted that binder course mixture which has PET addition, tends to
have a small flow, yet its value went back up at the rate of 5–8%. The highest flow
was at 2.52 mm when the plastic content was at 8%. While the lowest flow hit at
2.02 mm when the plastic content was at 4%. In contrast, the binder course mixture
which has no PET plastic addition had the highest flow at 2.37 mm. This actually
implies that PET plastic addition could boost up the flow rate by 6%.

Figure 9 presented that the more PET plastic was added, the bigger Marshall
quotient value was recorded. Yet, there was a slight increase at 5–8%. The highest
Marshall quotient value was recorded at 1103.35 kg/mm. Based on this data, it could
be inferred that PET plastic addition to the mixture could increase the Marshall
quotient value by 60%.
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Fig. 8 Binder course flow after PET addition

Fig. 9 Binder course’s Marshall quotient after PET addition

4 Conclusions

According to the research experiments, it is inferred that the addition of PET plastic
particles with the proportions of 1, 2, 3, 4, 5, 6, 7, and 8% into the asphalt concrete-
binder course mixture could enhance the Marshall properties which include the
stability, void inmix (VIM), void inmineral aggregate (VMA), andMarshall quotient
itself. On the other hand, the PET plastic particle addition could also diminish the
density, void filled in asphalt (VFA), and Marshall flow.
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Analysis of Land-Carrying Capacity and
Population Capacity Around
Manado–Bitung Toll Road, North
Sulawesi Province

Chairitha Rahmasani, Hafid Setiadi, and Komara Djaja

Abstract The Manado–Bitung Toll Road is one of the national strategic projects
currently under construction and planned to start operating at the end of 2019.
The existence of this Toll Road is expected to increase accessibility between two
national activity centers and spur regional development. A consequence that can
arise from the development of toll road infrastructure is the massive development of
the surrounding areas, especially those that have direct access to the toll gate. On the
other hand, regional development must not exceed the capacity to maintain environ-
mental and social sustainability from uncontrolled development problems. Analysis
of the carrying capacity and carrying capacity of the region is one of the efforts that
need to be done. Based on the analysis results, 51% of the study area has a high level
of development capability. Of the 21,852 ha. of the research area, 8357.18 ha. can
be developed into settlements and can accommodate 1,671,435 people.

Keywords Carrying capacity · Population capacity · Land development
capability · Regional development ·Manado-Bitung toll road

1 Introduction

Infrastructure is considered as themain tool in the development of an area.Macroeco-
nomically, the availability of infrastructure services affects the marginal productivity
of private capital, whereas, in the context of the microeconomics, the availability of
infrastructure services affects the reduction of production costs [1]. Infrastructure has
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an important influence on improving the quality of life and human welfare, among
others in increasing the value of consumption, increasing labor productivity, and
access to employment [2].

Hurst, [3] argues that accessibility is a measure of ease (time, cost, or effort) in
moving between places or regions in a system.As for Black, [4], he is for the view that
accessibility is a concept that combines a geographic land use management system
with a transportation network system that connects it. The indicator in accessibility
is a numerical value, which indicates the level of ease of getting access to goods and
services [5].

Dennis, [6] states that there are at least three things that will be obtained if acces-
sibility is improved, including (a) time savings, (b) reduction of transportation effort,
greater freight capacity with longer distances, and (c) efficiency of movement and
savings in transportation costs.

The Manado–Bitung Toll Road Development is one of the strategic projects that
is expected to improve accessibility between two national activity centers, namely
the City of Manado and the City of Bitung and spur development of the surrounding
areas. The consequence that can arise from the development of toll road infrastructure
is the massive development of the region, especially those that have direct access to
the toll gate, so that changes in land use and land use change occur, even changes
that are not in accordance with the regional spatial plan. Even though it is still under
construction, changes in land use around the toll road have seen to be quite large at
some points.

North and south of theManado–Bitung Toll Road are directly facing the protected
forest and water catchment areas, and are close to the active fault line. There-
fore, the development of the surrounding area needs to be controlled to main-
tain the sustainability of the area from environmental problems and uncontrolled
development.

To maintain the sustainability of the region, it is necessary to control the use of
space. Ibrahim [7] argues that with spatial use control activities, identifications can
be made at the same time to avoid the possibility of irregularities in spatial use.
One of the efforts that can be made to control spatial use is by analyzing the carrying
capacity and carrying capacity of the area so that the direction of development can be
in accordance with the physical environment. Areas that have low-carrying capacity
are directed as conservation areas. As for residential areas and other built-up lands,
it is directed at areas with high land-carrying capacity.

2 Methods

The approach used in this research is a mixed-method, which is a research approach
that involves two forms of research data, namely qualitative and quantitative [8].
This study uses a spatial analysis method to obtain maps of land capability units
and land development capabilities, as well as the carrying capacity and regional
carrying capacity by overlaying thematic maps according to the criteria that need to
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be met in each type of analysis. Descriptive and exploratory analysis was also carried
out to determine and describe the direction of regional development in accordance
with the potential problems of development around the Manado–Bitung Toll Road
according to facts, analysis, literature review of previous research and information
from informants.

3 Result and Discussions

3.1 Area Overview

TheManado–BitungTollRoad stretches for approximately 39 km through the admin-
istrative areas of Manado City, North Minahasa Regency, and Bitung City. The
Manado–Bitung Toll Road is planned to start operating at the end of 2019. This road
is expected to support increased traffic on the Manado–Bitung route, supporting the
tourism sector and economic growth in Manado, North Minahasa, and Bitung. This
toll road will also be the main access road to the Bitung Special Economic Zone
(KEK) and the Bitung International Hub Port to be built. Manado–Bitung Toll Road
in the future can improve accessibility and connectivity, among them: (a) Facilitating
traffic in developed areas; (b) Improving the distribution of goods and services to
support economic growth; (c) Increasing the distribution of development and equity
outcomes; (d) Relieving the burden on funds through the participation of road users.

In this study, the researcher limits the area of analysis in the research in the form
of the lowest administrative boundary, namely the village boundary that is crossed
by the Manado–Bitung Toll Road, and the village which is within a radius of about
1 km from the road body.

3.2 Land Capability Unit (LCU)

This analysis is carried out to obtain an overview of the level of land capability for
regional development as a reference for direction of suitability and land use. This
Land Capability Unit Analysis refers to the standards and criteria of the Minister
of Public Works Regulation No. 20/2007 [9]. Based on the regulation, the determi-
nation of land capability is carried out by the superimpose method of various basic
physical and environmental data including topographic and morphological data, soil
type, rainfall, prone to natural disasters, land use, and others. The following are the
weighting criteria for each type of LCU (Tables 1, 2, 3, 4, 5, 6, 7, 8 and 9; Fig. 1).
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Table 1 Criteria and value of land capability unit (LCU) type: ease of work

Morphology Slope
(%)

Topography
(masl)

Soil type Landuse Ease of
work

Grade

Steep
hills/mountains

>45 >3000 Regosol Forest Very low 1

Medium hills 25–45 2000–3000 Podsol,
Andosol

Agriculture,
plantation,
dry land
agriculture

Low 2

Low hills 15–25 1000–2000 Mediteran,
Brown forest

Shrubs Medium 3

Wavy 8–15 500–1000 Latosol Dry land,
heath

High 4

Plains 0–8 0–500 Alluvial Settlement 5

Table 2 Criteria and value of land capability unit (LCU) type: foundation stability

Topography
(masl)

Slope
(%)

Morphology Landslide
vulnerability

Soil type Foundation
stability

Grade

>3000 >45 Steep
hills/mountains

Zone 3 (high) Regosol Stability of
the
foundation is
low

1

2000–3000 25–45 Medium hills Zone 2
(medium)

Podsol,
Andosol

Stability of
the
foundation is
lacking

2

1000–2000 15–25 Low hills Mediteran,
Brown
Forest

3

500–1000 8–15 Wavy Zone 1 (low) Latosol Stability of
the
foundation is
sufficient

4

<500 0–8 Plains Alluvial 5

Table 3 Criteria and value of land capability unit (LCU) type: slope stability

Topography
(masl)

Slope
(%)

Morphology Landslide
vulnerability

Landuse Slope
stability

Grade

>3000 >45 Steep
hills/mountains

Zone 3 (high) Shrubs, fields,
forests

Low 1

2000–3000 25–45 Medium hills Zone 2
(medium)

Plantation,
forest, grove

Less 2

1000–2000 15–25 Low hills All Medium 3

500–1000 8–15 Wavy Zone 1 (low) All High 4

<500 0–8 Plains All 5
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Table 4 Criteria and value of land capability unit (LCU) type: water availability

Morphology Slope
(%)

Rainfall
(mm/year)

Drought
risk

Soil type Landuse Water
availability

Grade

Steep
hills/mountains

>45 1000–2000 High Alluvial Shrubs,
fields,
forests

Very low 1

Medium hills 25–45 Latosol Gardens,
forest,
grove

Low 2

Low hills 15–25 2000–3000 Medium Mediteran,
Brown
forest

All Medium 3

Wavy 8–15 Podsol,
Andosol

All High 4

Plains 0–8 >3000 Low Regosol All 5

Table 5 Criteria and value of land capability unit (LCU) type: drainage capability

Topography
(masl)

Morphology Slope
(%)

Rainfall
(mm/year)

Soil type Landuse Drainage
capability

Grade

<500 Steep
hills/mountains

0–8 1000–2000 Latosol Shrubs Less 1

500–1000 Medium Hills 8–15 Forest 2

1000–2000 Low Hills 15–25 2000–3000 Mediteran,
Brown
forest

Agriculture,
plantation

Enough 3

2000–3000 Wavy 25–45 Aluvial,
Regosol

Dry land,
heath

High 4

>3000 Plains >45 >3000 Andosol Settlement 5

Table 6 Criteria and value of land capability unit (LCU) type: erosion risk

Rainfall
(mm/year)

Slope
(%)

Morphology Soil type Landuse Erosion
risk

Grade

1000–2000 >45 Steep
hills/mountains

Regosol Grass, farm High
erosion

1

25–45 Medium hills Podsol
Merah
Kuning,
Andosol

Plantation,
bush

High
enough
erosion

2

2000–3000 15–25 Low hills Meditera,
Brown
forest

All Medium
erosion

3

8–15 Wavy Latosol All Very low
erosion

4

>3000 0–8 Plains Alluvial All No erosion 5
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Table 7 Criteria and value of land capability unit (LCU) type: morphological unit

Morphology Slope (%) LCU type: morphological unit Grade

Steep hills/mountains >45 Land capability of morphology is low 1

Medium hills 25–45 Land capability of morphology is lacking 2

Low hills 15–25 Land capability of morphology is moderate 3

Wavy 8–15 Land capability of morphology is enough 4

Plains 0–8 Land capability of morphology is high 5

3.3 Land Development Capability (LDC)

Development Capability Analysis is carried out to get an idea of the level of land
capability that can be developed. Themethod used to create LandDevelopmentCapa-
bility (LDC) maps are overlaid on all LCU maps that have been made before. Then
we need to multiply the value of each LCU maps with the weight value (Table 10)
and sum up all of them, to get the LDC value.

LDCValue = [
(LCU A × LCUClass Weight A)+ (LCU B × LCUClass Weight B)

+(LCU C × LCUClassWeight C)+ (LCU . . .× LCUClassWeight . . .)+ · · ·]
(1)

The weight of each LCU shows the level of influence on the ability of land
development. The following is the weighting for each LCU.

The classification of development capabilities can be seen in Table 11.
Based on the above analysis, they show that the research area is still dominated by

a high level of development capability. This condition strongly supports the devel-
opment of cultivation areas. More details about the distribution of land development
capabilities in the Micro Area can be seen in Fig. 2.

3.4 Carrying Capacity and Population Capacity

Land-carrying capacity is an important thing that must be considered in regional
spatial planning, in order to be able to support land use activities in a sustainable
manner. Carrying capacity is the ability of the environment to support life while
capacity is the ability of the environment to accommodate the population in it. The
rapid development of the population around the Manado–Bitung Toll Road gives an
indication of a serious urban problem. Therefore, we need an analysis of the carrying
capacity and carrying capacity of land to determine the availability of effective land
to support existing problematic land. Carrying capacity and population capacity are
measured based on the calculation of the unit class of land capability that has been
produced previously.
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Table 9 Criteria and value of land capability unit (LCU) type: waste disposal capability

Slope (%) Morphology Topography
(masl)

Landuse Waste disposal
capability

Grade

>45 Steep
hills/mountains

>3000 Shrubs, fields The ability of
land for waste
disposal is
lacking

1

25–45 Medium hills 2000–3000 Plantation,
thicket forest

2

15–25 Low hills 1000–2000 All The ability of
land for waste
disposal is
moderate

3

8–15 Wavy 500–1000 All The ability of
land for waste
disposal is
sufficient

4

0–8 Plains <500 All 5

Areas with class E land capability are not able to be developed, so these areas are
designated as protected areas with a 10% land cover ratio for activities that support
protected areas. Class D has less capacity for development so this area is directed
as a buffer zone with a 10% land cover ratio for activities that support buffer zones.
Class C has moderate development capability, therefore, in this area development of
cultivation areas can be carried out with limited developed land with a land cover
ratio of 20%. Class B has sufficient development capability, in this area, the land
cover ratio is directed at 30%. And class A has high development capability and in
this area, it is very good to develop residential areas with a land cover ratio of 50%
with an assumption of 30% in the form of green open space and 20% in the form of
supporting facilities and utilities.

Land capacity is calculated with the assumption that one house consists of four
familymembers which require a land area of 200m2. Thus, the population that can be
accommodated in the area of land that can be developed divided by 200m2 divided by
four people. The following are the results of the calculation of the carrying capacity
and carrying capacity of the study area (Table 12).

3.5 Regional Description and Development Recommendation

The Manado–Bitung Toll Road is planned to have six interchanges as inlet/outlet,
namely: (a) Manado Interchange Ring Road I which is at STA-0; (b) Sukur Inter-
change is at STA7+200; (c)AirMadidi Interchange is at STA12+600; (d)Cauditan
Interchange is at STA 19 + 800; (e) Danowudu Interchange is at STA 28 + 900;
and (f) Bitung Interchange is at STA 38 + 700. The six interchanges have different
characteristics and development plans for the surrounding area. Figure 3 explains
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Fig. 1 a LCU ease of work; b LCU foundation stability; c LCU slope stability; d LCU of water
availability; e LCU drainage capability; f LCU erosion risk; g LCU morphological unit; h LCU of
disasters risk; i LCU of waste disposal capability

Table 10 LCU class weight
value

Morphological Weight = 5

Ease of work Weight = 1

Slope stability Weight = 5

Foundation stability Weight = 3

Water availability Weight = 5

Erosion risk Weight = 3

Drainage capability Weight = 5

Waste disposal capability Weight = 1

Disasters risk Weight = 5
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Table 11 Land development capability

LDC value Land capability Development
capability

Land use directive Area (Ha) Percent

32–58 E class Low
development
capability

Conservation area 1.574 6

59–83 D class Less
development
capability

Buffer zone 3.563 14

84–109 C class Medium
development
capability

The area of
cultivation,
agriculture,
plantations, with
limited built-up
land

3.690 14

110–134 B class Sufficient
development
ability

Low-density
settlement
cultivation area

3.690 14

135–165 A class High
development
capability

Residential area 13.025 51

the description of the regional development plan and the direction of development
in accordance with the carrying capacity and carrying capacity of the region.

4 Conclusions

The construction of toll roads can trigger the growth of the region, especially around
the area that is close to the inlet/outlet of the toll road, so that efforts are needed to
control the use of space to match the carrying capacity and population capacity of the
area. The development policy of an area needs to pay attention to the carrying capacity
andpopulation capacity of land; this has an effect onhowmuch land canbedeveloped.
Development that is incompatible with its carrying capacity and population capacity
can cause various environmental, social, and economic problems. Areas with low
land-carrying capacity need special attention and policies need to be regulated so
that this area is directed to be conserved, while the development of urban areas can
be directed at areas that have high carrying capacity and population capacity value.
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Fig. 2 Land development capability
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Table 12 Carrying capacity and population capacity

Land
capability

Development
capability

Land-carrying
capacity

Area
(Ha)

Land cover ratio Land that
can be
developed
(Ha)

Population
capacity
(Person)

E class Not able to
be developed
for urban
areas

Protected area 1574 10%
(Non-settlement)

– –

D class Less
capability for
urban
development

Buffer zone 3563 10%
(Non-settlement)

– –

C class Medium
capability for
urban
development

The area of
cultivation,
agriculture,
plantations,
with limited
built-up land

3690 20% 737,91 147,582

B class Enough
capabilities
for urban
development

Low-density
settlement
cultivation
area, etc.

3690 30% 1,106,86 221,373

A class High ability
for urban
development

Residential
area

13,025 50% 651,240 1.302,480

Total 835,718 1,671,435
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Fig. 3 Characteristics and direction of development of the area around the Manado–Bitung Toll
Road
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Analysis of Gen Y Lifestyle Based on Life
Cycle on Housing Preferences in Depok
City

M. Akmal Farraz, Lita Sari Barus, Khoirunurrofik, and Joko Adianto

Abstract Gen Y is the age group with a range of 20–39 years and now is the
largest generation in urban areas in Indonesia. As a result of their proportion to
the urban population structure, the housing market has started to provide housing
based on their preferences. This study aims to analyze the Gen Y lifestyle toward
housing preferences with the scope of research in Depok City. Conducted withmixed
methods, quantitative and qualitative research, the results of the study found that Gen
Ywho are married and are parents were the groups mostly affected by lifestyle when
determining their housing preferences. The results of this study also showed that
there is a lifestyle paradox between the two groups, ‘Gen Y Junior’ and ‘Gen Y
Senior,’ which were affected by housing location and accessibility to educational
facilities.

Keywords Gen Y lifestyle · Housing preferences · Urban area

1 Introduction

Demographic bonuses that are identical to the increasing age of the younger gener-
ation are happening in Indonesia. Based on data in 2017, the Gen Y population
has reached 88 million or 33.75% of the total population. Also, the majority of this

M. Akmal Farraz · L. S. Barus (B)
Urban Development Studies, School of Strategic and Global Studies, University of Indonesia,
Depok, Indonesia
e-mail: litabarus@ui.ac.id

M. Akmal Farraz
e-mail: akmal.farraz@gmail.com

Khoirunurrofik
Department of Economics and Business, Faculty of Economics, University of Indonesia, Depok,
Indonesia
e-mail: rofiq76@gmail.com

J. Adianto
Department of Architecture, Faculty of Engineering, University of Indonesia, Depok, Indonesia
e-mail: joko.adianto@gmail.com

© Springer Nature Singapore Pte Ltd. 2021
S. S. Emamian et al. (eds.), ICSDEMS 2019,
https://doi.org/10.1007/978-981-15-3765-3_10

109

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3765-3_10&domain=pdf
mailto:litabarus@ui.ac.id
mailto:akmal.farraz@gmail.com
mailto:rofiq76@gmail.com
mailto:joko.adianto@gmail.com
https://doi.org/10.1007/978-981-15-3765-3_10


110 M. Akmal Farraz et al.

generation also lives in major cities in Indonesia such as Jakarta, Bandung, Medan,
and Surabaya. As the dominant group, Gen Y who was born in the 1980s until the
end of 2000 (aged 20–39 years) [1] who are entering a new phase of life such as
fresh graduates, looking for work and young families will look for housing needs
that significantly influence the housing market in the future.

The house as a means of life development will vary the desires of each individual
or generation due to the influence of values, past experiences, and culture which
is referred to as a lifestyle [2]. Lifestyle in housing studies is a popular concept
that has been carried out by previous researchers such as Lee [3], Kwon et al. [4],
and Rapoport [5]. Generally, these researchers use activities, interests, and opinions
(AIO) inmeasuring lifestyle dimensions supported by social–demographic variables,
namely gender, age, education, life cycle, transportation, etc., in order to obtain more
accurate results Lee [3], Hoon Leh et al. [6], Nadiya [7], Berliner et al. [8].

Furthermore, in the housing study to determine individual preferences for housing,
the researchers used housing attributes related to various aspects such as physical
aspects, social elements, and the environment that associate housing attributes with
location, type of house, accessibility, security, etc. [6, 9]. Important housing attributes
are used to facilitate consumers in the decision-making process for housing choices
[10] because of the consideration of various desires that are tailored to their daily
activities. For example in the USA, Gen Y is more interested in crowded city life,
residing in vertical housing, close to transportation routes and preferring to live in the
city center because of a fast-paced lifestyle due to the influence of technology [11].
However, this is different in developing countries such as Malaysia and Indonesia
that the younger generation still wants to live in the city center with large houses and
close to work locations [6, 7].

This phenomenon illustrates that research on housing preferences cannot be gener-
alized because it depends on the subject and location of the study. Moving on
from these problems, this study focuses on Gen Y subjects who live in suburban
areas, namely Depok City. The reason the researchers raised this theme is that the
phenomenon of bonus demography that is identical to the younger generation also
occurs in suburban areas such as Depok with 37.5 of its population being Gen Y
which on the other hand the vision of Depok City is a residential city, especially for
Jakarta residents [12]. In addition, the research subjects in Gen Y in the suburban
areas were increasingly attractive and unique because of their lifestyle as commuter
workers and the life cycle of unmarried people to have children who influenced
their preferences toward home [10]. From these reviews, the purpose of this study
was to analyze the characteristics and lifestyle of Gen Y in Depok City on housing
preferences based on the life cycle.
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2 Methods

This study uses two methods simultaneously, namely quantitative and qualitative
methods (mixedmethods). According toCreswell [13],mixedmethods are two forms
of mutually integrated methods in combining data, connecting data, and uniting data.

In this type of quantitative research, we used using a questionnaire with computer
statistical tools such as Structural Equation Modeling (SEM), while the use of SEM
is used to measure lifestyle factors using a 6-point scale, 1 (strongly disagree) to 6
(strongly agree).

To complete the results of research from quantitative methods, interviews with
informants and several respondents were needed to collect complete information
related to housing preferences. The results of the study are expected to be more
comprehensive than the previous studies involving 400 respondents with acci-
dental and stratified sampling techniques [14]. The reason the researchers chose this
sampling technique was because they considered the ease of obtaining data while
considering the representation of the population.

3 Result and Discussions

3.1 Profile of Sample

Based on field findings, the majority of the respondents were male sex totaling
63%. From the life cycle, respondents were unmarried by 42% and the smallest
respondents were partners with 12% elementary school children. By age, based on
stratified random sampling, respondents were represented in each age range with an
average of 26%. In the socio-economic profile, the education level of the respondents
is a bachelor (Strata 1) with a percentage of 47%. Of the types of work, the majority
of respondents are employed as private employees with a percentage level of 37%
followed by respondents who work as students with 19%, while the level of income
of the majority of respondents have an average income of Rs. 5,520,000.

Overall, the respondents in this study were young urban middle class with unmar-
ried status who began their careers as fresh graduates, working as private employees
with an education level reaching Strata 1 and income levels above the UMRofDepok
City of Rs. 5,520,000. Thus, the scheme of financing housing respondents is a group
belonging to the middle class who is able to access financial assistance from banks.
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3.2 Analysis of Lifestyle

In this study, the questionnaire was declared valid if the loading factor value was
greater than 0.5 [15] and the hypothesis test is accepted if the t-scores were greater
than 1.96 (>1.96) and the p value must have a 5% confidence level (<0.05).

In testing the validity of each question (Fig. 1), the activity variable (X1) of nine
question items, the variable with the recreation indicator X1.7 with the question
‘I enjoy free time by visiting places that are crowded by many people’ is the best
variable in shaping the activity variable with the highest variable loading factor value
of 0.85. This means that the Gen Y lifestyle is more oriented to the activities of those
who love to be outside home looking for entertainment.

Furthermore, the interest variable (X2) with holiday indicators (X2.7) with the
question ‘I like to follow the current trend’ is the highest loading factor with a value
of 0.81 which means that the Gen Y lifestyle is formed from a great interest in
development current trends.

The best indicator in forming an opinion variable (X3) is itself in the variable
(X3.7) with a loading factor of 0.87. With the question of the opinion of ‘home
showing self-image in the community,’ it means that Gen Y in seeing home products
does not only see it as a basic necessity, but a desired house can improve their
self-image toward the community environment.

(a) (b)

Fig. 1 a Loading factor; b T-scores
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The results of hypothesis testing show that the opinion variable has the highest
t-score (5.29), which indicates that the higher the opinion that exists in Gen Y, the
greater its influence in the formation of lifestyle in housing preferences.

After knowing the validity and reliability of the questionnaire, the next step is to
classify lifestyle typologies. In this study, the researchers grouped six dimensions of
lifestyle based on the question set in the questionnaire, namely community oriented
(intimate relationship oriented to community or friends), traditional oriented (the
desire for family as a priority and the tendency to become ‘home people’ which
reduces their activities outside home), trendsetter oriented (interested in the latest
products, activities outside the home, and the tendency to follow the latest trends),
social prestige (consumption patterns aimed at showing self-image to the commu-
nity), economic oriented (investment-oriented behavior, product quality, and hard
work), and green living oriented (the desire for environmentally friendly living envi-
ronment with good air circulation and perception of homes that have green open
spaces).

Classification of lifestyle segments were based on the avarage calculation value
[16]. Based on the calculation results show thatGenY Junior has the characteristics of
a green living oriented lifestyle (5.17) as amanifestation of the value of his life.While
for Gen Y seniors, who generally have better careers and income, the orientation of
their life values is social prestige (5.39). Furthermore, at the second highest average,
value for Gen Y Junior is traditional oriented (4.69). Different conditions in Gen Y
Senior are more oriented toward green living lifestyles (5.38).

On average sequential values in Gen Y Junior have a tendency toward economic-
oriented (4.67), community-oriented (4.49), and trendsetter-oriented (4.36) lifestyles,
and GenY Senior is more oriented toward the lifestyle of community oriented (5.08),
traditional oriented (5.03), and trendsetter oriented (4.95) which is a reflection of
lifestyle with the lowest average value.

3.3 Housing Preferences Gen Y

Based on literature review, this research uses housing attributes such as accessi-
bility consisting of (proximity to work location, proximity to public transportation,
proximity to religious facilities, proximity to school facilities, and proximity to
near markets/malls), physical environment (free of disaster (e.g., flood) and atmo-
sphere/calm environment, social environment (neighboring social interactions and
environmental security), housing location (city center, suburbs, and villages), type
of house (landed house and apartment), and ownership (own property, temporary
renting, and renting for a long time).

From the results of research on housing preferences, between Gen Y Junior and
Gen Y Senior, they have different desires (See Table 1). The results of this preference
are explained by respondents (Gen Y Junior) that the desire to choose close to public
transportation orwork cannot be separated from their daily activities as commuters. In
addition, the results of interviews with respondents who are generally under 30 years
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Table 1 Comparison of housing preferences based on the life cycle

Respondent
characteristics

Housing attributes Total

(1) (2) (3)

Life cycle Accessibility

Proximity to
workplace

Proximity to
public
transportation

Proximity
to religious
facilities

Proximity to
education
facilities

Proximity
to shopping
facilities

Gen Y junior
(%)

36 37 8 11 8 100

Gen Y senior
(%)

18 23 5 49 5 100

Physical environment

Free disaster Calm environment

Gen Y junior
(%)

49 51 100

Gen Y senior
(%)

49 51 100

Social environment

Environmental security Neighborhood interaction

Gen Y junior
(%)

74 26 100

Gen Y senior
(%)

66 34 100

Housing location

City center Suburban Rural

Gen Y junior
(%)

44 46 10 100

Gen Y senior
(%)

55 23 22 100

Housing type

Landed housing Apartment

Gen Y junior
(%)

93 7 100

Gen Y senior
(%)

84 16 100

Mechanism of ownership

Own
property

Temporary renting Renting for a long time

Gen Y junior
(%)

98 2 0 100

Gen Y senior
(%)

98 2 0 100
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old show the desire to have a home in a suburban area because of a quieter and
comfortable environment that is more suitable for a place to live than in a very
crowded city center (Jakarta) and housing prices which are very expensive.

The desire for Gen Y ‘Junior’ homes tends to be free and not bound by external
factors as experienced by Gen Y ‘seniors’ who generally have children. From the
description of the interview, Gen Y ‘Senior’ toward their preferences at home tends
to consider the interests of children today and their future such as the availability of
educational facilities from the level of early childhood education to high school and
a friendly environment for them to live.

The consideration of the distance between the house and the complete education
facilities is an encouragement for young families in Depok City to determine the
house with the type and location to be occupied by them in the future. Some of these
considerations have significant implications for changes in their lifestyles such as
household spending patterns, use of transportation (public or private) or type and
location of work.

Specifically for Gen Y, ‘Senior’ chooses locations where they pay close attention
to educational facilities for their children. In fact, the choice of home or city location
(city center or suburban) is related to social policy support from the government as
conducted by the Jakarta Government through the Jakarta Smart Card (KJP) which
encourages many young families with low-income groups to choose to move from
Depokgoes to Jakarta as the center of the city even though it lives in a dense settlement
and small houses.

3.4 Discussion

A person’s lifestyle has is connected to their preferences for location and accessi-
bility. From the results of studies that Gen Y ‘Junior’ with a green living orientation
or traditional orientation have the desire to live in the suburbs is supported by public
transportation. Gen Y Junior who is not married or has a family tends to have a tradi-
tional lifestyle that is prioritized by relationships and kinship with family, especially
parents. This condition is due to career and income that is not yet stable for them
own a house so that it requires the role of parents [11]. With this condition, Gen Y
Junior tends to choose to live in suburban areas such as Depok rather than downtown
(Jakarta) for a while so that economic and career conditions will be better and efforts
to higher spending patterns if you have to live in Jakarta.

In the case ofGenYSeniors, they prioritize the values of livingwith social prestige
and green living and who are willing to live in the city center with more complete
facilities specifically to meet the interests of children toward educational facilities
supported by a better household economy and career.

In this case, the relationship between lifestyle and housing location can support
what has been described by Rapoport [5] that those who are married will prioritize
the interests of children in the choice of home location, but may differ from research
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by Pisman et al. [17] which indicates that although families will prefer to live in
suburban areas because the environment is very comfortable.

Another important point is that Gen Y is eager to live in the city center because
of more complete facilities and the availability of their jobs [18, 19] even at the
risk of very expensive house prices and only getting small apartment rooms. But
that does not mean that suburban areas are not as attractive as residential areas.
There is also a part of this generation that has survived on the outskirts of the city
for reasons of priority to the comfort and tranquility of life and the desire for a
spacious home to accommodate nuclear family members or parents. But basically
the preferenceswhether in the city center or in the suburbswould be very interesting if
supported by integrated public transportation and educational facilities that meet the
needs of children in the future. For this reason, it is very important to know housing
preferences in this generation to improve their quality of life and the sustainability
of a city, especially in the provision of decent housing.

4 Conclusions

The results of this study involving 400 respondents illustrate that the characteristics
of Gen Y in Depok City are urban middle class who are generally unmarried with
income levels above theDepokCityMinimumWage. Themajority of respondents are
men because of housing needs in patrilineal cultural characteristics such as Indonesia
housing is a responsibility that is generally charged to male gender groups.

From the dimensions of lifestyle analysis, Gen Y in Depok City is a group with a
life orientation toward family and environment. They are a group that has an orienta-
tion to gather and interact with family. The interesting thing about the comparison of
life cycles based on the life cycle is the Gen Y Junior lifestyle phenomenon (not yet
having children) with an orientation to the traditional lifestyle of prioritizing family.
Against housing preferences, Gen Y ‘Junior’ prefers to be close to public transporta-
tion and prefers to live in the suburbs. This condition is inversely proportional to
Gen Y Senior (already having children) who tends to be socially oriented prestige
with social status as a life value. To meet their needs, Gen Y Senior prefers to live in
urban areas with complete facilities, especially those close to educational facilities
to fulfill children’s interests as the main thing.

Acknowledgements This article is part of Grant of International Publications for Students Final
Project of University of Indonesia.

References

1. Badan Pusat Statistik Indonesia. (2018). Profile of the millennial Generation of Indonesia.



Analysis of Gen Y Lifestyle Based on Life Cycle … 117

2. Jansen, S. J. T., et al. (2011). The measurement and analysis of housing preference and choice.
London, New York: Springer, Dordrecht Heidelberg.

3. Lee, H. J. (2005). Influence of lifestyle on housing preferences of multifamily housing residents
(Dissertation). Virginia Polytechnic Institute and State University, Virginia.

4. Kwon, H. J., et.al. (2016). U.S. Boomers’ lifestyle and residential preferences for later life.
Journal of Asian Architecture and Building Engineering, 15(2), 255–262.

5. Rapoport, A. (1980). Human aspects of urban form (towards a man-environment approach to
urban form and design). Oxford: Pergamon Press.

6. Hoon Leh, O. L., et al. (2016). The housing preference of young people in Malaysian urban
areas: A case study Subang Jaya, Selangor. Malaysian Journal of Society and Space, 12(7),
60–74.

7. Nadiya, E. (2017). Preference study of Y generation in choosing residential in West Jakarta.
Jurnal Muara Ilmu Ekonomi dan Bisnis, 1(1), 145–152.

8. Berliner, et.al. (2015). Generation Y: Lifestyles and mobility choices of millennials in Cali-
fornia, and themotivations behind them. Presentation Series Institute of Transportation Studies.
University of California, Davis.

9. Wu, F. (2010). Housing environment preference of young consumers in Guangzhou, China.
Journal of Property Management, 28(3), 174–192.

10. Yin, Y. (2015). Lifecycle housing preferences of middle class residents in Guangzhou: An
analytic hierarchy process (AHP) approach (Thesis). University of Hong Kong, Hong Kong.

11. Lachman, M. L., & Deborah, L. B. (2015). Generation Y: America’s new housing wave. Urban
Land Institute: Washington, D.C.

12. Badan Pusat Statistik Kota Depok. (2018). Depok in 2017 Numbers.
13. Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods

approach (4th ed.). London: Sage Publications.
14. Sugiyono. (2018). Quantitative, qualitative, and R&D research methods. Bandung: Alfabeta.
15. Ghozali, I. (2017). Structural equation model: Concepts and applications with Amos 24

Bayesian update SEM (7th ed.). Semarang: Badan Penerbit Universitas Diponegoro.
16. Sudjana. (2001). Metode & Teknik Pembelajaran Partisipatif . Bandung: Falah Production.
17. Pisman, A., et al. (2011). Urban and suburban lifestyle and residential preferences in a highly

urbanized society. Case study in Ghent (Flanders, Belgium). Belgeo, 1–2, 89–104.
18. Farraz,M.A.,&Barus, L. S. (2019).Housing preferences and choice young families commuters

in Depok City (Vol. 264). Indonesia: Earth and Environmental Science (EES).
19. Axford, N., et.al. (2016). Millenials myths and realities. Global Overview, CBRE Research.



Architect’s Knowledge and Perception
to Apply Green Building Aspect in Design

Togu Riotama, Andrean Eka Lucianto, and Herdis Herdiansyah

Abstract Buildings contribute to environmental degradation due to large energy
usage and carbon emission production. Awareness to protect the environment, and
reduce the impact of development, make the concept of sustainable development is
applied through good planning by implementing sustainable design. As a planner of a
building or even a region, architect needs to implement a sustainable design to reduce
the damage caused by development. This study aims to analyze the awareness of the
architect in applying sustainable design as an effort to protect the environment. The
study was conducted using quantitative methods, by collecting data through ques-
tionnaires. The sampling technique is carried out by purposive sampling method.
Purposive sampling is a technique for sampling data sources with certain considera-
tions. The results have shown that there are influence between environmental aware-
ness and green building knowledge, toward architect perception on green building
implementation.

Keywords Green building · Architect · Knowledge · Perception

1 Introduction

The increasing of global temperature or commonly called global warming is caused
by emissions from industries, transportation, and buildings [1]. However, building
and construction industries produced about 39% of CO2 emissions globally. This is
the largest portion compared to transportation, 28%, and other industries 31% [2].

