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PREFACE 

 

It is a great privilege for us to present the proceedings of 

the 1st ITB Graduate School Conference to the authors 

and delegates of the event. The postgraduate education in 

ITB is a locomotive for achieving academic excellence 

through research, innovation, and scientific publications. 

The ITB’s Graduate School Conference (i-GSC) is held 

by ITB’s Graduate School and Institute for Research and 

Community Service (LPPM) as a platform for scientific 

publications of ITB postgraduate students whose basis is 

the results of their thesis and dissertation research. The 

conference is also open to academia and researchers from 

outside the university. 

The responses to the call-for-papers had been overwhelming both from ITB and from other 

universities. The conference was also participated by international colleagues from Morocco, 

Portugal and Spain as well as 2 keynote speakers from Japan and United Kingdom. We have 

116 registered participants, 48 oral presentations, and 88 poster presentations, and, 

unfortunately, we have to decline 28 submissions. The organizing committee of the 1st IGSC 

also collaborated with eight (8) ITB reputable Scientific Journals with various scopes of 

research. The submitted manuscripts were peer-reviewed and parts of them were accepted 

for publication in the journal. We are truly appreciating all the participants. 

In the end, we would like to express our gratitude and appreciation for all the reviewers who 

helped us maintain the high quality of the manuscripts. We would also like to extend our 

thanks to the organising team members for their hard work. Last but not least, we thank all 

participants and wish to see you on the next occasion.  

We do hope that this conference activity can continue and support the advancement of 

science, art, and technology in Indonesia. 

 

Conference Chair 

Prof. Dr. Ir. Mohammad Zaki Mubarok 

On behalf of the 1st IGSC Committees 

22nd December 2021 

Bandung, Indonesia 
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Abstract. The sales reduction of several companies or businesses during the 

COVID-19 pandemic caused they find other ways to maintain their business, as 

was done by McDonald's Indonesia by issuing a new BTS meal menu in 

collaboration with the South Korean boy group BTS. The purpose of this study 

was to determine the influence of brand ambassador and brand image on 

purchasing decisions by using case studies of Kpop and non-Kpop fans. This 

research used a questionnaire to obtain data on brand ambassadors, brand image, 

and consumer purchasing decisions, then analyzed using Confirmatory Factor 

Analysis (CFA) and the rotational method of varimax factor analysis. From the 

result, 64 respondents showed brand ambassadors influenced brand image in BTS 

meal purchasing decisions by 28.6%, brand ambassadors influenced BTS meal 

purchasing decisions by 19.4%, brand image influenced BTS meal purchasing 

decisions by 6.4 %, and brand image can mediate brand ambassadors to influence 

BTS Meal purchasing decisions. The impact of using BTS as a brand ambassador 

does not directly affect BTS Meal purchasing decisions but the brand image of 

McDonald's Indonesia can mediate the brand ambassador to influence BTS Meal 

purchasing decisions. 

Keywords: Brand Ambassador; Brand Image; Purchase Decision; BTS meal; 

McDonald's Indonesia. 

1 Introduction 
In July 2021, Indonesia was shocked by the news in various media about the long 

queues that occurred at one of the most popular fast-food restaurants, namely 

McDonald's. McDonald's issued a new menu of BTS Meal in collaboration with 

the most popular K-Pop boy group, BTS. The queue was dominated by online 

drivers who accepted consumer orders through the application. Since the 

COVID-19 pandemic, several companies and businesses have experienced 

reducing their income and many have given a promotion to keep their products 

sold, as some fast-food restaurants do. 

 
The sales reduction of several companies or businesses was due to reducing 

consumer buying interest and also changing the Indonesian lifestyle to become 
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healthier due to the COVID-19 pandemic and many people did not want to buy 

instant products. According to data from the Indonesia Stock Exchange (IDX) 

(Pratama, 2021), the company's revenue in 2020 decreased by 27.82 percent, 

compared to the previous year, including McDonald's. The shares slumped to 2.5 

percent of sales and globally fell by 23.9 percent (Laucereno, 2020). 

The sales reduction experienced by McDonald's can be made them find other 

ways to maintain their business during the pandemic. One way is to use a brand 

ambassador who can attract consumers to buy McDonald's products again. BTS 

is one of the most popular K-Pop boy groups in the world and has many fanatical 

fans from various countries. BTS is an abbreviation of Bangtan Boys which 

consists of seven members, namely Jin, Suga, J-Hope, RM, Jimin, Taehyung, and 

Jungkook (Mihardja, 2018). They debuted on June 13, 2013, and for eight years 

now BTS is finally crowned as the number one idol group in South Korea. 

 
Their popularity causes them used as a brand ambassador for several companies, 

such as Puma, Dior, Fila, Hyundai Motors, Lotte Duty-Free, Line, Samsung, and 

so on. It made the companies that used BTS as a brand ambassador in their 

advertisement increasingly known throughout the world and also affected the 

product sales. Brand ambassadors are commonly referred to as corporate 

ambassadors that are hired by a company or organization to represent the brand 

positively and can increase the product sales or use of services (Yanis, 2020). 

 
The researcher sees the influence of BTS as a brand ambassador on BTS Meal 

purchasing decisions at McDonald's Indonesia, there is a relationship between 

brand ambassadors, purchasing decisions, and brand images. Brand ambassador 

aims to influence or invite consumers to use products and brand image is a type 

of association that arises in consumers' minds when remembering a particular 

brand. The purpose of this study was to determine the influence of a brand 

ambassador and brand image on BTS Meal purchasing decisions by using the 

case study of K-pop and non-K-pop fans. 

 
The results are expected to be able to build an understanding of a brand 

ambassador and brand image that can influence purchasing decisions for BTS 

Meal, where several companies and businesses experience the income reduction 

during the pandemic and it can use a reference for further research on a brand. 

 

2 Method 
To determine the influence of brand ambassadors and brand image on BTS Meal 

purchase decisions based on the Korean wave phenomenon in Indonesia, the 

researcher uses a quantitative method with multiple regression analysis 

approaches. Quantitative research usually uses an explanatory design, where the 
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object of the study is to examine the hypothesized inter-variable relationships 

(Mulyadi, 2011). 

 
As the initial stage of the research, the researcher collected data regarding BTS 

meal reporting on online news sites. Researchers saw a lot of enthusiasm from 

the public to buy BTS meals, where this is the latest menu issued by McDonald's 

in July 2021 in collaboration with the South Korean boy group, BTS.  Of the ten 

news obtained, the researchers only used two pieces of news that were reported 

by Indonesian online news sites about BTS meals at McDonald's Indonesia. 

 
This study uses primary data in the form of a questionnaire to analyze three 

variables, namely the independent variable is a brand ambassador (X), the 

dependent variable is purchase decision (Y) and the mediating variable is a brand 

image (M). The research sample used, namely the Indonesian people who buy 

McDonald's Indonesia products very rarely, less than 5 times a month, 5 times a 

month, 10 times a month, and more than 10 times a month. This questionnaire 

was distributed to Indonesian people aged 16 to 35 years, who are fans of K-pop 

or not and are aware of the existence of BTS Meal. Indonesian people aged 16 to 

35 years were chosen because based on a survey conducted by Statista in 2020 

(Annur, 2020) stated that active users of social media in Indonesia were aged 18 

to 34 years. 

 
The questionnaire distributed to the public contained several questions regarding 

brand ambassadors, brand image, and purchasing decisions. Brand ambassadors 

were measured using 12 questions, purchasing decisions were measured using 10 

questions, and measuring brand image using 8 questions. Questionnaire data was 

measured using answers consisting of five choices, namely: Strongly Agree (SS), 

Agree (S), Neutral (N), Disagree (TS), and Strongly Disagree (STS) with an 

assessment of Strongly Agree (SS) given a value of 5, and so on it decreases until 

the answer Strongly Disagrees (STS) is given a value of 1, while for negative 

statements, the answer Strongly Agrees (SS) is given a value of 1, and so on it 

increases to the answer Strongly Disagrees (STS) which is 5. 

 
The data were analyzed using Confirmatory Factor Analysis (CFA) and the 

rotational method of varimax factor analysis using IBM SPSS Statistics 25 

software. Each question item that has a valid factor loading of 0.50 can indicate 

that the existing indicators are one unit of measurement that measures a common 

construct and can predict what is predictable. In addition, the validity of the 

correlation between variables in measuring a concept is seen by looking at the 

Kaiser Meyer Olkin Measure of Sampling Adequacy (KMO MSA) and the 

significance coefficient of Bartlett's Test of Sphericity stated in the analysis 
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results. If the KMO MSA coefficient is more than 0.50, then it is acceptable. 

However, if the coefficient value is less than 0.50 it is not acceptable. 

 
To measure the questionnaire as an indicator variable, the researcher used IBM 

SPSS Statistics 25 software, and the reliability of the instrument was a 

requirement for testing the validity of the instrument in the reliability test of this 

study using the Cronbach Alpha technique. 

3 Results 

3.1 Findings of The Influence of Brand Ambassador on Brand 

Image 

The statistical results of the t-test in Table 1 for the brand ambassador variable 

obtained an at-count value of 5.117 with a significance level of 0.000 because the 

significance is less than 0.05 (0.000<0.05), and the regression coefficient has a 

positive value of 0.584; then the hypothesis which states that "brand ambassador 

has a positive and significant effect on the brand image of McDonald's Indonesia" 

is accepted. The magnitude of the influence of the brand ambassador on the brand 

image is 0.286; this means that the brand image is influenced by the brand 

ambassador by 28.6%, while the remaining 71.4% is influenced by other factors 

not included in this study. 

Table 1 Regression Analysis Results of the Influence of Brand Ambassador on 

Brand Image. 

Constant Regression 

Coefficient 

t count Sig. Adjusted R2 

1,271 0,584 5,117 0,000 0,286 

Source: Processed by Researchers, 2021 

3.2 Findings of The Influence of Brand Ambassador on Purchase 

Decisions 

The statistical results of the t-test in Table 2 for the brand ambassador variable 

obtained a t-count value of 4.018 with a significance level of 0.000; because the 

significance is smaller; of 0.05 (0.000 <0.05), and the regression coefficient has 

a positive value of 0.436; then the hypothesis which states that "brand 

ambassadors have a positive and significant effect on BTS Meal purchasing 

decisions" is accepted. The magnitude of the influence of brand ambassadors on 

purchasing decisions is 0.194; this means that the purchasing decision is 

influenced by the brand ambassador by 19.4%, while the remaining 80.6% is 

influenced by other factors not included in this study. 
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Table 2 Regression Analysis Results of the Influence of Brand Ambassador on 

Purchase Decisions. 

Constant Regression 

Coefficient 

t count Sig. Adjusted R2 

1,275 0,436 4,018 0,000 0,194 

Source: Processed by Researchers, 2021 

3.3 Findings of The Influence of Brand Image on Purchase 

Decisions 

The statistical results of the t-test in Table 3 for the brand ambassador variable 

obtained a t-count value of 2.308 with a significance level of 0.024; because the 

significance is smaller than 0.05 (0.024 <0.05), and the regression coefficient has 

a positive value of 0.252; then the hypothesis which states that "brand image has 

a positive and significant effect on BTS Meal purchasing decisions" is accepted. 

The magnitude of the influence of brand image on purchasing decisions is 0.064; 

this means that purchasing decisions are influenced by brand image by 6.4%, 

while the remaining 93.6% is influenced by other factors not included in this 

study. 

Table 3 Regression Analysis Results of the Influence of Brand Image on 

Purchase Decisions. 

Constant Regression 

Coefficient 

t count Sig. Adjusted R2 

1,663 0,252 2,308 0,024 0,064 

Source: Processed by Researchers, 2021 

3.4 Findings of The Influence of Brand Ambassador and Brand 

Image on Purchase Decisions 

Based on the data contained in Table 4, the brand ambassador variable has a 

significance value of less than 0.05; so that there is no influence of brand 

ambassadors on purchasing decisions. However, there is a possibility that the 

mediating variable, namely brand image, can mediate brand ambassadors because 

the brand image variable has a significance value greater than 0.05. Thus the 

fourth hypothesis which states "brand ambassadors have a positive and 

significant effect on BTS Meal purchasing decisions mediated by brand image" 

is accepted. 

Table 4 Regression Analysis Results of the Influence of Brand Ambassador 

and Brand Image on Purchase Decisions. 

Variable Regression Coefficient Sig. 

Brand Ambassador 0,411 0,003 

Brand Image 0,043 0,726 
Source: Processed by Researchers, 2021 
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4 Discussion 

4.1 Brand Image Influenced by Brand Ambassador 

Table 1 shows that the brand ambassador variable obtained a t-count value of 

5.117 with a significance level of 0.000; because the significance value is less 

than 0.05 (0.000 <0.05), and the regression coefficient has a positive value of 

0.584; then this study succeeded in proving the first hypothesis which states that 

"brand ambassadors have a positive and significant effect on the brand image of 

McDonald's Indonesia". The magnitude of the influence of the brand ambassador 

on the brand image is 0.286; this means that the brand image is influenced by the 

brand ambassador by 28.6%, while the remaining 71.4% is influenced by other 

factors not included in this study. 