Building is needed by humans to contain their activities such as living, working,
or recreating. However, building also contributes to environmental damage, not only
when the building is under process, but also when it operates. Based on USGBC in
2008, buildings consume a lot of materials, including woods, and use resources such
as water and energy. Buildings also produces about 40% of US non-industrial waste
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and contribute to global warming as they create 36% of carbon dioxide emissions
[3].

With the awareness to protect the environment and reduce the impact of develop-
ment, make the concept of sustainable development is applied more, including in the
construction industry sector. Green building is one of the sustainable development
movements in construction industry.

Green building concept was developed in 1990 in order to implement energy-
efficient building design guidelines and eco-friendly renewable materials so envi-
ronmental damage could be reduced [4]. Green building assessment tool (GBAT)
was created to see if a building meets the requirement to be a green building. This
tool also became a guideline for architects to design sustainable buildings.

The GBAT was developed by green building council, an independent organi-
zation that is concerned in green building practice. Green building council exists in
some countries, including Indonesia. Green Building Council Indonesia (GBCI) was
formed by experts in design and construction industry in 2009. This council focuses
in socialization and transformation of sustainable green principles, especially in
building construction industry in Indonesia [5]. GBCI developed Greenship, a rating
tool to assess green building according to condition and situation in Indonesia.

To create a sustainable building, the green building criteria need to be considered
from the early stages of the design process [6]. Therefore, experts in building industry
have to consider green building strategies and sustainability principles in building
development [1].

Architects need to respond to the environmental issues and integrate design
process to create a sustainable building as the market demands nowadays [7–9].
Therefore, it is important for architects to have environmental awareness and green
building knowledge, so they could provide sustainable design to reduce environ-
mental damage that happens in building process and when the building operates.
This study aims to analyze environmental awareness and green building knowledge
related to architect perception in applying green building aspect in their design.

This present study is unique compared to existing literature because of several
reasons. Firstly, it discusses green building issue from architect’s perception and
knowledge, while the previous studies criticize green building from users or public
perspectives [10–12]. This study helps to understand architect’s perception of
designing green buildings.

Secondly, this research discusses architect’s knowledge about green building as a
whole. Existing literature commonly focus on partial aspects of green building, such
as building envelope [13] and wood materials [3, 14]. Therefore, this research helps
to give a comprehensive architect’s perspective about green building.
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2 Methods

2.1 Green Building

The research of United States Green Building Council Research Committee in 2008
revealed that buildings have big contribution to environmental damage. A big amount
of energy is used for lighting and mostly for air conditioning when the building
operates. Green building refers to buildings that avoid or reduce negative impacts to
the environment [15].

Green building has becomepopular nowadays, sincemanygreen building councils
have been established in many countries. There are around 70 councils registered as
members ofWorld Green Building Council (WGBC). These councils focus on green
building issues including building certification. A building is recognized as a green
building by assessment process using green building rating tools (GBRT). There are
some GBRT that have been developed in the world, for example LEED, BREEAM,
CASBEE, and Green-star [16]. These GBRT have different criteria and credits for
assessment. The GBRT used in one country might be different from another country,
and it depends on the environmental, social, and economic conditions. Therefore,
green building council might develop its own tools to adjust with the condition in its
country.

In 2009, some professionals in design and construction industry who are
concerned about green building practices formed Green Building Council Indonesia
(GBCI). GBCI focuses in green building implementation and has developed a
rating tool for assessing green building in Indonesia, named greenship. This rating
tool consists of six assessing categories: Appropriate Site Development (ASD);
Energy Efficiency and Conservation (EEC); Water Conservation (WAC); Materials
& Resources Cycle (MRC); Air Quality and Leisure Air (Water Indoor Health and
Comfort/IHC); and Building and Environment Management (BEM) [4].

2.2 Data Collection

This research conducted a survey questionnaire to analyze the relation between
environmental awareness and green building knowledge toward perception of
green building concept. The questionnaire was designed using Google Forms and
distributed to architects from different firms and ages in Jakarta. The questions used
short answer questions and Likert Scale-type questions with five alternative answers:
Strongly Agree, Agree, Neutral, Strongly Disagree, and Disagree. This question-
naire aims to understand the architect’s environmental awareness and green building
aspects knowledge.

The questionnaire consisted of four sections. Section 1 contains questions about
respondent’s general data, such as name, age, andworking experience. Section 2 dealt
with respondent’s awareness about some environmental issues. Section 3 was about
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respondent’s basic knowledge of green building. Section 4 was about respondent’s
perception of green building.

Data processingwas conducted to see the relation between variable environmental
awareness and green building knowledge toward the green building perception. The
data was processed using SPSS software with multiple linear regression method.
Multiple linear regression is a regression that has one dependent variable and more
than one independent variables [17]. The multiple linear regression equation models
are as follows:

Y = a + b1X1 + b2X2 + · · ·+

Y is the dependent variable
X1 is the first independent variable
X2 is the second independent variable
a, b1, b2, e are the constants.

3 Results and Discussion

There is fifty-six (56) data from questionnaires that were returned out of the eighty
(80) questionnaires administered. The data was presented using descriptive statistical
tools. The respondents were mostly architects under 40 years (73%).

The working experience showed that most respondents (41%) have 0–5 years of
working experience, while there are 21% respondents with 6–10 years of working
experience, 11% respondents with 11–15 years of working experience, and 27%
respondents with 16–20 years of working experience.

3.1 Environmental Awareness

Table 1 shows the questionnaire results on environmental awareness section. Most
respondents, 48%, strongly agree that human activities contribute to environmental
damage, while the others 40% agreed, and the others neutral. The respondents that
strongly agreed to sort out the type of garbage before disposing it is 54 and 28%
disagreed, while the other 18% respondents were neutral. The percentage of respon-
dents that strongly agreed to avoid using plastic were 30%, while 23% agreed, 34%
neutral, 11% disagreed, and 2% strongly disagreed. The amount of respondents that
strongly agreed to use recycled paper at work were 62%, while 20% agreed, 11%
neutral, 5% disagreed, and the other 2% strongly disagreed.
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Table 1 Environmental awareness result

Human activities
contribute to
environmental
damage (%)

I sort out the type of
garbage that I
disposed of (%)

I avoid using plastic
by carrying shopping
bag (%)

I use recycle paper
at work (%)

SA 48 54 30 62

A 41 28 23 20

N 11 18 34 11

D 0 0 11 5

SD 0 0 2 2

Total 100 100 100 100

SA Strongly agree; A Agree; N Neutral; D Disagree; SD Strongly disagree

3.2 Green Building Knowledge

Green building knowledge section questionnaire consists of four general questions
about green buildings. The first question was about the main aspect of green building
according to them. The results were grouped into some categories based on the main
idea of respondent answer. Table 2 shows thatmost of the respondents (42%) consider
minimum energy usage as the main aspect of a green building.

In order to know the architect’s basic knowledge about green building in Indonesia,
there are some questions with multiple choices. Table 3 shows that all respondents
knew about the green building institution in Indonesia. Most of respondents (89%)
knew about the green building rating tools in Indonesia, and 52% of respondents
knew about one category in that GBRT.

Table 2 Green building
aspects

Aspect of green building Results (%)

Sustainable 35

Minimum energy usage 42

Low carbon footprint 8

Eco-friendly material 15

Total 100

Table 3 Green building knowledge

Name of institution that
focus on green building in
Indonesia (%)

Name of green building
rating tools in Indonesia (%)

Name of one category in
rating tools in Indonesia (%)

True 100 89 52

False 0 11 48

Total 100 100 100
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Table 4 Green building perception result

GB aspect are easily
applied in the design
(%)

The application of
GB aspect tends to
be cheap (%)

GB aspect are
important in the
design (%)

I applied GB aspect
to the design (%)

SA 20 23 71 23

A 41 36 18 56

N 29 12 0 16

D 5 18 11 5

SD 5 11 0 0

Total 100 100 100 100

SA Strongly agree; A Agree; N Neutral; D Disagree; SD Strongly disagree

3.3 Green Building Perception

Table 4 shows the questionnaire results on green building perception section. The
results show that 41% of the respondents agreed that green building aspect is easily
applied in the design. The other 20% were strongly agree, while 29% were neutral,
5% were disagree, and the other 5% were strongly disagree. The respondent that
strongly agree that the application of green building aspect tends to be cheap were
23%, and 36% were agree, while the other 12% respondents were neutral, 18%
were disagree, and 11% were strongly disagree. The percentage of respondents that
strongly agreed that green building aspects are important were 71%, while 18%were
agree, and the other 11% were disagree. Respondents that strongly agreed to apply
green building aspect to design were 23%, while 56% agreed. The other 16% were
neutral, and 5% were disagree.

3.4 Data Analysis

To find out the relationship between variables, data processing was performed using
SPSS software with multiple linear regression method. The results can be seen in
Table 5.

From the results of the analysis, the value of sig <0.05, then there is an influence
between the independent variables on the dependent variable. Thus, an increase in
environmental awareness and green building knowledge can enhance the perception
to apply green building in design.

The main barrier in green building application is lack of information, knowl-
edge, and awareness of the stakeholders, including architects [18]. Therefore, it is
important for government and institutions that focus on green building, for example
GBCI, to promote greenbuilding application.According toBhumkar [8] architectural
education needs to include subject about environmental issues to increase student
awareness in implementing sustainable architecture design. Similarly, Wyckmans
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Table 5 Multiple linear regression analysis result

Coefficientsa

Model Unstandardized
coefficients

Standardized
coefficients

t Sig.

B Std. error Beta

1 (Constant) 7.209 2.579 2.796 0.007

Environmental
awareness

0.398 0.150 0.340 2.645 0.011

Green building
knowledge

0.282 0.124 0.324 2.518 0.021

aDependent variable: green building perception

[19] stated that universities and architectural schools must play an active role in
educating about environmental issues.

The growth of green buildings in Indonesia needs to be increased to reduce the
negative impact to environment. Architects as building planners that are involved
in development process need to have environmental awareness and knowledge in
applying green building aspects in the design. Through environmental education for
architects and architecture students, it is expected that will enhance their perception
in implementing sustainable design through green building aspects.

Environmental education could be included in architect training or expertise
upgrading program in order to get their license. This is expected to increase
environmental insight that could encourage architects to implement sustainable
designs.

4 Conclusions

The results showed that environmental awareness and knowledge about green
building had an influence on the perception of architects to apply the green building
aspects of design. However, lack of awareness, knowledge, and information are the
main obstacles in green building aspects implementation. Therefore, increasing envi-
ronmental awareness and knowledge of green building need to be improved through
formal education in universities or architecture schools and training institutions, for
example GBCI. Thus, architects are expected to be more active in applying the green
building aspects in design.
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16. Olakitan, J., & Ayşe, A. (2018). Social criteria of sustainable development in relation to green
building assessment tools. Environment, Development and Sustainability. https://doi.org/10.
1007/s10668-018-0184-1.

17. Sujarweni, V. W. (2014). SPSS for research (available in Bahasa Indonesia only). Yogyakarta:
Pustaka Baru Press.

18. Darko,A.,&Chan,A. P.C. (2017).ReviewofBarriers toGreenBuildingAdoption. Sustainable
Development, 25(3), 167–179. https://doi.org/10.1002/sd.1651.

19. Wyckmans, A. (2008). Environmental learning in architecture from individual choice, pp. 73–
87

https://doi.org/10.5558/tfc2014-124
http://gbcindonesia.org/
https://doi.org/10.5539/res.v1n2p12
https://doi.org/10.3390/su10010100
https://doi.org/10.5829/idosi.wasj.2013.22.09.275
https://doi.org/10.11113/jt.v75.5228
https://doi.org/10.1016/j.dib.2018.06.093
https://doi.org/10.1016/j.jclepro.2018.01.216
https://www.worldgbc.org/what-green-building
https://doi.org/10.1007/s10668-018-0184-1
https://doi.org/10.1002/sd.1651


Analysis of the Impact of Urban
Development on River Water Quality
Case Study of the Pesanggrahan River

Muslim Aminuddin and Chotib

Abstract The Pesanggrahan River from its width characteristics is an intermediate
river. The chemical and biological contents of Pesanggrahan River water show that
the Pesanggrahan River has been polluted. Water pollution in the Pesanggrahan
River is greater in the downstream area, which is due to the accumulation of chemical
compounds from industrial and domesticwaste.Most of the PesanggrahanWatershed
are residential areas. City development in the Pesanggrahan Watershed has a major
influence on the decline in the water quality of the Pesanggrahan River. The biggest
development occurred in the period of 2004–2010. Then, in the 2010–2013 period,
the development was more on the changes in the structure of the Pesanggrahan River
flow, namely on river widening and straightening. The area in the Pesanggrahan
Watershed is widely used as an illegal industrial area, thus, violating existing spatial
provisions. The role of the JakartaCityGovernment inmaintaining riverwater quality
is in the function of building and supervising buildings that violate the rules. This
refers to the granting of permits and finally to prosecution of parties who violate and
play a role in decreasing the quality of the Pesanggrahan River water.

Keywords Pesanggrahan River · Pesanggrahan watershed ·Water quality

1 Introduction

The problems caused by pollution that occur in the Pesanggrahan River cannot be
separated from the role of buildings built in the area. Therefore, it is necessary to
identify water quality which will later be linked to the pattern of urban develop-
ment in the Pesanggrahan River. The process of identifying water quality is done by
using the Water Quality Index (WQI) calculation found in the Pesanggrahan River.
The indicators observed in the Water Quality Index are [4]: water temperature, pH,
dissolved oxygen (DO), total dissolved solids (TDS), total suspended solids (TSS),
water hardness, nitrate (NO3), nitrite (NO2

−), biochemical oxygen demand (BOD),
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chemical oxygen demand as O2 (COD), Fecal ColiformBacteria, and Total Coliform
Bacteria.

WaterQuality Index is used bymanydeveloping countries because it has analytical
costs involved, which can be a limiting factor for water quality assessment with a
small budget [6].Water Quality Index in this study is used as a reference to determine
the effect of development around the Watershed Pesanggrahan on environmental
degradation in water. So that in the future the DKI Jakarta Government can take steps
in regulating urbandevelopment and returning the function of thePesanggrahanRiver
to its original function by considering the quality of water available at theWatershed,
especially the Pesanggrahan River.

2 Materials and Methods

This research was conducted using qualitative and quantitative approaches using
field survey methods. The survey method is an investigation conducted to obtain
facts from the symptoms that exist and look for facts. The survey method dissects
and skins and recognizes problems aswell as obtaining justification for the conditions
and practices that are taking place. The survey method also evaluates and compares
things that people have done in dealing with similar situations or problems, and the
results can be used in making plans and making decisions in the future [8].

Samplingwas carried out along the PesanggrahanRiver. The distance between one
sampling point and another point is about 500–700m.The distancewas chosen so that
data on the chemical and biological compounds that are present in the Pesanggrahan
River water can be clearly known. Therefore, the total samples obtained in this river
study are 37 observation points knowing that the length of the Pesanggrahan River
in the urban area of DKI Jakarta is ±20 km.

Pesanggrahan River water sampling is carried out in the Pesanggrahan River
Watershed (DAS) areawhich covers four districts; PesanggrahanDistrict, Kebayoran
Lama District, Kebon Jeruk District, and Kembangan District. Actually, the urban
headwaters of the Pesanggrahan River are in the Cilandak area, butWatershed, which
is located in that area, is part of the entry area in the Tangerang Regency, Banten
Province.

The location of this study was chosen because the Watershed Pesanggrahan has
urban characteristics and the Pesanggrahan River flows through dense residential
areas.
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3 Result and Discussion

3.1 Physical Analysis

Pesanggrahan River has a complex system in the urban water system in DKI Jakarta.
Judging from the classification described by Kern (1994), Pesanggrahan River is part
of themedium river classification. In the process of field observations, thewidth of the
Pesanggrahan River ranges from 10 to 20 m in almost all parts of the Pesanggrahan
River, except at points 24 and 37, which are tributary branches which have a width
of 20–40 m.

A river that is in a branching with a tributary usually has a river width that is
relatively larger compared to other watersheds. This is caused by several factors
such as erosion caused by the flow of the river that erodes the river border or river
banks.

The regularity of the Pesanggrahan River flow, according to the classification
described by Rosgen (1996) in Maryono [6], is a straight-type river; this can be seen
with the Pesanggrahan River flow pattern that is described and viewed using the
help of the Google Earth application and also a map of the Regional Spatial Plan
DKI Jakarta which describes the Pesanggrahan River is in type G with a slope of
0–2%. The slope is usually located in the Watershed area which is upstream of the
river. So it has other characteristics, namely the river flow velocity which tends to be
slower compared to the downstream areas of the Pesanggrahan River in the Bogor
and Depok regions.

3.2 Water Quality Index of the Pesanggrahan River

3.2.1 Temperature

The highest value of the observation of the water temperature of the Pesanggrahan
River is at observation point 27, with a temperature value of 31 °C. The meaning
is not clear consider revising, and the lowest value is at observation point 1 or DKI
Jakarta’s upstreamurban PesanggrahanRiverwith a temperature of 28 °C and the low
value can be caused by weather factors where at 1–8 observations are observed after
rain. The average temperature in the study of the Pesanggrahan River is 29.45 °C.

Calculation of the temperature value is very difficult to identify the cause, because
many factors affect the temperature value of water [3]. Besides the influence of nature
factor such as rain and heat weather can also affect water temperature. However, if
the weather conditions are relatively stable, the existing conditions of the Watershed
Pesanggrahan can be identified, whether the Watershed Pesanggrahan is an area that
has an area with good ecosystem conditions or not. The influence of ecosystems
such as trees and plants can cause water shad to be a low water surface temperature
value. Conversely, if the condition of the Watershed Pesanggrahan does not exist or
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a bad ecosystem is found/there are no trees, then the surface temperature value of the
Pesanggrahan River water tends to follow the existing air temperature. The influence
of basic chemical compounds (usually in the form of detergents) can theoretically
cause the condition of the relative temperature of the water to be higher than the
average value of the existing air temperature.

3.2.2 pH

The highest value of the observation results of the water pH of the Pesanggrahan
River is at observation point 37 which is the observation point area downstream of
the Pesanggrahan River with a pH value of 8.70 or having alkaline properties, and
the lowest pH value of the water of the Pesanggrahan River is at observation point
1 or urban DKI Jakarta Sungai Pesanggrahan with a pH of 7.2 having normal alka-
line properties. The average pH in the study of the Pesanggrahan River is pH 7.84.
The increase in acidity (pH), which has a tendency to increase, can be ascertained
due to the increasing number of chemical compounds with alkaline content that is
discharged into the Pesanggrahan River at each point downstream of the Pesang-
grahan River. These basic chemical compounds can all be found in detergents or
cleaning agents, both from domestic and industrial waste products. pH is a chem-
ical property that is influenced by the content/mixing of a substance’s properties in
proportion to volume.

3.2.3 Dissolved Oxygen

Increased diffusion of oxygen or dissolved oxygen from the air into the waters is
usually caused by wind, falling rain to the surface, temperature, pressure, and the
content of various dissolved ions that can affect the level of dissolved oxygen. The
following are the results of the measurement of dissolved oxygen in the water of the
Pesanggrahan River.

The highest value from the observation of dissolved oxygen (DO) in Pesang-
grahan River water is at observation points 1, 2, 3, and 5, namely in the upstream
urban observation point areas of DKI Jakarta Pesanggrahan River with a DO value of
3.50 mg/L. This point can be said to be the cleanest point and has aWatershed (DAS)
tendency with a fairly good ecosystem, and the lowest DO value of Pesanggrahan
River water is at observation points 36 and 37, namely the downstream observation
points of the Pesanggrahan River with DO value of 2.00 mg/L. Watershed at this
point tends not to have a good ecosystem with the existing condition of the Pesang-
grahan River floodgate, where the garbage is carried by the Pesanggrahan River, or
transported or accommodated (the existing condition at point 36 is a flood gate and
a “taman kota” landfill, kembangan). The average value of Dissolve Oxygen in the
Pesanggrahan River water study is 2.75 mg/L.

The low value of dissolved oxygen in river water is caused by accumulated
garbage, a reduction in plant vegetation that is always decreasing in the Watershed
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Pesanggrahan and waste factor that is discharged directly in the Pesanggrahan River.
In addition, the low value of dissolved oxygen (DO) proves that the Pesanggrahan
River has been polluted and the aquatic organisms that live in it are disturbed or in
other words aquatic organisms (for example: fish and bacteria) in the Pesanggrahan
River flow decline, which is directly proportional to the declined oxygen content [9].

3.2.4 Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD)

The highest value of the observation of biochemical oxygen demand (BOD) of
Pesanggrahan River water is at observation point 26, which is the observation point
of the Permata Srengseng complex with the biochemical oxygen demand value of
5.50 mg/L and the lowest value of the biochemical oxygen demand of Pesanggrahan
River water is at the observation point 1, namely the DKI Jakarta upstream urban
observation point area Pesanggrahan River with a biochemical oxygen demand value
of 2.26mg/L. The average value of biochemical oxygen demand in this Pesanggrahan
River water study was 3.87 mg/L.

The highest value of the observation of chemical oxygen demand (COD) of
Pesanggrahan River water is at observation point 36, which is the observation point
downstream of the Pesanggrahan River flowwith a CODvalue of 30.10mg/L.Water-
shed at this point tends not to have good ecosystems with existing door conditions
[5]. Pesanggrahan River water, where rubbish is carried by the Pesanggrahan River,
is transported or accommodated (the existing condition at point 36 is a flood gate and
a temporary “city park,” kembangan) in the landfill and the lowest value of chemical
oxygen demand Pesanggrahan River water is at the observation point 1 area of the
observation point downstream of the Pesanggrahan River with a chemical oxygen
demand value of 3.25 mg/L. This point can be said to be the cleanest point and has a
tendency of PesanggerahWatershed with a fairly good ecosystem. The average value
of Chemical oxygen demand in this PesanggrahanRiverwater studywas 14.23mg/L.
In addition, an increase in nitrate content in river water will result in an increase in
chemical oxygen demand in Pesanggrahan River water. In the analysis of chemical
oxygen demand values, the predictor variables of temperature and pH, there is a
tendency to have no effect on the value of chemical oxygen demand, which can be
seen from the results of the plot that is not spread but relatively scattered at one point
(Table 1).

3.2.5 Total Dissolved Solid (TDS)

Conceptually, the amount of dissolved solids in the water will affect the light entering
the water or can be said to test how much light will be inhibited when the dissolved
solids are higher. The higher the value of Total Dissolved Solid, the greater the
content of solids contained in water and the less light that can enter the water. This



132 M. Aminuddin and Chotib

Ta
bl
e
1

V
al
ue
s
fo
r
w
at
er

qu
al
ity

st
ud
y
tr
en
ds

fo
r
37

re
pr
es
en
ta
tiv

e
m
on
ito

ri
ng

lo
ca
tio

ns
fr
om

up
st
re
am

to
do
w
ns
tr
ea
m

of
Pe
sa
ng
gr
ah
an

R
iv
er

Sa
m
pl
e

po
in
t

Te
m
pe
ra
tu
re

PH
T
D
S

T
SS

B
O
D

C
O
D

H
ar
dn
es
s

(C
aC

O
3
)

D
O

N
itr
at
e

(N
O
− 3
)

N
itr
ite

(N
O
− 2
)

Fe
ca
l

co
lif
or
m

To
ta
l

co
lif
or
m

°C
m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

C
el
l/1

0
m
L

C
el
l/1

0
m
L

1
28
.0
0

7.
20

90
30
0

2.
26

3.
25

16
9.
80

3.
50

12
.0
0

0.
06

12
.5
00

20
.6
00

2
28
.3
0

7.
25

90
28
0

2.
35

3.
67

15
1.
00

3.
50

14
.0
0

0.
05

98
80

22
.3
80

3
28
.7
0

7.
40

12
0

19
2

2.
58

4.
80

14
8.
20

3.
40

18
.0
0

0.
03

10
.0
00

23
.7
00

4
28
.5
0

7.
30

12
0

26
6

2.
33

5.
48

18
4.
30

3.
50

16
.0
0

0.
10

99
80

22
.4
80

5
29
.0
0

7.
33

15
0

25
6

2.
72

5.
65

19
1.
10

3.
30

20
.0
0

0.
09

11
.5
00

23
.9
60

6
28
.8
0

7.
39

12
0

23
0

2.
69

8.
99

17
9.
90

3.
50

17
.0
0

0.
34

10
.5
20

23
.0
20

7
28
.7
0

7.
46

12
0

27
5

2.
37

9.
60

17
1.
00

3.
40

19
.0
0

0.
42

12
.1
00

22
.8
00

8
29
.1
0

7.
40

16
0

26
5

2.
51

9.
80

19
2.
50

3.
40

15
.0
0

0.
50

96
00

22
.1
00

9
29
.3
0

7.
56

10
0

23
7

2.
31

9.
07

21
4.
50

3.
10

15
.0
0

0.
71

12
.5
04

20
.9
00

10
28
.8
0

7.
50

18
0

16
5

3.
02

8.
42

21
0.
80

3.
10

17
.0
0

0.
80

94
00

21
.9
00

11
29
.6
0

7.
60

90
29
0

3.
11

8.
45

19
1.
90

3.
00

15
.0
0

0.
75

12
.5
00

20
.7
70

12
29
.6
0

7.
62

80
28
1

3.
20

8.
60

20
5.
00

3.
10

19
.0
0

0.
88

89
50

19
.4
00

13
29
.8
0

7.
61

12
0

27
4

3.
00

9.
21

18
8.
40

2.
90

19
.0
0

0.
79

91
00

18
.5
30

14
30
.0
0

7.
80

90
25
7

2.
93

9.
67

18
3.
00

2.
80

20
.0
0

0.
73

93
50

17
.6
00

15
29
.4
0

7.
74

18
0

14
0

3.
48

10
.4
8

19
0.
30

2.
60

25
.0
0

0.
60

91
00

16
.1
00

16
29
.8
0

7.
76

12
0

18
3

3.
70

10
.1
2

19
1.
40

2.
70

26
.0
0

0.
77

86
60

16
.8
20

17
29
.4
0

7.
50

12
0

18
2

3.
51

11
.8
4

21
8.
10

2.
80

30
.0
0

0.
95

75
00

16
.3
00

18
29
.2
0

7.
81

12
0

18
6

3.
24

10
.6
5

21
6.
00

2.
60

28
.0
0

0.
92

81
10

14
.6
00

19
28
.7
0

7.
71

11
0

21
0

3.
86

11
.5
5

20
7.
40

2.
60

28
.0
0

1.
01

70
25

13
.8
00

20
28
.8
0

7.
85

10
0

19
0

3.
88

11
.7
9

21
8.
20

2.
80

26
.0
0

1.
20

85
40

12
.3
00 (c
on
tin

ue
d)



Analysis of the Impact of Urban Development … 133

Ta
bl
e
1

(c
on
tin

ue
d)

Sa
m
pl
e

po
in
t

Te
m
pe
ra
tu
re

PH
T
D
S

T
SS

B
O
D

C
O
D

H
ar
dn
es
s

(C
aC

O
3
)

D
O

N
itr
at
e

(N
O
− 3
)

N
itr
ite

(N
O
− 2
)

Fe
ca
l

co
lif
or
m

To
ta
l

co
lif
or
m

°C
m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

m
g/
L

C
el
l/1

0
m
L

C
el
l/1

0
m
L

21
29
.2
0

7.
81

10
0

18
0

3.
82

12
.5
1

19
4.
50

2.
60

24
.0
0

1.
19

83
30

11
.0
00

22
28
.6
0

7.
80

10
0

18
0

4.
02

12
.2
8

20
9.
40

2.
70

31
.0
0

1.
28

86
40

10
.3
00

23
29
.0
0

7.
81

12
0

14
0

4.
92

13
.0
6

22
7.
00

2.
50

32
.0
0

1.
30

79
90

64
00

24
29
.5
0

7.
95

10
0

13
3

5.
21

13
.2
3

24
2.
10

2.
60

28
.0
0

1.
18

75
60

88
00

25
29
.6
0

8.
10

13
0

14
0

5.
33

13
.9
9

30
4.
40

2.
60

29
.0
0

1.
34

77
20

91
00

26
29
.6
0

8.
15

10
0

12
0

5.
48

13
.1
0

31
4.
50

2.
70

40
.0
0

1.
40

70
00

89
00

27
30
.4
0

8.
40

16
0

22
5.
50

14
.2
0

36
8.
20

2.
20

42
.0
0

2.
80

55
00

85
00

28
30
.6
0

8.
30

30
0

25
5.
11

23
.6
6

33
2.
10

2.
10

35
.0
0

3.
20

30
10

50
00

29
30
.8
0

8.
16

33
0

20
4.
96

24
.1
0

38
2.
10

2.
50

38
.0
0

2.
90

24
40

49
00

30
30
.5
0

8.
24

29
0

40
4.
73

24
.8
0

37
8.
80

2.
40

38
.0
0

2.
84

19
80

46
00

31
30
.0
0

8.
30

30
0

25
4.
75

24
.0
0

36
6.
30

2.
30

42
.0
0

3.
10

23
70

48
00

32
29
.6
0

8.
31

23
0

44
4.
89

23
.7
8

41
7.
00

2.
40

50
.0
0

3.
30

22
20

42
00

33
30
.1
0

8.
39

24
0

60
4.
94

26
.6
3

40
5.
10

2.
10

55
.0
0

3.
60

19
00

36
00

34
30
.0
0

8.
29

26
0

56
5.
10

28
.6
6

43
9.
00

2.
30

60
.0
0

3.
44

18
70

33
00

35
29
.7
0

8.
27

24
0

33
4.
71

27
.4
0

42
9.
40

2.
20

52
.0
0

3.
68

16
60

27
00

36
30
.1
0

8.
40

21
0

20
5.
21

30
.1
0

46
2.
20

2.
00

54
.0
0

3.
41

16
00

28
00

37
30
.2
0

8.
70

40
0

15
5.
44

30
.0
7

45
0.
00

2.
00

57
.0
0

4.
00

15
00

28
00



134 M. Aminuddin and Chotib

can result in decreased photosynthetic activity by chlorophyll organisms that are in
the water [1].

The highest value of Total Dissolved Solid observation is at observation point 37,
which is the observation area downstream of the Pesanggrahan River with a Total
Dissolved Solid value of 400 mg/L. This observation point area is a branching point
with the mookervart cengkareng/dog mogot river flow, so it can be said that Mooker-
vart River water quality level is much lower compared to Pesanggrahan River water
quality with the changes in result Total Dissolved Solid which is quite significant and
the lowest value is at point 12 or at the observation point of the TPU (another name
for a communal landfill) soil with a Total Dissolved Solid value of 80 mg/L. The
average value of Total Dissolved Solid in this Pesanggrahan River water study was
161.89 mg/L. The high value of dissolved solids is generally caused by river areas
that are close to residential areas or are in river branching areas, especially if the river
has lower water quality than other river flows, therefore, that domestic waste flows
into the river and increases the number of particles dissolved [10].

3.2.6 Total Suspended Solid (TSS)

The highest value from the observation of Total Suspened Solid (TSS) is at obser-
vation point 1, which is the urban upstream observation point area of DKI Jakarta
Pesanggrahan River with a total Suspended Solid value of 300 mg/L, and the lowest
value is at point 37 or at the observation point downstream of the Pesanggrahan River
with a Total Suspended Solid value of 15 mg/L. The average value of TSS in this
Pesanggrahan River water study was 159.75 mg/L.

3.2.7 Nitrate and Nitrite

The highest value of observations of nitrate content (as NO3
−) is at observation point

33 with a nitrate value of 60.00 mg/L. The high value of nitrate at this point can be
caused by the amount of domestic waste discharges of the apartments and some
factory wastes around the area of the observation point, and the lowest value is at
point 1 or at the urban upstream observation point inDKI Jakarta Pesanggrahan River
with a nitrate value of 12.00 mg/L. The average value of TSS in this Pesanggrahan
River water study was 29.89 mg/L.

The highest value of the observed nitrite (as NO2
−) is at observation point 37,

which is the observation area downstream of the Pesanggrahan River with a nitrite
value of 4.00 mg/L, and the lowest value is at point 1 or at the Jakarta urban upstream
observation point Sungai Pesanggrahanwith a nitrite value of 0.03mg/L. The average
value of nitrite content in the Pesanggrahan River water study was 1.50 mg/L.

The low content of nitrates and nitrites in the surface layer is because in the surface
layer of the river the available oxygen is quite abundant in the presence of oxygen
diffusion from the atmosphere. With the help of bacteria, the oxygen will oxidize
nitrites into nitrates; therefore, the nitrite content in the nitrite layer becomes nitrate
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and the nitrite content in the surface layer becomes small. Thus, the value of the
nitrite content is inversely proportional to the value of the oxygen content in the
water. This can be proven by reviewing the value of dissolved oxygen (DO) and also
the value of the fecal content and Total Coliform which are interrelated.

3.2.8 Hardness

Hardness is derived from salt chemical compounds in the form of cations and anions,
causing the water quality of the Pesanggrahan River to become turbid and have a
density when viewed with the naked eye.

The highest value of the observation of the Pesanggrahan River water hardness is
at observation point 36 which is the observation point of the downstream floodgate
PesanggrahanRiver (Kembangan)with awater hardness value of 462.20mg/Lwhich
could be due to the floodgates holding up the flow of the Pesanggrahan River so that
sediment occurs at the bottom of the river, which causes the depth of the existing
deposits [2]. Deposits that have a lower density thanwater usually arise to the surface,
which causes the physical condition of the water to become turbid and hardness in
the water to appear, and the lowest value is at point 3 or at a location near the
downstream of the Pesanggrahan River with a hardness water value of 148.20 mg/L,
and this condition occurs due to the concentration and activity of domestic and
industrial waste production which is still minimal, but supported by low water flow
relatively swift compared. The highest value of the observation of the Pesanggrahan
River water hardness is at observation point 36 which is the observation point of
the downstream floodgate Pesanggrahan River (Kembangan) with a water hardness
value of 462.20 mg/L which could be due to the floodgates holding up the flow of
the Pesanggrahan River so that sediment occurs at the bottom of the river, which
causes the depth of the existing deposits. Deposits that have a lower density than
water usually arise to the surface, which causes the physical condition of the water
to become turbid and hardness in the water to appear, and the lowest value is at point
3 or at a location near the downstream of the Pesanggrahan River with a hardness
water value of 148.20 mg/L, and this condition occurs because this condition is due
to the concentration and activity of domestic and industrial waste productionwhich is
still minimal, but supported by low water flow relatively swift compared the average
value of hardness content in the Pesanggrahan River water study was 263.38 mg/L.
This shows the Pesanggrahan River water flow factor which has a relatively low
speed, which is evidenced by the relatively high hardness level of the Pesanggrahan
River and the flow of the Pesanggrahan River does not carry over [11].

3.2.9 Fecal Coliform and Total Coliform

The highest value of Fecal Coliform observations of Escherichia Coli bacteria or
often called E-coli is at observation point 9, which is the RPTRA Anggrek Bintaro-
observation point with a Fecal Coliform value of 12,504 cells/100 mL (this area is
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Fig. 1 (Domestic waste) Water canal of an apartment building in the Pesanggrahan River

a densely populated residential/residential area) and the lowest value is located at
point 37 or downstream of the Pesanggrahan River with a Fecal Coliform value of
1500 cells/100 mL. The average value of Fecal Coliform in the Pesanggrahan River
water study is 7300 cells/100 mL (Figs. 1 and 2).

The highest value of bacterial Total Coliform observations was at observation
point 5, namely the observation point of Pondok Pinang toll gate area with a Fecal
Coliform value of 23,960 cells/100 mL (this area has a dense urban forest/green land
with a deep cliff wall that is deep enough, so still there are many natural ecosystems
in it), and the lowest value is at points 36 and 37 or downstream of the Pesanggrahan
River with a Fecal Coliform value of 2800 cells/100 mL. The average value of Fecal
Coliform in the Pesanggrahan River water study is 13,290 cells/100 mL. The results
of the review of the existing field conditions, the value of bacterial coliform which is
above the average value is a residential/residential area wherein the area of domestic
waste comes from organic sewage wastes, which is known if bacteria such as E-Coli
can multiply rapidly or sourced from the dung of living things (organic).

Decrease in the value of Fecal Coliform is directly proportional to the decrease in
the value of Total Coliform, and inversely proportional to the value of Pesanggrahan
River water hardness. Drastic decline in organisms such as bacteria/coliforms is
generally caused by the content of salt chemical compounds that are sourced from
the production of industrial wastes and also detergent/domestic waste, which are the
constituent compounds.
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Fig. 2 (Industrial waste) home textile industry waste (washing and staining of jeans)-Black solid
color flowing into pesanggrahan river water flow

3.3 Factor of Declining Pesanggrahan River Water Quality

The decline in the water quality of the Pesanggrahan River is due to the large
number of violations committed by the community, especially many who use resi-
dential buildings that have become business locations that produce domestic wastes
discharged into the Pesanggrahan River. As an example of the Kebayoran Lama
and Pesanggrahan area, houses around the Pesanggrahan Watershed are used as the
location of the textile industry where the disposed wastes are directly channeled into
the Pesanggrahan River, although in their designation and licensing they are both
are the same. Considering the can be considered as industrial land that is illegal and
violates spatial planning. Decreasing water quality in the Pesanggrahan River has
accumulated chemical contents so that the value of water quality will get worse in
the downstream of the river. The decline in the water quality of the Pesanggrahan
River caused in large part by domestic waste which is die to the poor sanitation
and drainage system in the Pesanggrahan River Region where houses dispose their
domestic wastes directly into drainage connected to the Pesanggrahan River without
any process of processing waste either independently or communally the water does
not meet the applicable quality standards.

The wastewater disposal system is in the form of domestic (household) wastew-
ater, which domesticwastewatermanagement is generally carried out by using a local
sanitation system (on site sanitation) in the form of latrines, which are managed
individually or communally, which are equipped with septic or cubluk tanks [7].
Meanwhile, if using a centralized sanitation system (offsite sanitation), the imple-
mentation requires a considerable amount of cost also in its maintenance, so that the
use of the existing centralized sanitation system is estimated to only be able to serve
residents living in the DKI Jakarta city [8].
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4 Conclusion

The water quality of the Pesanggrahan River tends to be low and polluted. This
can be seen from the observations of the colors of the Pesanggrahan River water
samples compared to Aquadest or distilled water, all of which were found at the
point of observation for deposits and discoloration. From the water quality index
value, chemical and biological contents in the Pesanggrahan River water show that
the Pesanggrahan River water is included in the polluted river category. The level of
water pollution in the PesanggrahanRiver is greater in the downstream river due to the
accumulation which is carried by the river water flow of chemical compounds due to
industrial and domestic waste from the upstream of the river. Most of the Watershed
Houses are both the same. Spatial allotment errors occurmostly in industrial activities
in residential areas. The development that occurred in the Pesanggrahan Watershed
area was more on the increase in the number of house buildings and the condition of
vacant land to become vertical housing and commercial buildings. The development
occurred almost entirely in the period of 2004–2010, while in the period 2010–2013,
more changes were made in the structure of the Pesanggrahan River flow, namely
the widening and straightening of the river.

References

1. American Public Health Association. (1999). Standard methods for the examination of water
and wastewater (20th ed.). Baltimore: American Public Health Association.

2. Campbell, J., & Peterson, D. (2010). Determination of water hardness from common water
sources using flame atomic absorbance spectrometry. Concordia College Journal of Analytical
Chemistry, 1, 4–8.

3. Griffiths, P. G., Hereford, R., & Webb, R. H. (2006). Sediment yield and runoff frequency
of small drainage basins in the Mojave Desert. California and Nevada: USGS Fact Sheet:
Recoverability and Vulnerability of Desert Ecosystems. Retrieved from https://www.fondriest.
com/environmental-measurements/parameters/water-quality/water-temperature/

4. Kannel, P., Lee, S., Lee,Y.-S., Kanel, S.,&Khan, S. (2007).Application ofwater quality indices
and dissolved oxygen as indicators for river water classification and urban impact assessment.
Environmental Monitoring and Assessment, 132, 93–110.

5. Lumaela, A., Otok, B., & Sutikno. (2013). Pemodelan chemical oxygen demand (COD) Sungai
di Surabaya Dengan Metode Mixed Geographically Weighted Regression. Jurnal Sains Dan
Seni Pomits, 2, 100–105.

6. Maryono, A. (2017).Water resources management reform. Yogyakarta: Gadjah Mada Univer-
sity Press.

7. Maryono, A. (2018). River border area management with integral approach: Regulation, insti-
tutional, spatial, social, morphological, ecological, hydrological and engineering. Yogyakarta:
Gadjah mada University Press.

8. Nazir, M. (2009). Metode Penelitian. Jakarta: Perpustakaan Nasional.
9. Odum, E. (1971). Fundamental of ecology. Philadelphia: W.B. Saunder Com.
10. Scannell, P. W., & Jacobs, L. L. (2001). Technical report: No. 01-06 effects of total dissolved

solids on aquatic organisms.Alaska: AlaskaDepartment of Fish andGame:Division of Habitat
and Restoration.

https://www.fondriest.com/environmental-measurements/parameters/water-quality/water-temperature/


Analysis of the Impact of Urban Development … 139

11. Wood, M. S. (2014). Estimating suspended sediment in rivers using acoustic Doppler meters.
Retrieved Mei 25, 2019, from U.S. Geological Survey Fact Sheet: https://www.fondriest.
com/environmental-measurements/parameters/water-quality/turbidity-total-suspended-sol
ids-water-clarity/.

https://www.fondriest.com/environmental-measurements/parameters/water-quality/turbidity-total-suspended-solids-water-clarity/


Spatial Assessment of Micro-hydropower
Plant in Subsidized Housing Case:
Perumnas Parung Panjang

Andrean Eka Lucianto and Herdis Herdiansyah

Abstract Indonesia is a tropical country with rainfall, tropical forest, springs, and
rivers that flow, which give this country a potential to generate an electricity and
use micro-hydropower plant (MHPP) to subsidized housing, especially in Perumnas
Parung Panjang. This research applies tomulti-method research. Primary data collec-
tion was performed through interview to determine the social and economic condi-
tions of the community related to purchasing power, level of education, and public
interest inMHPP. That data is carried out by an in-depth interviewmethod. However,
collection of secondary data in the form of land physical data (topography, soil type,
land cover) and rainfall data was obtained from relevant government agencies. The
result was obtained using spatial scoring and SWOT analysis. The results of this
study are the potential of Parung Panjang Housing to apply the concept of MHPP
from the physical aspect of the area, supported by the existence of two rivers that pass
through the housing, approved with 88 points of spatial scoring. However, from the
social aspect, the community is still declined to apply the micro-hydropower plants,
due to the lack of public knowledge about the technology. In addition, from the
economic aspect of the community, which is in the middle–lower income, an invest-
ment is considered too burdensome. With various benefits that can be obtained, if
the concept of MHPP is implemented, the solution is that the government assists an
education and subsidies related to MHPP development in subsidized housing.

Keywords Micro Hydro Power Plant · Subsidized housing · Spatial scoring

1 Introduction

Indonesia still has a problem in using renewable energy resources, which 96% energy
comes from fossil fuel (48%fuel, 30%coal, and18%gas) andonly about 4% is energy
from renewable energy [1]. In terms of the geographical position of Indonesia, it is
located in equatorial zone, which means this tropical country is hot and humid, so it
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can rain throughout the year, and it has some rivers, lakes, and tropical forests that
keep the water resources in the ground. Due to that natural potency of the great water
resources in Indonesia, micro-hydropower plant can be developed widely around the
country and become an alternative solution for energy supply [2–5]. So, Indonesia
has great potential in hydro power plant (75.000 MW), but the development of the
hydro power plant is still very small (9% from the total potential) [1]. Besides that, the
biggest consumption of electricity was residential with 93.6 MW or 43.3% in 2016
[6]. So, this research focuses on knowing the potential of using micro-hydropower
plant in the housing, especially in subsidize housing.

Perumnas Parung Panjang is a subsidized housing. However, themiddle and lower
classes are settled in this area, who must have a good level of resilience in their
electricity needs and increasing community assets by using a micro-hydropower
plant in their area [7]. Micro-hydropower plant is the most beneficial of renewable
energy power plants, because some real steps can be implemented to solve some
obstacles in the development process, so it will match with the needs of subsidized
housing, which is needed to be affordable [1]. This research showed the suitability
of physical regional aspect to support the MHPP and the social-economy aspect of
people who settled in this area and gives some suggestions, if the private developers,
NGOor government, want to developMHPP in there. Then, the application ofMHPP
as a source of electricitywill help themiddle–low residents to increase their economic
level in the future.

2 Methods

The study area, especially Perumnas Parung Panjang Housing, is located in
Tangerang, West Java, Indonesia. The area is 214.0 ha and has around 6.092 house-
holds. There is one big river that branches into two rivers across the area. Study area
location is shown in Fig. 1.

Two data types of this research are physical regional data and socio-economy
regional data. The physical regional data is spatial data that contains oil type, rainfall
level, topographic contour, and land cover data. The physical data collected from
government authorities’ agency, which provide the data legally, is shown in Table 1.
The spatial data is analyzed by geographic information system (GIS) from ArcMap
10.2.

The methodology for the assessment of potential application of MHPP in
Perumnas Parung Panjang is presented in Fig. 2. This method is the first method
to measure the potential of using MHPP that combines physical land aspect and
social-economy aspect. Some researchers have studied the physical land data only
[8], and the others have used the descriptive of data [1]. This research used a quantita-
tive approach, which applies multi-method research. Primary data collection through
an in-depth interview was used to determine the social and economic conditions of
the community related to purchasing power, level of education, and public interest in
MHPP. The secondary data in the form of land physical data (topography, soil type,
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Fig. 1 Study area in Perumnas Parung Panjang

Table 1 Data and source

Data Source

Soil type Bogor Regional Planning Agency

Rainfall level Bogor Regional Planning Agency or Meteorology and Geophysics
Climatology Agency

Topographic contour Agency for Geospatial Information

Land cover Bogor Regional Planning Agency

and land cover) and rainfall data was obtained from relevant government agencies.
The data was analyzed using scoring analysis. Finally, the researcher used SWOT
analysis to get the result and some development advices.

The physical aspect of the area is supported by the existence of two large rivers
that pass through the housing. Therefore, to measure the potential of that river, a
study from the water catchment area is needed. There are three parameters that are
the input of the study including the soil data, rain level data, and topography data.
The parameters have a score that compares the level of the effect it has on water
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Methodology

Physical Regional Data

Soil 
Data

Rain level 
Data

Land-use 
Data
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SWOT Analysis

Result and Development Advice

Topography 
Data

Interview

Fig. 2 Flowchart of the methodology

supply in the river (Table 2). The score of each parameter is calculated by Eq. 1,
in which STSP is subtotal score of parameter, Sp is score of parameter, Si is score
of indicator, and % Area is area size of each indicator. The score of parameters is
obtained from the assumption that the water availability factor is the priority, so that
rainfall parameter is placed in the most affected and has the score of 40, while the
other parameters affect in terms of speed permeated the water into the ground. The
soil parameter has the score of 20, topography parameter has the score of 20, and

Table 2 Scoring for the parameters and indicators

Score of parameters Parameters Score of indicators Indicators

40 Rainfall 100 >1000 mm/years

75 500–1000 mm/years

50 <500 mm/years

20 Soil 100 Podzolik soil

75 Andosol soil

50 Grumosol soil

20 Topography 100 Slope > 30o

75 Slope 15–30

50 Slope < 15°

20 Land cover 100 Housing, industry

75 Grassland

50 Agriculture, forest
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Table 3 Physical regional total score

Score of
parameters

Parameters Score of
indicators

Indicators % Area of
indicator

Score

40 Rain level 100 >1000 mm/years 100 40

75 500–1000 mm/years 0 0

50 <500 mm/years 0 0

20 Soil 100 Podzolik soil 100 20

75 Andosol soil 0 0

50 Grumosol soil 0 0

20 Topography 100 Slope > 30° 0 0

75 Slope 15–30 20 3

50 Slope < 15° 80 8

20 Land cover 100 Housing, industry 60 12

75 Grassland 20 3

50 Agriculture, forest 20 2

Total score 88

land cover parameter has the score of 20. Then, the score of indicators is obtained
from the same assumption with the parameters.

STSP = Sp× Si×%Area (1)

3 Result and Discussion

3.1 Rain-Level Score

Perumnas Parung Panjang is located in Bogor Region that is called “The City of
Rain” from local people, and this name matches with the data that all of area has
rain level above 2500 mm/year, even in some areas rain level is of 5000 mm/year.
Data is obtained fromBogor Regency Spatial Planning 2012/Rancangan Tata Ruang
Wilayah Kabupaten Bogor tahun 2012–2032, especially for the rain level. The score
of Perumnas Parung Panjang for rain level is presented in Table 3.

3.2 Soil Data Score

Bogor Region is near a volcanic mountain, which makes this area has soil that
rich of minerals. Three types of soil are dominant: andosol soil, podzolic soil, and
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grumosol soil. Perumnas Parung Panjang has podzolic soil. Data is obtained from
Bogor Regency Spatial Planning 2012/Rancangan Tata Ruang Wilayah Kabupaten
Bogor tahun 2012–2032. [9], especially for soil data. The score of Perumnas Parung
Panjang for soil is presented in Table 3.

3.3 Tophography Score

Bogor region is surrounded by mountains and hills along the south. There are steep
slopes in the south and tend to be sloping in the north. Perumnas Parung Panjang
is located in the north side of Bogor region, so that area tends to be flat generally,
but has differences in the height of the land which is quite bumpy in some places.
Data is obtained from internal analytical research of Agency for Geospatial Infor-
mation/Badan Informasi Geospasial. The score of Perumnas Parung Panjang for
topography is presented in Table 3.

3.4 Land-Use Score

Land use in Perumnas Parung Panjang is a reflection of Bogor Regional Planning that
contained in Bogor Regency Spatial Planning 2012/Rancangan Tata Ruang Wilayah
Kabupaten Bogor Tahun 2012–2032 [9]. The research area has several section areas
such as a settlement area, green open space, watershed, park, school, road, and place
of worship. The score of Perumnas Parung Panjang for land use is presented in
Table 3.

3.5 Physical Regional Total Score

Physical regional aspect of Perumnas Parung Panjang contains the rain-level data,
soil data, topography data, and land-use data. The calculation of the physical regional
total score is presented in Table 3, based on data and description in Sects. 3.1–3.4.
The calculation of % area of indicator used ArcMap 10.2 to measure the area (m2),
then it was compared to the total area to get the percentage. The result of physical
regional total score is 88 based on Table 3. The physical aspect of the region is very
suitable, based on Table 4.

3.6 SWOT Analysis

SWOT analysis of the potential implementation of MHPP (Table 5).
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Table 4 Result score
classification of physical
aspect

Score classification of physical aspect Range score

Very bad area 0–25

Bad area 26–50

Suitable area 51–75

Very suitable area 76–100

Table 5 SWOT analysis

Strength
The spatial analysis delivers
that regional aspect of
Perumnas Parung Panjang has
potential of development of
MHPP

Weakness
Middle–low income society
that inhabit in Perumnas
Parung Panjang has limitation
of economy for fund and has
less technology knowledge,
especially MHPP

Opportunity
Perumnas Parung Panjang is
building a new cluster that
collaborates between Perum
Perumnas (state-owned
company) and BSA Land
Property (private company)

The development of MHPP in
Parung Panjang, can be created
with collaboration of Perumnas
as the main developer in this
area and BSA Land as private a
developer

The middle–low society must
be subsidized from private
company or government

Treat
The bad habit from some
inhabiters in the society that
throw garbage into the river

The developer or NGO give
some counseling/socialization
to the society to keep the river
clean

The infrastructure of waste
processing must be developed
to anticipate the habits, and the
river stays clean to be the
water supply for MHPP

The steps that can be taken from analysis SWOT:

1. The step from the strength is that the government/NGO needs to give some coun-
seling/socialization about the potential of MHPP to settlements in the Perumnas
Parung Panjang. Communities need to be aware that the existence of two rivers
in their area has physical potential that supports MHPP utilization in their area
[5].

2. The step to minimize the weakness is that the government/NGO needs to provide
subsidies in MHPP development in Perumnas Parung Panjang.

3. The step to maximize the opportunity is that the main developer (Perum
Perumnas) should create an agreement with the second developer (BSA Land
Property) in order to make commitment to implement the MHPP in Perumnas
Parung Panjang.

4. The step to reduce impact from the threat is that the government/NGO needs
to give some counseling/socialization about the importance of protecting and
keeping the environment for settlements in the Perumnas Parung Panjang, so
that the communities will participate a role in reducing the impact of climate
change.
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4 Conclusions

Perumnas Parung Panjang has a potential to implement MHPP from the physical
area aspect, with 88 points of spatial score. But, there is a resistance from the social-
economy aspect of the residents. The limitation of economy from the middle–low
income residents has implications to the level of technology knowledge and ability to
pay for the fund. The government/NGO supposed to give counseling to the residents
about the benefits. Besides that, the government needs to give subsidies that are
related to MHPP in Perumnas Parung Panjang.

Hopefully, there is the NGO/government that has a willingness to create some
counseling and to build theMHPP in the future. It absolutely can help themiddle–low
income residents to be more independent in their energy needs.

Acknowledgements This research is funded byDecentralizationResearch—Ministry of Research,
Technology and Higher Education of the Republic of Indonesia—Universitas Indonesia (Riset
Desentralisasi—Kementrian Riset Teknologi dan Pendidikan Tinggi—Universitas Indonesia)
[contract number: NKB-1903/UN2.R3.1/HKP.05.00/2019].

References

1. Erinofiardi, A., Gokhale, P., Date, A., Akbarzadeh, A., Bismantolo, P., Suryono, A. F., Mainil,
A. K., Nuramal, A. (2016). A review on micro hydropower in Indonesia. Energy Procedia,
110(316–321). https://doi.org/10.1016/j.egypro.2017.03.146

2. Sriyana, I. (2018). Evaluation of micro hydro power plants in Central Java toward sustainability
against hydrology condition of watershed. In E3S Web of Conferences 73, 01017. https://doi.
org/10.1051/e3sconf/20187301017

3. Suprapty, B., Malani, R., Minardi, J. (2018). Rainfall prediction using fuzzy inference system
for preliminary micro-hydro power plant planning. IOP publisher: Earth and environmental
Science 144. https://doi.org/10.1088/1755-1315/144/1/012005

4. Yuhendra, Zaini. (2018). GIS-based mapping potential sites for micro-hydro power plants in
West Sumatera. 2018 IEEE International Conference on Innovative Research and Development
(ICIRD), pp. 1–4. Bangkok, 2018. https://doi.org/10.1109/ICIRD.2018.8376301

5. Satria, H., Naldo, N., Krypton, A., Adanta, D; Budiarso, B. (2018). Diffusing signage as a
visual communication in applied of Pico Hydro technology in Batu Roto, Bengkulu Province,
Indonesia. ASEAN Journal of Community Engagement, 2(1). https://doi.org/10.7454/ajce.v2i
1.108

6. Dirjen. Ketenagalistrikan ESDM. (2017). Statistik Ketenagalistikan 2016. Jakarta: Kementrian
ESDM

7. Gippner, O., Dhakal, S., Sovacool, B. (2013). Microhydro electrification and climate change
adaptation in Nepal: socioeconomic lessons from the rural energy. Journal Mitigation and
Adaptation Strategies for Global Change 04/2013, 18. :https://doi.org/10.1007/s11027-012-
9367-5

8. Ratnata, I., Saputra, W., Somantri, M., Mulyana, E., Ardhika, A. (2017). Preliminary study of
micro-hydro power plant (MHPP) in the rural area. In: IOP Conference Series: Material Science
and Engineering, 384. https://doi.org/10.1088/1757-899x/384/1/01/2067

9. Regional Planning Agency of Bogor Region. (2016). Peraturan Daerah Nomor 11 tahun 2016
tentang RTRW Kabupaten Bogor. Bappeda Bogor.

https://doi.org/10.1016/j.egypro.2017.03.146
https://doi.org/10.1051/e3sconf/20187301017
https://doi.org/10.1088/1755-1315/144/1/012005
https://doi.org/10.1109/ICIRD.2018.8376301
https://doi.org/10.7454/ajce.v2i1.108
https://doi.org/10.1007/s11027-012-9367-5
https://doi.org/10.1088/1757-899x/384/1/01/2067


Cost-Benefit Analysis of Combined
Retaining Walls Construction

Mohd. Sukry Mohamed and Samira Albati Kamaruddin

Abstract Stability of slopes can be improved by using soil nailing as one of in situ
soil reinforcements. In the case when the soil nailing system alone is not feasible,
then other types of retaining walls can be used together. Therefore, this paper aimed
to assess combination soil nailing and crib wall in terms of cost benefits. Analysis
of cost comparison from cost-benefit analysis (CBA) was carried out between soil
nailing and crib wall as a reference. Common problems of soil nailing such as rebar
encroaching to neighbouring land were solved by using a crib wall because it can
be constructed on a small space. This type of combination is known as a combined
system retaining structure. Design and construction data have been collected from a
project under construction in Selangor. The results of CBA proved that the construc-
tion should proceed with the combined system when the benefit-cost ratio (BCR)
is greater than 1 and the net present value (NPV) is greater than 0. When NPV and
BCR are used to determine the CBA, there is an economic validation to further the
project if NPV and BCR are equal to 0 that shows the breakeven point (less certain
outcome). However, if BCR is less than 0, then the project should not proceed with
the selected method. The findings suggest that a comparison of the cost estimation
could verify the future feasibility of the proposed method.

Keywords Soil nailing · Crib wall · Cost-Benefit analysis · Cost saving ·
Cost-effective

1 Introduction

Soil nailing system has been used for strengthening soil for slope, excavation, and
retaining wall [1–9]. However, in some cases, the soil nailing system alone may not
be applicable and may be considered costly to be used as the overall retaining wall
system. If the nail encroaches to the neighbouring land, itwill trespass to the boundary
and create unlawful intrusion. The most economical solution to this problem can
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be solved by combining the soil nailing and crib wall as a combined system. The
retainingwall system that combines two ormore retaining structure systemwill bring
more benefits to the project [10, 11]. The first step in common slope stabilization
work is to determine whether retaining wall can be constructed in the cut or fill
slopes [11]. For a retaining wall system, crib wall can be constructed in fill slope and
soil nailing which are more suitable in cut slope. By selecting a combined retaining
wall, advantages and efficient results bring substantial cost savings and reduced
construction period. Therefore, the construction cost of slope stabilization work can
be compared among soil nailing and other options of retainingwalls such as cribwall.
In evaluating the comparison, cost-benefit analysis (CBA) can be used to determine
whether both retainingwalls can bring benefits or losses as slope stabilization options
in the project. The CBA is a well-developed tool for supporting decision-making
processes [12].

2 Methodology

The CBA offers an analysis of the strengths and weaknesses evaluation of a slope
stabilization project. Theoverall results ofCBAcanbedeterminedusing twomethods
[13]. The first one is the net present value (NPV) and the second one is the benefit-cost
ratio (BCR). Both methods are used as an indicator of CBA [14]. All benefits and
costs can contribute to a monetary value and can be significantly shown by the CBA
that allows comparison. The NPV of an undertaking is equivalent to the distinction
between the present estimation of the advantages, Eq. (1) and the present estimation
of the expenses, Eq. (2). The project can be continued if the benefit exceeds the
cost from economic justification. If the value of BCR is less than 1.0, it would not
be recommended to proceed with the construction method. The higher the benefits
associated with the considered alternative, the bigger the value and it will be more
than 1.0.

The highest BCR would be preferred in project construction. When NPV and
BCR are used to determine the CBA, there is an economic validation to further the
project if NPV and BCR are equal to 0 that shows the breakeven point (less certain
outcome). However, if BCR is less than 0, then the project should not proceed with
the selected method. As shown in Eq. (3), the NPV is calculated by subtracting the
sum of the costs with the sum of the benefits. The BCR in Eq. (4) provides a ratio
value for the CBA by dividing the sum of the total benefits by the sum of the total
costs.

Present value of Benefits, PV(B) = Time-saving

+ Reduce injury/Lifesaving+ Create job
(1)

Present value of Costs, PV(C) = Consultant design fees
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Table 1 Comparison of machinery cost, materials, construction of soil nailing and crib wall
according to a common bill of quantity in Malaysia

Specification of construction Soil nailing Crib wall

Machinery and transportation Plant and equipment Mobilisation of the crib wall

Construction materials Soil nails, nail head, shotcrete Precast concrete components,
aggregates/granular

Supply and installation Horizontal drain, berm drain Crib wall installation, RC
levelling pad/piled slab
preparation and casting, granular
backfilling

Testing Pull out test Mackintosh test

+Material and Construction+Maintenance (2)

NPV = �PV(B) − �PV(C) (3)

BCR = �PV(B) ÷ �PV(C) (4)

Soil nailing and crib wall are easy to construct, require fewer skilled workers,
use no heavy machinery and little maintenance if planted scrubs for aesthetic [15,
16]. Therefore, the cost of machinery, materials and manpower are more economical
compared to the other type of retaining walls. The comparison of these construction
costs is based on the specifications in Table 1.

3 Results and Discussion

Cost of both systems was calculated to directly make a comparison of the decision
implication. In the comparison of the installation cost of soil nailing, the calculation
was estimated for a 100 m length of needed materials. All of the rating data was
taken from the bill of quantity provided for a slope stabilization project in Selangor.
However, the installation cost of the cribwall considered the rate of construction taken
from another slope project in the same state. To be fair, all the estimated construction
cost is calculated based on a 100m length of retaining wall system. Construction cost
consists of the cost of machinery, materials and manpower. From the comparison, it
is proved that the cost of construction soil nailing system is much lower than the crib
wall system. The cost difference is RM 329,057 and it is 33.35%. Constructing soil
nailing system is supposed to be cheaper than the crib wall system, but purchasing
a piece of land would increase the overall cost. The results in Fig. 1 show that the
construction cost of soil nailing is onlyRM657,578,while the construction cost of the
crib wall is RM 986,635. However, when the land purchase is added, the total cost of
RM5,381,960 is increased by 88%.As can be seen, theCBA indicated that the project
should proceed and the combined system is more preferable [17]. The combination
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Fig. 1 Comparison between construction cost of soil nailing and crib wall

Table 2 Comparison of costs
building for 100 m length of
retaining walls and 2 years
maintenance after project
completion

The requirement for cost and
benefits

Soil nailing Crib wall

Consultant fees for design RM 39,455 RM 59,198

Land purchase RM 5,381,960 N/A

Materials and construction RM 657,587 RM 986,635

Maintenance landscape RM 9600 RM 3200

Time of saving 2 months 1 month

Saving money RM 16,214 RM 12,164

Lifesaving or reduced injury RM 184,900 RM 438,000

Pollution reduction RM 1,460,000 RM 1,460,000

The initial duration of job
creation

2 years 4 months

Labour cost RM 184,900 RM 72,000

Present value of benefits, PV
(B)

1,846,014 1,982,164

Present value of cost, PV (C) 6,078,993 1,049,033

Net present value, NPV −4,232,979 933,131

Benefit-cost ratio, BCR 0.30 1.89

cost by both system results of RM 1,644,213 shows that soil nailing construction
with the land purchase is not cost-effective. Thus, a combined system as an effective
solution should be implemented for the slope strengthening and stabilization system.

Table 2 shows the costs and benefits of soil nailing and crib wall. The design cost
of 6% is used as stated in the Board of Engineers Malaysia (BEM) scale of fees
(Part B). The land price is taken from the current rate of area in this project per meter
square. The 100m length of soil nailing wall with 10mwidth is constructed with 9m
nails length in addition to 1 m clearance. The construction cost is calculated based on
the bill of quantity rate, maintenance for the newly purchased land and rectification of
construction defects. Daily basis labour work is applied in the calculation. Duration
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RM19,82,164

RM18,46,014

RM10,49,033

RM60,78,993

Benefits building Crib Wall

Benefits building Soil Nailing

Cost building Crib Wall

Cost building Soil Nailing

Fig. 2 Building cost and benefits of soil nailing and crib wall

of the project is assumed to be 120 days, the defects liability period, maintenance
and monitoring are 2 years after project completion.

Figure 2 shows a cost comparison between soil nailing and crib wall. The costs to
build soil nailing and crib wall system are RM 6,078,993 and RM 1,049,033, respec-
tively. The cost of building the retaining wall consists of design fees, land purchase,
construction, maintenance landscape and rectification defects. Cost building of
retainingwall and PV (C) gives the same indicator. PV (B) is the benefits of building a
retaining wall and consists of time-saving, reduce injury/lifesaving, pollution reduc-
tion and job creation. The calculated cost difference is RM5,029,960 or 82.74%. The
cost of building soil nailing system increased more than eight times from the total
overall cost due to neighbouring land purchase. Therefore, the benefit of building
soil nailing system of RM 1,846,014 is lower than the benefit of building crib wall
of RM 1,982,164. The cost difference between the two options is RM 136,150 or
6.87%.

4 Conclusions

Soil nailing is a fast slope strengtheningmethod and cost-effective.However, there are
some disadvantages to performing thismethod. It is difficult to solve nail encouraging
to neighboring land. In this case, the recommended cribwall can offer a better solution
as it only requires small space of construction. The combination system that is known
as a combined system has become a selective solution to the industry. The crib wall
system is proposed if the client encounter limits the land spaces and boundary issues.
The findings suggest that the crib wall system should be selected because the NPV
andBCR result inmore than 1.0. If the soil nailing system is solely used, an additional
cost will be needed to purchase land. An extra budget is also needed to maintain the
new land. Some new land purchases are very expensive due to the higher land value
in the urban area. On the other hand, no additional land is required if the combined
soil nailing and crib wall system can be built together. Therefore, a combination soil
nailing and cribwall as a retaining wall system can completely accommodating each
other weaknesses and become a better solution to stabilize slope and offer a range
of engineered solutions to the clients.
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Pesanggrahan River Management
in the Recent Times, the Anthropocene
Era: A Case Study of Sangga Buana
Urban Forest, Jakarta
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Abstract In recent times, actually humans live in theAnthropocene period. The river
and its flowarea, part of the city space, are also affected. This study is to collect a set of
strategies for the integration of the active role of local communities and government
policies in managing the river and making the river remain sustainable for human
needs now and later. The studywas conducted in SanggaBuanaUrban Forest, Karang
Tengah, Lebak Bulus, and South Jakarta. The management of the banks was carried
out by the local community, the Kelompok Tani Lingkungan Hidup/KTLH Sangga
Buana. One of the research problems was tracing the process of the emergence and
development of urban forest, the pattern of relations between the KTLH and the
government in explaining the existence of the urban forest management community.
The other was uncovering the pattern of network and actor formation, division of
labor and value system, as well as responsibility in the pattern of these relations. This
researchwas a qualitative research, inwhich primary datawere obtained throughfield
observations and in-depth interviews and secondary data were from related publicly
information. In conclusion, human and non-human factors have a large share in the
formation of urban forest. The sustainability and management of urban forest show
the pattern of relations formed between theKTLH, the government, and other parties.
However, the relationship was only limited to mutual use and the Anthropocene
concept has not been realized yet.
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1 Introduction

The river is one part of the natural environment that is very affected by human
behavior. This includes rivers in Indonesia as well as Jakarta. According to Gunawan
[1], Jakarta is still accustomed to river management approach limited to canalization
to overcome flooding. Managing canals does cure Jakarta’s floods for now. However,
if there is new energy, i.e., higher rainfall with a longer period, the danger and loss
will be greater because the capacity of the water is exceeded. According to Gunawan,
what happened in the Dutch era was now repeated by the central government and
the Provincial Government of DKI Jakarta. The river also becomes very small for
humans, for the city, and for life, when it is only associated with flooding. This
reduces the role of the river as a source of life and civilization. For that reason, in the
contemporary context, a different approach is needed in managing rivers, including
rivers in Jakarta. A unification of understanding about the current condition of the
rivers and how large humans influence the river is needed. In Rivers of the Anthro-
pocene book [2], it is said that humans will forever depend on the river because the
river is a source of water and many other important activities depend on it including
maintaining the balance of the earth.

Understanding Kelly’s description, an interesting statement was obtained, that
is, when talking to a river, it is not only seeing the flow. River entities include river
banks, which follow along the flow from upstream to downstream, and areas affected
by the river flow which are referred to watershed (Daerah Aliran Sungai/DAS) as
a whole. In the context of Jakarta, the city that has 13 rivers and its tributaries,
the management of these rivers means the management of the city itself. Here, the
case of the Sangga Buana Urban Forest became interesting to study because from
the information and preliminary data collected, this area of banks, which was very
lush green, was managed by the local community since the 1990s. The Kelompok
Tani Lingkungan Hidup/KTLH acknowledged that the land they managed was not
their property, but the property of the state. Concerning the problem of my research,
the management system of the Pesanggrahan River, especially in the Sangga Buana
Urban Forest, would be uncovered by using concepts that refer to the Anthropocene
concept to analyze the field findings.

The above concepts built and strengthened the Anthropocene concept: how the
government and society should act in the current era, the Anthropocene era. Three
things that would be answered in this study are based on the analysis of field find-
ings using the concepts above: firstly, the emergence and development processes of
Sangga Buana Urban Forest, secondly, the pattern of relations between KTLH, the
government, and other parties in the management of Sangga Buana Urban Forest,
and thirdly, the networks and actors in the establishment and management of Sangga
Buana Urban Forest.

This research was conducted to be able to answer the research problem above. It
was hoped that recommendations could be obtained for the proper river management
pattern, especially the management of the Pesanggrahan River in the Anthropocene
era, and become a gap for further research. The focus of this studywas to examine the
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mindset and behavior of the actors who underlain river management. The mindset
and behavior of these actors were studied holistically in a series of networks of the
community, which illustrated the basis of the actors’ thinking and actions. The series
of community networks reinforced the limits of power and control of space in river
management, the management of Sangga Buana Urban Forest in the Pesanggrahan
River in the context of river management in the Antropocene era. Therefore, specif-
ically the focus of this study was on the community study, which was limited to the
problem of structures and community networks in the context of river management
in the Anthropocene era.

2 Literature Review

2.1 River, Community, and Anthropocene

The river and its watershed, which have been the center of occupancy and the emer-
gence of human civilization, have become two fields which are studied seriously in
the concept of Anthropocene. In Rivers of the Anthropocene, Kelly [2] describe the
case of Tyne River, Newcastle, UK. Syvitski [3] said that the concept of Anthro-
pocene emerged and developed long ago. Until now, the scientists in various fields
still debate and try to perfect it. However, at least from 1990, the Anthropocene
concept among scientists began to narrow. There is a kind of claim not to stop inter-
preting change on this earth only as a result of global warming. Furthermore, Crutzen
and Stoermer [4] state that it is necessary to develop a strategy to realize sustain-
able ecosystems, which can be widely accepted by the public, a strategy which can
counteract human influences that have a very massive impact on the earth. Crutzen
asserted that more research was needed and wisely applied the results of the research
and invited the society as part of the research and embraced the social communities.
This is to jointly seek the best path, which is still able to fulfill human needs and
sustainable ecosystems.