 
Based on the results, the factor that influences brand image in the BTS meal 

purchase decision is the brand ambassador. BTS is one of the celebrities who are 

liked by many people, is considered capable of influencing the brand image of 

McDonald's Indonesia in selling BTS meals. BTS is considered capable of 

representing the brand image of McDonald's Indonesia as a fried chicken 

company because the South Korean people love eating fried chicken and also 

have a chimek culture, namely the culture of eating fried chicken with beer 

(Suryaningrum, 2019). Brand image must represent all internal and external 

character that can affect customers. A brand contains the company's promises to 

customers to give benefits, privileges, and services. The higher brand images in 

the customer's minds, the stronger the confidence of customers to stay loyal so 

that it can support the improvement of profit for the company (Sari Dewi et al., 

2020). 

4.2 Purchase Decisions Influenced by Brand Ambassador 

Table 2 shows that the brand ambassador variable obtained a t-count value of 

4.018 with a significance level of 0.000; because the significance value is less 

than 0.05 (0.000 <0.05), and the regression coefficient has a positive value of 

0.436; so this study succeeded in proving the second hypothesis which states that 

"brand ambassadors have a positive and significant effect on BTS Meal 

purchasing decisions". The magnitude of the influence of brand ambassadors on 

purchasing decisions is 0.194; this means that the purchasing decision is 

influenced by the brand ambassador by 19.4%, while the remaining 80.6% is 

influenced by other factors not included in this study. 

 
Based on the results, the factor that influences the purchasing decision of BTS 

meals is the brand ambassador. A brand ambassador is a tool used by a company 

to communicate and connect the company to consumers to increase sales 
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(Masyita & Yulianti, 2017). The use of the BTS boy group as a brand ambassador 

to sell BTS Meal to consumers is considered capable of increasing sales of 

McDonald's Indonesia products. The use of brand ambassadors usually uses well-

known celebrities and has the most positive effect to help form a stronger 

emotional connection between a brand/company and its consumers, so that it can 

indirectly build a product image that has an impact on purchasing decisions 

(Prayogi & Djatmiko, 2019). 

4.3 Purchase Decisions Influenced by Brand Image 

Table 3 shows that the brand image variable obtained a t-count value of 2.308 

with a significance level of 0.024; because the significance value is less than 0.05 

(0.024 <0.05), and the regression coefficient has a positive value of 0.252; then 

this study succeeded in proving the third hypothesis which states that "brand 

image has a positive and significant effect on purchasing decisions for BTS 

Meal". The magnitude of the influence of brand image on purchasing decisions 

is 0.064; this means that purchasing decisions are influenced by brand image by 

6.4%, while the remaining 80.6% is influenced by other factors not included in 

this study. 

 
Based on the results, the factor that also influences BTS Meal purchasing decision 

is the brand image. The brand image of McDonald's Indonesia as a food company 

that sells fried chicken can also influence consumer purchasing decisions on 

McDonald's newest product, namely BTS meal. The good image of McDonald's 

Indonesia in selling its products so far has made people believe that they will 

continue to buy new products that have been released. Brand image refers to 

consumers' memories of a brand, namely the customer's interpretation of the 

attributes, advantages, uses, situations, users, and characteristics of the producer 

or the characteristics of the producer's product or brand. Brands that have a 

positive image will encourage consumers to buy products sold by that brand 

rather than buying the same products sold by other brands (Mubarok, 2018). 

4.4 Purchase Decisions Affected by The Brand Image That 

Mediates the Ambassador Brand 

In Table 4, it can be seen that there is no influence of brand ambassadors on 

purchasing decisions, but it is possible to brand image can mediate brand 

ambassadors to influence BTS Meal purchasing decisions because the significant 

value of a brand image is greater than 0.05, which is 0.726. The brand image 

variable as a mediating variable has a stronger influence on purchasing decisions 

than the direct influence of a weak brand ambassador. This is because the positive 

image owned by McDonald's Indonesia encourages consumers to buy BTS meals 

and the use of BTS boy groups as brand ambassadors help to form a stronger 
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emotional relationship between McDonald's Indonesia and its consumers so that 

it can indirectly build a product image that has an impact on purchasing decisions 

for BTS meal. 
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Abstract. Atambua, West Timor has a complex-geological structure. However, 

the subsurface-geological model based on geophysical data is still limited there or 

imaging of Timor Island is only available at crustal-mantle scale whose spare 

spatial resolution. Therefore, this paper aims to map basement configuration in 

Atambua as well as to delineate its basin and lineament. This study used ground 

data gravity acquired by Scintrex CG-5, proceed with standard procedure 

processing, and interpreted it with geology data. The results of the research are the 

boundary of the basin from the Atambua basin indicated by -26 to -52 mGal and 

the Central basin whose gravity anomaly of -16 to -52 mGal, exhibiting a trend of 

lineament that is Southwest–Northeast, and configuration of basement topography 

namely undulating basement. Basement high dominating Northern–Northwestern 

and Eastern–Southeastern while lower basement located in the middle area from 

North to South zone. On the other side average thickness of the sedimentary layer 

from paraautochthon in the line AA’, line BB’, and line CC’ are 3, 3, and 4 

Kilometers respectively implying the possibility to generate hydrocarbon. 

Keywords: 2.5D modeling; Atambua; basin; basement; gravity; Timor 

1 Introduction 

Atambua City is part of West Timor or Nusa Tenggara Timur (NTT) province, 

Indonesia separated from Timor Leste which both areas located at Timor Island. 

Audley-Charles in [1], Charlton in [2], Harris and Long in [3], Sawyer in [4], and 

Villeneuve, et.al in [5] have reported the complex-geological surface of Timor 

Island. However, the subsurface-geological model based on geophysical data is 

still limited in Atambua and surrounding it.  

Porritt, et.al in [6] and Zhang and Miller in [7] have imaged Timor Island with 

ambient noise tomography at crustal-mantle scale and also it had spare spatial 

resolution. Gravity study is widely used to map the geometry and features of 

sedimentary basins as worked by Li, at.al in [8] and Abdullayev, at.al in [9]. 

Therefore, this paper aims to map basement configuration in Atambua and 

surround it as well as to delineate its sub-basin and lineament. Wijanarko, et.al in 
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[10] state that one important phase in hydrocarbon prospecting is an estimation 

of basement depth and the gravity method is of particular interest for mapping 

basement topography. 

 

(a) 

 
(b) 

Figure 1 signal-spectrum analysis of gravity anomaly, (a) plotting amplitude vs 

wavenumber, and (b) graph depth vs wavenumber. 

 

 

Figure 2 Completed Bouguer Anomaly (CBA) map. 
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2 Materials and Methods  

The research used gravity data acquired by PPPTMGB "LEMIGAS" through 

August–December 2015 in Atambua, West Timor, and its surrounding areas. 

Elevation data consist of Differential Global Positioning System (DGPS) 

measurements and Digital Elevation Model (DEM) from satellite imagery. The 

geological data used to support interpretation was obtained from the publications 

and surface geological data acquired by PPPTMGB "LEMIGAS". The 

distribution of gravity data appeared in Figure 3. 