Suparlan [5] explained the fundamental meaning of the community. According
to his study, the community is understood as a smaller unit of life than the society,
occupying and living in a certain area with unclear boundaries. This distinguishes the
community from the society with the clear boundaries. Even so, the members of the
community know each other through various social networks. They can be bonded
together through networks of kinship and marriage. The definition of the community
fromSuparlan is still relevant to be used in the current erawhen information flows and
technological advancements enable interpersonal individuals to interact even though
they do not have the same attachment to the same area of life and kinship. Referring to
Suparlan’s statement, Septiady [6] stated that community conceptionsmakemore city
citizens more concerned about development facilities and the environment around
their lives. To achieve this, strategies are needed in every design of urban spaces,
that is, when the community is positioned as the subject of development. Thus, the
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patterns of urban space are formed in accordance with the expectations of interaction
and communication from its citizens, not the hope of a handful of parties benefiting.
This research looks at how the community was not limited to internal Sangga Buana
KTLH as the manager of the Sangga Buana City Forest. The social relations among
the KTLH, the local government, and other parties in the Sangga Buana Urban Forest
area were also expected to be revealed.

The originator of the actor–network theory (ANT) stated that the Anthropocene
concept whose idea was first thrown by geologists would inevitably affect all types
of science/discipline. They have to think again. One could not be just looking at their
side; thus, transdisciplinarity is needed. He stated, how can “normalize” anything
that exists but at the same time the “natural strength” has been transformed by
involving the role of humans in each piece. Humans are called a single role as well
as contributing in many roles and connecting to each other in changing the earth so
that the past form is difficult to recognize. The actor–networking theory basically
attempts to explain that there is a balanced role between human subjects or humans
with non-human subjects, namely nature or the natural environment. However, it is
known from several cases involving the relationship between the community and the
natural environment that the leadership greatly determines the success or failure of
the community to transform.

More significant issues related to river management are offered by Chou [7].
Using the ANT framework, the results of Chou’s research found that river manage-
ment was identified as a relation product of key actors in the network who led the
movement of a series of sources as tools, technology, materials, money, and triggered
related actors to play roles that had been designed by the dominant actor. Researchers
focused on the process of negotiation, representation, and displacement that affected
the development of relations between actors and entities. In building relations with
entities, the actors gave identity to each entity, as well as interests, roles, and actions
that must be followed, including projects that must be done. Furthermore, there was
a transformation until a network was formed between communities and the govern-
ment and other parties. This is shown in Chou’s research on the management of the
Keelung watershed, Taipei, Taiwan. By using the basis of the actor–network theory
(ANT) framework approach like Chou, the actors who played a role in the Sangga
Buana Urban Forest were explored. The roles of non-human actors, namely rivers
and green areas that are managed into urban forest, as well as human actors from the
community, provincial-level local governments to villages, as well as other parties
involved in urban forest management were revealed.

Furthermore, researchers focused on the process of negotiation, representation,
and displacement that affected the development of relations between actors and
entities. In building relations with entities, actors gave identities to each entity, also
interests, roles, and actions that had to be followed, as well as projects that had to
be done. Then, there was a transformation until a working network was formed. The
transformation went through four stages:
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a. Problematization—translating what can potentially be a common goal and how
to present the problem faced as well as the desired solution and becoming the
goal and solution of all entities

b. Interessement—all entities were involved in the project and blocked other
flows/opposing groups

c. Enrollment—the role of actors was defined and distributed according to a certain
level

d. Mobilization—the stage when the representation of the previous three stages
was realized and transformed. Even so, the transformation that often occurred
overlapped between stages

2.2 Basic Rules of Urban Green Open Space

Referring back to the case examined in this study, it was necessary to understand
the concept of urban forest in accordance with the rules that apply in Indonesia
and in particular Jakarta, where the Pesanggrahan River and Sangga Buana Urban
Forest exist. There are three main rules regarding spatial planning which regulate
the provision of green and non-green open spaces in urban areas. Urban forest is
included in one type of green open space. The three main rules are Law Number
26 of 2007 concerning Spatial Planning, Government Regulation Number 26 of
2008 concerning National Spatial Planning, and Regulation of theMinister of Public
Works No. 05/Prt/M/2008 concerning Guidelines for Provision and Use of Green
Open Space in the Urban Area. Referring to these rules, the green open space (ruang
terbuka hijau/RTH) is needed in a city which aims to maintain the availability of
land as a water catchment area; create urban planological aspects through a balance
between the natural environment and built environment that is useful for the benefit of
society; and improve the harmony of the urban environment as a means of protecting
the urban environment that is safe, comfortable, fresh, beautiful, and clean.

Urban forests, in this case, can be said occupied the highest position in the level of
green open space: the highest level in terms of its function in the nature conservation.
For this reason, making an area as an urban forest must meet many requirements,
ranging from green cover and the types of trees or plants that must exist, minimum
area, and others. For the interactive park RTH, for example, it does not have to be as
tight as the urban forest in terms of its green cover. Interactive parks tend to be open
spaces that provide more portions for playing facilities or joint activities between
residents to interact with each other.

3 Research Method

The map of the research location can be seen in Figs. 1 and 2.
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Fig. 1 Location map of Sangga Buana urban forest [8]

Fig. 2 Location of Sangga Buana urban forest. Source Google Map and Earth

This research applies mixed methods utilizing primary and secondary data.
Primary data were obtained directly from the field in Sangga Buana Urban Forest,
from informants. The informants were selected based on certain criteria: the main
figure of KTLH Sangga Buana, core members, volunteers from residents and non-
residents, as well as representatives from the government in the village, sub-district,
agency, and central government levels which were directly related to the river
management, especially Pesanggrahan River. Primary data were obtained from
in-depth interviews with community leaders, senior community members, non-
permanent community members, the government represented by the head of the
department in charge of urban forests (Dinas Kehutanan DKI Jakarta), represen-
tatives of the sub-districts where the communities were located (Kecamatan Lebak
Bulus danKelurahan Lebak Bulus), and the Head of the River Basin Center Ciliwung
Cisadane (BBWSCC) who has the authority to manage rivers in Jakarta, including
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the Pesanggrahan River. In-depth interviews were conducted in stages during May
9, 2018–May 26, 2018.

Secondary data were obtained from the document Law Number 26 of 2007
concerningSpatial Planning,GovernmentRegulationNumber 26 of 2008 concerning
National Spatial Planning, and Regulation of the Minister of Public Works No.
05/Prt/M/2008 concerning Guidelines for Provision and Use of Green Open Space
in the Urban Area. In addition, there were some maps and urban forests/green open
spaces/parks data from Dinas Kehutanan DKI Jakarta, Kecamatan Lebak Bulus,
Kelurahan Lebak Bulus, and BBWSCC. Secondary data were also data from related
offices or agencies, books, journals, theses, dissertations, and other literature sources.
The primary and secondary data collected then were presented in the findings in the
field. Additional information was also obtained from the news in the mass media
related to the urban forest of Sangga Buana and its communities from 2013 until the
study was conducted in May 2018.

After exposure of the findings, it was time for the analysis phase by using concepts
as described previously. With a tool analysis in the form of theories related to river,
community, Anthropocene, and actor–network theory to analyze primary data from
in-depth interviews, it shows that there are some conflict potentials and gray areas
in the relationship between KTLH Sangga Buana and the government. Reinforced
with secondary data, the gray area seems increasingly clear and becomes the basis
for drawing conclusions.

4 Results and Discussion

4.1 Non-human Subject

4.1.1 Pesanggrahan River

In relation to the Anthropocene era, it was evident that human intervention on the
Pesanggrahan River had occurred since about the fourth century until now. The
natural downstream of the Pesanggrahan River did not even exist because it was
disodetected and replaced with man-made Cengkareng Drain. Various projects in
the past until normalization in the present proved that Pesanggrahan River had been
greatly influenced by humans. At present, the condition of the river was still bad and
became one of the sources of floods in Jakarta and the surrounding areas. In most
areas of the Pesanggrahan River that crossed Jakarta, rivers were also still treated as
landfills and various other wastes. Part of the normalization project, which paved the
sides of the river to become a kind of high fence around 2–3 m, further separated
the river with humans inhabiting its banks. The river was increasingly positioned as
an unsafe and wasteful place. This negated the position of the river where it should
be. As stated by Chou [7], no matter how the current conditions, the river still exists.
Increasingly urged and treated badly, the threat of potential disasters was getting
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closer. The condition of the Pesanggrahan River also encouraged changes in human
behavior toward it. If not, humans themselves would bear the impact of the bad
condition of the river.

4.1.2 Sangga Buana Urban Forest

In the midst of the bad conditions of Pesanggrahan River and the flowing area, there
was a green area that existed. The existence of this green area contrasted with the
condition of the river and was a driving factor that triggered changes in the behavior
of local residents toward the river. The existence of this green area then triggered local
residents to take the initiative to manage it and named it Sangga Buana Urban Forest.
The condition of the city forest was well preserved. From the field observations, it
was known that the trees there were quite lush; the banks of Pesanggrahan River in
this area were beautiful; there were enough green open spaces and the residents could
access them freely any time. This urban forest was the entrance for residents who
had felt the benefits of the riverbanks which were minus the occupational building
to keep it. In addition, the existence of the city forest was pushing the expansion of
similar green areas. Moreover, the local residents felt that they could do any activity,
from mere entertainment to what brought economic value in the green area.

However, it turned out that the status of the new urban forest was just unilateral
pressure from the residents or in this case KTLH Sangga Buana. The green area
was officially recognized by the government as an interactive park. The status of
the green area in Karang Tengah had become unclear. On the one hand, there was a
desire to make it a conservation area with the realization of the status of urban forest,
but various parties, both the government and local residents, continued to enjoy the
status of interactive park for activities that benefited them. This gray status was also
indicated by the difference in the land area of the interactive park recognized by the
Provincial Government of DKI Jakarta which was 2.7 ha. KTLH Sangga Buana, that
stated the area as urban forest confirmed that the area of green land had reached 49 ha
with 5 ha of which belonged to the Provincial Government of DKI Jakarta.

4.2 Human Subject

4.2.1 Community

Looking back at KTLH Sangga Buana, it should be emphasized that the KTLH was
originally a group of citizens who later developed to remain a group and community.
This refers to Septiady’s opinion which refers to Suparlan that the conception of the
community is more to bring the citizens to be more concerned about development
facilities and the environment around their lives. There are strategies that are applied
by citizens as the determinants of urban space design. The pattern of urban space is
formed according to the interaction and communication of its citizens.
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The strongness of Bi’s personal network, the solid community of KTLH Sangga
Buana under Bi, as well as supporting factors such as the proximity of location
and kinship and the existence of Pesanggrahan River and green areas in Karang
Tengah triggered the emergence and formation of Sangga Buana Urban Forest. Next,
there was not a close relationship but mutual benefit, allowing urban forests and all
activities of KTLH Sangga Buana to continue.

The existence of non-human subjects was supported by human subjects, espe-
cially a group of Karang Tengah residents who had the motivation to have a better
environment to live, preserved the river and got economic benefits. This group of
residents with a strong leader had a strong sense of belonging to the area where
they lived. Motivation as the goal of the activities and the existence of non-human
subjects, which were also strong, became a very powerful driver to realize the river
and green areas which were then called urban forest by local residents. The sense of
belonging and activeness in managing urban forests according to their desires and
abilities created a sense of right and obligation to manage the area. Even though
they realized that it was not their official property, because the land ownership of the
riverbank was believed to be the right of the state or government, central or local,
they were very confident of taking the role of controlling the city forest area. On the
other hand, Bi as the grandson of the local community leader with the close rela-
tionship with the local community, both the members of the KTLH and volunteers,
supported Bi as the leader of the community movement. Moreover, they were both
from the Betawi ethnic background; some of them still had kinship, and they were
residents who had been handed down for generations in the Karang Tengah area.
These conditions strengthened their position to take a role in the control and power
in Karang Tengah and its surroundings.

Various motivations which were the goal of this residents thickened and could
integrate into a joint movement thanks to a central figure, Bi, as the initiator of the
conservation of the Pesanggrahan River in Karang Tengah and themain driver for the
formation of the Sangga Buana Urban Forest. Bi reflected the dominance of personal
network which was the main determinant of the realization of the Sangga Buana
Urban Forest. The explanation of the existence of non-human and human subjects
(especially related to KTLH and Bi) also answered the formation process of Sangga
Buana Urban Forest, according to the first research problem. In addition, there were
supporting factors and other barriers that affected the formation and management of
urban forest, as explained as follows:

4.3 Power and Control

From the concept of power and control as described by Septiady (2007 in Setiady
2017), BI’s personal networks could not only carry out the “control” function of
space. The government, both at village and center levels, as the holders of “power”
was weakened by the strong “control” of Bi through factual performance and power
symbols that he had with KTLH Sangga Buana as well as networks with the private



164 N. Triana et al.

sector. As a result, “power” was like being in Bi’s hands and supported by KTLH
Sangga Buana because this group could act to determine their own steps without the
need for approval or permission according to the law from the government.

Although there was a prominent difference between Bi and his group and the
government in seeing and enforcing Sangga Buana Urban Forest, this difference was
as if it had never tried to be resolved or seen as a problem that needed an immediate
solution at this time. Government relations, especially the Provincial Government of
DKI Jakarta with KTLH Sangga Buana were tenuous. The local governments from
the provincial, sub-district, and village levels were not trying to enforce the rules.
They also did not attempt to at least rectify the naming or equalization of the green
area according to the legal basis recognized by the government. The government did
not want to declare KTLH as illegal. In addition, the government even admitted the
benefits of the existence of Sangga Buana Urban Forest as one of the big contributing
factors in adding the value of the Adipura Cup. Moreover, because of the Sangga
Buana Urban Forest, Adipura became a gift subscription received by South Jakarta.

Bi and his group, as well as the government, were seen to let the current conditions
continue. Both parties shared the benefits from the circumstance without legal status
for the urban forest. Bi and his group, as well as the government, according to game
theory [6], both were playing at the design level. At the design level, both parties
were aware of each other’s conditions, andwhat was best for both parties. They chose
not to attack each other but also not to cooperate closely. It is called not to establish
close cooperation because basically there is still a reciprocal relationship but there is
no official cooperation between the two parties. Local government leaders also have
good relations with Bi, sometimes visiting urban forests, as well as national leaders.
There was an impression, reporting in the mass media about Bi and Sangga Buana
Urban Forests that made the public and the figures encourage the realization of the
role of power and power of Bi and KTLH. However, Bi and KTLH also used the law
regarding the arrangement of the area and river management which was the product
of the government and believed that they were citizens who had to defend or support
their country, which was their foundation to manage the river banks. They, especially
Bi, continued to use the phrase that river banks according to the rules should not be
occupied and became land for massive buildings. However, the use of river banks,
which was limited to everyday activities such as farming and other things that were
not permanent and did not erode tree stands, was allowed to do.

4.4 Actor Network

In order to explain the formation process of networks and actors in the formation
and management of Sangga Buana Urban Forest, in this section, an analysis, which
discusses the stages of the process leading to transformation or pre-transformation,
would be carried out. Pre-transformation stageswere negotiation, representation, and
displacement. Furthermore, the transformation process included four stages: prob-
lematization, intervention, enrollment, and mobilization. The results of the analysis
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in this section would converge on whether the formation and management of Sangga
Buana Urban Forest were ideal according to the needs of river management in the
Anthropocene era or vice versa.

As Chou’s study of the Keelung River in Taiwan, as the dominant actor, according
to the results of the analysis in the previous section, Bi was a key actor who was able
to give roles to other actants. The other actants, which were the official members of
KTLH Sangga Buana and volunteers, were also able to establish mutually beneficial
relationships with the government even though it did not cooperate intensely. Bi
was a key actor in the process of pre-transformation stages, namely negotiation,
representation, and displacement. Looking at the beginning of the formation of the
Sangga Buana Urban Forest, it could be seen that the main driver was from the
internal side of the group and the community of KTLH Sangga Buana with Bi as
their leader. For this reason, the pre-transformation stages were believed to be more
involved in the internal KTLH Sangga Buana as a group or community.

Bi was able to concoct efforts to conserve the river with activities that were of
economic value to the residents and make Karang Tengah residents become masters
in their own environment. Here, Bi showed that non-human and human subjects
were equally important, and could go hand in hand and mutually beneficial. This
step complemented the representation and displacement processes that strengthened
the internal position of the group and the community of KTLH Sangga Buana which
became the provision for transforming the management of the Pesanggrahan River
and the green area of its banks in Karang Tengah. This was because there were
bigger challenges that would be faced in the transformation process. For example,
when KTLH Sangga Buana had to deal with the power of the government and had
to influence other parties, such as private developers.

In the transformation process, in the problematization stage, what Bi and KTLH
Sangga Buana did was to reaffirm the common goal and present the problems and
solutions in the form of urban forest management and economic activities. The aim
of reaffirming their goal and efforts was to gain support from other parties, especially
the government, the private sector, and the public in general. Bi and KTLH Sangga
Buana needed the other parties to know their existence and purpose to realize that
their urban forest dream basically needed the support of other parties and legal basis.

The next transformation process was enrollment and mobilization between Bi-
KTLH Sangga Buana and the private sector to continue smoothly. Public support
was shown by the positive news that had continued to exist over the past years from
various mass media on various platforms. Private support was also strong, as shown
by housing developers that had established intense cooperation at least in waste
management and cooperation with other private parties in the form of cooperation in
training activities and procurement of facilities in the Sangga Buana Urban Forest.
However, one of the efforts to establish cooperation with the government could be
called not fully successful whereas the government also benefited from the existence
of Sangga Buana Urban Forest, such as at least not having to carry out normalization
projects with dredging, widening, and concrete plastering in the Karang Tengah area
which certainly reduced the burden on the central and regional budget.
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5 Conclusions

In general, it can be concluded that river management that prioritizes the preserva-
tion of rivers while still accommodating the needs of today’s urban communities,
according to the principle of river management in the Anthropocene era, is very
possible. Therefore, community activity is needed, especially those who live on
the edge or close to the river and are directly affected by whatever happens in the
river, to care and play a role in managing the river, while the government firmly
takes the attitude and actions as law enforcers and holders of river management
policies. However, there needs to be clarity and transparency in the vision, mission,
organization, and budgeting in the collaboration between the community and the
government in managing the river according to the demands of river management in
the Anthropocene era.

Thus, what can be concluded in the case of SanggaBuanaCity Forestmanagement
are: (1) KTLH Sangga Buana is a community, (2) they had been the subject of city
space development, in this case in the green area in Karang Tengah and managed it
into Sangga Buana Urban Forest, (3) the data obtained show the number of activities
carried out by KTLH Sangga Buana andmany aspects surrounding it; this shows that
theKTLHhad already rooted strong and big, (4) therewere lots of activities involving
a lot of people, starting from the core members of KTLH Sangga Buana to volunteers
from residents and non-residents; not only to demonstrate that the KTLH had strong
root and big influence in the Karang Tengah area, especially in managing the river
area and its banks, but it could also be part of the residents’ resilience technique
against area whose legal status was still gray, and (5) the relationship of mutual
benefit was not the result of transformation but their respective ways to endure their
conditions. In addition, this actually obscured Bi’s position as the dominant actor
because the holder of authority and law remained in the hand of the government, and
river management, according to the demands of the Anthropocene era, had not been
fully realized.

This study offers a recommendation for KTLH Sangga Buana that there should
be clearer and more transparent management while remaining community-based
regeneration of organization leader and organizing. In addition, transparency needs
to be adopted in the financial accounting of the community. If needed, periodic audits
by independent team from outside the community can be conducted. While, for the
government, it is necessary to clarify the role of the government in the central level
(Balai Besar Wilayah Sungai Ciliwung-Cisadane/BBWSCC), province, city, sub-
district, and village as well as RT and RW inmanaging the rivers in the Anthropocene
era. It is necessary to equate the vision and mission of river management in the
Anthropocene era nationally to the regional and village levels; understand the rights
and obligations of the government apparatus in carrying out the mandate of the law.
Furthermore, it clarifies the role of the government in the collaboration between
the government and the community in river management in each area where the
community operates.
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Furthermore, it is suggested to increase research related to environmentalmanage-
ment in the Anthropocene era, including the management of cities and rivers. There-
fore, studies related to diverse cases will be the important data contributors to help
find patterns of the environmental management while still ensuring its sustainability
and the fulfillment of the needs of people living in the environment. Finally, the coop-
eration between academics, government, and society both in the stages of researching
and evaluating aswell as determining the right rivermanagement in theAnthropocene
era, especially in urban areas in Indonesia, is needed. At present, similar research is
still very limited. A transdisciplinary collaboration is indeed a demand to be realized
in this Anthropocene era.
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Simulation of Damage Due
to Alkali–Silica Reaction in a Concrete
Model at the Macroscale Level

Zarina Itam, Agusril Syamsir, Salmia Beddu, and Nur Liyana Mohd. Kamal

Abstract The rapid deformation caused by alkali–silica reaction may cause major
problems in concrete structures. Main factors that affect ASR include the relative
humidity, alkali and silica content, temperature, and porosity of the concrete. The
vast numbers of influencing factors make ASR relationship a complex phenomenon
to understand. Investigation of the mechanical deformation of the structure can be
achieved by applying the theory of continuum damage mechanics. Prediction of
the physical and chemical behavior of a structure can be achieved using damage
mechanics, making it an appropriate method to study the behavior of the structure
under the influence of alkali–silica reactivity. Hence, solution of the damage model
as well as simulation of the ASR phenomenon is critically needed. In this research,
an engineering example of a thermo-chemo-hygro-mechanical model of a concrete
gravity dam at the macroscale will be studied for varying environmental conditions
of temperature and relative humidity using the finite element method. Investiga-
tions found that temperature as well as relative humidity influences the latency and
characteristic time constants, which indicates that the ASR expansion rapidity is
dependent on the heat and moisture diffusion lengths into the structure, causing
heterogeneous damage along the cross section of the macroscale structure according
to the temperature distribution as well as relative humidity.

Keywords Alkali-silica reaction · Concrete · Gravity dam · Finite element

1 Introduction

Damage to concrete due to alkali–silica reaction or ASR is a phenomenon that was
first recognized in the USA in the 1940s by Stanton (1940) and has since been
observed in many other countries. Since then, many studies on that matter have
been published. Factors that affect ASR vary greatly although it is unanimous that
ASR occurs between deleterious silica from aggregates and hydroxide ions in the
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pore solution that result from cement hydration. Other factors include the relative
humidity, temperature, and porosity of the cementitious matrix.

What sets apart ASR from other concrete damage models is its heterogeneity,
occurring at different concrete regions at different rates depending on the concrete
composition as well as external influences, making predicting its behavior somewhat
difficult. But despite the fact that ASR initializes in the mesoscopic regions of the
concrete, the accumulative effects of its expansion escalate onto the macroscale level
with the development of web cracking on the concrete surface [1]. Macroscopic
material models are characterized by considering the heterogeneities and structural
defects in an averaged sense and are therefore regarded as a homogeneous material.
In investigating themechanical deformation of the structure, the theory of continuum
damage mechanics proves to be a suitable method. Damage mechanics can be used
to predict the physical and chemical behavior of a structure, making it an appropriate
method to study the behavior of the structure under the influence of alkali–silica
reactivity. Therefore, solution of the damage model as well as simulation of the ASR
phenomenon at the macroscale level in order to provide better understanding, or even
solving the problem, is critically needed.

Two main aspects to be considered in ASR modeling are the kinetics of chem-
ical reactions and the mechanical damage caused by the resulting expansion. Li
and Coussy [2] developed a thermo-hydro-chemo-mechanical model to study the
behavior of ASR affected concrete based on the Biot–Coussy theory on mechanics
of reactive porous medium. Capra and Bournazel [3] suggested the ASR gel content
of silica and alkali.

Numerical simulation of stress anisotropy due to ASR is performed by taking
into consideration thermo-activation of alkali–silica reactivity and its dependency
on relative humidity. In investigating the mechanical deformation of the structure,
the theory of continuum damage mechanics can be used to predict the physical and
chemical behavior of a structure, making it appropriate to study the behavior of the
structure under the influence of alkali–silica reactivity [4].

Assuming that damage at a given temperature and relative humidity has isotropic
behavior, the determination of the local ASR reaction extent ξ is performed with a
stable time integration method; for instance, the backward Euler method has taken
into account the correspondingmoisture and temperature profiles for each time step of
the numerical procedure. The stress and damage states from the mechanical response
are obtained from the rheological modeling coupled with the damage law and adding
the effect of thermal strain, εth, ASR strain, εa, pore pressure, Pf. The constitutive
equation can be modified into (1):

σ = (1 − ω)
[
C

(
ε − εa − εth

) − P f] (1)

where C is the fourth-order linear elastic material tensor, and ω denotes the scalar
damage parameter [4]. Lund [5] stated that the total thermal strain increment could
be summed up over the current and history temperature range:
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εthi j =
⎡

⎣
T∫

T0

αT(T − T0)

⎤

⎦δi j (2)

The post-computation of the thermoelastic strain starts with the iteration of (2),
resulting in thermal strain values, εth. The numerical solution of the equation for
temperature T + dT can be solved using the backward Euler method:

εthi j (T − T0) = εthi j (T ) + αT (T − T0)dT δi j (3)

where αT is a thermal expansion coefficient matrix, T is the temperature at a given
point, and T 0 is the temperature at which the structure is free of thermally induced
strain. ASR strain can be represented in an equation for free linear expansion εa as
shown in (4):

εa(t) = ε∞ξ(t) (4)

where ε∞ is the asymptotic ASR expansion. Equation (4) shows that ASR strain
evolution is only governed by the noninstantaneous kinetics of the chemical reaction.
In a stress-free condition, the only unknown is the reaction extent, ξ. The reaction
extent ξ is determined from:

ξ(t) = ε

ε∞
= 1 − exp(−t/τC)

1 + exp(−t/τC + τL/τC)
(5)

Ulm [6] defined τL as the latency time as the time needed for the initial expansion
of the gel in the presence of water. τC is the characteristic time that is defined by
the intersection of the tangent at τL with the asymptotic unit value of the reaction
extent, ξ. τC and τL are thermally dependent and can be expressed in terms of absolute
temperature (TK= 273+ T °C) and the corresponding activation energies that abide
the Arrhenius concept: The variables UL and UC are the activation energies, which
represent the minimum energy required to trigger the reaction for the time constants
andwere determined to beUL = 9400± 500K andUC = 5400± 500K [7]. The time
constants τC and τL, tend to have different intensities for drying, sealing, humidity,
and immersity in water conditions, proving that ASR reaction extent is influenced
not only by temperature as can be seen in (5), but also by the relative humidity.

2 Modeling ASR at the Macroscale

Various experimental evidences for ASR deterioration can be found from literature,
for example by Comi [8]. Comi developed a chemo-thermo-damage model of a
gravity dam that evaluates the local evolution of ASR swelling governed only by
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temperature, resulting in a damage model that is fully decoupled from the heat-
diffusion problem. Fairbairn [9] simulated the stress anisotropy of ASR swelling,
taking into account thermo-activation and humidity dependencies.

The numerical example presented here illustrates the performance of a two-
dimensional concrete gravity dam tested for thermo-hygro-chemo-mechanical
loading using the finite element method. The model presented in this paper is
performed at the macroscale, where the model consists of a single phase, which
is concrete. Although the problems are not examined in full engineering detail, the
porosity of thematrix explicitly is not simulated and themodel is sufficient to demon-
strate the workability of the algorithm applied in this research. This has been proven
feasible by a series of validation tests conducted with benchmark examples in the
following section.

3 Methodology

3.1 Modeling Parameters

A two-dimensional cross section of a concrete gravity dam measuring 14,009.5 mm
width at the bottom surface and 4000 mmwidth at the top surface has been simulated
using SLang programming software developed and used in Bauhaus-Universitaet
Weimar [10, 11]. The total height of the dam is 20,000 mm. The finite element mesh
for the cross section consists of 1681 nodes with 1600 elements as shown in Fig. 1.
The elements used in the dam are four-noded plane elements with four integration
points. The structure is restraint at the bottom surface in both x1 and x2 directions,

Fig. 1 Two-dimensional macroscale model of the undeformed concrete gravity dam and the acting
boundary conditions
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Fig. 2 Coloured zones
depicting different relative
humidity conditions ranging
from 60 to 100%

while all other surfaces are allowed to move. The number of degrees of freedom
for heat and pressure elements is 1681 with one degree of freedom per node, and
the number of degrees of freedom for mechanically loaded elements is 3362 with
two degrees of freedom per node to accommodate for the x1 and x2 directions,
using plane strain in the simulation. Boundary conditions, as can be seen in Fig. 1,
show that the upstream surface of the dam is exposed to water. This huge amount
of body represents the mechanical loading for the system with the water pressure.
Fluid flow in the dam will only be facilitated by fluid pressure from the upstream
and gravitational force.

Relative humidity influences the latency and characteristic time constants, which
will in turn influence the ASR reaction rate. In this research, the effect of relative
humidity will be presented by different relative humidity values. Figure 2 shows the
concrete gravity dam with three colored zones reflecting different values of relative
humidity. Starting from the boundary, which is exposed to water, the orange zone
has a relative humidity of 100%, which slowly reduces to 80% in the red zone, and
finally in the green zone, the relative humidity ends at 60%.

3.2 Theories and Assumptions

Considering the fact that damage caused by ASR is due to expansion, behavior
of the concrete gravity dam under compressive stress can be modeled as linear.
Since the ultimate compressive strength value, f c, is not exceeded, damage due to
compression is assumed negligible. Creep and shrinkage will not be considered in
this simulation. The material properties are taken to be constant and homogeneous
throughout the macroscale domain. Assume that the latency and characteristics time
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values are taken as constant for an initial condition of 17 °C at all boundaries with
a relative humidity of 80%. In modeling the effect of ASR in this research for a
concrete gravity dam, the asymptotic ASR expansion, ε∞, is taken as 0.22% [12]. As
a means of studying the orientation of damage in the structure until fully damaged,
the Newton–Raphson iterative method was used. Using this method, the difference
between externally applied nodal point loads vector, Fn+1, and the internal node point
loads that corresponds to element stresses, Ri, at iteration step i must equal to zero
as shown in (6):

Fn+1 − Ri = 0 (6)

where Ri is the vector of internal nodal point loads in the configuration that corre-
sponds to the element stresses at iteration step i, and Fn+1 is the vectors of exter-
nally applied nodal point loads in the configuration at iteration step i. More on the
Newton–Raphson iteration can be found in literature.

4 Results and Discussions

From Fig. 3, it could be seen that the displacements due to a varied relative humidity
are larger at locations with higher relative humidity, which causes more rapid ASR
reaction rate, for example, in the orange zone. This zone, having a relative humidity of
100%, expands fasterwhen compared to the green zone,which has a relative humidity
of 60%, which is the minimum optimal relative humidity condition for ASR reaction
to initiate. This causes a high distribution of tensile stresses in that region, larger than
the compressive stresses caused by hydrostatic pressure, and larger than the tensile
stresses in the downstream region as reflected in Fig. 3. Seeing that the upstream
region expands faster and with larger values than the downstream region, the dam
deflects outwards and leans toward the downstream, causing compressive stresses in
the vertical direction of the downstream region.

The damage contours for the varying relative humidity is also seen to be more
localized to regions of higher relative humidity. Damage initiates at the zone where
relative humidity is 100%, at the upstream region and continues inwards. There is
no damage at the regions with the low relative humidity of 60%. However, under
these conditions, ASR reaction takes a long time to occur and start causing damage
to a structure. Damage for the constant conditions starts at approximately 3600 days,
while damage for the varying relative humidity starts at approximately 1800 days,
which is twice the time for the constant conditions case. However, after 10,950 days,
damage in the constant conditions case is smeared throughout the dam,while damage
in the varying relative humidity case is localized in the higher moisture regions.

Figure 4 shows the curve for ASR reaction extent against time for two relative
humidity values of 80% and 100% for Nodes 126 and 513, respectively. The curve
follows a sigmoidal shape, where at the start of the reaction, the ASR reaction rate,
ξ, is 0, meaning that the reaction has not initiated. As the reaction continues, the
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Fig. 3 Damage variable due to ASR and hydrostatic pressure for a constant temperature of 20 °C
and relative humidity ranging from 60 to 100%

reaction rate increases, its rapidity depending on the temperature as well as the
relative humidity. As can be seen, under such circumstances, the reaction rate for the
relative humidity of 100% happens at a much faster rate than for the relative humidity
of 80%. However, for both cases, ASR takes a long time until fully reacted, which
enables us to conclude that even though ASR expansion may cause damage to a
concrete structure, additional stresses to the structure accelerate the damage process.
The exposure conditions of the structure also determine the orientation and initiation
of the ASR damage.
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Fig. 4 ASR reaction extent against time for an isothermal condition of 20 °C and relative humidity
of 80 and 100%

5 Conclusions

The aim of this research was to determine the effects of temperature and relative
humidity on ASR expansivity in a concrete structure. This was performed at the
macroscale level in order to determine ASR expansion mechanism on a smeared
level, allowing us to determine its initiation and orientation.

The macroscale model was developed to have homogenous material properties
for concrete. The determination of ASR expansion with inverse analysis from exper-
imental results and application into modeling shows that ASR expansion can be
replicated in numerical simulation, provided with the proper material properties and
environmental parameters.

The engineering study of amacroscale concrete gravity dam incorporatedwith the
effects of temperature, relative humidity, and mechanical loading cases as isolated
and combined cases in this thesis shows that individually, temperature, relative
humidity, and mechanical loading influence ASR expansivity and cause, its own
affects to the expansion or contraction of the structure.

ASR has an increased effect due to moisture content. A higher relative humidity
increases the characteristic and latency time constants, which means that a shorter
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time is needed before expansion occurs. As a benchmark unanimous among
researchers, a minimum of 60% relative humidity was required for ASR deformation
to occur.

Thermal difference leads to tensile or compressive stresses in concrete. Temper-
ature, as well as relative humidity, influences the latency and characteristic time
constants, which dictates the rapidity of ASR expansion, showing its dependency on
the heat and moisture diffusion lengths into the structure, rendering heterogeneous
values across the cross section of the structure according to the relative humidity
and temperature distribution. Hence, a mesoscopic study would be more suitable
to evaluate explicit ASR effects in terms of initiation and orientation in concrete
structures.

Hydrostatic pressure causes compressive stresses in a structure. However,
depending on the concrete material properties, boundary conditions, and environ-
mental conditions, its effect could be rapidly overcome due to expansion of the
structure from ASR and thermal expansion. The shape of the structure, as well as its
restraints, also influences the deflection of the structure. The tensile stresses in the
structure, due to thermal difference and ASR deformation, cause the dam to expand
toward the region with lower thermal difference and ASR deformation.

Therefore, it can be concluded that the intensity of alkali–silica reactivity in a
concrete structure due toASRexpansion depends on a lot of factors,most importantly
the temperature and relative humidity. Other external factors have an influence on the
expansion and orientation of alkali–silica reactivitywhich are thematerial properties,
boundary conditions, and if applicable, external loading
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Combination of LEM and FEM Analysis
for Stability of Concrete Cantilever
Retaining Wall

Rohaya Alias, Siti Jahara Matlan, and Nur Asmaliza Mohd. Noor

Abstract Concrete cantilever retaining wall is a structure used to retain the soil
on the slopes and prevent the soil from sliding. It must be stable and strong to
resist the forces acting on it. Normally, concrete cantilever retaining wall uses limit
equilibrium method (LEM) in its design analysis. However, this method does not
provide a comprehensive design analysis. It only involved an external stability check
for sliding, overturning, and bearing capacity. As a result, the retaining wall is not
enough stable and it often collapses. Hence, this study introduces the combination of
LEMandFEM in the concrete cantilever retainingwall design analysis to produce the
overall stability. The design analysis was carried out using PROKON software that
involved LEM, and simulations were performed using SIGMA/W and SLOPE/W to
generate FEM. The comprehensive design analysis was produced from the combi-
nation of both methods which consist of value of factor of safety (FOS) for sliding,
FOS for overturning, FOS for bearing capacity, maximum foundation settlement,
maximum surface settlement, maximum deflection, and global stability. This study
can help the consultant engineers in producing the comprehensive and safe concrete
cantilever retaining walls and reduce the problem of retaining wall failure.

Keywords Combination · Comprehensive · Design analysis · Retaining wall ·
Stability

1 Introduction

Retaining wall is a structure that is built to retain vertical or nearly vertical earth
bank or any other material. It is also used to support foundation ditches and stabilize
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slopes. Retainingwalls are widely used in various fields of engineering such as roads,
harbors, dams, subways, railroads, tunnels, mines, and military fortifications [1].

Generally, retaining walls are broadly classified as gravity, semi-gravity, and
cantilever retaining walls. Retaining walls may be constructed of masonry, concrete,
or sheet piles [2]. The gravity walls are the oldest and simplest type of retaining
walls. The gravity walls are heavy, thick, and stiff enough that they do not bend; their
movement occurs essentially by rigid body translation or rotation. It utilizes entirely
its own weight to produce the necessary stability. Semi-gravity retaining walls are
intermediate between the gravity- and cantilever-type walls. Meanwhile, cantilever
walls are bending as well as translating and rotating, which rely on their flexural
strength to resist lateral earth pressure [3].

Among the concrete retaining walls, the cantilever wall is the most widely used
as it is economical. The concrete cantilever retaining walls are used in basement of
buildings, as abutments for bridges, as flood walls in irrigation works as well as for
retaining ores, minerals, and other granular materials [4]. The concrete cantilever
retaining walls are constructed usually shaped like an inverted T or L [5]. Generally,
the height of the concrete cantilever retaining wall can reach up to 6 m. They consist
of a relatively thin stem and a base slab. The base is also divided into two parts, the
heel, and toe. The heel is the part of the base under the backfill. The toe is the other
part of the base [6].

The determination of the stability of concrete cantilever retainingwall is an impor-
tant task in geotechnical engineering practice. Concrete cantilever retaining walls
utilize the weight of the soil itself to produce stability. Patil andWagh [7] carried out
a work on providing a pressure relief shelf toward the back side of the wall which
increases the stability and overturning capacity of the wall. By providing shelf, quan-
tity of construction materials such as concrete and steel is reduced by 35% and 18%,
respectively. Padhye and Ullagaddi [8] have experimentally proved that providing
the shelf to the back of retaining wall increases the stability against overturn and
sliding.

The failure of concrete cantilever retaining wall is categorized as a geotechnical
disaster because it causes major economic losses. According to Aswin [9], the main
reason for the failure was the improper design of the concrete cantilever retaining
wall. Retaining walls must be designed carefully to withstand lateral pressure of the
earth, which tends to cause a failure of the structure. Design of concrete cantilever
retainingwalls involves stability checks for overturning, sliding, and bearing capacity
[10].

Design of retaining walls has traditionally been carrying out using simpli-
fied method of analysis such as limit equilibrium method (LEM) and empirical
approaches. This approach is limitative and lacks the information needed for an
accurate design. Thus, they cannot provide the engineer with all the desired design
information. Therefore, this paper presents a study to introduce the comprehensive
and safe design analysis of concrete cantilever retaining walls using the combination
of limit equilibrium method (LEM) and finite element method (FEM). The introduc-
tion of numerical or finite element software has resulted in considerable advances
in the analysis and design of civil engineering structures. Therefore, it is of great
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encouragement to study and understand the use of this software in solving practical
problems of concrete cantilever retaining walls.

2 Methods

In this study, design of concrete cantilever retaining walls was created by PROKON
software using limit equilibrium methods (LEM). Figure 1 shows the concrete
cantilever retaining wall layout. The design process was carried out in accordance
with BS 8110 procedures and used Coulomb theory. Input data consists of (i) height
of wall, (ii) angle of slope, and (iii) surcharge. Output data consists of the external
stability, namely factor of safety (FOS) for: (i) sliding, (ii) overturning, and (iii)
bearing capacity.

The finite element analysis was conducted using GeoStudio software, which is
a widely used finite element program for a broad variety of geotechnical, geoenvi-
ronmental, civil, and mining engineering projects [11]. It is mostly used for analysis
like stress strain, seepage, slope stability, dynamic analysis, and water drawdown
in the reservoir [12]. It is also easy to learn and is user-friendly. In this study,
the GeoStudio 2012 software consisting of SIGMA/W and SLOPE/W was used
to generate FEM calculations. Using the same geometry of the wall and surcharges
in LEMmethod, simulations were performed using a two-dimensional finite element
analysis to calculate (i)maximumfoundation settlement, (ii)maximumsurface settle-
ment, (iii) maximum deflection, and (iv) global stability. Table 1 shows information

Fig. 1 Concrete cantilever
retaining wall layout
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Table 1 Properties of materials

Material Model Unit
weight γ

Cohesion c Frictional
angle φ

Young’s
modulus
E

Poisson’s
ratio v

(kN/m3) (kN/m2) (Degree) (kPa)

Soil layer
(clay)

Elastic-plastic
(Mohr-Coulomb)

17 29.6 26.5 50 × 103 0.3

Concrete
wall
(concrete
grade =
M35)

Linear elastic 24 500 45 30 × 106 0.2

Backfill Linear elastic 18 0 48 200 ×
103

0.3

on the properties of materials used in FEM modeling. The unit weight values for
concrete wall and backfill are similar to those used in LEM design. A mesh with an
element size of 1.0 m and a total of 287 elements were applied in FEM analysis.
Figure 2 shows the modeling of the concrete cantilever retaining wall. Then, the
results of FEM analysis will be compared to the results of field study using the orig-
inal design of concrete cantilever retaining wall structure. The comparison between
the finite element analysis and field monitoring results would help engineers to get
better understanding of the real soil behavior compared to finite element modeling.

Fig. 2 Modeling of the retaining wall
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Table 2 Results of LEM
analysis

Stability checks LEM

FOS for sliding 8.04

FOS for overturning 13.78

FOS for bearing capacity 4.07

Table 3 Results of FEM
analysis

Stability checks FEM

Maximum foundation settlement 11.77 mm

Maximum surface settlement 21.43 mm

Maximum deflection 4.34 mm

Global stability 2.342

3 Results and Discussion

3.1 LEM Analysis

The detailed result obtained from the LEM analysis is summarized in Table 2. The
results of external stability, which consists of stability of sliding, overturning, and
bearing capacity that developed from LEM analysis, are satisfactory.

3.2 FEM Analysis

Table 3 shows the summary results obtained from FEM analysis.
The maximum foundation settlement locations for FEM analysis are shown in

Fig. 3a. It was found that the maximum foundation settlement was located at node
78 and 79 with a value of 11.77 mm. The maximum foundation settlement occurs at
the back of the base of the wall. Figure 3b shows the maximum surface settlement
using FEM analysis, with a value of 21.43 mm at node 124. It was found that the
maximum surface settlement was located at the shoulder of berm drainage. Figure 3c
shows the results obtained through the FEM analysis of the maximum deflection.
The maximum deflection of the wall after eight months of construction occurs at
node 157 with a value of 4.34 mm. Global stability that has taken into account the
influence of settlement and deflection using FEM analysis is shown in Fig. 3d. The
global stability was found with factor of safety (FOS) value of 2.342. This result
indicates that the retaining wall has a satisfactory and non-critical global stability.

When the results of FEM analysis and field study are compared, it was indicated
that the FEM simulation model is reliable because it produces results that are very
similar to those obtained in the field. The comparisons elucidate that the developed
finite element model is satisfactory in its performance.
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(a) Maximum foundation settlement            (b) Maximum surface settlement

(c) Maximum deflection                                 (d) Global stability

Fig. 3 Results of FEM analysis for a maximum foundation settlement, b maximum surface
settlement, c maximum deflection, and d global stability

4 Conclusions

The comprehensive design of concrete cantilever retaining wall was produced from
the combination of LEM and FEM methods which contain external and internal
stability. The external stability analysis consists of FOS for sliding, overturning, and
bearing capacity. Meanwhile, the internal stability analysis involves maximum foun-
dation settlement, maximum surface settlement, maximum deflection, and global
stability. The finite element method is very useful as it can provide much additional
information, such as stress distribution and displacement that is difficult to obtain
from model tests.

As conclusion, this study can address the shortcomings in design of concrete
cantilever retaining walls that do not take into account the foundation settlement,
surface settlement, deflection, and global stability in design calculations. It can
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help the consulting engineers produce a comprehensive design, and the stability
of concrete cantilever retaining wall can be enhanced.
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Use of Waste Low-Density Polyethylene
(LDPE) as Bitumen Modifier in Asphalt
Concrete-Binder Course (AC-BC) Mix

Sukobar, Machsus Machsus, Rachmad Basuki, Amalia Firdaus Mawardi,
and Moh. Firli Firdausi

Abstract The purpose of this study is to investigate the possibility of using
low-density polyethylene (LDPE) plastic waste as a bitumen modifier for asphalt
concrete-binder course (AC-BC) mixtures. The influence of LDPE obtained by
various mixing temperatures and LDPE content on the Marshall properties on road
pavement was investigated. LDPE mixing process in this study uses the dry method.
It means that LDPE plastic material is directly mixed into aggregate; when the aggre-
gate is heated, then the mixture of aggregate and LDPE is added to hot asphalt. In
this research, asphalt with penetration of 60/70 is used. Its optimum asphalt content
(OAC) is 5.65%, while LDPE added are 2, 4, and 6% of the asphalt by weight. Each
variation of LDPE contents was carried out making 5 specimens. The results showed
that the addition of LDPE plastic waste into the AC-BCmixture had a positive effect
on Marshall properties on road pavement. The addition of LDPE plastic waste has
been able to increase the value of stability andMarshall quotient (MQ). Besides that,
the values ofMarshall properties such as voids in mix (VIM), voids in mineral aggre-
gates (VMA), voids filled with asphalt (VFA), and flow also still meet Indonesian
National Standard (SNI).

Keywords Plastic waste · LDPE · AC-BC ·Marshall properties

1 Introduction

Recently,waste is a problem that is being faced by all countries in theworld, including
Indonesia. Indonesia is in the second position in the world with the amount of plastic
waste in the sea which reaches 1.29 million tons per year. Plastic waste has a bad
impact on the environment, because it is difficult to be decomposed by the soil
naturally. Trials on the use of plasticwaste for road construction have been carried out
by the Ministry of Public Works and Housing (PUPR). Construction of a kilometer-
long highway is estimated to require 2–5 tons of plastic waste [1].
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Low-density polyethylene (LDPE) is a type of plastic waste that has the potential
to be used as an added material in flexible pavement. The characteristics of this
plastic waste which are made from petroleum have a low density of 0.91–0.94 g/cm3,
and a melting point of 105–115 °C. In this study, an investigation was made about
the possibility of using LDPE-type plastic waste as a bitumen modifier for asphalt
concrete-binder course (AC-BC) mixtures [2].

2 Materials and Methods

This research uses the following materials: waste plastic bags, asphalt, Portland
cement, and aggregate combined. Figure 1 shows the composition of the combined
aggregate used in the AC-BC mixture in accordance with the SNI Specifications
consisting of: 13%coarse aggregate (10–20mm), 20%coarse aggregate (10–10mm),
medium aggregate 20% (5–10 mm), 45% fine aggregate (0–5 mm), and 2% filler.

The addition of LDPE plastic waste to the AC-BC mixture in this study uses
the dry method. This means that LDPE particles are added to the hot aggregate,
and stirred until the LDPE particles cover the aggregate. Furthermore, hot asphalt
is poured into the aggregate, which has been mixed with LDPE plastic waste. This
method was chosen because it is easier and cheaper than the wet method [2, 3].

The composition of asphalt content used for calculation of optimum asphalt levels
(OAC) is 5.65%. The composition was calculated based on an aggregate weight of
1200 g, and an OAC value of 5.65% was obtained. Besides, the proportions of the
addition of LDPE are 2, 4, and 6% to the weight of asphalt content. These additional
particles of plastic waste can reduce the total weight of asphalt in theAC-BCmixture.

Fig. 1 Aggregate blending
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3 Result and Discussions

The effect of usingLDPEobtainedwith various levels of asphalt changes theMarshall
properties values. Marshall properties observed and tested in this study consisted of:
density, void in mix (VIM), void in mineral aggregate (VMA), void filled asphalt
(VFA), Marshall flow,Marshall stability, andMarshall quotient. Marshall test results
on the AC-BC mixture with the addition of LDPE can be explained as follows.

Figure 2 shows that the density values obtained between the AC-BC mixture
without and with the addition of plastics are almost the same, with a maximum
difference of 0.01 g/cm3. This means that the addition of LDPE plastic waste does
not significantly influence the density value of the AC-BC mixture, because the
proportion is only up to 6% of the optimum asphalt content (OAC). In other words,
the difference in density values in the variation of the addition of plastic is more
influenced by other factors [4].

VIM values are obtained in the AC-BC mixture without and with the addition
of plastic coinciding with the lower bound value in the provisions of the Indonesian
National Standard (SNI) as shown in Fig. 3. All variations of the mixture also met the
requirements, except AC-BCmixture with the addition of 6% plastic. The VIM value
indicates that the percentage of cavities in the AC-BC mixture is indeed relatively
small or not porous. However, the characteristics of mixtures with VIM values lower
than 3% have the potential to cause plastic grooves and swelling, even though they
are waterproof and do not easily crack early [4, 5].

Figure 4 shows that the VMA value obtained in the AC-BC mixture without
and with the addition of plastic is above the minimum boundary, which is 14%. A
minimum VMA limit is needed to prevent the occurrence of asphalt shortages in the
AC-BC mixture, because it causes the granules in the mixture to break easily and
crack. VMA value that meets SNI standards affects the durability of road pavement,

Fig. 2 Relationship of density and plastic contents
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Fig. 3 Relationship of VIM and plastic contents

Fig. 4 Relationship of VMA and plastic contents

so the level of road service can be maintained according to the pavement age. The
maximum difference between the AC-BC mixture without and with the addition of
plastic is only 0.214%. The maximum difference occurs in the addition of 4% plastic
content. The graphic illustration in Fig. 4 shows that the addition of LDPE plastic
waste can increase the VAM value at the plastic content of 2–4%, but at a plastic
level of 6% there is a decrease [4].

The VFA value obtained in the AC-BC mixture without and with the addition of
plastic is above the minimum boundary (65%) as shown in Fig. 5. The maximum
difference between the AC-BC mixtures without and with the addition of plastic is
1436%. The maximum difference in VMA value occurs in the addition of 4% plastic
content. The addition of LDPE plastic levels can reduce the VAM value in the plastic
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Fig. 5 Relationship of VFA and plastic contents

content of 2–4%, but at a plastic level of 6% there is an increase. VFA functions to
cover aggregate grains in the AC-BCmixture. A minimumVFA of 65% is important
to prevent road pavement from being worn out. VFA values that meet the standards
can prevent the mixture from rutting easily against heavy traffic loads [6].

The graph in Fig. 6 shows that the addition of plastic content to the AC-BC
mixture can increase the stability value with a very high increase above the minimum
boundary. The stability value in the AC-BC mixture without the addition of plastic

Fig. 6 Relationship of stability and plastic contents
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Fig. 7 Relationship of flow and plastic contents

was 1781.4 kg. The stability valuewas increased to 1813.6 kgwith the addition of 2%
plastic content, and increased again to 1930.8 kg for 4% plastic content. The highest
stability value of 2079.7 kg occurred in the addition of plastic content by 6%. This
shows that the addition of LDPE plastic waste causes locking between aggregate
particles and the binding capacity of modified asphalt to aggregate becomes stronger
[3, 7].

From Fig. 7, it is known that the flow value obtained in the AC-BC mixture
without and with the addition of plastic coincides with the maximum boundary
value in accordance with the provisions of the Indonesian National Standard (SNI).
All variations of the mixture also meet the requirements between the minimum and
maximum boundaries. The flow value shows that the AB-BCmixture is able to adapt
to changes in shape due to loading, so that the pavement does not crack easily. But
the amount of flow is also limited to prevent waves and grooves in the pavement, so
that the pavement provides comfort and safety of traffic [1, 5, 7].

Adding plastic content to the AC-BC mixture can increase the MQ value very
high above the minimum boundary, as shown in Fig. 8. The MQ value in the AC-
BC mixture without the addition of LDPE plastic waste was 430.1 kg/mm. The
MQ value decreased slightly to 430 kg/mm in addition of 2% plastic content, then
increased again to 462 kg/mm in addition of 4% plastic content, and increased again
to 500.5 kg/mm in addition plastic content by 6%. All variations of the AC-BC
mixture have also fulfilled the requirements because the MQ values were obtained
above 250 kg/mm [8, 4].
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Fig. 8 Relationship of MQ and plastic contents

4 Conclusions

Based on the literature review, analysis, and discussion, it is concluded that [1]: The
results showed that the addition of LDPE plastic waste into the AC-BC mixture
had a positive effect on Marshall properties on road pavement. The addition of
LDPE plastic waste has been able to increase the value of stability and Marshall
quotient (MQ). Besides that, the values of Marshall properties such as voids in mix
(VIM), voids inmineral aggregates (VMA), voids filledwith asphalt (VFA), and flow
also still meet the Indonesian National Standard (SNI) [2]. The results of this study
are believed to be able to contribute positively to the development of sustainable
pavement material technology for road infrastructure works. The composition of
combined aggregate from the AC-BC mix could be formulated as follows: 13% of
coarse aggregate (10–20mm), 20%of coarse aggregate (10–10mm), 20%ofmedium
aggregate (5–10 mm), 45% of fine aggregate (0–5 mm), and 2% filler.
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Comparison of Energy Efficiency
and Thermal Comfort Technology: Case
Studies of Tsinghua Eco Studio & S11
House

Tan Jia Moon, Nangkula Utaberta, Chia Lin Lin, and Nayeem Asif

Abstract In the oldendays, the passive designwas taken for granted in the traditional
architecture, as the technology was not so advanced. In modern days, the advance of
technology has provided greater comfort with the cost of energy consumption. By
foreseeing the future, the fellow profession has discussed energy efficiency, partic-
ularly in the building industry, to reduce the rate of resource depletion. Besides
that, energy efficiency is also directly affecting the thermal comfort of the occu-
pants within the building. Buildings that were constructed within the tropical region
can incorporate their advantage of small temperature difference into their building
design and technology. Therefore, this paper is discussing the comparison between
the differences in green innovation from two buildings, which are located in two
countries with a similar climate.

Keywords Energy efficiency · Thermal comfort · Passive design · Tropical
region · Green building

1 Introduction

A building consumes massive energy when it is occupied. As energy consumption
costs a huge amount of resources, it is contributing to the energy depletion of the
world. Therefore, green building has become popular to reduce the energy consump-
tion of a building. Energy efficiency is one of the key issues that is highly discussed
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in the industry of green building. Therefore, this paper takes a step further to discuss
the difference between green innovations from two buildings located in the countries
with a similar climate.

2 Literature Review

This paper is studying the innovative technologies that can contribute to energy effi-
ciency and thermal comfort. The first case study is S11 House. It is Malaysia’s first
GBI Platinum-rated house. It is located at the older suburban area in Petaling Jaya. It
is owned and designed by Dr. Tan LokeMun. The concept of the house is drawn from
the idea of space under the shade of large tree canopy. The green tropical house is
surrounded by five significant trees on the site. These trees are three old frangipanis,
a largssse star fruit tree and a coconut palm tree [1]. While the second case study
is Tsinghua Eco Studio. It is the first demonstrating and experimental Nearly Zero
Energy Building of the Gui’an Innovation Park in southwest China. It is a project
derived from the joint program by Tsinghua Holdings Human Settlement Construc-
tion Group (THHSCG) and BRE (Building Research Establishment) from the UK.
The idea is to build a sustainable building that fulfills the requirement of the Building
Research Establishment Environmental AssessmentMethod (BREEAM). The studio
is connected with the constant ecological sponge city landscape, providing beautiful
scenery for the guests. The two floors above ground can serve as a large exhibi-
tion space, while one single underground floor can act as facilities and storage area.
The modular double-skin façade system is a unique integration of vernacular rattan-
weaving craftsmanship with industrial prefabrication technology, highly expressing
site-specific characteristics while promoting local traditional industry and economy
[3].

3 Research Methods

This study adopts a qualitative strategy to acquire secondary data and analyzes them
through descriptive analysis. Two study cases have been selected based on their
relevancy on the current topic. Findings from the study cases are compared to derive
a conclusion on how efficiently the cases can resolve the issue in hand. The final
results are discussed at the end of this paper.
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4 Analysis and Results

4.1 Case Study 1: S11 House

The first case study is S11 House. For energy efficiency, lightweight concrete blocks
of the house are insulated with heat reflecting paint applied. This helps to lower
down the heat absorption from radiation. The house has been built with north–south
orientation for its openings to avoid direct heat gain from the sun yet still receive some
daylight into the building, while the east and west walls have less opening. Large
tree-like canopy roof is constructed of lightweight recyclable profiled steel metal
sheets coated in a light, off-white color to minimize heat absorption. The indoor
environmental quality of S11 is related to the method of bricklaying. Bricks are laid
with hollow spaces between one another to allow for ventilation into the building.
This also enriched the user experience through the penetration of light into space [1].

Open spaces were allowed for landscapingwhich are able to reduce the heat island
effect of the area. The local materials, like bricks and hardwood from the debris of
the demolition, were then reused for the new construction. In the house, there is
a total of 15 specially designed wind turbines with a steel framed glazed pyramid
which provides stack effect ventilation and light in the house [2]. The turbines are
driven by wind and convection of air within the glass pyramid, which is heated up
as a result of the greenhouse effect [1].

4.2 Case Study 2: THE-Studio

The development of multi-system integrated design strategy is aimed to minimize
the negative impacts on the local ecological system by minimizing the construction
periodwhilemaximizing the indoor comfort and energy efficiency. Themulti-system
integration includes three levels: the parallel construction systems, the integration of
vernacular culture with sustainable technology, and the building information model
(BIM) platform.

The building consists of timber frameworks, prefab light-steel modules, sustain-
able services, and modular façade systems. All these systems are implemented in
parallel to accelerate the whole construction process, thus reducing negative interfer-
ence to the site. For example, the timber frameworks are assembled in the large-space
exhibition hall,while the prefab light-steelmodules are used to shape functional space
at both sides. All these structural components and joints are produced off-site and
swiftly assembled on site, leading to a significant saving of time and energy.

Sustainable service systems, including air through tunnel, biomass heating, photo-
voltaic thermal (PVT) system, rainwater collecting, control, and monitoring, are
mostly plugged into the cavity of façades, which can save installation time, increase
indoor flexibility, and provide potential space for additional equipment in future
experiments [5].
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BIM is adopted as integrating platform throughout building’s whole life span,
especially for coordination of construction, operation, and maintenance phases. A
series of measurements andmonitoring for thermal conditions, humidity, ventilation,
and luminous environments were carried out and further analyzed. The results veri-
fied that the detailed design methods and building technologies were effective and
appropriate during construction and operation stages. This information could serve
as a reference for other sustainable buildings in southwest China.

During the design stage, the architects still place their priority in terms of layout
and space planning, shape, andmaterial selection tomake the building adopt the local
climate. These are to ensure that the building canmaximize the indoor environmental
comfort by obtaining more natural light, ventilation, and sunlight control in a simple
manner.

The exhibition hall has a ventilating skylight to act as a chimney to promote
ventilation; at the same time, it also provides colorful light into the interior, creating
some visual elements inside the building. As for the second floor, four different
kinds of the rattan-weaving pattern are arranged according to the information local
solar radiation and wind pressure through software simulation. It aims to integrate
environmental performance, structural stability, and material durability [4].

The building also uses underground air through the tunnel as the passive air-
conditioning system, which can largely reduce energy consumption. The vertical
venting ducts are integrated into the air cavity of the double-skin façade and
distributed into the major working spaces, providing fresh air while creating indoor
comfort.

The double-skin facades consist of double-glazed façade on the first floor and
rattan-weaving double skin on the second floor. The combination of two façade
treatments are the climate responsive design elements for this building. Through
different operative modes of vents and windows, the double-glazed façade can adapt
the seasonal and daily changes of the outdoor environment and reach the expected
thermal and ventilation performance.

Besides that, the building encourages the use of renewable materials such as
timber, steel, and wheat-straw board and promotes the employment of vernacular
materials and craftsmanship such as traditional rattan-weaving, blue-stone floor
paving, and rubble wall masonry, which can both decrease the carbon footprint
during the building’s life span and create a unique architectural expression.

5 Discussion and Conclusion

Despite the fact that two buildings are in different categories, they are brought into the
comparison due to the similarity in size and climate—the two buildings are located
in the tropical and humid subtropical regions. Therefore, the concepts of their green
design innovation are alike.

Both green design features are designed with components to create a stack effect
by inducing convection of air inside the components. In my opinion, however, the
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design innovation for S11 House is not fully integrated with the building design. It
looks like an add-on to the building. In the interior of S11, it has been shown that
the 3 pipes are extended from the basement penetrating through the first floor to the
roof, while the design innovation for THE-Studio is not a separated entity, but part
of the building.
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Sustainability in Architectural
Conservation of Heritage Building:
A Qualitative Approach

Yeo Shu Han, Nangkula Utaberta, Nayeem Asif, and Norizan Daud

Abstract While there are many heritage buildings with over 50 years of age in
Malaysia, many are then left abandoned to decay. It is clear that given proper plan-
ning and consideration for conserving these existing structures, we are presentedwith
opportunities for adaptive reuse of buildings well designed to respond to the environ-
ment through passive means, without the need to demolish or clearing the existing
green sites for new constructions. However, conservation of heritage architecture is
not often discussed as part of the sustainable movement of architecture. This paper
will discuss the process and aspects of architectural conservation in Malaysia and its
relevance to the green building guideline.

Keywords Conservation · Heritage · Architecture · Sustainability · Bangunan
Sulaiman

1 Introduction

The idea of sustainable development started surfacing in the mid-1900s as scientists
began shedding lights on the pressing issue of environmental pollution crisis. With
that, the concept of green building and green building rating tools came about with
UK pioneering through BREEAM.

At the mention of sustainable architecture, most will immediately relate it to
building energy performance and building design strategies: passive strategy through
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means of vernacular strategy, active technology, and innovation that emphasizes on
renewable energy and energy efficiency. However, design is only one out of many
aspects encompassed in the concept. Sustainable architecture takes into account all
aspects of a building’s life cycle from design, construction, operation, and mainte-
nance to demolition, and analyses the process at every stage on its impact on the
environment. It is about the selection of materials, the method materials sourced, the
logistical aspect of transporting the materials to site, and finally, how much carbon
footprint is imposed throughout the life cycle of the building.

The greenest building are the ones that are already built [1].

In this context, Malaysia being the colony of many countries prior to its inde-
pendence houses many heritage buildings with other countries’ influences, many of
which are left derelict and unmaintained. Given proper maintenance and planning of
use to the size of existing buildings, the adaptive reuse of heritage buildings would
significantly reduce the impact on the environment by eliminating the process of
demolition and the planning and clearing of sites for new buildings. This paper will
focus its discussion on the sustainability of architectural conservation throughout the
process of conservation in the stage of construction works in Malaysia.

2 Literature Review

2.1 Architectural Conservation

Conserving national heritage assets and places retains and provides sense belonging
to the people in a built environment. Sense of belonging, shared heritage, and histor-
ical background in a diverse cultural society such as Malaysia are crucial in bringing
citizens together which contribute to nation building [2]. Each nation has its ‘historic
buildings’ that represent its past. Historic buildings are directly linked to nationalism,
through their roles in building and reinforcing national identity. Despite their physical
existence, historic buildings are ‘created’ rather than given: they must be constructed
as ‘historic’, through processes of choice and the attachment of significance [3].

One of the principal functions of heritage interpretation is to enhance the visitor’s
sense of place and place identity. If this is to occur, the interpretation should be
planned and designed with that outcome in mind [4]. The real heritage value is not
just in the physical structure, but in the stories that are part of that building and
its surroundings. Heritage building conservation is no exception, which essentially
comprises the physical evidence of our environment that symbolizes the tangible
cultural identity and heritage of the nation. In the case of Malaysia, it is a means of
affirming our national heritage and promoting solidarity, thus providing the means of
satisfying a wide variety of aspirations. The Malaysian government initiates relevant
legislations and enforcements as they play important roles in conservation of heritage
buildings to safeguard the spirit and identity of the nation.
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Linkage to past glories is often connected to using historic buildings as national
rallying symbols in the face of external threats. Wars and invasions have seen
remarkable changes in policy, as historic buildings of the previous opposed regimes
or internal groups become adopted as national symbols [3]. Hence, architectural
conservation is an important effort to sustain the historical narration of the city’s
existence.

2.2 Life Cycle Assessment of Heritage Building

The true concept of conservation is preserving the authenticity of the heritage based
on the original or historical evidence. Authenticity is a process or desire to reveal
the true nature of an object. The United Kingdom Guidance for Practice defines
conservation as the means by which the true nature of an object is preserved. The
true nature of an object includes evidence of its origins, its original construction, and
the materials by which it is composed and information as to the technology used in
manufacturing [5].

Heritage presents itself in both tangible and non-tangible forms as a narrative of
a nation. In the context of architecture, heritage building is a monumental represen-
tation of a country in its identity, history, and culture—through style of architecture,
as a form of memory and reminder of historical events that formed the nation that we
are today. Conservation can be seen as an effort to prolong the operational timeline
of a building, as well as an effort to maintain nation’s identity.

Building and structure gazettes as heritage are those that hold the value of history
or culture for more than 50 years. Given such, when technology and innovation were
not as advanced before the 1960s, buildings would rely solely on passive means of
design to achieve optimum indoor environmental quality of lighting and temperature
condition [1].

2.3 Case Study: Bangunan Sulaiman

Bangunan Sulaiman is one of the last three in the series of heritage buildings which
were constructed in Kuala Lumpur by the British. It is significant as an important
architectural heritage to our nation due to its location in the context with Kuala
Lumpur Railway Station, the current Majestic Hotel, Kuala Lumpur Railway Office,
Masjid Negara, Merdeka Square, and Stadium Merdeka, forming the prominent
heritage strip in Kuala Lumpur City Centre.

The building started its operation in 1930 as the head office to Federated Malay
States Railways, and it currently functions as the office for Asian International Arbi-
tration Centre (AIAC) since its conservation in 2011 [6]. The building adopts the
architecture language of art deco with implementation of simple geometrical forms
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of ornaments on minimal areas of its façade expressed through clean lines and
rectangular forms.

In addition to the original building which will be refurbished, the project involves the devel-
opment of new two-story car parking facility with a pavilion housing training facility on the
existing open car park space to the west of the original building. To the south, at the rear end
of the original building will be the two new structures – a single story open cafeteria and a
five-story block which will hold lifts and a staircase [7].

3 Interview with Conservation Architect of Bangunan
Sulaiman

An interview was held on 19 September 2018, at the interviewee’s office in PJU with
the objective of understanding the process and challenges faced in the conservation of
Bangunan Sulaiman. The researchers presented the following questions to Ar David
Cheah, the architect involved in Bangunan Sulaiman’s conservation:

Research questions Significant notes from the answers

What is the role of the architect in the
conservation of Bangunan Sulaiman?

• Visitation and study of selected heritage
building

• Restoration of building to original drawings
from national archive while ensuring interior
planning is suitable for current usage

• Build a car park block next to Bangunan
Sulaiman to increase the functionality of
building

What are the problems faced in the
conservation and the solutions taken?

• Constraint due to limited budget for high-cost
building restoration

• No physical contact allowed between heritage
and new structures, exterior to remain
unchanged

• New structure required by DBKL to respond to
heritage building while not outshining to
respect its authenticity

• Worker’s lack of knowledge on specialized
construction technique for specified building
materials to match the original building that are
often acquired from overseas

What is the relationship and importance
between heritage conservation and the
nation?
What is the role of heritage architecture
towards nation building in Malaysia

• Heritage building is of historical value to our
country, thus the need for conservation

• As aspect of tourism to boost the country’s
economy

• Architecture as narration to represent our
identity

• Modern examples of architect contributing to
nation building in Malaysia are Hijjas Kasturi
and Ken Yeang

(continued)
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(continued)

Research questions Significant notes from the answers

What are the suggestions to strengthen the
awareness and pride in heritage building
among our nation?

• Educate the young generation, students, as well
as public through adaptive reuse and
experiential activities

• Architects should design better or flexible
space and function for the heritage buildings in
order to increase the public engagement and
awareness to allow the users or future users to
appreciate the heritage building

• Heritage bodies and authority to align and
strengthen the conservation policy

4 Methodology

This study adopts qualitative strategy to acquire secondary data and analyses them
through descriptive analysis. Research through journals and literature reviews is
selected via online and Chen Voon Fee Resource Centre at Badan Warisan Malaysia
using keywords of heritage and conservation. Text analysis is then applied to examine
contents relevant to the architectural conservation in Kuala Lumpur and its relation
to sustainability towards environment and the nation. Bangunan Sulaiman is selected
as the case study to analyse the sustainability throughout its approach of architec-
tural conservation. Data on Bangunan Sulaiman is collected through site observa-
tion through visitation and interview with the conservation architect of Bangunan
Sulaiman, AR. David Cheah. The final results are discussed at the end of this paper.

5 Results and Discussion

While there are many heritage buildings with over 50 years of age in Malaysia,
many are then left abandoned to decay. It is clear that given proper planning and
consideration for conserving these existing structures, we are presented with oppor-
tunities for adaptive reuse of buildings well designed to respond to the environment
through passive means, without the need to demolish or clearing of existing green
sites for new construction. Unfortunately, as presented by the reality, there is a lack of
attention given to the process of maintenance and restoration work, and hence, these
buildings are left to be demolished when the structure decays beyond its function.

Green Building Index, while it should not be the limiting guideline to sustain-
able construction, is undeniably a benchmark that professionals in the construction
industry refer to measure the sustainability of their building projects. As we take
a look at the categories in Green Building Index (GBI), while there are categories
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listed for existing buildings, the breakdown is without consideration to the intri-
cate requirement expected for the gazetting of heritage buildings. Putting aside the
intangible narratives in the expectation of society and culture that ties a building
to any historical events, for a building to be gazette as heritage, it must retain to
its true nature. It must retain to good design or aesthetical characteristics that is the
architectural elements and features of original design, construction, and material that
represent its respective historical event.

Bymaking a comparison between the requirements ofGreenBuilding Index rating
tool and National Heritage Department, the contradiction which would not allow the
eligibility of heritage buildings is not allowed to be rated green or sustainable in
Malaysia as shown. This indicates that there is a gap in the green building guideline
that could be further revisited to accommodate to heritage buildings.

5.1 Building Design and Orientation

As society advanced with technological innovation, we began relying on mechan-
ical and technology means of solution. There are usually minor issues of overall
building heat gain in heritage buildings. Issues are overcome in overall site planning
and orientation of buildings to ensure minimum building surface and openings are
exposed to the east–west axis of direct sun path.

Taking case study of Bangunan Sulaiman as an example, the building shows that
Bangunan Sulaiman sits in a longitudinal position along the east–west sun path, thus
receiving minimal sun heat gain. The plans also indicate further buffer provided by
corridor surrounding the perimeter of the building. As wind travels in the south-east
direction, cross-ventilation is achieved at its optimum. However, due to the function
of the building for arbitration use, privacy of spaces is required and concealed.

SM5 in non-residential existing building category of GBI rating indicates that
parking capacity should be achieved for sustainable site management. Site of such
heritage buildings is often located in urban settings, as colonial countries develop
their administrative centres and township. Heritage requirements indicate that there
should be no extension to the existing structure as it differs it from its true form
but additional structure may be constructed within the site of heritage building as
long as it does not touch the existing structure. In cases such as Malacca where the
heritage town is already congested, there is no land available nearby the site and thus,
it would require a change in town planning and system to achieve parking facility
to accommodate for the building function and provide proper public transportation
linkage.
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5.2 Building Material and Maintenance

Extracted from the interview with Ar David Cheah, it is understood that the statutory
body for heritage in Malaysia requires the restoration works of the building façade
to be done entirely with its original materials. More often, similar in the case of
Bangunan Sulaiman, the specified materials are not available in our local context,
hence requiring sourcing and purchasing from a foreign country. In this term, it
has significantly reduced the sustainability of the building in the aspect of economy
through the increase in overall project cost of obtaining material and impact on the
environment by imposing of carbon footprint through the need of logistical solution.
Labour cost will also increase as many of the restorations consist of ornaments and
details that are beyond conventional construction, thus requiring skilled workers or
specialists.