 

 mGal 

Figure 3 esidual anomaly map overlay with black hatch representing the 

boundary of syn and post-orogenic basin defined by Charlton in [2]. 

Observed gravity data has been carried out with Scintrex CG-5. There were 900 

acquisition points distributed along Atambua, West Timor, and its surrounding. 

Distance between data point around 1 to 3 Kilometers and interval of gravity-line 

was about 10 Kilometers. Gravity data processing has been done with a standard 

workflow. It began from drift correction, removing tidal effect, corrections of 

latitude, free-air, Bouguer, and terrain, then it continued with signal enhancement 

to obtain residual anomaly, the procedure given by Telford, et.al in [11].  
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The results of gravity processing are presented in Figure 1, Figure 2, and Figure 

3 exhibiting signal spectrum analysis, Complete Bouguer Anomaly (CBA) map, 

and residual gravity anomaly map. The spectrums are expressed by a graph of the 

depth and amplitude (energy) versus the wavenumber. Signal analysis was used 

to separate regional and residual gravity anomalies. The bandpass filter was used 

for the separation of the anomaly with a cut-off of wave numbers 0.1 and 0.01 or 

wavelengths of 10 Km and 100 Km. The results of the bandpass filter analysis 

are agreed with the output pattern of the Butterworth filter using a central filter 

with a wavenumber of 0.01 or a wavelength of 100 Km and a filtering degree 8 

(not shown). Gravity data processing was used to extract the value of the 

gravitational field into information about the subsurface density distribution with 

2.5D gravity forward modeling (Figure 4, Figure 5, and Figure 6). Gravity 

anomaly map and modeling were performed by using the Geosoft Oasis Montaj 

software package.  

 

Figure 4 forward modeling line AA’ of gravity refers to Figure 3. Simplification 

of the subsurface model. Color legend: Australian basement (black), Banda terrane 

(light pink), Allochthonous (orange), Paraautochthons (green), and grouping of 

Bobonaro mélange, Banda nappe, Australian nappe, and Viqueque sequence. 
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Figure 5 forward modeling line BB’ of gravity refers to Figure 3. Simplification 

of the subsurface model. Color legend: Australian basement (black), 

Paraautochthons (green), and grouping of Bobonaro mélange, Banda nappe, 

Australian nappe, and Viqueque sequence. 

 

Figure 6 forward modeling line CC’ of gravity refers to Figure 3. Simplification 

of the subsurface model. Color legend: Australian basement (black), 

Paraautochthons (green), and grouping of Bobonaro mélange, Banda nappe, 

Australian nappe, and Viqueque sequence. 

3 Result and Discussion 

Analysis of subsurface geology in terms of delineating basement configuration 

lineaments, and basin in Atambua and its surrounding areas based on gravity data 

and surface geological data. Based on the CBA map in Figure 2, a large high 

gravity anomaly is located in the Northern–Northwestern of the research area. 

The range value of the high gravity anomaly is about 43–148 mGal of the total 

amount between -33 to 148 mGal. The high gravity anomaly indicates a relatively 
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shallower crust in the Northern–Northwestern zone compared with Central and 

Southern areas. It is agreeing with the ambient noise tomography from Porritt, 

et.al in [6] and Zhang and Miller in [7]. On the other hand, low gravity anomaly 

whose value -5 to -33 mGal commonly situated in Central area toward Southern–

Southeastern zone. The low gravity anomaly is supposed to thick-crust of 

Australian continental. Positive gravity gradient from Northwest (NW) to 

Southeast (SE) in West Timor is frequently found in Timor Leste (East Timor), 

it given by Chamalaun et al in [12]. 

Separating local or residual gravity anomaly from the regional used signal 

spectrum analysis in Figure 1 and it obtained residual gravity map revealed by 

Figure 3. Generally, the depth of the basement exhibited by signal spectrum 

analysis is around 2.8–8.8 Kilometers. The range value of residual anomaly is 

about -52 to 33 mGal. The residual map represents a shallower anomaly 

compared to the CBA map. Based on analysis of the residual map, there are two 

basins in the research area. The first one is located in the middle-Northern zone 

indicated by -26 to -52 mGal coincide with bright blue to dark blue. The second 

basin occupies the middle of the Central part toward  Southwestern whose gravity 

anomaly of -16 to -52 mGal indicated by green to dark blue. The first basin 

namely the Atambua basin and the second basin is Central Basin.  

The geometry of the basin is defined by a residual map slightly different from the 

basin proposed by Charlton in [2]. The Atambua basin here has a bigger geometry 

than what Charlton in [2] determined from surface syn and post-orogenic rocks. 

It is possible due to surface geological data does not reveal the continuity of syn 

and post-orogenic sediment vertically. On other hand, the Central basin has 

smaller geometry in comparison with the basin defined by Charlton in [2]. The 

difference is located around the East shoreline, surrounding Besikama, where 

high gravity anomaly from the residual map probable indicates basement high or 

another tight rock which can be determined by surface data previously. 

The lineaments that exist here have trends, in general, Southwest (SW)–Northeast 

(NE). Those lineaments are depicted by CBA and residual map. Trending of 

lineament expects to correlate to structural geology in West Timor. They are also 

perpendicular with gravity lines for modeling in Figure 3. There are three cross-

sections for 2.5D gravity forward modeling, i.e. line AA’, line BB’, and line CC’. 

Line AA’ is presented in Figure 4. It has a length of about 55 Kilometers with 

trending Southeast (SE)–Northwest (NW). Error-misfit obtained from modeling 

in the line AA’ is 2.04 indicating a small error of modeling. This paper has 

simplified the geological modeling by concatenating all outcropping rocks into 

one layer i.e. blue. Sedimentary layers deposited before pre-breakup Australia 

from Gondwana are also simplified by grouping Permian or older Jurassic rocks 
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into one layer indicated by green which is called paraautochthon. Based on 

modeling in Figure 6, the average thickness of the paraautochthon is about 3 

Kilometers. The lowest layer is the basement exhibited by black as Australian 

basement and bright pink as Banda terrane. The sedimentary layer overlying 

Banda terrane is allochthonous depicted by orange.  

Line BB’ exhibited in Figure 7 whose length is about 62.5 Kilometers and the 

error-misfit is 1.65. The northwestern part of line BB’ comprises of allochthonous 

and Bobonaro mélange represented in modeling with blue. Next to the east is the 

volcanic basic of Maubisse formation surrounded by Aitutu formation which both 

members of paraautochthon indicated by green. Toward to east again is the 

Bobonaro mélange and Viqueque sequence revealed in the model with blue. The 

paraautochthon in the line BB’ has an average thickness of 3 Kilometers. The 

lowest layer is the basement depicted by black as an Australian basement 

dominating this area. The configuration of basement topography is rough here.  