Besides that, as technology was not as advanced during the time of construction
for buildings listed as heritage, innovation of building materials was similarly quite
limited in choice. With that, materials found in the building may not be the most
efficient when it comes to durability. Because of this, by emphasizing the use of
exact same material and not allowing replica, it will require frequent maintenance
and replacement works to the building with similar materials and hence to reduce
the overall sustainability of the building in the long run.

As heritage body has strict requirements for the building façade to be entirely
replicated in terms of form and materials, it is not possible to achieve MR1, MR2,
and MR6.

5.3 Cultural Sustainability and Nation Building

Efforts of architectural conservation are important and significant as heritage build-
ings are the physical symbolism and reminder of our nation’s common identity. The
heritage buildings are monuments left in time of representation of our history.

While awareness of importance of architectural conservation is given effort and
emphasis, the lack of funding system by the government in supporting the conser-
vation projects and lack of skilled workers with knowledge of applying materials
specified as the building’s original form in Malaysia become an issue.

Besides that, heritage buildings conserved in city of Kuala Lumpur are mostly in
terms of their external façade only. The lack of interaction of the people with the
buildings lacks opportunity to create memory and connection to bond the people to
embrace and appreciate the buildings as representation of nation’s identity. Therefore,
conservation of heritage buildings with proper integration and programme planning
to engage people in using the spaces provided allows better appreciation of people
to the buildings due to personal connection from memories created.
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Once the connection is established between the people and architecture heritage,
a common identity can be visualized in aid of nation building. Thus, the people will
garner more will and interest to be involved in effort of architecture conservation.

6 Conclusion

Heritage architecture carries the history and memory of a country. Appreciation and
connection of present users to heritage architecture inculcate the value of nation
within the people. Limited research has been done to discuss the architectural
conservation of the heritage and its relationship to sustainability.

Due to the conditions during the time of construction of heritage buildings, regard-
less of vernacular architecture or colonial architecture, the materials and design
consideration of such buildings are often still used as reference for the study of
passive design strategy in many schools of architecture. Given such condition, it is
clear that these buildings have already achieved the concept of sustainable architec-
ture, what more if efforts are put into proper system of maintenance and conservation
to ensure the structural integrity is retained. With that in mind, buildings of function
of similar capacity could adopt and reuse heritage structures; thus, the need to clear
green land for new construction in achieving sustainability in overall town planning
is reduced.

Besides that, sustainability ismore than just the environment, and it also comprises
aspects of culture, society, and economy of a country. Architectural conservation on
heritage building is an important symbolism to the people of our nation, as a reminder
in the backdrop of our common identity in the multicultural context and entity of
Malaysia. It is crucial to the effort of nation building, to strengthen the roots of the
people with these physical representations of stories heard from the history books.
On the other hand, heritage-based tourism is also one of the biggest economic drivers
of Malaysia.

Green Building Index Council should also work with related heritage council in
developing green building rating tool, specifically for heritage buildings. This guide-
line should take into consideration the aspects of cultural retention in the building
to ensure the narrative and representation of our history and identity remain for the
purpose of nation building so that sustainability is achieved in all aspects including
culture, economy, and environment. This is because such guidelines and certifica-
tions will give better encouragement to the professions in the construction industry
to take part in conservation of our heritage and use their respective expertise together.
Further studies may occur to find a balance and solution in solving the issues faced
in sustainable architectural conservation.
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Analysis of Road Traffic Services Due
to the Operation of Cibubur Greater
Jakarta Light Rail Transit Station

Rakhmat Shafly Syabana and R. Jachrizal Sumabrata

Abstract Cibubur is one of the areas developed by the railway transportation
network system in the form of light rail transit. Light rail transit development is
followed by the emergence of potential generation and attraction of the station’s new
trips. This study aims to analyze the influence of Cibubur LRT station operation on
the services of the surrounding road network traffic and also proposes alternative
development plans for the optimization of traffic services. In this study, the authors
use VISSIM for the traffic models simulation. The double constraint gravity model
is used to form the origin–destination (OD) matrix of the base year 2019. In deter-
mining the ODmatrix of the LRT operational year 2021, the growth rate approach is
used. The authors evaluate the simulation results of Cibubur LRT station according
to PT. Adhi Karya master plan and the alternative scenarios are proposed. The results
obtained showed that the operation of the Cibubur LRT station had a negative impact
on surrounding traffic services. This can be seen from the average speed of the
network which has decreased from 14 to 6–9 km/hr. Average network delay also
increased from 191 to 351–733 s/vehicle. Average network stop also increases from
10 to 23–50 s/vehicle. And the stop average delay also increases from 75 to 144–
393 s/vehicle. From the alternative development scenarios proposed, it was chosen
to make flyover as direct access from and to Jl. Transyogi was selected as the best
choice for optimizing road network services.

Keywords Traffic services analysis · Light rail transit · VISSIM · Double
constraint gravity model · Cibubur LRT station

1 Introduction

Cibubur is a residential area for commuters working in Jakarta. Cibubur is a devel-
oping area that not only has housing but also has government activities, services, and
business areas. In Regional Regulation No. 1 of 2015 concerning the Depok City
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Spatial Plan for 2012–2032, Cibubur includes the area where the railway transporta-
tion network system will be developed. Cibubur is included in the area of intermodal
service integration based on transit-oriented development (TOD). One of the efforts
being made in developing the railway transportation network system is the construc-
tion of a light rail transit (LRT). The construction of LRT Jabodebek was initiated
in 2015 through the Republic of Indonesia Presidential Regulation Number 98 of
2015 concerning the Acceleration of the Implementation of Integrated Light Rail in
Jakarta, Bogor, Depok, andBekasi. The construction of LRT in this areawill certainly
influence the surrounding area, one of which is the impact on traffic services. The
impact on traffic services caused by the operation of LRT station in this area must be
comprehensively studied. Therefore, this study was conducted to analyze the influ-
ence of the LRT station operational in the service of road network traffic around
it. In addition, alternative development scenarios that can optimize traffic service
conditions in the region are needed. In this study, the authors conducted a simulation
to answer those needs.

2 Methods

This research was conducted to analyze road traffic services due to the operation of
the Cibubur LRT station. The roads included in this study are Buperta Street, Taman
Bunga Street, Jambore Street, Karya Bakti Street, Putri Tunggal Street, Jagorawi
Toll Road, Alternatif Cibubur (Transyogi) Street, and Radar Auri Street (Fig. 1).

This study process can be seen in this flowchart below (Fig. 2).

Fig. 1 Scope of studied road network (radius 800 m from station) [1]
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Fig. 2 Research process flowchart
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Table 1 Zoning system

Zone Base year 2019 Operational year 2021

Zone 1 Transyogi Transyogi

Zone 2 Jagorawi (from Bogor) Jagorawi (from Bogor)

Zone 3 Buperta Buperta

Zone 4 Jagorawi (from Jakarta) Jagorawi (from Jakarta)

Zone 5 Cibubur Junction Cibubur Junction

Zone 6 Jambore Jambore

Zone 7 Wiladatika Wiladatika

Zone 8 Putri Tunggal Putri Tunggal

Zone 9 Radar Auri Radar Auri

Zone 10 – Cibubur LRT station

3 Results and Discussion

3.1 Zoning System

Making theODmatrix required zoning system development in the existing year 2019
and the operational year of LRT station 2021. In this study, the origin–destination
matrix was made with the constraint gravity model. The origin–destination matrix
will be used as input in building traffic models at PTV VISSIM (Table 1).

3.2 Traffic Model Development of the Base Year 2019

In the development of the 2019 base year model, origin–destination matrix needed
for each zone is defined in Table 2. The basic year OD matrix is obtained as follows.

The validation test was first performed with the GEH and MAPE statistical tests
[2]. The results of the GEH and MAPE statistical tests obtained from this ODmatrix
are 0.083 and 0.23%. Therefore, the matrix is declared valid and can be used as input
in modeling.

After the OD matrix is validated, modeling and simulation are carried out during
rush hour on a Thursday afternoon. This is based on the peak busy time obtained from
the results of the traffic counting survey conducted by IUTR. The simulation results
in the form of speed on the road network around the LRT station are then also used
for the validation of the model built, and validation is done by the same statistical
tests, MAPE and GEH. The validation test conducted resulted in an average MAPE
value of 8.22% and an average GEH of 0.379 so that the model built was valid and
representative of the actual conditions. Therefore, road performance results from
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Table 2 OD matrix of base year 2019

O/D 1 2 3 4 5 6 7 8 9 Oi
(calculation)

Oi
(survey)

1 0 115 25 1.017 116 1.319 44 411 100 3.149 3.156

2 762 0 16 438 101 568 13 177 43 2.117 2.122

3 82 22 0 4 5 87 0 13 3 217 217

4 2.578 677 213 0 21 82 1 73 18 3.664 3.672

5 73 19 4 85 0 156 4 49 12 401 402

6 1.488 4 11 854 197 0 52 695 170 3.471 3479

7 127 8 1 51 6 95 0 29 7 324 325

8 354 23 5 203 23 531 9 0 57 1.206 1.209

9 104 14 1 85 10 156 4 98 0 471 472

Dd
(calculation)

5.568 882 276 2.738 479 2.993 127 1.546 411 15.020

Dd (survey) 5.568 882 276 2.738 479 2.993 127 1.546 411 15.020

Table 3 Result of simulation
for the base year 2019

No. Parameter Result

1 Speed average 14.529 km/h

2 Delay average 191.371 s/vehicle

3 Stop average 10.187 s/vehicle

4 Delay stop average 75.850 s/vehicle

model simulations can be accepted and the base year 2019 model can be used as a
basis for modeling development in 2021 (Table 3).

3.3 Traffic Model Development of the Operational Year 2021

In the operational year of 2021, three different conditions were used related to the
access of the LRT station. First, modeling is based on the access planned by PT.
Adhi Karya and the remaining two conditions are alternative development scenarios
offered to optimize road network traffic performance.

In modeling for the operational year 2021, demand variations are used because
of the existing demand unknown. The use of demand variations as a plan for loading
road traffic causes four OD matrixes to be formed for the operational year 2021. The
formation of four OD matrixes is carried out with the Depok growth rate approach
of 5.45% per year (compound interest) [3], and assuming the number of trips in the
new zone of the LRT station is the result of shifting trips from the other nine zones
(Table 4).
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Fig. 3 Adhi Karyamaster plan (SKA-01), alternative scenario 1 (SKA-02), and alternative scenario
2 (SKA-03) [4]

The variation of demand is then used as input in making the model and was
combined with each access condition as shown in Fig. 3. Then, the simulation is
carried out to get the results of each measured parameter. The parameters used are
speed average, delay average, stop average, and delay stop average (Table 5).

From the three models simulated, it can be concluded that in general, the perfor-
mance of the SKA-03 model is the best of the three conditions. And from the simu-
lation results, it can also be seen that Adhi Karya’s access planning for LRT stations
has a negative impact on the road network traffic services around it (Table 6).

Overall, the operation of the Cibubur LRT station makes the average speed in the
road network decrease significantly.

4 Conclusions

Based on the results of the research and analysis that have been carried out, we can
conclude a number of things as follows:

1. In the basic year 2019, the condition of the road network in the Cibubur area
during the afternoon rush hour has an average speed of 14.529 km/h, a delay
of 191.371 s/vehicle, stop average of 10.187 s/vehicle, and a delay average of
75.850 s/vehicle.

2. Operations of the Cibubur LRT station with a station access plan based on the
planning of PT. Adhi Karya caused the average road network speed at the after-
noon rush hour to be 5–9 km/h, delay average 351–733 s/vehicle, stop average
23–50 s/vehicle, and delay stop average 144–393 s/vehicle.

3. The best alternative scenario for optimizing the performance of the road network
is to make LRT station access directly from and to Transyogi Street (SKA-03).

4. The speed of the vehicle in the station access road is affected by modal split.
More and more public vehicles used in the station make the speed on the access
road increase.
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Table 6 Comparison of performance of models with existing models

Scenario Demand Delay average
(%)

Stop average (%) Speed average
(%)

Delay stop
average (%)

SKA-01 D-01 283.100 400.227 −65.295 165.751

D-02 118.721 181.580 −42.056 53.909

D-03 126.388 210.062 −43.439 52.042

D-04 83.923 134.741 −34.250 35.854

SKA-02 D-01 219.607 288.901 −58.265 132.851

D-02 120.866 174.756 −42.137 58.236

D-03 136.027 215.597 −44.957 60.374

D-04 79.204 122.564 −33.143 36.070

SKA-03 D-01 115.514 161.025 −46.040 70.217

D-02 86.144 117.551 −36.189 43.270

D-03 82.668 100.706 −35.037 45.459

D-04 37.599 25.566 −19.536 25.325
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The Analysis of Pedestrian Scenarios
in Public Spaces (Case: Harjamukti LRT
Station, Cibubur)

Lucky Steffano Samuel Situmorang and R. Jachrizal Sumabrata

Abstract The development of an areamustmeet various supporting aspects so it can
develop rapidly, one of them being transportation. Transportation as the lifeblood of
a country’s political, economic, social, cultural, defense, and security life should be
considered by the government so the purpose of transportation use will be successful.
In 2015, through Presidential Regulation (Perpres) Number 98, the government-
appointed PT. Adhi Karya Tbk. to carry out the construction of Jabodetabek LRT
(Light Rapid Transit) infrastructure with one of them being the Cibubur-Cawang
route Cibubur Station must be noticed with the rights of its users. LRT passengers
should be moving within the scope of the station building on foot. This research is
intended to analyze the level of service of pedestrian scenarios at LRT stations when
they are completed and being operated. The research was conducted by simulating
pedestrian models at the Station with plan design using Viswalk PTV software.
Model parameters are estimated based on the parameters of the target passenger
plan conditions. This research resulted that station design in the plan and alternative
scenarios is still able to accommodate the number of passengers planned with a few
notes. The level of pedestrian service for areas, ramps, and queues in alternative
scenarios tend to be better than the planned scenario. Anticipation needed when the
station has been operating due to various possible scenarios that affect the level of
service of LRT Harjamukti Station, Cibubur.

Keywords Level of service (LOS) · Simulation · PTV viswalk · LRT station ·
Area · Ramp · Queuing · Scenario · Alternative

1 Introduction

Transporation as a life nerve of politic, economic, social, culture, safety, and defence
should be the first attention by the government so that the function of it will be
successful. Transportation network system success is assessed by its effectivity. This
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system should guarantee user safety, accessibility, integration, capacity, orderliness,
punctuality, and other aspects. As an Indonesian government effort in developing
mass transportation infrastructure in the capital city, they assign PT Adhi Karya Tbk
through Peraturan Presiden (Presidential Regulation) No 98 the year of 1995 to build
LRT infrastructure. LRT development plan is expected to provide opportunities of
development of the surrounding area. One of the routes to be built is Cawang-Cibubur
route aiming to reduce traffic congestion, which has become a problem by expecting
people to use public transportation. This route is expected to be completed at the end
of 2019. This route will have the Harjamukti Station as the end platform.

One of the transportation components within the Cibubur LRT station is pedes-
trians who have used and will use the train. The rights are regulated and protected in
UUNumber 22Year 2009. In this regulation, giving priority for safety and comfort in
traffic management and engineering has been stated. The protection and fulfillment
of pedestrian rights must be considered when planning and building public facilities.
In this research, the study case is Cibubur LRT station where users in the building
will walk on foot. This research aims to analyze the level of service of pedestrian
facilities in public spaces at the Cibubur LRT station when it is operating.

2 Literature Review

A ‘pedestrian’ is a person on foot, or in or on a contrivance equipped with wheels
or revolving runners that is not a vehicle. This can include an able pedestrian, a
person pushing a pram, a person on a skateboard, a person in a wheelchair, and a
number of other users [1]. Pedestrians are also people who are in the early and final
phases of motorized travel; the driver or passenger walk towards the vehicle when
they are parking, drive to their destination, park their vehicle, and walk to their final
destination. In urban centers, pedestrian flows can be very significant and must be
accommodated in the planning and design of traffic, facilities, and signs. Pedestrian
safety is also a big issue because pedestrians are at a disadvantage when there is a
potential for vehicle conflict with pedestrians, for example at intersections [2].

The level of service (LOS) of pedestrian facilities is intended to determine the
qualitative aspects of the design that has beenmade. Designers of pedestrian facilities
must pay attention to all elements such as pedestrian characteristics and platoon
formation due to traffic light cycles or queues [3]. The service level standard used is
based on the number of people at large. The level of pedestrian service on a pedestrian
path is divided into six levels based on the range of modulus of pedestrian space filled
(Table 1, [6]).
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Table 1 Pedestrian level of
service

Level of
service

Pedestrian space (m2/p)

On pedestrian
path

On stairs When
queueing

A >5.6 >1.9 >1.2

B 3.7–5.6 1.6–1.9 0.9–1.2

C 2.2–3.7 1.1–1.6 0.6–0.9

D 1.4–2.2 0.7–1.1 0.3–0.6

E 0.75–1.4 0.5–0.7 0.2–0.3

F <0.75 <0.5 <0.2

3 Methods

Themethodology of analyzing the scenario of pedestrian services at the Cibubur LRT
station begins with the formulation of the research problem, then the researcher con-
ducts a literature review to determine the variables needed for the simulation. Next,
the researcher collected secondary data from the Harjamukti LRT station developer,
which is the target number of services and the geometry of the layout of the planned
location. After the data collected, the researchers made a simulation model using
PTV Viswalk software and ran the simulation. In developing the model, it is nec-
essary to define the inputs, processes, and desired outputs. Simulation models may
utilize physical designs, such as networks or facilities, and often require collection
of data, sometimes in considerable details, and their translation in a form that can
be put into mathematical formulae and relationships of the program [4]. Pedestrians
can only move on the designated areas and ramps, hence, those areas are created on
all walkable locations. If there is a location in the area where pedestrians do not or
cannotmove, an obstacle can be created on top of the pedestrian area. Construction of
several smaller areas rather than one large area is recommended in order to minimize
the computational efforts [5]. The simulation that is run then needs to be validated
to prove that the model created can describe real conditions. After the simulation
is stated it can describe the real conditions, then researchers analyze the simulation
results according to the level of service. From the results of the analysis, conclusions
can be drawn.

Determination of the variables used in this study was determined based on a
literature review conducted by researchers. These variables are the pedestrian volume
and the LRT travel headway.
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4 Data Analysis and Discussion

4.1 Forecasting Pedestrian Movements

The built model requires input data which are variables that change to affect the
model scenario. The variables are developed into:

1. Headway variable for LRT trips

In this model, two scenarios are determined based on the headway variable, which
is 5 min as the planned headway and 10 min as an alternative headway.

2. Number of alighting pedestrians variable

The number of alighting pedestrians depends on the capacity of the train line that
stops at the station. The normal capacity of the LRT with 6 cars is 708 passengers
and the maximum capacity is 1248 passengers.

3. Number of boarding pedestrians variable

Passengers who board or want to depart on the model will start from the plaza
area on the ground floor. The appearance of pedestrians in the model is determined
on the Input Pedestrian, which is placed in the plaza area. The volume of pedestrians
departing is referred to by the capacity of the train and headway circuits. The number
of passengers who will travel (boarding) is obtained from the following formula.

V = Oc × 60

H
× n

V Total number of passengers (passenger/h)
Oc Normal capacity of train circuit (passenger)
H Headway train series (min)
N Occupancy Factor (%).

From the three variables mentioned above, each scenario is combined to pro-
duce four planned scenarios and four alternative scenario simulations. The following
scenarios are arranged as follows (Table 2).

4.2 Simulation Results

Pedestrian level of service for areas in the simulation is using parameters based on
AASHTO, 2000 for numerical data processing and color diagrams in the simulation.

Figures 1, 2, and, 3 show the color diagram of the service level of each unpaid
area, north and south paid areas, and west platform for each of the plan scenarios
and alternative scenarios. For all the areas mentioned, there has been a significant
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Table 2 Combination of modeling scenarios

Scenarios Boarding Alighting Headway
(min)LRT

occupancy
factor (%)

Total
passengers
(passanger/h)

LRT
occupancy
factor (%)

Total
passengers
(passangertrain)

Plan 1 50 7.488 50 624 5

2 75 11.232

3 50 7.488 75 936

4 75 11.232

Alternative 5 50 3.744 50 624 10

6 75 5.616

7 50 3.744 75 936

8 75 5.616

Fig. 1 Color diagram of unpaid area plan scenario (left) and alternative scenario (right) 1–4 under
maximum density conditions

Fig. 2 Color diagram of North paid area plan scenario (left) and alternative scenario (right) 1–4
under maximum density conditions

increase in the level of service areas with the expansion of service area A and the
reduction in service area F in the area concerned. All service level color diagrams
were in maximum density conditions when the simulation was run (Figs. 4 and 5).

In the level of service color diagramof the east platform for the plan and alternative
scenarios, almost all of the areas show the level of service F. Alternative scenarios
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Fig. 3 Color diagram of South paid area plan scenario (left) and alternative scenario (right) 1–4
under maximum density conditions

Fig. 4 Color diagram of the Eastern platform area plan scenario 1–4 under maximum density
conditions

Fig. 5 Color diagramof theEastern platform area alternative scenarios 1–4 undermaximumdensity
conditions

even increase the density of pedestrians waiting on the east platform, which is due to
the longer train headway which makes pedestrians increasingly pile up on the east
platform waiting for the train to be arrived.

The level of service on the stairs and escalators in all building components shows
a significant increase between planned and alternative scenarios. Alternative scenar-
ios can increase the average modulus of pedestrian space on stairs and escalators.
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Table 3 Combination of modeling scenarios

Scenarios Area
DensAvg 
(Ped/m2) 

Average 
Space

Modulus

Level 
of 

Service

DensMax 
(Ped/m2) 

Max 
Space

Modulus

Level 
of 

Service

Plan 

1 South Tap Gate Out 0,601 1,66343 LOS D 1,747 0,572426 LOS F
2 South Tap Gate Out 0,525 1,905538 LOS D 1,817 0,550315 LOS F
3 South Tap Gate Out 5,265 0,189919 LOS F 13,773 0,072607 LOS F
4 South Tap Gate Out 5,339 0,187287 LOS F 13,055 0,076597 LOS F

Alterna-
tive

1 South Tap Gate Out 0,263 3,801775 LOS B 1,722 0,580627 LOS F
2 South Tap Gate Out 0,281 3,560588 LOS C 1,691 0,59138 LOS F
3 South Tap Gate Out 0,661 1,513339 LOS D 2,513 0,397938 LOS F
4 South Tap Gate Out 0,646 1,54704 LOS D 2,529 0,395474 LOS F

However, for the comparison between stairs and escalators, stairs tend to increase in
greater modulus of pedestrian space compared to escalators. This is because pedes-
trians tend to prefer ramps that require less effort to move so that when the level
of escalator service is slightly better, pedestrians who initially want to choose stairs
will switch to using escalators because of less travel time and effort.

The level of service in the tap gate queue for the entire south and north sides and
for in or out routes also increased in alternative scenarios compared to the planned
scenario. Except for the southern tap gate out, the level of queue service at maximum
density conditions does not increase at all and the modulus increase in pedestrian
space is not significant. The service level of the southern tap gate out is shown in the
table (Table 3).

This is because the queue space in the southern paid area is smaller than the queue
space in the northern paid area. In the plan layout, the southern paid area is smaller
because there are more rooms that are used for station offices and others. Its level of
service cannot be increased and it must be considered carefully, given the level of
service in all scenarios when the maximum density condition is the worst.

5 Conclusions

Based on the results of the research and analysis that have been carried out, we can
conclude a number of things as follows:

1. Alternative scenarios when the headway of train is 10 min are better solutions
than the ones that have been run in the simulation. It shows an increasing level of
service in several aspects, namely area, ramp, and queue, compared to the plan
scenario, where F service levels are more common in various areas.

2. In areas such as first floor plazas, access bridges, north and south pay areas,
non-paid areas, and west platforms service levels in alternative scenarios have
been increased. However, on the east platform, for an alternative scenario, the
service level of the eastern platform area remains at LOS F, which is due to the
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increasing train headway, making pedestrians pile up on the platform waiting for
the train series to be available on the platform.

3. For the level of pedestrian services on stairs and escalators on the first and second
floors, they tend to increase in alternative scenarios compared to the planned
scenarios.

4. In the southern tap gate out queue, the level of pedestrian services tends to be
worse than the northern tap gate out even though it has been implemented in
both scenarios. This tendency occurs due to the queuing space on the south side
which is narrower due to the use of space as station office space which is more
than the north side.
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The Changes of Facades in Jengki
Building with Commercial Function
in Yogyakarta

Noor Zakiy Mubarrok and Sidhi Pramudito

Abstract Jengki is one of the architectural styles that was developed and spread in
several regions of Indonesia between the 1950s and 1960s. Buildings with Jengki
architectural style have their own values and identity as part of the development of
authenticmodern architecture in Indonesia. Until now, the existence of buildingswith
Jengki architectural style still can be found in Indonesia, one of them is Yogyakarta.
But over time, the existence of buildings with Jengki style has changed because of
several interests. The Jengki buildings often to be abandoned, they become unmain-
tained, damaged, or sold and then turned from residential into another function. This
condition also occurs in Jengki buildings in Yogyakarta. In this research, the authors
try to study the façade changes of Jengki buildings due to the function changes as
commercial buildings. Through the research, it is expected to be able to identify
which of the element on the facades of Jengki architectural style is still surviving,
change, or disappear, and also how far is it still recognized as a Jengki building.
This is qualitative-descriptive research with a purposive sampling technique. The
building samples categorized in Jengki architectural style, then analyzed based on
phenomena, especially in façades element which currently function as commercial
buildings. Based on the analysis, it was found that the changes in the façade elements
mostly occur in buildings that have functional change from the residential to commer-
cial. The addition or changes in the façade element make the characteristic of the
Jengki architecture less visible.
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1 Introduction

Jengki is an architectural style that was developed and spread in several regions of
Indonesia in the 1950s–1960s [1–3] in [4]. According to some literature, there is a
mention that Jengki is amodification and not an advanced stage of the previous archi-
tectural style, The Dutch Colonial Architecture [5]. Other sources also mentioned,
although synchronically not contemporaneous, the spirit of Jengki that emerged
could be called a typical Indonesian style [1]. Jengki is also said to be the style of
Indonesian’s modern architecture after independence.

As an architectural style, buildingswith Jengki style are basicallymore dominated
with functional purposes related to the tropical climate. Such as the slope of the roof
is rather steep to facilitate the flow of rainwater, the formation of a pentagonal that
extends upward on the wall for sun shading, the terrace to reduce the heat of the
indoor area, and the roster to providing natural air inside buildings [3]. But Silas [1]
said that the Jengki is also an architectural expression that illustrates the spirit of
freedom and independence from colonial politics in Indonesia around 1950s–1960s.
Therefore, in fact, buildings with Jengki architectural style have their own values and
identities as part of the development of modern authentic architecture in Indonesia.
The expression of freedom then combined with the functional aspect related to the
tropical climate, which becomes the main priorities in the Jengki buildings to create
a distinctive design.

Jengki as a modern Indonesian architectural style certainly has distinctive char-
acteristics, especially in its facade. The “eccentric” form mark the spirit of freedom
from colonialism in the past. Some of the characteristics of the facade elements of
Jengki buildings [3] in [6] are: The type of roof that is commonly used in Jengki
buildings is a gabble roof with a slope of approximately 35°, with different height,
Concrete folded structure above the terrace, Pentagon wall at the front of buildings,
roster as an aesthetic element not only for providing natural air inside the building,
and asymmetrical composition of doors and windows in the façade.

Nowadays, the existence of the buildings with Jengki style can still be found in
Indonesia, for example in Malang, Surabaya, Lawang, and Bandung (documented
through several scientific articles). But over time, the existence of buildings with
Jengki style has changed because of the demands of time. Its existence can even
be said to be threatened with disappearing because more and more buildings are
not used, old, not maintained, sold by the owner then the new owner changed the
functions and its form. And in the end, the buildings with Jengki style will become
a rare piece of architecture.

The same condition also occurs in Jengki buildings in Yogyakarta. Some build-
ings were abandoned by their owners and are poorly maintained. However, some
of these buildings have changed its functions into other forms of private buildings
(residential houses) into limited public buildings (commercial). The good side is
that with changes in function, indirectly, the Jengki buildings will continue to be
preserved and its existence will remain in the present. In this research, the authors
try to study the changes in building facades with Jengki style in Yogyakarta. Through
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the façade some information related to the culture since the buildings were built can
be gathered. Facade can also uncover the criteria of order and arrangement and is
credited with providing possibilities and creativity in ornamentation and decoration
[7].

Facade becomes important in architecture because from façade, an architectural
work can be recognized for its function, style, and even its meaning. The facade is
an element that connects the exterior and interior in architectural works, an element
in the enclosure of a building that has a meaning as the face of architectural work
[8] in [9]. Facades cannot be separated from architectural works. The facade is an
element that records the history of human civilization [10] in [9].

Some of the facade elements are roofs, walls, windows, doors, and floors [11],
while Krier [7] describes inmore detail about the elements forming the facade, which
consists of: entrance, the entrance is a transition area between exterior and interior.
An element of self-declaration of building occupants. The second is floors: the floor
is a building base, an element that has strong ties with urban areas. This is because the
floor has a direct connection to the ground/road. Commercial buildings and offices
often accommodate floors as part of identity. The third is windows and doors: the
window is related to the breadth of the view for the occupants in the building, ensuring
the penetration of sunlight into the room, as well as being a decorative element in the
facade. Doors have an important role in buildings. An element that allows humans to
penetrate a vertical wall, which can be made firm like a gate, or can be the simplest
way by punching holes in the wall. Placement of the entrance is also related to the
circulation of patterns of activity in space. The fourth is a fence (barrier): is a physical
boundary that separates the use of space. The fifth is roofs: This is the element that
is at the top of a building. Also, regarding the skyline of buildings, related to the
context of the surrounding environment. And the last is sign and ornament: as a sign
installed by the building owner, providing building identity information to the public.
Ornaments are a complement to the visual aesthetics of the building. As a decorative
element, the attraction to attract public attention.

Over time, the facadeof an architecturalwork can change.This change can result in
the erosion of architectural identity, and can even erode the identity of an area/region.
Economy factors, social, and cultural factors, as well as environmental ecology, are
the main factors that influence the changing of a facade [9].

The purpose of this research was to determine changes in the facade of the Jengki
building where the building currently functions as a commercial building. It is also
hoped that specific architectural elements of Jengki style can be identified which still
survives or disappear.

2 Methods

This research is included in a qualitative-descriptive study with a purposive sampling
technique. Building samples categorized in the Jengki architectural style, then
analyzed based on phenomena, through the façade elements: entrance, floors,
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windows, doors, fences, roof, sign and ornaments [7] to see how far the façade
changes in the commercial building with Jengki architectural style, and also how far
is it still recognized as a Jengki building.

3 Result and Discussion

The research sample located in the commercial area in Yogyakarta. First sample in
the Jl. Cik Di Tiro as a Café, the second sample in the Jl. Kartini as a Course place and
the third located in the Jl. Brigjend Katamso as a franchise restaurant. These three
sample objects can be accessed easily because they are located near the downtown
of Yogyakarta.

3.1 1st Sample Object; Coklat Café

Located in Jl. Cik Di Tiro no. 19, Gondokusuman, Yogyakarta, been a café since
1994. Several architectural elements can be identified as the characteristic of Jengki;
the folded concrete structure above the terrace, natural tone materials as decorative
façade, various applications of aesthetic elements (trellis pattern, fence), and various
window shapes with asymmetrical composition.

The existence of the café function in the Jengki building since 1994 has resulted in
several changes to the building façade. Analysis of changes that occur in the building
façade elements is as follows:

3.1.1 Entrance

The entrance to the site is designedwithout borders to showopenness as a commercial
building. Entrance to the building was changed by adding enclosure on the terrace
as an expansion area, with doors and glass windows in aluminum frame.

3.1.2 Floor

The site is located higher than the road, parallel to the pedestrian area, with a concrete
block, as a visitor parking area, and an outdoor café area at night. The floor of the
building is higher than the parking area as seen by the stairs to enter the building.
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Fig. 1 Changes to the Coklat cafe entrance building

3.1.3 Windows and Doors

The windows and doors at the entrance of the building were changed due to the
expansion area on the terrace. The oldwindow is still maintained, but the old entrance
is demolished to expand the indoor area (Fig. 1).

3.1.4 Fence

The café owner changes the fence by dismantling the original fence. The café design
has no barriers with the pedestrian ways, and makes it open to attract visitors.

3.1.5 Roofs

TheCoklat café retains the original roof, the limasan.Changes occurwith the addition
of a canopy with zinc and polycarbonate material at the front of the building, as a
sun shading and expansion of the outdoor cafe area. The installation of the canopy
adjusts to the existing concrete folded structure in the facade.

3.1.6 Sign and Ornaments

The building sign is placed separately from the building, which is in the building
yard, in the form of a vertical single sign (billboard) so it does not cover the building
appearance. The original ornament that is still preserved is Javanese letters (Wisma
Badra Naya) using metal material that describes the building owner, located on the
front wall of the building, which is emphasized against the background of black
natural stone (Fig. 2).
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Fig. 2 Changes to the fence, canopy additions and ornaments in the Coklat cafe building

3.2 Sample Object; Neutron Building

Neutron Building, a tutoring institution located at Jl. Kartini No. 1 Gondokusuman
Yogyakarta. It has the characteristics of Jengki stylewhich can be seen from the shape
of the gable roof with a slope of approximately 35°, concrete folded structure above
the terrace. Asymmetry composition in the facade can be seen from the articulation
of the facade, which is strengthened by the use of different natural stone materials
as decorative elements on the facade.

This building often changes its function, among others, into offices and cafes.
Since 2018 this building has been used by Neutron as a tutoring institution. Analysis
of changes that occur in the building facade elements:

3.2.1 Entrance

The entrance to the site has not changedwhile the entrance to the building is converted
into a 12 mm tempered glass door, frameless, give a welcoming impression to the
visitors.

3.2.2 Floors

The site is at a higher level compared to the road, with concrete block for the visitor
parking area. The terrace and the indoor area still maintains the original level and
material.

3.2.3 Windows and Doors

The main windows and doors of the building have been changed by Neutron, using
tempered glass, 12 mm frameless with the position still maintaining the composition
of the original building façade to give a welcoming impression to the visitors.
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Fig. 3 The main entrance and parking area of neutron building

3.2.4 Fence

Neutron is still maintaining the original fences of the building (Fig. 3).

3.2.5 Roofs

The main roof of the building and also the concrete folded structure above the terrace
does not change.

3.2.6 Sign and Ornaments

Billboard located in the front of the site, while banners hanging in the concrete
folded structure. The banner position makes the concrete folded structure less visible
(Fig. 4).

3.3 2nd Sample Object; Olive Chicken

Olive Chicken, a franchise restaurant located on Jl. Brigjen Katamso, Yogyakarta.
This building was originally a house and shop building, seen from the proportion of
openings in the facade. The left is a shop and the right is the entrance to the house.

Fig. 4 The sign and ornaments at neutron building
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Fig. 5 The entrance and floors in olive chicken

Been used by Olive Chicken since 2018. It has the architectural characteristics of
Jengki seen from the use of a saddle roof with a slope of approximately 35°, with
the position of the roof ridge that jutted forward, the concrete folded structure above
the terrace, asymmetry composition of the openings in the façade, blinds, and roster
to maximize natural ventilation above the window frame. Description of changes in
this building is as follows:

3.3.1 Entrance

The entrance does not change since the building was built. The sliding doors for the
shop and entrance to the house are still maintaining the original material. The divider
between the shop and house area was removed to accommodate more visitors.

3.3.2 Floors

This building does not have a terrace nor a yard. It is directly adjacent to pedestrian
ways. The level of the building’s floor is slightly higher than pedestrian ways with
white ceramics tiles (Fig. 5).

3.3.3 Windows and Doors

The windows and doors do not change since the building was built. Wood sliding
door for the shop and wood door and window to entrance the house.

3.3.4 Fence

This building does not have a fence, it is directly adjacent to the pedestrian ways.
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Fig. 6 The entrance and floors in olive chicken

3.3.5 Roofs

Themain roof of the building does not change, aswell as the concrete folded structure
above the terrace. There is additional galvalume roof below the concrete folded
structure to reduce the penetration of sunlight and rainwater. This addition makes
the compositions of the roster in the façade not visible.

3.3.6 Sign and Ornaments

A signboard placed at the top of gable wall, which is blocking the blinds at the gable
wall. Banner hanging at the additional roof of the façade (Fig. 6).

Overall, based on the analysis of each sample object, some propensities in
structuring the façade are as follows (Table 1).

4 Conclusions

Based on the analysis of the three sample objects, the most changes of the building
façade most occurred in samples 1 (Coklat Café) and 2 (neutron), especially in the
type and material of openings (doors and windows). This is due to the fact that the
two buildings changed their function from a residential function (since the building
was built) to a commercial function. In contrast to sample 3 (Olive Chicken) does not
change its function since the building was built, but the divider of the indoor area was
removed, to accommodate more visitors. The addition elements such as banner/sign
on the façade, and additional canopy make the characteristic of Jengki architecture
less visible. It is considered for the owner/tenant of the building about the façade
composition when adding a new element to it, so the new addition element does not
interfere with the visibility of the Jengki architectural characteristic.
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Table 1 Comparative analysis of facade change in the research samples

Façade elements [7] Jengki building sample category

Coklat café Neutron Olive chicken

Entrance Changed in part due to
area expansion

Changed material at
the entrance of the
building

Does not changed

Floors Changed in the function
of outdoor space into
parking area with
concrete and grass
divider

Changed in the
function of outdoor
space into parking
area with concrete
block

Changed in floor
material in indoor area
with 40 × 40 ceramics
tile

Windows and doors Changed in part: There
are additional doors and
windows on the terrace
due to the expansion of
the area

Material changed
using frameless
tempered glass door
and window

Does not change

Fence Changed: several fences
are removed for
openness impression

Does not change Without fence

Roofs The main roof does not
change. Canopy was
added because of the
expansion area,
covering the concrete
folded structure

Does not changed Main roof and concrete
folded structure do not
change. Galvalume
canopy was added
above the openings

Sign and ornaments Billboard placed
separately from the
building, it does not
cover the building
façade

Billboard placed
separately from the
building, there are
additional banners
attached to the eaves

Sign attached in the top
gable wall, additional
banner attached in the
galvalume canopy
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Bearing Strength of Reinforced Concrete
Blocks Axially Loaded Through Various
Sizes of Steel Plates

Mohd Raizamzamani Md Zain, Norrul Azmi Yahya, Siong Wee Lee,
Chai Lian Oh, and Anizahyati Alisibramulisi

Abstract This paper presents an experimental investigation into the bearing strength
of concrete blocks axially loaded through various sizes of steel plates. The dimension
of the loaded surface of concrete block specimens relative to the bearing steel plate is
one of themost significant factors influencing the bearing strength of concrete blocks.
Hence, the main purpose of this study is to determine the ultimate bearing strength
and observe the modes of failure of concrete blocks axially loaded through various
sizes of steel plates. A total of twelve (12) numbers of specimens with three different
sizes of steel plates on top of concrete blocks were experimentally investigated. The
results of the experimental testing herein were compared with the values of bearing
strength calculated based on the previous studies. Experimental results demonstrate
that the different sizes of steel plates depicted a different kind of crack failure for
the concrete blocks. The enveloping concrete provides an effect on the increment of
concrete compressive strength at bearing area.

Keywords Concrete blocks · Steel plates · Bearing strength · Axially compressive
loading

1 Introduction

In general, concrete is a mixture of coarse (made of crushed stone) and fine aggre-
gates, cement (such as Ordinary Portland Cement), and water. With the use of rein-
forced concrete, compressive strength can be improved. As presented by numerous
numbers of studies [1–3], several crack patterns such as vertical and radial cracks
were observed on the unreinforced concrete blocks due to high compressive loading.
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In order to control cracks on concrete structures, load-bearing capacity was intro-
duced, and its application can be detected on many construction fields like concrete
footing, bridge pedestals, anchorage zone, bridge bearing and others [4]. The load-
bearing strength was first studied by [5] followed by [6–8]. Many researchers found
that there was a formation of an inverted pyramid under the loading bearing plate
and expressed a formulation for concrete bearing capacity based on that observation.
Shelson derived an empirical formula to get the bearing strength of concrete [7], as
in Eq. (1).

f ′
cc = f ′

c

(
3

√
A2

A1

)
(1)

where f ′
cc represents the ultimate bearing strength of concrete, f c ′ as concrete

strength, A2 denotes as a gross area of the concrete foundation and A1 as concrete
bearing area or bearing plate area. Niyogi has carried out several testing on concrete
and has demonstrated that the ratio (length/width) that was greater than two (2),
to make the bearing strength, was almost constant for blocks concrete [9]. The
researcher proposes an empirical equation for the bearing strength of concrete blocks
under concentric compressive load as written in Eq. (2).

fb
f ′
c

= 0.84
( α

α′
)

+ 0.23 (2)

In which, f b represents the concrete bearing strength, a represents the dimension
of concrete blocks and a′ denotes the steel plate dimension. The enveloping concrete
gives an effect to the higher compressive strength of concrete at bearing area as stated
by [1, 10]. Thus, in viewof this and keeping inmind the usefulness of bearing strength
to the design of structural members, experimental investigations were carried out to
estimate the optimum bearing capacity of concrete blocks axially loaded via different
sizes of steel plates and observe the possible failure modes of the concrete.

2 Method

A series of experimental investigations have been performed to calculate the bearing
strength of plain and reinforced concrete blocks and observe its possible mode of
failure. The test was carried out subjected to concentric compression load. Water–
cement ratio of 0.46 was chosen to get the maximum strength and durability. In this
research, square bearing steel plates (SQ) with dimensions of 50 mm × 50 mm,
100 mm × 100 mm, and 150 mm × 150 mm in cross-section and 10 mm thickness
were used. Ordinary Portland Cement was used due to its advantages of having a
medium rate of hardening and providing enough level of strength and durability.
Natural granular material was used as fine aggregate (0.0625–2 mm) and the coarse
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Table 1 Concrete mix proportions

Water (kg/m3) Cement (kg/m3) Fine aggregate (kg/m3) Coarse aggregate
(kg/m3)

10 mm 20 mm

180 390 525 426 852

Fig. 1 Mechanical
properties of the concrete
mix

aggregates were sieved to the specific size in the range between 10 and 20 mm.
Reinforced concrete (concrete consist of reinforcement bar embedded in the concrete)
was chosen as the concrete block specimens, while plain concrete acting as a control
specimen. All concrete block specimenswith the characteristic strength of 30N/mm2

were cast from a concrete mix as depicted in Table 1. Then, the concrete was poured
into the prepared mould.

Twelve (12) numbers of concrete blocks (200× 200mm) including plain concrete
(PC) and reinforced concrete (RC) blocks were prepared. From a batch of concrete,
six 100mm×100mmconcrete cubeswere cast as control specimens.The ingredients
of the concrete were mixed up until uniform consistency was achieved. The concrete
cubes were tested up to the failure for their compressive strength after being stored
in a curing tank for 7 and 28 days to estimate the mechanical properties of the mix
as depicted in Fig. 1.

The loading rate is set for 6.8 kN/s based on the pace rate limit as specified in
ASTM C29. A total of twelve (12) numbers of concrete block specimens were cast
and tested up to failure subjected to concentric compression load after 28 days of
achieving its designated age. Detailed configurations of the concrete block specimens
are shown in Fig. 2.

2.1 Experimental Details and Test Set-up

Load cell and displacement transducers were connected to a digital data logging
system to measure load-bearing strengths and displacement values. Every single test
of specimen was subjected to a constant axial load (2300 kN). The specimens were
loadedwithout shock and continuously until failure. The test set-up for the specimens
is shown in Fig. 3. A linear variable differential transformer (LVDT) was used to
determine cross-head displacement under the applied bearing load. The ultimate load
and any crack occurred on the concrete block specimenswere recorded and observed.
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Fig. 2 Details notation of plain and reinforced concrete block specimens

Fig. 3 Test set-up and
position of LVDT

3 Bearing Strength Behaviour Under Concentric Load

The maximum load capacity and displacement values were attained using a data
acquisition system, recorded by the computer. The average values of load-carrying
capacity and crack patterns were used to estimate the ultimate bearing capacities
and the failure modes for concrete block specimens loaded through different sizes
of square steel plates, respectively. As can be seen in Table 2, the average bearing
strength for the plain concretewithout steel plate (PC)was recorded as 0.023 kN/mm2

with the average displacement of 10.75 mm. Reinforced concrete block specimens
loaded through square steel plate denoted as RC-SQ50 gave the average maximum
value of bearing capacity as 0.154 kN/mm2 with 6.29mm displacement. The average
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Table 2 Results of bearing strength test

Specimen designation Average load capacity
(kN)

Average displacement
(mm)

Average bearing
strength (kN/mm2)

PC 920.00 10.75 0.023

RC-SQ50 384.81 6.29 0.154

RC-SQ100 662.67 8.60 0.066

RC-SQ150 885.50 10.13 0.039

Table 3 Comparison between the experimental test and earlier studies

Specimens
designation

f b (exp)
(kN/mm2)

f b(N) (Nayogi,
1973)
(kN/mm2)

f b(S) [7]
(kN/mm2)

Ratio f b/f b(N) Ratio f b/f b(S)

RC-SQ50 0.154 0.410 0.080 0.38 1.93

RC-SQ100 0.066 0.110 0.050 0.60 1.32

RC-SQ150 0.039 0.052 0.040 0.75 0.97

bearing strength and average displacement values for RC-SQ100 was recorded as
0.066 kN/mm2 and 8.60 mm, while for RC-SQ150, its average maximum value of
load-bearing strength was recorded as 0.039 kN/mm2 with 10.13 mm displacement.
The experimental result for each type of specimen and its comparison with earlier
studies are shown in Tables 2 and 3.

Based on the experimental results, concrete block specimens with the steel plate
dimensions of 50mm x 50mm gave higher values of bearing strength compared with
the steel plate with the dimensions of 150 mm × 150 mm and 100 mm × 100 mm.
Experimental results demonstrate that the value of deformation also become larger
as greater cross-sectional area of the steel plate was used. The maximum bearing
strength of concrete can be increased by increasing the ratio of unloaded to the loaded
area. The load that implies the concrete specimen was transferred through a square
steel plate into the concrete block with a larger contact area [2]. This indicates that
the increase in the surrounding area corresponds with value in terms of load-carrying
capacity before the concrete specimen reaches its limiting value [11].

3.1 Mode of Failures

The type of failure modes that have been detected during the experimental testing
is in the forms of localized damage, which can be noticed at the outer edge of the
contact area. It has been found that these observations, especially for unreinforced
concrete blocks are comparable with earlier studies [2, 12] where the vertical cracks,
non-explosive cracks, and inverse pyramid failures have been detected at the outer
edge of contact area, as shown in Figs. 4, 5, 6 and 7.
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(i) Vertical crack (ii) Non-explosive crack (iii) inverse pyramid shape

Fig. 4 Modes of failures for unreinforced concrete blocks

(i) Vertical crack (ii) Non-explosive crack (iii) Brittle crack (iv) Radial crack

Fig. 5 Modes of failures for reinforced concrete blocks concentrically loaded through 50 mm ×
50 mm square steel plates

(i) Vertical crack (ii) Split crack        (iii) Edges crack (iv) Radial Crack

Fig. 6 Modes of failures for reinforced concrete blocks concentrically loaded through 100 mm ×
100 mm square steel plates

(i) Wedge crack (ii) Brittle crack (iii) Vertical crack (iv) Non-explosive crack

Fig. 7 Modes of failures for reinforced concrete blocks concentrically loaded through 150 mm ×
150 mm square steel plates

As can be seen in Fig. 4, the types of failure mode for plain concrete block without
steel plate on top of it are vertical cracks, non-explosive crack, and inverse pyramid
failure. These types of failure occur when the maximum tensile stress at the top of
the concrete exceeds the tensile strength of the concrete itself. In addition, when the
reinforced concrete block was loaded through the steel plate size of 50mm× 50mm,
the failure that could be observed was vertical cracks. While radial and punching
cracks were noticed when indentations within ranges of 3–6 mmwere spotted on the
concrete block specimen as shown in Fig. 5iv. When the plate dimension of 100 mm
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× 100 mm was used, the mode of failure that could be observed was splitting crack.
Large splitting wedge punched out from beneath the steel bearing plate as can be
observed in Fig. 6ii, iii. However, as can be seen in Fig. 7iv, the concrete block that
was loaded through a steel plate with the dimensions of 150 mm × 150 mm shows
the non-explosive and brittle modes of failure.

4 Conclusions

The conclusions of the present study were drawn as follows:

(1) Concrete block specimens loaded through smaller sizes of steel plate gave lower
values of deformations and higher values of bearing strengths.

(2) For all reinforced concrete block specimens, when the dimension of the steel
plate used increases, the ratio of the concrete specimen area to the area of bearing
plate tends to decrease, thus resulting in the decrement value of ultimate bearing
strength.

(3) High-stress concentration at the sharp edge of the square steel plate contributes
to the lower values of bearing strength of concrete block specimens.
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Bearing Strength of Concrete Blocks
with External Wrapping of Carbon Fibre
Reinforced Plastic (CFRP)
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Abstract Large heavy force transfers over a limited area of concrete surface can
cause high concentrated stresses due to contact interaction of steel bearing plate
on concrete surfaces has been highlighted in designing the bearing strength of
concrete. For concrete bearing, the bearing capacity increases due to confining pres-
sure provided by a steel bearing plate. The bearing capacity of concrete can be greater
than its compression strength depends on the concrete to steel area (Ac/As) ratio. The
steel bearing plate acted as load dispersing plate in the load transfer members. The
present study examines the confinement effect for CFRP wrapping to load-bearing
capacity of concrete. Six numbers of concrete cube blocks of 150 mm3 were loaded
through the steel bearing plate with sizing of 100 mm2 up to failure level under
vertical load. The significant effect of external reinforcement of Carbon Fibre Rein-
forced Polymer (CFRP) to concrete bearing was examined. The experimental results
indicate that the structural performance of concrete bearing wrapping using CFRP
provides additional lateral confinement can increase bearing capacity of concrete.

Keywords Bearing strength of concrete · External wrapped concrete · Carbon
Fibre Reinforced Pastic (CFRP) · Lateral confinement effect
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1 Introduction

The bearing strength of concrete is very important to provide structural stability at the
supportwhen heavily loaded through a concentrated area of concrete surface. Bearing
strength is vital in concrete beds, bridges pedestals, post-tension members, concrete
corbels, concrete anchorage, and column—footing connection design. These struc-
ture supports are exposed to experience high concentrated loads that may affect the
structural integrity of the structure. The large concentrated loads acted on the concrete
surface can lead to uneven load distribution of concrete surfaces.

The heavy concentrated load on concrete bearing surface becomes vital as
confining pressure was increased in the enveloped area [1–3]. Generally, the bearing
strength of concrete depends on the ratio of concrete area to bearing area and the
compressive strength of concrete. However, heavy concentrated load can be exceeded
the bearing capacity of concrete which susceptible to localized failure such as edge
cracking or spalling of concrete beds [4, 5]. According to Australian Standard, the
bearing strength of concrete [6] can be taken as:

fb
f ′
c

= 0.8

(
A2

A1

)0.5

≤ 2.0

Whereas, f b is the bearing strength of concrete, f′c is the compressive strength of
concrete, A1 is the area of bearing plate, and A2 is the total surface of the concrete.

External reinforcement in structural strengthening is currently available to restore
structural integrity. The external wrapping, such as CFRP wrapping, widely used in
column and bridge girder strengthening for buildings and bridges [7–9]. It was proven
that the structural performance of wrapped structure members was able to restore the
load capacity and structural performance.

The current research examines the external reinforcement technique to improve
structural performance of concrete bearing using the Carbon Fibre Reinforced Plastic
(CFRP) wrapping. It was noted that the existing formulation for concrete bearing
does not include the effect of external confinement directly [10, 11, 12]. There are also
limited fundamental studies on Carbon Fibre Reinforced Polymer (CFRP) wrapping
for concrete bearing. Therefore, this study is carried out to determine the structural
performance of wrapped concrete bearing using CFRP.

2 Methodology

2.1 Compression Test

The concrete was cured in water with temperature 27 °C in the curing tank and
tested for 28 days. The test was carried out using the Compression Testing Machine
(CTM-1000kN). The concrete block volume is 150 mm3. The consistent loading rate
is used for 9.2 kN/s.
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Fig. 1 Concrete block
wrapped with CFRP

2.2 External CFRP Wrapping

Carbon polymer reinforced fibre (CFRP) sheet acts as an external reinforcement
ideally to improve the confinement effect of concrete. The surface of the concrete
is clean from dust before wrapping. The concrete surface was a blast with water to
improve its roughness. The surface roughness can increase the effectiveness of the
bonding between the CFRP sheet and the concrete surface. For CFRP wrapping,
epoxy was used as a binder. The Sikadur 30 epoxy acted as an adhesive element
to bind the CFRP sheet and the concrete surface. The epoxy also acted as filler
especially at the uneven surfaces in order to get better results in the load capacity.
For the current research, only one layer of CFRP sheet was used and it was fully
wrapped on the outside surface of the block as shown in Fig. 1.

2.3 Bearing Test

Six concrete blocks with a dimension of 150 mm3 were tested using Compression
Testing Machine (CMT-1000kN) with 1000 kN capacity (see Fig. 2). There are two
types of concrete bearing, i.e. wrapped with CFRP and unwrapped. The bearing
steel plate is 100 mm2 with 10 mm thickness. The rubber pad placed under the steel
bearing plate to avoid uneven contact surface. The steel bearing plate was placed
directly at the centre of concrete surface. In order to improve the distribution of the
loaded area, the concrete surface must be free from any substance.



252 N. A. Yahya et al.

Fig. 2 CFRP concrete
wrapped loaded by steel
bearing plate

Table 1 Results of
compressive strength

Sample Time (Days) Compressive strength
(N/mm2)

Average

1 28 41.30 41.62

2 41.01

3 42.55

3 Results and Discussions

3.1 Compression Test

Compressive strength is also recognized as themaximumcapacity loadingof concrete
which is able to withstand the compressive load. In the present study, the concrete
addictive SikaSet Low Shrinkage Accelerator has been added during mixing the
mixture. The loading rate for pace was consistently set at 6.8 kN/s. The results of
compressive test are tabulated in Table 1.

Table 1 shows the compressive strength for three samples after 28 days are 41.30,
41.01, and 42.55 MPa. The average of compressive strength is 41.62 MPa.

3.2 Bearing Strength

In previous studies, there are many factors affecting the bearing strength of concrete.
One of the factors is the external wrapping of CFRP. The concrete blockwas centrally
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loaded from the top surface of concrete using a steel bearing plate of 100 mm2. The
linear variable displacement transducer (LVDT) apparatus also was used to monitor
the displacement of the concrete block during the testing. The results of the bearing
test for a concrete block of 150 mm3 were tabulated in Table 2.

Table 2 shows the ultimate load for unwrapped and CFRP wrapped concrete
blocks. The surface area of concrete block and steel plates were 22,500 mm2 and
10,000 mm2, respectively. The area surface of concrete block (A2) to area of square
plate (A2/A1) ratio is 2.25. The bearing strength (f b) is calculated based on the ulti-
mate load (kN) divided by the contact area. The compressive strength of concrete
at day 28 days was taken from compressive test results. The confinement effect is
a dimensionless unit which was calculated based on the ratio bearing strength to
compression strength. The average bearing strength for wrapped and unwrapped
is 54.70 N/mm2 and 49.76 N/mm2, respectively. This indicates that the concrete
block wrapped with CFRP has greater bearing strength compare to normal concrete
bearing with no wrapping. The result is also similar to [9] which proven that CFRP
can provide additional lateral confinement for concrete that can ultimate bearing
strength of concrete.

Figure 3 shows the load versus displacement graph for each wrapped and
unwrapped concrete block. The CFRP wrapped concrete blocks tend to have higher
load resistivity compare to unwrapped concrete blocks. The CFRPwrapped concrete
blocks also performed better as stiffness increased as shown in the graph.

Figure 4a, b illustrate that the concrete blocks wrapped with CFRP have high
confinement effect and high bearing strength for 54.70 N/mm2 as compare to
unwrapped (49.76 N/mm2). The confinement effect of concrete blocks that were
unwrapped and wrapped were 1.20 and 1.31, respectively. This proved that Carbon
Fibre Reinforced Polymer (CFRP) wrapped at the outer surface of the concrete
improved the confinement effect from 20% up to 31%.

Table 2 Bearing Strength of square concrete block at 28 days

Sample Types f ult (kN) A2/A1 f b (N/mm2) Average f b/f c Average

1 No CFRP 457.7 2.25 45.77 49.76 1.10 1.20

2 510.0 51.00 1.22

3 525.2 52.52 1.26

4 With CFRP 548.5 54.85 54.70 1.31 1.31

5 550.5 55.05 1.32

6 542.0 54.20 1.30

Note A1 = Area of square plate with thickness of 10 mm (10,000 mm2), A2 = Surface area of
square concrete block (22,500 mm2), f ult = Ultimate load, f b = Bearing stress of confined circular
concrete (circular plate), and f c = Compressive strength of unconfined concrete block



254 N. A. Yahya et al.

Fig. 3 Bearing strength of unwrapped and wrapped concrete bearing graph

Fig. 4 aBearing strength and confinement effect of unwrapped concrete blocks. bBearing strength
and confinement effect of CFRP wrapped concrete blocks
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3.3 Failure Modes

The failure mode of concrete bearing can be identified through a cracking pattern
that appears on the concrete surface after reaching the maximum load. The failure
modes of bearing strength can be observed and the cracking pattern which usually
started at the corner of steel bearing plate as observed in Fig. 5a, b.

Table 3 shows the failure mode of concrete block with and without CFRP wrap-
ping. For the unwrapped concrete block, the concrete surface experience brittle frac-
tures and vertical crack patterns under the bearing steel plate. The cracking of the
concrete bearing was observed starting from the corner of the square bearing plate in
which cracking pattern appears and spreads on the top of the surface cause splitting
failure of the concrete. For the CFRPwrapped block, the failure initiates with vertical
cracking and spread vertically in different angles as shown in Fig. 5b. The maximum
bearing load was recorded shortly after cracking occurred and spread throughout
the entire square concrete block. The majority of the cracks started from the edge
corner of steel bearing plate. It was noted that the level of damage of concrete block
wrapped with CFRP is less than unwrapped concrete block which confirming the

Fig. 5 a Failure mode for unwrapped concrete block. b Failure mode for CFRP wrapped block

Table 3 Different types of
mode failure

CFRP on concrete blocks Types of mode failure

Unwrapped Splitting crack, brittle fracture and
vertical crack

Wrapped Edge crack
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CFRP wrapped blocks has experienced higher confinement effect as compared to
unwrapped CFRP concrete blocks.

4 Conclusions

The presence of CFRP on concrete block increases the confinement effect of bearing
strength of concrete. The following final conclusion can be drawn from the research:

1. Bearing strength of concrete has been improved due to an increase of lateral
confinement provided by Carbon Fibre Reinforced Polymer (CFRP) wrapping.

2. The CFRP wrapped concrete blocks exhibit greater bearing capacity than
unwrapped concrete. It was found that CFRP also suitable material for external
wrapping.

3. The confinement effect (f b/f c) of concrete block wrapped with CFRP is slightly
higher compared to unwrapped concrete blocks which explain the concrete
wrapped that posed a significant increase of bearing strength. The presence of
CFRP on concrete blocks will increase the bearing strength up to 31%.

4. The failure mode for wrapped and unwrapped CFRP blocks posted signifi-
cant types of failure modes that were observed up to failure. The unwrapped
concrete blocks experiencedmajor failure through formation of splitting, vertical
crack, and brittle fracture lead to total failure. However, CFRP wrapped blocks
experience lesser level of damage.

5. The crack pattern or localized failure is critical due to penetration of loaded plate
that relation to sharp edge contact stress. This was confirmed as the formation of
cracking was initiated at the sharp edge of steel bearing plate.
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Mechanical Properties of Engineered
Cementitious Composite (ECC):
An Overview

Nurmazidah Abdullah Zawawi, Chai Lian Oh, Siong Wee Lee,
Mohd Raizamzamani Md Zain, and Norrul Azmi Yahya

Abstract This paper presents an overview of the mechanical properties of Engi-
neered Cementitious Composites (ECC) or more popularly known as bendable
concrete. Effects of various mineral admixtures as cement replacements such as
ground granulated blast-furnace slag (GGBS), fly ash (FA) and glass powder (GP)
on the mechanical properties of ECC specifically tensile, compressive and flexural
properties are discussed. Mechanical properties of ECC with the inclusion of steel
(SE) fiber, polypropylene (PP) fiber, polyethylene (PE) fiber and polyvinyl alcohol
(PVA) fiber in the past experimental works are also presented. With the comparison
between previous studies presented in this paper, the authors hope to identify the
limitation of the current ECC mixture, so that improvements can be done for future
studies.

Engineered cementitious composite · Cement replacement · Flexural and tensile
strength

1 Introduction

Engineered Cementitious Composites (ECC) was originally developed by Li at the
University of Michigan in 1993. ECC is characterized by excellent strain capacity
under uniaxial tension, average fine crackwidth andwithmoderate fiber volume frac-
tion (typically 2%). Unlike conventional concrete that demonstrates strain-softening
after first cracks, ECC exhibits tensile strain-hardening behaviour. High ductility of
ECC is due to the interaction between the fiber, ECCmatrix and fiber-matrix interface
[1]. Additionally, ECC demonstrates high tensile strength and good durability due to
self-controlled cracks. This phenomenon can be seen through a series of formations
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and spreads of a small number of cracks within the material after initial loading
until the widening of cracks were maintained at an average width of about 60 µm,
resulting from micro-mechanical tailoring of ECC [2]. Application of only fines in
ECCmixture in order to obtain better strain capacity and fine crackwidth has resulted
in the usage of higher cement content compared to ordinary concrete. Due to envi-
ronmental and economic reasons, there is a growing trend to use industrial wastes
or by-products as supplementary materials in the production of composite cement.
Therefore, popular mineral admixtures such as fly ash (FA), silica fume (SF) and
ground granulated blast furnace slag (GGBS) have been considered to replace the
cement in the production of green ECC which can promote the global sustainable
development.

This paper presents an overview of the important constituents in ECC and the
pioneer studies on the mechanical properties particularly compression, flexural and
tensile behaviours of ECC.

2 Constituents in ECC

Overview of the important constituents such as fiber and mineral admixtures
employed to produce ECC is presented in this section. The use of fiber in ECC
significantly improves the tensile ductility properties of ECC with a certain volume
fraction. Fibers such as steel fiber (SE), polypropylene fiber (PP), polyethylene fiber
(PE) and polyvinyl alcohol (PVA) fiber are commonly used in ECC mixes. Table 1
shows the properties of fiber used in previous investigation works. The application
of the fibers can improve strength and strain capabilities as well as energy absorption
of ECC [3]. This further reduces the damage of the ECC structure during an impact
loading. High-modulus fibers such as SE, glass fiber and carbon fiber increase the
bulk strength and toughness of the material, however, their intrinsic brittle behaviour
does not allow for ductility or strain hardening in ECC [4]. On the contrary, low-
modulus fibers such as PVA, PP and PE fibers significantly improve the ductility of

Table 1 Properties of fiber

Authors Type Nominal
strength
(MPa)

Diameter
(µm)

Length (mm) Young
modulus
(GPa)

Density
(kg/m3)

Şahmaran & Li
[2]

PVA 1600 39 12 40 –

Maalej et al.
[4]

PE 2610 39 13 66 –

Lee et al. [11] PP – 19.5 6 – 910

Pourfalah [13] SE 3000 150 6, 13 210 7800

Note Dash indicates no information provided from the respective article
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the concrete mix at the same time reduce cracking. It has been found that themechan-
ical properties of ECC such as drying shrinkage, strain capability, compressive and
flexural strength can be improved with the application of both hybrid low—and high-
modulusfibers at a certain volume [4]. PVAfiberwas recommended as oneof themost
suitable polymeric fibers for ECC materials [5]. PVA fiber exhibits some improved
mechanical properties such as tensile strength and Young’s modulus compared to PP
and polyolefin fibers [6].

Incorporation of mineral admixtures such as fly ash (FA), and ground granu-
lated blast furnace slag (GGBS) in the ECC production has resulted in excellent
properties such as demonstration of improved workability, cracking and desirable
long-term mechanical properties especially durability [7]. FA and GGBS are the by-
products of the combustion of powdered coal in power plants and iron blast furnace,
respectively. A recent development in the production of ECC has incorporated FA
as a partial replacement for portland cement [8–10]. The addition of FA to ECC
improved robustness of tensile ductility while retaining a long-term tensile strain of
approximately 3% and reducing the crack width (i.e. less than 60 µm) [9]. On the
other hand, mechanical properties of ECC with high GGBS to cement replacement
ratio of up to 50 to 70% were investigated [11, 12]. It is found that there was a
reduction in compressive strength for ECC mix with 70% GGBS replacing cement
compared to the mixes with lower percentages of GGBS.

3 Mechanical Behaviour of ECC

Investigationworks to obtainmechanical behaviour ofECCparticularly compressive,
tensile and flexural properties are reviewed in this section and are summarized in
Table 2.

Generally, the compressive strength of ECC was obtained through uniaxial
compression test on a series of cylinder or cube specimens at 28 days of curing.
Investigation on the compression strength of ECC by replacing the cement with
50%, 60% and 70% of GGBS was conducted [12]. Highest compression strength
was observed in ECC mix with 60% GGBS. It was also found in the same study
that there is no significant effect on the mechanical properties of ECC with different
PP fiber contents (i.e. 1.5%, 2.0% and 2.5% in volume fraction). On the other hand,
the compressive strength development of the ECCs with different percentages of
FA and GP at 7, 28, 56, 90 and 120 days were reported [7]. Highest compressive
strength was reported for ECC mix containing 25% GP replacing FA after 28 days
of curing compared to mixes with 50%, 70% and 100% replacements. High propor-
tion of GP with respect to FA may give rise to the effect of pozzolanic reaction and
cement hydration.Another experimentalwork also investigated compressive strength
of ECC mix with as high as 70% replacement cement but with only FA [8]. A study
on compressive strength of ECC specimens after exposure to high temperatures such
as 200 °C, 400 °C and 600 °C was also carried out [13]. At ECC mix with 60% FA
replacement of cement, the compressive strength for specimens that were exposed
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Table 2 Mechanical properties of ECC

Mixture Previous investigation works

Lee et al.
[12]

Wang &
Li [9]

Şahmaran
et al. [8]

Pourfalah
[13]

Siad [7] Pourfalah
[13]

GGBS/cement 1.5 – – – – –

Fly Ash/cement – 2.2 1.2 1.8 – 1.8

Sand/binder 0.2 0.69 0.36 0.2 0.41 0.2

Glass
powder/binder

– – – – 0.14 –

Water/binder 0.27 0.28 0.27 0.28 0.27 0.28

Fiber in volume
friction (%)

2.0

Type of fiber PP PVA Steel

Type of sand River Silica sand

Compressive
strength (MPa)

21.4 35.0 62.5 38.8 62 40.1

Tensile strength
(MPa)

3.43 4.8 5.14 3.81 – 4.3

Tensile strain
capacity (%)

1.56 3.9 2.73 3.5 – 3

Flexural (MPa) – – – – 10.45 –

to 200 °C, 400 °C and 600 °C decreased 6%, 10% and 25%, respectively compared
to their counterpart under ambient temperature (20 °C).

On the other hand, tensile strain capacity and crack control are outstanding char-
acteristics for ECC.Many have proposed newECCmixes and investigated the tensile
strength of the material. Dog-bone shape specimen is generally used in the uniaxial
tensile test. Wang and Li (2007) claim that the increment of FA content in ECC
can improve the tensile strain of the material. Tendency of FA in reducing chem-
ical bonding between PVA fiber and ECC matrix and at the same time increasing
the interface frictional bond was highlighted. Additionally, the significant reduc-
tion of crack width was found at the increment of FA content at all ages. This is
likely associated with the higher fiber/matrix interface frictional bond when there
is an increase of FA content [9, 10]. Higher tensile strength can be achieved by
reducing water binder ratio which also enhances matrix strength. The conclusion
that higher ductility (3.6 ± 0.3% for the tensile strain capacity) and tensile strength
(5.2± 0.2MPa for the tensile strength) for the ECCmix containing GGBS compared
to the ECC mix without GGBS has been made [14]. It is noted that tensile behaviour
of ECC is sensitive to the change of temperature. ECC material that is subjected to
high temperature demonstrated a reduction in strain hardening capacity and lower
characteristic tensile strength which may eventually lead to brittle failure [15]. The
obvious reduction in tensile strength can be seen especially after the deterioration
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of fibers at temperature 150 °C. The polymeric fibers of ECC (i.e. PVA fiber) can
decrease the degree of spalling and explosion spalling at high temperatures [8].

Flexural behaviour in terms of load-deformation of ECC is important as the deflec-
tion can reflect the ductility of the material. Investigation work on the performance of
ECC mixes with different percentages of GGBS and FA replacing cement (i.e. ratio
GGBS:FA 70:0, 60:10, 50:20 and 40:30) was conducted [16]. Higher load-carrying
capacity was observed in ECC mix with a combination of GGBS and FA compared
to ECC mix with only FA (specifically 0% GGBS and 70% FA replacing cement)
at age of 3 to 90 days [16]. Obvious reduction in deflection for ECC specimens was
observed in ECC mix incorporating as high as 70% combination of mineral admix-
tures replacing cement (i.e. GGBS and FA) at curing age of 90 days (with approxi-
mately 12 mm) compared to curing age of 3 days (more than 40 mm). Alternatively,
ECC mixtures indicate a probable enhancement in the fiber-matrix frictional bond
strength with GP content. The overall decrease in ECC ductility with GP replace-
ment can also be associated with the higher alkali content of GP which may enhance
bond strength and fiber-matrix chemical bond. Moreover, the FA and GP particles
have very different morphologies, which can influence fiber-matrix interface proper-
ties. Unlike the spherical morphology of FA particles, glass powders consist mainly
of fine angular particles [5]. On the one hand, fiber strongly influences the flexural
behaviour of ECC. This is supported by a studywhere the application of fiber fraction
volume of 2.5% significantly improved the ultimate flexural strength and enhanced
the modulus of toughness of ECC mixes [11].