Line CC’ is depicted in Figure 8 whose length is about 54 Kilometers and the 

error-misfit is 2,66. The upper part of line CC’ mostly constituted of 

allochthonous, nappe paraautochthon, and Bobonaro mélange represented in 

modeling with blue. Next to the east is paraautochthon indicated by green. The 

paraautochthon in line CC’ has an average thickness of 4 Kilometers. That 

thickness possibly could generate hydrocarbon, refer to sedimentary rocks in the 

pre-breakup unconformity, especially Aitutu formation. The Aitutu formation has 

proven to generate hydrocarbon and could expel oil and gas as stated by 

Shaylendra, et.al in [14]. The lowest layer is the basement depicted by black as 

an Australian basement dominating this area. Configuration of basement 

topography in the line CC’ relatively similar with line BB’ that is relatively 

undulating. Although line BB’ is rougher than line CC’ slightly.  

4 Conclusion  

Acquisition, processing, and analysis of novel gravity data have been carried out 

in Atambua and its surrounding, West Timor, Indonesia which produces CBA 

and residual anomaly maps. The CBA maps have revealed high gravity anomaly 

whose value are about 43–148 mGal indicates a relatively shallower crust in the 

Northern–Northwestern. Low gravity zone is supposed to thick-crust of 

Australian continental situated in Central area toward Southern–Southeastern 

whose value -5 to -33 mGal and Southern areas. The residual map exhibits basin 

in middle-Northern zone indicated by -26 to -52 mGal and basin occupies the 

middle of the Central part toward Southwestern whose gravity anomaly of -16 to 

-52 mGal. The first basin namely the Atambua basin and the second basin is 

Central Basin. The geometry of the basin is defined by a residual map slightly 

different from the basin proposed by Charlton in [2]. The CBA and residual 
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anomaly map also exhibit a trend of lineament that is Southwest–Northeast. 

Moreover, modeling of subsurface geology admits configuration of basement 

topography namely undulating basement. Basement high dominating Northern–

Northwestern and Eastern–Southeastern particularly around shoreline while 

lower basement, in general, located in the middle area from North to South zone. 

On the other side average thickness of the sedimentary layer from paraautochthon 

in the line AA’, line BB’, and line CC’ are 3, 3, and 4 Kilometers respectively. 

That thickness possibly could generate hydrocarbon, refer to sedimentary rocks 

in the pre-breakup unconformity, especially Aitutu formation because it has 

proven to generate hydrocarbon and could expel oil and gas. 
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Abstract. Utilization of excessive groundwater extraction, especially in dense 

urban areas can have an impact on the environment, namely the occurrence of 

subsidence and groundwater crisis. Non destructive monitoring using geophysics 

method usually applied in city area to provide information in the near surface and 

subsurface. The time-lapse microgravity (TLM) technique relatively simple and 

cheap to be conducted as monitoring method. In principle, TLM will observe 

changes in a gravity anomaly value at the location due to physical property in the 

near surface and subsurface. The conditions in the near surface and in the 

subsurface are considered as two main source of environmentally changes that is 

subsidence and groundwater level changes. In this study, a program was created 

to simulate TLM anomalies. The set of prism bodies are used as near surface and 

subsurface discretization. The program was tested using simple numerical 

example and then developed to accomodate real data input such as: elevation and 

groundwater level data in Bandung Area. We calculate the simulation of TLM in 

Bandung Area using data trend caused by changes in elevation using GPS geodetic 

survey in the period 2010-2016. We also calculate the simulation of TLM using 

data trend of groundwater level that occurred in 2010 until 2015. Based on the 

simulation in six years time-lapse, the largest subsidence produces an anomaly of 

about 70 μGal. Rough estimation from six years linear trend as an average 

estimation of one meter elevation change coresponds to TLM anomaly value of 

85 μGal. The simulation results due to changes in groundwater level for five years 

time-lapse show the highest groundwater level rise produces an anomaly 148 μGal 

and the lowest groundwater level decline produces an anomaly -133 μGal. 

Keywords: computation; groundwater; time-lapse microgravity; simulation; 

subsidence;  

1 Introduction 

At present, the development of new theories and methods for adapting classical 

theories to the study of objects such as size-dependent and functionally graded 

micro- and nanoplates, shells, and beams is still relevant. This interest is due to 

the potentially wide field of application of such objects. 

mailto:ekojw@itb.ac.id
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Groundwater is an important component in urban areas. Groundwater can be used 

in household and industrial scale activities. Continuous and excessive extraction 

of groundwater has the potential to have an impact on the environment, one of 

which is land subsidence and groundwater crisis. So it is necessary to monitor 

groundwater conditions in an area to anticipate the occurrence of adverse impacts 

on the environment. 

The time-lapse microgravity (TLM) method is one of the methods in geophysics 

that can be used in various monitoring in the subsurface. This method is able to 

observe changes in the gravitational response at a point due to changes in rock 

density below the surface. This principle can be used to monitor groundwater 

conditions in an area considering that groundwater is one of the factors that affect 

the density value of a rock. The TLM method also has the advantage of being 

non-invasive and can be done in a relatively fast time. Several study in the recent 

years (such as: [1]-[8]) show that TLM can be very simple and insightful for 

monitoring method in the subsurface.  

In this study, we attempt to obtain TLM anomalies in Bandung Area using near 

surface data dan subsurface data. The data trend from several years will be used 

to create model discritization of two phenomenon, that is subsidence and 

groundwater level changes in the subsurface. We use the data from GPS geodetic 

survey to estimate subsidence and we use data trend from groundwater level 

changes in Bandung Area. Two sources for TLM simulation will be calculated 

separately, so we can get to understand the characteristic anomalies of TLM in 

Bandung Area (that is caused by subsidence and groundwater level). 

2 Methodology 

2.1 Time-lapse microgravity method 

TLM is one of the developments in the gravity method with the fourth dimension 

being time. The principle of this method is the measurement of microgravity 

repeatedly in a certain time so that it can observe the possibility of changes in the 

density and geometry of the subsurface source as a function of x, y, z, and t. TLM 

microgravity can be expressed using two observation [9] between two period of 

times as follow: 

∆𝑔(𝑥, 𝑦, 𝑧, ∆𝑡) = 𝑔(𝑥, 𝑦, 𝑧, 𝑡2) − 𝑔(𝑥, 𝑦, 𝑧, 𝑡1) 

 

(1) 

 

where ∆𝑔(𝑥, 𝑦, 𝑧, ∆𝑡) is the TLM anomaly in an area in the time span ∆𝑡,  

𝑔(𝑥, 𝑦, 𝑧, 𝑡2) is the response of the gravity anomaly at time 𝑡2, and 𝑔(𝑥, 𝑦, 𝑧, 𝑡1) 
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is the response of the gravity anomaly at time 𝑡1. Gravity anomaly for each 

observation we can calculate using forward calculation of prism body. Several 

study ([10]-[11)] use Plouff equation [12] for forward calculation of prism body 

(the formulation can be seen in equation (2)): 