4 Conclusions

This paper presents an overview of the mechanical properties of Engineered Cemen-
titious Composites (ECC). Application of suitable fibers and mineral admixtures
enhances long-term mechanical properties and durability of ECC. Mineral admix-
tures, particularly FA and GGBS, are popular choices as partial replacements of
cement in ECC. Enhancement in engineering properties of ECC can be seen even
with high percentage replacement of mineral admixture (up to 70%) to cement. In
addition to the excellent characteristics of fibers and mineral admixtures in ECC,
cost has been one of the major considerations in the selection of these materials. At
high temperature, ECCmaterial exhibits a reduction in the compressive strength and
tensile strengthwith decreasing strain-hardening capacity. Themechanical properties
of the ECC are highly dependent on combination of the different mineral admixtures,
physical properties of the mineral admixtures, and fiber as well as the proportion or
volume used in ECC. With the increasing demand for reused and recycled materials,
more suitable mineral admixtures can be explored for the development of better
performance of ECC, in terms of strength, fire resistance and self-healing capabil-
ities. The mechanical properties of these newly proposed ECCs will certainly need
further clarification and the investigation works remain widely open.
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Comparative Study of Solar Heat
Transmission Through Single Skin
Façade (SSF) and Naturally Ventilated
Double Skin Façade Under Malaysian
Climate

Olutobi Gbenga Ayegbusi, Abdullah Sani Ahmad, and Yaik Wah Lim

Abstract Despite existing research on buildings with Naturally Ventilated Double
Skin Façade (NVDSF) underMalaysian climate, there are yet unanswered questions.
To develop correction factors to calculate overall thermal transfer value of buildings
with DSF in Malaysia, this study evaluated the impacts of some design parameters
such as window-to-wall ratio (WWR) and glass shading coefficient (SC) on solar
heat transmitted through buildings with NVDSF in comparison to that of build-
ings with SSF on the cardinal orientations. The methodology adopted for this study
includes a simulation of a simplified five-storey air-conditioned commercial office
building model, using DesignBuilder v5.0.1.024. The results from this study corrob-
orate existing study that a well-designed NVDSF would generally reduce overall
solar transmission through the façade which would result in lesser building energy
load.

Keywords Solar heat transmission · Single Skin Façade (SSF) · Naturally
Ventilated Double Skin Façade (NVDSF) · DesignBuilder

1 Introduction

Modernism ushered in an increase in building design and construction of high-rise
buildings with glass façade and postmodern architecture style ismostly characterized
by the glass façade envelope which has been found to have energy-related issues [1,
2]. Refes. [3–5] among many other studies that have addressed building energy-use
concern as it pertains to solar heat transmission. Similarly, related studies have led to
different building design strategies such as overhangs, shading devices, perforated
screens, articulated facades, glass curtain walls, Venetian blind application and DSF
to improve its building energy performance [3, 4, 6–9].
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Poirazis [10] definedDSF as building typology with two skins—a glazed outer
layer and either a glazed or mixed inner layer) arranged to ensure air flows in the
cavity. Many studies have been conducted to explore the application of DSF system
and the impact on building thermal performance [10, 11]. The results from many of
these studies have shown that DSF has good potential and advantages if carefully
designed [2, 8, 12]. Under Hong Kong climate, [8, 13] explored different configura-
tions of DSF to identify the most efficient DSF configuration while [14] compared
the performance of a DSF with a conventional SSF with absorptive glazing in Hong
Kong.

Under theMalaysian climate, NVDSF has been studied and there are few applica-
tions on building such as the Securities Commission building [6, 15, 16]. However,
the studies presented in [6, 15, 17] only go so far as to consider the indoor air
temperature of an office and classroom attached to a ventilated DSF respectively.

With the growing popularity of DSF in Malaysian construction industry, there is
the need to develop correction factors to calculate the façade’s overall thermal transfer
value. Therefore, this study compares the performance of both SSF and NVDSFwith
varying façade parameters such as window-to-wall ratio (WWR), shading coefficient
(SC) and DSF cavity depths on heat transmission through the façade.

2 Method

Different methods have been adopted to evaluate the performance of DSF. Mulyadi
[4] presented a study in which field measurement was employed to analyze the
temperature distribution and airflow rates in the cavity of an NVDSF for validation
purposes. To achieve the present research goal themethodology adopted for this study
includes developing a base casemodel referencing [1, 16, 20] simulationmodels. The
model represents an averagely designed building with respect to building’s energy
consumption data inMalaysian comparisonwith a series ofmodels incorporatedwith
a ventilated DSF. The indoor air temperature is maintained at 24 °C with a lighting
power density of 21 W/m2 installed in the conditioned area. The construction detail,
thermophysical properties of the simulated models are presented in [18, 19]. The
simulated SSF model is as shown in Fig. 1. No shade or window blind is applied
on any of the models and hence, the shading coefficient for shading device (SC2) as
given inMS 1525:2014 is not considered in this study. Other simulation assumptions
made are detailed out in [18].

DesignBuilder was chosen as the simulation tool for this study. The justifications
for the chosen simulation program and its validation is fully discussed in [18]. The
in-built simulation manager controls the operations of the simulation modules that
coordinate the flow of data to and from the HVAC modules, input data and output
data as well.

On the overall, the independent variables include the model’s window-to-wall
ratio, façade orientation, shading coefficient and the cavity depth for NVDSF cases.
These help to understand how different WWR or varying SC would impact heat
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Fig. 1 Base case—non-residential building configurations

transmission. In a comparison of SSF to NVDSF cases, the tested cavity depths
(0.2 m, 0.4 m, 0.6 m, 0.8 m) help to understand the impact of the cavity airflow
on the hourly solar heat transferred through the ventilated façade system on four
different days of the year (March 21, June 22, September 24 and December 21)
during the working hours.

To understand how a change inwindow-to-wall ratio impacts the overall daily heat
transfer through façade, varying WWR (30, 50, 70, 90 and 100%) were simulated
while the value of the shading coefficients varies from 0.3 to 0.9. The results of the
simulation and the analysis are presented in the next section.

3 Result and Discussion

The cumulative solar heat gain recorded on June 22 at the north orientation is a
reversal to the amount recorded on March 21, September 24 and December 21
because only the north orientation receives direct solar radiation on this date while
other orientations are considered self-shaded. A total of 1141.78 W/m2 solar heat
gain is recorded on the north orientation, the highest of all the orientations. The
south, however, transmitted the least solar heat of 780.04 W/m2 on the same date.
Application of a ventilated double-skin façade is not expected to have much impact
on the north orientation generally compare to either east or west orientations. Table 1
present the overall daily heat transmission through the cardinal orientation.

The high value of heat transmitted through the glass pane to the conditioned
space on December 21 is attributed to the fact that the sun is at the south equinox
during this time. Therefore, the combination of cavity ventilation and partition of an
NVDSF would prevent direct solar radiation from directly hitting on the conditioned
space wall thereby reduces the overall building cooling load. Comparatively, the east,
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Table 1 Daily solar heat transmission (W/m2) through the base case model on cardinal orientation

Orientation Mar-21 Jun-22 Sep-24 Dec-21

East 1210.19 1075.56 1195.20 899.06

North 861.27 1141.78 888.59 627.20

South 924.16 780.04 885.84 1070.31

West 1127.64 1040.97 1085.80 851.86

west and north transmitted 16.0, 20.41 and 41.40% less solar heat compared to the
south orientation on December 21. The north orientation mostly transmitted the least
solar heat which makes NVDSF less useful on the orientation. In contrast, the east
and west orientations transmitted high solar heat with a total of 4370.01 W/m2 and
4106.27 W/m2, respectively. NVDSF application on these orientations is generally
efficient with about 5% to 7% reduction respectively.

3.1 Relationship Between Window-to-Wall Ratio, Shading
Coefficients and Heat Gains

Simulation results show a strong relationship between daily heat gain and the WWR
with coefficient of determination (R2) value of 0.99 on the north, south and eastorien-
tations as window-to-wall ratio increases from 30% to 100%. These indicate that the
plotted data are predictable with the regression equation. Trend analysis of the simu-
lated data shown in Fig. 2 is a representation of the overall relationship between the

Fig. 2 Impact of window towall ratio (WWR) on daily heat flow (W/m2) through north orientations
of conventional facade
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Fig. 3 Impact of shading coefficient (SC) on daily heat flow (kWh) through cardinal orientations
of conventional facade

Table 2 Coefficient of determination (R2) showing the relationship between shading coefficient
(SC) and daily heat gain on cardinal orientation

Orientation East North South West

R2 0.99 0.99 0.99 0.99

incremental value in the heat gain and the window area throughout the tested days.
There is a progressive increment in the daily heat gain as the window-to-wall ratio
increases. The progression was predictable with every single increment. The overall
results as it relates to total daily heat gain and the resulting cooling load corroborate
the existing study on the impact of shading coefficient on building cooling load.

There is an average of 8.89% reduction in the solar transmission between a 90%
WWR case and the 100% WWR façade on tested orientations. Hence, 90% WWR
is considered preferable to 100% in the Malaysian context as it transmits less overall
daily heat gain as well as achieving the necessary transparency.

Similarly, the trend as the shading coefficient varies from 0.2 to 0.9 shows that
there is a very strong relationship between the daily heat gain and SC with 0.99
coefficient of determination (R2) on all the tested orientations (Table 2, Fig. 3).
This indicates that more than 99% of the plotted data on cardinal orientations are
predictable through the regression equation.

4 Conclusion

The results from this study have shown that the value of heat transmission on any
orientation depends on the solar system as an existing study shows. The east orien-
tation transmitted more heat than other orientations on March 21 and September 24.
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On June 22, the north received and transmitted more solar radiation while on the
21 December, the South recorded the highest heat gain compared to other orienta-
tions. The calculated heat gain as the SC varies confirmed other studies discussed
in literature. It can be inferred from the simulation data and analysis that a positive
increase in the value of glass shading coefficient did cause an increase in the total heat
transmission which is consistent with other earlier related studies. Finally, this study
shows that as the buoyancy effect reduces with increase cavity depth, the efficiency
reduces. This explains why the facade model with 0.2 m cavity depth outperformed
other NVDSF model cases. However, there is less useful additional space with small
cavity depth.
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Responsible Waste Management
of Micro, Small, and Medium
Enterprises (MSMEs) Toward Jakarta
Sustainable Development

David Ronald Tairas, Rosnaini Daga, Nur Fatwa, Lin Yola, and S. Basir

Abstract Jakarta is the capital of Indonesia, the problem of waste cannot be
adequately handled by the authorities, and there is still space for improvements
to be done. Rapid of globalization and industrial development 4.0. The increase of
mass waste production in Jakarta, lacking awareness of the community to dispose
of waste in its place coupled with household waste generated by the community
and small and medium-sized industrial businesses. This study aims to Responsible
Waste Management of Micro, Small, and Medium Enterprises (MSMEs) Toward
Jakarta Sustainable Development, in overcoming the waste problem, and it is neces-
sary to have the cooperation of the authority. The community and small and medium
industrial entrepreneurs need to be given training and counseling on waste manage-
ment which can later be reused by small and medium industrial entrepreneurs. The
finding of this study is a significant reference to the sustainable development initiative
towards a clean and waste-free Jakarta living environment.

Keywords Responsible ·Waste Management · Sustainable Development

1 Introduction

Waste is management is still facing essential challenges in big cities in Indonesia.
Jakarta is no exception. The rapid increase of population and urbanization have
created social and environmental issues [1], which one of them is the increase in
waste volume from city dwellers. Currently, the cycle of waste collection ends in the
landfill before the selection and disposal process. Jakarta is experiencing the increase
of waste issue which is not followed by a sufficient number of landfills. The uncon-
trolled capacity of the landfill generated due to lacking proper waste management
in reducing the waste volume. Therefore, urgent solution is needed. The integration
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of stakeholders such as the local authorities, private sector, and community to over-
come this issue is urged. In this context, the role of community andMicro, Small, and
Medium Enterprises (MSMEs) participation is significant. They have opportunities
to create innovation in waste management by implementing the 3R (Reduce, Reuse,
Recycle), which also will benefit them in the business sector.

The waste management initiative is a key component to implement the sustain-
ability and the clean environment in Jakarta. The early action of waste management
needs a tube done by the community and private sectors before sending it to the
landfill. The continuous action and enforcement are forms of environmental protec-
tion. The waste issue mitigation would be more applicable when the nature of 3R
especially on selection, of organic and non-organic, it is well applied to answer the
environmental balance is promotion, in fact, the mix of domestic, industrial organic
and inorganic waste without any selection process widely occurs in big cities in
Jakarta.

In the era of Industry revolution 4.0, an alternative solution using technology and
innovation is majorly needed in a waste management system. Table 1 shows the
type of waste and the time needed for disposal. The 3R strategic especially the waste
selection is a big challenge to all stakeholders. Currently, there are two types of waste
recycling; composting (composting fertilizer) and crafts (making various handicraft
products made from garbage). In order to increase the awareness of the stakeholders,
socialization and education onwastemanagement and its impact on the sustainability
and clean environment of Jakarta are a priority. The waste recycling process begins
from the selection of organic and non-organicwaste to transform into the rawmaterial
to be processed into the economic products. The waste recycling aims to use organic
waste, by encouraging the agriculture sector and city green program (by using the
composting fertilizer). The waste management cycle from the waste shorting until
the disposal process and organic fertilizer production could be seen in Fig. 1.

Waste recycling contributes to the positive impact on the economic sector, espe-
cially on community income. A study [2] emphasizes on the support on the infesta-
tion and the human resources needed in resolving the economic issue. Besides the
investment, waste management could be done independently or by implementing the

Table 1 Type of waste and
decomposing time

Type of waste Decomposing time

Paper 2–4 Months

Orange peel 6 Months

Carton box 5 Months

Cigarette filters 10–12 Years

Plastic bags 10–20 Years

Leather shoes 25–40 Years

Nylon clothes 30–40 Years

Styrofoam Not Decompose

Source Department of Statistics Indonesia, 2019
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Fig. 1 Waste management cycle. Source Department of statistics Indonesia, 2019

waste bank system. The waste bank aims to collect waste after the selection process.
Afterward, the waste will be transferred to the temporary waste collection center.
The concept of the waste bank represents the banking system in which the system is
managed by the staff. The depositor is represented by the community that has been
given the bank book. The deposited waste will be weighed and priced in sum number
of money before being sold to the collaborated factory.

2 Concept of Waste Management

Environmental protection is basically pinpointed according to the human mindset
and behavior. A study [3] reported that the changes in human mindset and behavior
on the household management to reduce waste through the community participa-
tory needs to be integrated into the community-oriented waste bank system. Another
study [4] on the waste handcraft marketing emphasized that waste need to be recy-
cled. Meanwhile, a similar study [5] on the newspaper recycling stressed out that
two of the strategies to overcome the environmental problem are reusing or recy-
cling city dwellers required to transform from the old style of waste disposal, by
education and socialization of 3R and the waste bank system [6]. Furthermore, a
finding was emphasized that households need to independently perform the action
onmanaging the domestic waste, which in this context is called by community-based
waste management [7].

Basically, waste management is formed by the concept of 3R. Technically, the 3R
program needs to be done before the disposal process [8]. Beside the 3R, 4R concept
is also suggested with the additional action of replace. Meanwhile, the 5R concept
was brought with the additional action of replant. However, 3R concept is technically
applied in Indonesia. Department of Public Works Indonesia [9], defines the scope
of 3R. Reduces aims to mitigate the consumptive lifestyle, and applies the concept of
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non-disposability to reduce the waste volume. The ‘reuse concept’ targets to utilize
products through the use of non-disposable products. Lastly, the objective to recycle
is to do the selection process to reduce the waste volume in landfilled. The 3R is
community based program which is in line with the policy and strategy of Indonesia
in waste management stated in Law of the Republic of Indonesia Number 18 2008
[10] and act of Department of Public Works Indonesia Number 21/PRT/M/2006 [9].
The implementation of 3R is the key to achieve the waste management framework
in big cities or countries.

The knowledge behavior and the action of the communities and theMSMEs actors
are essentials in the waste management process [11]. The waste selection (organic
and non-organic) aims to be transferred into the waste bank for the recycling process
or to transform it into the raw materials [12]. Technically, the waste base products
would need marketing strategies. Furthermore, it was pointed out that the marketing
process brings the objective of heading the market value of the products, therefore
the product could reach the customers [13].

Marketing creates better communication in justifying the products into the
customers. The Entrepreneurship Strategy needs to be applied to increasing compet-
itiveness [14]. The identification process of supply and demand is a concept of
marketing. Themarketing process ismainly based on a supply-demand,market offer-
ings products, services and experiences, customer value and satisfaction, exchanges
and relationships, and markets [13]. Other important strategy is marketing manage-
ment. Marketing management is a form of art and knowledge in market target selec-
tion, creation, transportation, and communication of the best value of the product
to achieve and sustain the number of customers. The marketing management as a
process to improve the efficiency and the affectivity of themarketing activities among
the individuals and organizations. Therefore, this study stresses that the implemen-
tation of the comprehensive strategy of 3R and the well-managed marketing is a key
role in implementing the waste management system in Jakarta.

3 Methods

This study explores the descriptive-qualitative analysis in analyzing the responsible
waste management strategy towards the sustainable framework in Jakarta. Jakarta is
Indonesia’s capital city which covers 661.52 km2 area, and 10,187,595 populations.
The result of the investigation aims to recycle the waste for the income increment for
the community, to produce the innovative product with an environmentally friendly
recycling concept. Moreover, the study also targets to reduce the urban waste volume
toward sustainable development.

This study was conducted in Jakarta which includes 58.91 million units of micro
business, 59,260 units of small and 4.987 units of medium, and enterprise. The
study analysis the daily waste from 2014–2017 in Jakarta, the approach of waste
collection, type of waste (organic, non-organic, and toxic waste), 3R program, and
recycle products. The descriptive qualitative analysis discusses the data generated
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from the Department of Public Works Indonesia, Center for Research and Devel-
opment of Settlements—Ministry of Public Works and Department of Micro, Small
and Medium Enterprises, Department of statistics Indonesia.

4 Results and Research Description

The rapid growth of population, industry, urbanization, and modernization is the
root of the waste volume increasing. This situation due to the increasing trend of
food demand and other needs, therefore the household waste develops day by day.
Table 2 presents the increase in the volume in Jakarta from 2014 to 2017. It could
be seen that the rising volume increases consistently. However, waste management
is not yet done comprehensively and regularly. The data shows that the collected
and transported waste ranges from 91.10% to 95.92%. This situation shows that
the role of policymaker MSMEs actors and community is significant to involve in
the waste management system to improve the communities’ income and sustainable
development implementation in Jakarta.

Meanwhile, Table 3 presents the management of Jakarta local authorities to
provide the approaches of waste collection from the community and MSMEs. The
garbage men are assigned to transport the waste from households and MSMEs to the
landfill. They are also responsible for waste sorting when the community or MSMes
actors fail to perform it. The knowledge and awareness of the garbage man about the

Table 2 Jakarta waste volume by year

Waste volume 2014 2015 2016 2017

Estimated Waste Production Per Day (m3) 6.74803 7.04639 7.09908 7.16453

Volume of Waste Trashed Per Day (m3) 6.21205 6.41914 6.01630 6.87218

Percentage of Transported Waste
(%)

9206 9110 8475 9592

Source Department of Statistics Indonesia, 2019

Table 3 Approaches of waste collection in Jakarta by year

Approaches/Tools 2014 2015 2016 2017

The Garbage Man – 13.708 14.289 10.414

Garbage truck 1.055 1.496 1.749 1.692

Garbage Wheelbarrow 7.422 830 1.092 1.447

Garbage dump 2.554 1.416 1.416 1.099

Heavy equipments 82 1.675 1.990 2.064

Source Department of Statistics Indonesia, 2019
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Table 4 Waste groups in Jakarta by year

Waste groups 2015 2016 2017

Organic waste (m3) 3.45029 3.23377 3.69380

Inorganic waste (m3) 2.93296 2.74890 3.13996

Hazardous and toxic/B3 (m3) waste 3588 3363 3842

Source Department of Statistics Indonesia, 2019

type of waste majorly assist in effective implementation of the national policy on the
3R program.

Waste is one of the main potentials to contribute to the environmental positions
that include soil, water, and air. In this context, nonorganic waste mostly causes envi-
ronmental pollution. Table 4 justifies the waste group including organic, nonorganic,
and toxicwastes in Jakarta from2015 to 2017. It indicates that the scale of nonorganic
and toxic waste almost reaches the same level as organic waste. This situation is a
serious challenge not only to the waste management system in Jakarta but also in the
implementation of sustainable development. This study highlights that the increase
in waste volume is technically due to the law awareness of community and MSMEs
actors to implement 3R program.

If the 3R program is well enforced, the next stage of the waste management cycle
is to create and market the recycled products. The examples of the recycled materials
are paper and plastic. Human activities in big cities impact, the increase of the paper
needs. Paper recycling could be done up to 4–6 times due to the elasticity of the
paper fiber. There are ranges of recycled papers that could be categorized into three
types: The left-over papers from the factory, the waste papers before use, and the
papers after use. Overall, only around 70% of the used papers are recycled, despite
the waste papers reaching up to 10% of the total waste. Thus, the recycling strategy of
the used papers needs to be maximized. The 3R program, the “reduce” activity could
be implemented by avoiding the unnecessary use of papers. In applying the “reuse”
activity, the used paper could be reused for other purposes. Lastly, to implement
the “recycling, the use of papers could be recycled for artwork. Figure 2 shows the
examples of recycled paper products from MSMEs Jakarta.

Tissue holder Shopping Bag

Fig. 2 Example of recycle paper products
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Shopping Bag Lantern Lamp

Fig. 3 Examples of recycle plastic products

Plastic waste management is a challenging process as plastic material mostly
decomposed. Plastic has a long carbon decomposition process and unable to be
processed by microorganisms. The solution to this issue is reducing the plastic-
based products or recycling plastic products into other purposes. In this context, the
plastic waste is processed into recycling products such as shopping bags and the
lantern lamps (Fig. 3).

The 3R program does not only implement the waste management objective but
also is part of sustainable development framework in Jakarta. This is because of the
3R program is the real form of carbon footprint mitigation. Besides, the 3R program
improves the community income, encouraging the export of the local products and
saving energy from the households to the city scale. Lastly, the 3R program promotes
the MSMEs in expanding the business and enterprise on the waste craft products.

5 Conclusions

This study concludes that the comprehensive roles of the local authorities, commu-
nity, and MSMEs actors are significant in Jakarta waste management. The 3R
programneeds to be entirely implemented from the early processes ofwaste selection
from the household and MSMEs. The concern of this study is the importance of the
awareness among the community andMSMEsactors to apply thewaste sorting before
the collection and disposal process. Socialization, education, and training on waste
management are essentially urged. Moreover, the authority requires presenting the
best practice of waste management in order to transform the mindset of the commu-
nity and theMSMEs actors to be more innovative. The authority also needs to inform
them about the consequences of poor waste management and dirty environment. The
finding of this study is a significant reference to the community, MSMEs actors,
and local authorities to implement better waste management towards sustainable and
clean Jakarta.
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Impact of Urban Configurations
on Airflow: Tropical Context Study

Lin Yola, Siong Ho Chin, and Komara Komara Djaja

Abstract The threat of climate change and the Urban Heat Island (UHI) is the envi-
ronmental challenges to global living development. The UHI phenomenon causes
energy demand and social issues in dense cities. The modification of urban surface
as the result of the rapid development technically generates the air temperature
increase within the urban spaces. The poor urban ventilation further worsens this
situation. This study closely looks into the impact of the setting of urban configura-
tions on the airflowwithin the urban spaces, particularly in the tropical Kuala Lumpur
context. ENVI-met V3.1 was used to simulate four urban configurations with two
scenarios of canyon directions; East–West and South–North. The results present that
the airflow found very weak in four urban configurations. However, the setting of
vertical obstruction in the urban configuration helps to improve the ventilation. The
study recommends that the canyon feature develops a better airflow in urban config-
urations. The finding of this study is recommended to be one of the strategies in the
Climatically Responsive Urban Configurations framework for urban planners and
decision-makers.

1 Introduction

Climate change and urban development are two inseparable topics in the city’s
sustainability agenda. However, the global agenda on climate change mitigation
and adaptation still brings scientific challenges [1]. The big cities play the center
role in population growth and urban development that encourage the temperature
increase in urban areas. The Urban Heat Island (UHI) is the real form of this issue,
as the air temperature in urban area develops higher than the rural areas. A study
recorded that the air temperature of Kuala Lumpur rose from 4 °C in 1985 to 5.5 °C
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in 2004 [2]. The modification of the urban microclimates is the direct feature that
present the increase of the UHI intensity. The UHI phenomenon regularly causes
thermal discomfort and urban health to the city dwellers. Consequently, the poor
microclimates and the thermal discomfort cause an increase in the cooling load. A
study found that every degree of mean ambient temperature increase causes up to
14.2% rise of cooling loads in a typical flat [3]. The issue of climate change and UHI
continues to be the challenge in urban sustainability studies.

The previous studies on urban energy budged mostly concerned the climatic
features and physical features [4]. The early study [5] justifies the interrelation-
ship and the balance of the modification of the microclimate, thermal comfort, and
energy efficiency. Technically, the uncontrolled dense urban development creates
many vertical obstructions. The growth of the number and height of high-rise build-
ings roots the blocked urban wind and natural lighting to reach the ground surface of
the urban spaces. In the context of the tropical region, this scenario primarily develops
heat storage as one of the sources of the temperature increase. One major component
of the microclimates in the urban heat gain system is the urban wind. Urban ventila-
tion plays a significant role in the modification of microclimate and thermal comfort.
There are ranges of urban climatic studies that investigated the airflow behavior in
urban spaces, mainly urban canyon [6, 7]. Nevertheless, rapid urban development
generates the settings of urban spaces and urban form. Hence, this study seeks to
explore the further setting of the canyon spaces on airflow behavior.

2 Role of Ventilation in Canyon Spaces of Dense Urban
Area

The urban airflow plays a significant role in urban energy budged as heat disperse.
Urban airflow also mainly encourages urban thermal comfort [8, 9]. However, a
study [10] stressed that with the high level of humidity in the context of the tropical
region, the urban airflow significance is still under challenge. The urban surface
roughness, such as buildings and topography, mainly determines the airflow behavior
that directly contributes to the increase of the UHI intensity [11–14]. The dense city
tended to create a lower speed of the airflow on the urban ground surface [9]. A study
[13] revealed that the thermal discomfort develops when the airflow is lower than
1.9 m/s in a rough dense urban surface. The airflow velocity increases by the adding
height of the surface [7, 11, 14, 15].

Besides the urban roughness, airflow behavior is also mostly influenced by the
setting of the urban spaces and built form. Oke T. R. pioneered the study on the
relationship between urban canyon and the microclimate [7]. Oke pointed out that
more significant Height to Width (H/W) aspect ratio and smaller Sky View Factor
(SVF) technically generates the maximum UHI (Eqs. 1 and 2). This study also
stresses thatH/Waspect ratio determines the airflow regimewithin the canyon spaces.
Another study [11] added to this finding that the airflow develops in the shallow
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canyon over the deeper canyon. It also expressed the airflow behavior within the
different urban canyon spaces, it emphasized that the ground airflow is aligned with
the above one when canyon direction faces the urban wind direction, while the spiral
vortex develops when airflow above the canyon is angled. Furthermore, the channel
effects occur when the canyon direction is parallel to the airflow [11, 16, 17]. The
channel effect is emphasized as the primary ventilation system in the dense urban
area to reduce heat stress in achieving better urbanmicroclimate and thermal comfort.
Therefore, in order to maximize the airflow, it is recommended the canyon parallel
to the prevailing wind direction by limiting the deviation to less than 30° [14].

dTmax = 7.45 + 3.97 ∗ ln(H/W) (1)

dTmax = 15.27 − 13.88 ∗ SVF (2)

However, since the airflow velocity in Kuala Lumpur city center is relatively
low, this study sets the canyon direction into East–West and South–North directions
to closely seek the impact of the urban canyon on the microclimate. This setting
is assigned based on the context of the tropical Kuala Lumpur with the maximum
intensity of solar radiation throughout the year [4]. The early study highlighted this
situation [18], where the canyon direction towards the urban wind source indicated,
generates the impact on the airflow velocity; it, however, also reported that the low
velocity is found in Kuala Lumpur ground surface. Besides, this study also under-
lines the importance of exploring the airflow behavior in other alternatives of urban
configurations, by using Oke’s urban canyon model as formulated in Eqs. 1 and 2. In
this context, the urban configurations with the primary courtyard and canyon geom-
etry were investigated; Courtyard, U, Courtyard Canyon, and Canyon [18]. These
urban configurations are also the basic settings found in the modern residential urban
blocks [4].

3 ENVI-Met Simulation in Residential Area of Kuala
Lumpur

ENVI-met V3.1 Beta, a 3D non-hydrostatic microclimate computer simulation, is
the tool used to assess the urban configurations in this study. As validated in an
earlier study [19], ENVI-met simulation is a reliable approach to examine the impact
of the urban configurations on the airflow. Four urban configurations, Courtyard, U
configuration, Courtyard Canyon, and Canyon were simulated to derive the airflow
data. In this context, Courtyard Canyon is the existing urban configuration, while
the Courtyard, U, and Canyon are the hypothetical urban configurations. The urban
simulations set in two sites of the high-rise urban blocks in Kuala Lumpur. The first
flat is a 19 story “Bandar Tasik Selatan” with the canyon parallel with the sun path;
East-West while the second one is “Surya Magna”, a 15 story flat with a canyon
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direction perpendicular to sun path (North–South). The neighborhood developments
include low-rise to high-rise residential buildings. The horizontal surfaces are mostly
covered by concrete with 10 m or less of leafless base trees. The investigated focuses
study area is the center of the Courtyard, which mostly is used for social activities
in the afternoon and evening, and in this context is called receptor.

The four urban configurations are differentiated by the range of SVF value that is
generated by the setting of the vertical obstruction. This study, however, remains the
H/Waspect ratio constant. TheENVI-metmodel simulated four urban configurations
in twocanyondirections;East–West andNorth–South. TheSVFvalues inFlatBandar
Tasik Selatan are generated by using RayMan analysis from the smallest to highest
SVF as follows; Courtyard (0.275), U (0.39), Courtyard Canyon (0.438), and Canyon
(0.676). Meanwhile, in Surya Magna the values are as follows; Courtyard (0.611),
U (0.694), Courtyard Canyon (0.707), and Canyon (0.793).

The ENVI-met simulation was to simulate the airflow on 21 June 2015 in Kuala
Lumpur. The climate and physical data in the configuration editor consist of wind
speed (1.4 m/s), wind direction (225 or South–West to North–East), initial tempera-
ture (303.15 K), relative humidity (83%), inside temperature of the building (293 K),
heat transmission wall (1.94 W/m2K), roofs (6 W/m2K), albedo walls (0.3), and
roofs (0.5). The size of the simulation sections applied in the simulation of this study
is 250 × 250 × 30. In this study, the final extraction of receptor data is the hourly
airflow from the Courtyard space. The diurnal data ranges from 7 am to 6 pm, while
the nocturnal data is from 7 pm to 6 am. Besides presenting the airflow of the four
urban configurations, this study compares the airflow data of two canyon directions;
East–West and North–South.

4 Results and Discussion

The ENVI-met simulation is presented as the 24 h airflow data, while the data is also
presented in two scenarios of canyon directions; East–West and North–South. In the
East–West scenario, the data indicates that the airflowdata is deficient (0.01–0.9m/s).
Figure 1 shows that the data is divided into very low and low airflow speeds. It records
that the higher rate of airflow occurs in urban configurations with the canyon feature,
which in this case includes the Canyon and Courtyard Canyon. The airflow speed
indicated to be significant (up to 0.6 m/s). Figure 1 also shows that the Courtyard
Canyon and the Courtyard present different trends of diurnal and nocturnal airflows,
while the Courtyard and U configuration performed identical airflow trends.

The mean of airflow in four urban configurations stresses this situation (Table 1).
The U and Courtyard configurations recorded the deficient speed (0.05 m/s and
0.08m/s) while the Canyon and Courtyard Canyon perform a better airflow (0.54m/s
and 0.58 m/s). The data also justifies the role of canyon feature in improving the
velocity of the airflow in Courtyard spaces of urban configurations. In the scenario
of South–North canyon direction, the airflow data is varied among the four urban
configurations (Fig. 2).
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Fig. 1 Hourly airflow in East–West canyon direction

Table 1 Mean of airflow in East–West canyon direction

Urban
configuration

Diurnal (m/s) Nocturnal (m/s) Mean (m/s) Remarks

Courtyard (SVF:
0.275)

0.06 0.10 0.08 Low airflow velocity
due to the setting of
enclosed urban
configurations, no help
of channel effect
occurred

U (SVF: 0.309) 0.03 0.07 0.05 The lowest airflow
velocity, the U
configuration blocks the
source of the wind from
South–West

Courtyard Canyon
(SVF: 0.438)

0.71 0.46 0.58 The help of the channel
effect was well
performed due to the
small canyon feature in
the urban configuration

Canyon (SVF:
0.676)

0.57 0.52 0.54 The lowest airflow
velocity found due to
the canyon channel
effect occurred

In general, the airflow in this scenario recorded as relatively low (0.05 m/s–
0.78 m/s). The trend of airflow presented similar characteristics, as the urban config-
urations with canyon feature indicate a higher velocity (up to 0.78 m/s) compared to
the urban configurations without the canyon feature (as low as 0.05 m/s). Apart from
the Courtyard configuration, the nocturnal airflow of all the urban configurations
reduces after 5 pm. The gaps in the nocturnal airflow are recorded more prominent
among the four urban configurations.

Table 2 elaborated on the mean of the airflow in four urban configurations. The
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Fig. 2 Hourly airflow in North–South canyon direction

Table 2 Mean of airflow in North–South canyon direction

Urban
configuration

Diurnal (m/s) Nocturnal (m/s) Mean (m/s) Remarks

Courtyard (SVF:
0.611)

0.23 0.13 0.18 The lowest airflow
velocity as the setting is
an enclosed urban
configuration

U (SVF: 0.694) 0.38 0.22 0.30 The low airflow, as one
of the sides blocked
from ventilation access

Courtyard Canyon
(SVF: 0.707)

0.51 0.47 0.49 The airflow is better as
the channel effect
occurs in the small
canyon feature

Canyon (SVF:
0.793)

0.69 0.76 0.72 The channel effect
found well performed in
releasing the heat gain

results show that the channel effect occurs in the urban configurations with canyon
feature (Canyon and Courtyard Canyon), while the urban configurations without
canyon feature (Courtyard 0.18 m/s and U 0.30 m/s) generated the lower velocity of
airflow.

Despite the airflow that was recorded low in all urban configurations, banning
the canyon feature proved to create the channel effects that improve the velocity of
airflow in the outdoor spaces of the urban configurations.

The simulation data of the two canyon direction scenarios found that the airflow is
averagely low in the investigated study. The setting of the dense urban development
that plays a role as a vertical obstruction in the sites significantly influences the
behavior of the surrounding urban wind. This situation represents the urban wind
of Kuala Lumpur with its high-density development in the city center. The results
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also indicate that there is no significant gap in airflow between the East–West and
South–North canyon direction scenarios.

The comparison shows that generally, the nocturnal airflow is recorded lower over
the diurnal. In the context of this study, the airflow velocity was physically affected
by the setting of the urban configuration. The application of the canyon feature in
the urban configuration creates the channel effect that encourages the higher airflow
velocity.

5 Conclusion

The increase of UHI intensity in dense urban areas is a challenge to the temperature
increase mitigation agenda in tropical cities. The UHI phenomenon causes thermal
discomfort and energy demand, which creates the discouragement from the sustain-
able development agenda. The integration of urban spaces and the built form is one
of the significant contributors to modify the heat gain in the urban canopy layer. The
primary investigation on the heat gain in the urban canyon spaces highlighted that
the maximum intensity of UHI is influenced by the SVF value and the H/W aspect
ratio of the canyon.

This study, however, emphasizes that the setting of the urban configurations gener-
ates the modification of the microclimate, including the airflow. The results indicate
that the existence of canyon feature creates the channel effects in the urban config-
urations. The canyon feature was highlighted to contribute to the positive impact
to encourage the airflow in the canyon spaces. As called Climatically Responsive
Urban Configuration, the alternatives suggested in this study are Canyon and Court-
yard Canyon. The finding of this research contributes to the reference for plan-
ners and decision-makers to strategize the canyon feature to the alternative of urban
configuration.
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