 

𝑔 = 𝐺∆𝜌 ∑ ∑ ∑ 𝜇𝑖𝑗𝑘 [𝑧𝑘𝑎𝑟𝑐𝑡𝑎𝑛
𝑥𝑖𝑦𝑗

𝑧𝑘𝑅𝑖𝑗𝑘
] − 𝑥𝑖 ln(𝑅𝑖𝑗𝑘 + 𝑦𝑗)

2

𝑘=1

2

𝑗=1

2

𝑖=1

− 𝑦𝑗 ln(𝑅𝑖𝑗𝑘 + 𝑥𝑖) 

𝑅𝑖𝑗𝑘 = √𝑥𝑖
2 + 𝑦𝑗

2 + 𝑧𝑘
2, 

𝜇𝑖𝑗𝑘 = (−1)𝑖(−1)𝑗(−1)𝑘, 

𝑥𝑖 = 𝑥 − 𝜀𝑖 , 𝑦𝑗 = 𝑦 − 𝜂𝑗 , 𝑧𝑘 = 𝑧 − 𝜁𝑘. 

(2) 

where g is the gravity anomaly, G is the gravitational constant, ∆𝜌 is the density 

contrast, x is the distance from the observation point to the edge of prism in the 

x-axis direction, y is the distance from the observation point to the prism edge in 

the y-axis direction, z is the distance from the observation point to the prism 

angles in the z-axis direction, and R is the resultant distance of prism to the point 

of observation. 

2.2 Simulation of anomalies due to subsidence  

Subsidence is a process of sudden subsidence of the earth's surface due to the 

movement of earth's groundwatererial below the surface [13]. Subsidence can be 

caused by human activities or by natural events. Land subsidence by human 

activities occurs due to various events such as fluid extraction, tunnel 

construction or mining [14]. Natural subsidence occurs due to loading on the 

sediment layer which will eventually lead to soil compaction. Subsidence caused 

by human activity is generally faster than natural subsidence [15]. Subsidence 

that occurs due to the extraction of fluids such as groundwater, oil, or gas has a 

large subsidence rate, reaching tens of cm/year [14]. In general, the phenomenon 

of subsidence occurs due to the progressive compaction process of compressible 

deposits such as sediment layers with high compressibility and porosity and/or 

high organic content (claystone, siltstone, etc.) [14] 

During the subsidence process there will be a change in density which in this case 

is called a density redistribution. Density redistribution occurs due to subsidence 

in an area where this subsidence causes the volume of subsurface soil to decrease, 

resulting in a change in density from time t1 (before subsidence) to time t2 (after 
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subsidence). The density redistribution is determined by assuming that mass 

conservation occurs during the subsidence event so that the mass before and after 

the subsidence is constant [16]. The density redistribution calculation is written 

in the following equation: 

𝜌2 =
𝑣1𝜌1

𝑣2
, 

(3) 

where 𝜌 is the rock density dan v is the volume of rock. In this case it is assumed 

that the change in volume occurs due to changes in elevation as a result of 

subsidence so that equation (3) can be rewritten into equation (4) as follows: 

𝜌2 =
𝑧1

𝑧2
𝜌1, 

(4) 

where 𝜌 is the rock density and z the thickness of rock layer. 

Figure 1 shows an illustration of simple computational of the TLM anomaly due 

to subsidence. The area is simulated to form a grid bolcks with the observation 

point located in the middle of the blocks. Each grid represents a prism body below 

the surface where the upper limit (z1) is the elevation and the lower limit (z2) is 

the lower limit of the zone experiencing density redistribution due to subsidence. 

The subsidence phenomenon is simulated with a decrease in elevation on a grid 

and an increase in density redistribution vertically. TLM anomaly simulation is 

done by substracting of gravity response in the final condition and in the initial 

condition. 

 

Figure 1 The illustration of subsidence proccess. 
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2.3 Simulation of Anomalies Due to Changes in Groundwater 

Level  

Groundwater is one of the factors that affect the density of rocks below the 

surface. Groundwater fills the pores in a rock. Fluctuations in groundwater level 

will cause changes in rock density. The density of a rock can be calculated by 

considering the density of the rock matrix and the density of the fluid that fills 

the pores of the rock. In porous rocks, there is a decrease in density with 

increasing porosity and decreasing water saturation [17]. The bulk density of 

porous rock can be known from equation (5): 

𝜌 = 𝜌𝑚(1 − ∅) +  𝜌𝑤∅, 
(5) 

where 𝜌 is the bulk density of rock, 𝜌𝑚 is the density of rock groundwaterrix, ∅ 

is the porosity of rock, and 𝜌𝑤 is the density of the fluid that fills the pores of the 

rock. Furthermore, to determine the value of density changes at different times 

due to fluctuations in the groundwater level, we can use equation (6): 

∆𝜌 = 𝜌2 − 𝜌1, 

∆𝜌 = 𝜌𝑚(1 − ∅) + 𝜌𝑤2∅ − 𝜌𝑚(1 − ∅) − 𝜌𝑤1∅, 

∆𝜌 = (𝜌𝑤2 − 𝜌𝑤1) ∅, 

 

 

(6) 

where ∆𝜌 is the density change, 𝜌2 is the bulk density at the final condition, 𝜌1 is 

the bulk density at the initial conditions, 𝜌𝑚 is the density of the rock matrix, 𝜌𝑤2 

is the density of the fluid that fills the rock pores at the final condition, 𝜌𝑤1 is the 

density of the fluid that fills the rock pores at the initial condition, and ∅ is the 

porosity of rock. 

The assumption used in this work is there are no changes in elevation due to 

subsidence caused by a decrease in groundwater level. In addition, it is also 

assumed that there is no change in rock volume due to changes in the composition 

of the constituent fluids. The scheme of the computation can be seen in Figure 2. 

Similiar to the previous simulation, the area will be divided into a grid with an 

observation point in the middle of grid block. The prism body in the subsurface 

shows a model of the groundwater level change. The upper and lower limits of 

the prism are the groundwater elevation level in the initial and final conditions. 

TLM anomaly simulation is done by substracting of gravity response in the final 

condition and in the initial condition. 
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Figure 2 Illustration of ground water level change modeling scheme. 

3 Simple numerical example  

The simulation using simple numerical example due to subsidence was carried 

out on synthetic data with an area of 5 km x 5 km with observation points forming 

a grid with 500 meters spacing. Before the subsidence, it is illustrated that the 

area has a flat topography with a uniform density value of 2500 kg/m^3. 

Furthermore, it is assumed that a subsidence phenomenon occurs in several 

locations which results in a redistribution of density values and changes in the 

response of the resulting gravity anomaly. In order to make it easier to observe 

the phenomenon, a cross section is made that shows the topography, density, and 

gravity anomalies generated along the path before and after the subsidence. 

Figure 3 shows the created cross-section. Based on the cross-section, it appears 

that the area experiencing the subsidence phenomenon will experience a decrease 

in elevation. Due to a decrease in elevation, the area experiences a density 

redistribution so that the density value becomes higher. The response of the 

gravity anomaly that is caused is higher in the area that is experiencing subsidence 

because the density is getting bigger. 

 

Figure 3 Simple numerical example to illustrate the elevation changes due to 

subsidence. Plot A-A’ is gravity anomaly before subsidence, plot B-B’ is gravity 

anomaly after subsidence, plot C-C’ is density distribution before subsidence, and 

plot D-D’ is density distribution after subsidence. 
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The simulation using simple numerical example due to groundwater level 

changes was carried out on synthetic data with an area of 5 km x 5 km with a flat 

topography at an elevation of 1000 meters and the observation points formed a 

grid with 500 meters spacing. The parameter value of the density of water used 

is 1000 kg/m3 with 30% rock porosity. The rock density in the initial state is also 

uniform with a density value of 2300kg/m3 at each location. The initial condition 

is assumed that the groundwater at a uniform level (an elevation of 950 meters). 

In the final state after the change in the groundwater level, it forms a pattern of 

distribution of the groundwater level which deepens towards the positive x axis 

with a range of groundwater levels from the initial conditions ranging from -20 

meters to 20 meters. In order to make it easier to observe the simulation results 

of the groundwater level change phenomenon, a cross-section is made which can 

be seen in Figure 4. Based on the cross-section it appears that areas experiencing 

an increase in groundwater will experience an increase in density so that the TLM 

anomaly response generated is positive. While the area with a decrease in 

groundwater level will experience a decrease in density so that the TLM anomaly 

response generated is negative. 

 

Figure 4 Line section of simple numeric example for simulation groundwater 

level change. 

4 Simulation using data trend in Bandung Area 

The application of the program to field data is carried out for the Bandung area. 

The simulations carried out include simulations of TLM calculations due to 

subsidence and simulations of TLM calculations due to changes in groundwater 

level. To carry out the simulation process, elevation data and groundwater level 

data in the Bandung area are needed in several time periods. In this study, the 



 Waskito Aji, et al. 27 

 

Copyright © 2022 Published by ITB 

elevation data used came from a GPS geodetic survey from the ITB Geodetic 

Scientific Reasearch Group conducted in 2010-2016. Meanwhile, groundwater 

level data was obtained from digitizing the research map of Taufiq et al. [18] with  

time period of 2010 and 2015. 

4.1 Simulation of subsidence data in Bandung area 

The coverage area of the data that will be used to simulate the TLM due to 

subsidence is shown in Figure 5. The simulation process is carried out with the 

aim of knowing the effect of subsidence on the TLM anomaly that will be caused. 

So to achieve this goal, it is necessary to calculate the value of subsidence and 

microgravity timelapse. Calculation of subsidence is done by subtracting the 

elevation data at a time with the measurement data of the previous period. The 

time range for measuring elevation data was from 2010 to 2016. In this study, the 

calculation of subsidence data based on elevation data was carried out at a time 

that corresponded to the time of observation of gravity data that had been carried 

out.  

 

Figure 5 Map of Bandung Area overlayed with gravity observation stations and 

GPS geodetic observation stations. 

Based on the simulation, it can be determined the average annual subsidence rate 

in the Bandung area in 2010-2015. Figure 6 shows a map of the average 

subsidence rate of the Bandung area. The highest subsidence rate on the west side 

forms an elongated contour to the east with the highest subsidence rate reaching 

0.3 meters per year. Meanwhile, the uplift that occurs on the south and north sides 

has the highest rate of 0.09 meters per year. 
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The calculation of TLM anomaly is simulated with a time lapse that corresponds 

to the time range for calculating subsidence data. Based on the simulation 

process, it can be seen that the area experiencing subsidence has a relatively 

higher TLM anomaly value. The highest TLM anomaly value which reached 

around 70 microGal occurred for a period of six years. Meanwhile, the lowest 

TLM anomaly occurred in the uplifted area with the lowest anomaly value 

reaching -15 microGal. Illustrations related to the TLM anomaly results from the 

simulation results can be seen in Figure 7. In Figure 7 shows the simulation that 

coresponds to gravity survey in August 2010, June 2015, February 2016, and 

August 2016. Figure 8 shows the crossplot between elevation changes and TLM 

anomaly values. Based on the results of linear regression of the data, it can be 

seen that every 1 meter elevation change estimated roughly in the study area for 

an anomalous response of about 85 microGal. 

 

Figure 6 Map of the average annual subsidence rate for the Bandung area. 
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Figure 7 Map of TLM anomaly simulation results due to subsidence in the 

Bandung area. 

 

Figure 8 Regression graph between the magnitude of the subsidence and the 

resulting TLM anomaly. 
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4.2 Simulation of groundwater level changes in Bandung area 

The data trend for Bandung Area for this study was digitized, so the groundwater 

level in 2010 and 2015 roughly estimated to provide the changes for five years of 

time-lapse (2010 until 2015). Figure 9 shows the groundwater level maps in 2010 

and 2015. Based on the map, it can be seen that the groundwater pattern in the 

research area has a low level of elevation in the south and a higher elevation in 

the north. Based on the data, the lowest groundwater elevation is at an elevation 

of about 600 meters and the highest elevation is about 1000 meters. 

 

Figure 9 Groundwater level maps from digitizing the research map of Taufiq et 

al. [18] for (a) 2010 and (b) 2015. Black rectangular shows coverage area same as 

Figure 6. 

Based on the digitized groundwater data, the average annual rate of change in 

groundwater is calculated. Figure 9 (a) shows a map of the average annual rate of 

change in groundwater. The increase in groundwater occurred in the southern 

area of the study area at a rate of up to 3 m/yr, while in the central to northern 

areas the study area experienced a decrease in groundwater at a rate of up to 10 

meters. Meanwhile, the rate of change in the average groundwater per year is 

greatest in the Southwest side of the study area at a rate of about -2 m/yr. 

TLM simulations are carried out based on 2015 and 2010 groundwater data from 

digitized data. Figure 9 (b) shows a map of the simulation results of changes in 

density and TLM in 2015-2010 from digitized data. Areas that experienced an 

increase in groundwater were simulated with a density contrast of 300 kg/m3 

while areas that experienced a decrease in groundwater were simulated with a 

density contrast value of -300 kg/m3. TLM simulation results show that the area 

with an increase in groundwater has a positive TLM anomaly with the highest 

anomaly value reaching 148 μGal. While the area with decreased groundwater 
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has a negative TLM anomaly with the value in the area of the lowest decrease in 

groundwater reaching -133 μGal.  

 

Figure 10 a) Map of the average rate of change in ground water level/year, b) Map 

of the TLM anomaly from the simulation. Black rectangular shows coverage area 

same as Figure 6. 

5 Conclusion 

This research has succeeded in compiling a simulation program for TLM 

anomaly responses caused by subsidence phenomena and changes in 

groundwater level. The program that has been compiled is still simulating the 

anomalous response due to each phenomenon separately so that there are two 

kinds of simulation programs. 

The simulation results of the anomaly response due to the subsidence 

phenomenon in the city of Bandung Area indicate that positive anomalies will 

arise in areas that experience subsidence. In a period of 6 years, the largest 

subsidence produces an anomaly of about 70 μGal and the scattered uplift 

produces an anomaly of about -15 μGal. Based on the crossplot between the 

anomalous data and the magnitude of the subsidence, inforgroundwaterion is 

obtained that a change in elevation of 1 meter will produce an anomalous 

response of about 85 μGal. 

The simulation results of anomaly responses due to the phenomenon of 

groundwater level changes in Bandung City indicate that positive anomalies will 

arise in areas experiencing groundwater level rise. In a period of 5 years, the 

largest groundwater level rise resulted in an anomaly reaching 148 μGal and the 

largest groundwater level decrease producing an anomaly reaching -133 μGal. 
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Abstract. As a city with high mobility, Surabaya needs an interaction space with 

objects that benefit their people aesthetically, recreationally, psychologically, and 

economically. Public art, as one of contributors to the city’s culture and identity, 

needs to be developed and taken care of, especially regarding its existence in 

public spaces, such as urban park. This study attempts to determine typology of 

public arts in urban park of Central Surabaya and publics’ perceptions of each 

artwork. This study was done qualitatively, by doing direct observation and 

unstructured interviews to people who currently live in Surabaya city. We found 

several types of public arts that are exhibited in Surabaya urban parks. The publics 

perceptions were mainly positive about the public art, however they favour 

monumental type of artwork more than functional ones. The finding of this study 

can contribute to cities’ developments, especially in establishing public art in 

Surabaya area.  

Keywords: public art; urban park; perceptions; typology 

1 Introduction 

A city is a form of multiple elements, such as economy, humanity, environment, 

and landscape. As a city grows from time to time, the people inside it hope for 

better life quality, and it is reflected in their social activities. Surabaya, as a 

metropolitan city in Indonesia along with Jakarta and Makassar, has quite high 

mobility. Being one of the biggest cities in Indonesia, the government activities, 

trades, industry, and social, are centered there, especially in the heart of the city, 

which is Central Surabaya.  In order to reach the balance between mobility and 

quality of life, the people of Surabaya need interaction space and objects that can 

be used not only to interact with each other but also benefits them aesthetically, 

recreationally, psychologically, and economically.  

City arts, or public art - which ranges from large permanent sculpture to a 

temporary project or even street furniture, is a perfect form that can reflect 

cultural, landscape, nature, and social interaction of the people in a city. It is a 

perfect instrument to facilitate interaction between communities and their cultural 

and social activities. As a form of artistic expression, public art is accessible for 
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the public and communities, and it contributes to shaping a conducive 

environment for a city to be lived in. It can be placed in public open spaces, such 

as parks, formal gardens, recreation ground, play space, or even market square. 

Previous research have studied that public art enliven public open spaces 

including urban parks [1], [2] attract tourists to visit the parks, and also increase 

urban life’s quality, such as reflecting and expressing identity of an area, telling 

history, contributing in the sense of pride and ownership of a community, etc. [3]  

Being one of very important contributors to cities’ culture and identity, public art 

in urban parks seems to be a developing feature and strength for the city and 

communities inside. However, in developing countries like Indonesia, the 

awareness of public arts existence and role are somehow not perceptible yet 

compared to Western countries. There are still debates and arguments on public 

art contribution in the public open spaces, especially in its meaning and 

appreciation [3] - which hinders the growth of public arts in cities. This study will 

focus on public arts that are located in urban parks in Central Surabaya, since 

these public arts and urban parks are important contributors to the city’s 

development and continuity of the city culture.   

The aim of this paper is to analyze the public arts that are located in urban parks 

in Central Surabaya and the communities around the neighborhood’s perception 

towards it. We believe that communities and people’s perception about public 

arts will give a better understanding of public arts and the role of public arts in 

the urban area. The findings of the research will be useful for local communities 

as recommendations, and also contribute to cities’ development in improving the 

quality of urban life and environment. 

1.1 Public Arts in Public Open Space 

Public art is a term used to define a temporary or permanent artwork that is 

accessible and available for the public, and displayed openly in public locations, 

outside museums and galleries [4]. Art in public space has been a part of societies 

around the world since classical antiquity, which is around 8th century BC to 6th 

century AD [5]. It has been evolving since and nowadays it has been purposely 

used to strengthen urban lives and public spaces’ quality [6]. In addition, public 

art contributes to settlements of many urban problems, including economic, 

environmental, social, and cultural problems . Policy Studies Institute [7] stated 

there are some contributions made by the existence of public art, such as: 

contributing in the development and preservation of local culture, attracting 

investment from companies, being a part of tourism, increasing the values and 

use of open spaces, and lowering vandalism. As now it has been widely 

recognized, art in public spaces can be a tool to reach people, to communicate 

with the public, and to present and represent cultural and social identities. 



36 Kenny Hartanto & Christabel Parung 

Copyright © 2022 Published by ITB 

In this study, we used Tyler [8] and Portland Public Art Committee [9] ‘s theory 

in classifying public art typology based on its used and characteristics, as shown 

in Table 1 :  

Table 1 Classification of Public Art 

No Type of Public Art Description Image Reference 

1 Memorial / 

Remembrance Artwork 

Used to celebrate and memorialize 

famous/ historical figure 

 

Figure 1 Jalesveva Jayamahe 

Monument 

2 Community Artwork Dialogical, community-engaged art 

that involves community in the 

process of making 

 

Figure 2 Repainting Crosswalks 

with Mass MoCA 
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3 Expressive Artwork Displaying artwork with the goal 
of introducing beauty and artistic 

sense to people 

 

Figure 3 Nyoman Nuarta - Rush 

Hour II (1992) 

4 Functional Artwork Art which is created for use 

 

Figure 4 Michael Beitz - Public 

Sculptures 

5 Environmental Artwork Uses natural materials, like 

branches, stone, etc. 

 

Figure 5 Eighteen Thousand Tides 

 

Each piece of public art has its own role depending on the surrounding. According 

to Ozoy and  Bayram (2007), there are 3 fundamental values that originated in 

public art : historical value, aesthetic value, and functional value. Historical 

values embolden the connection between societies and history, and usually the 

art works are related to famous historical figures / monuments of historical events. 
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Aesthetic value in public art is the value of beauty and aesthetics to improve a 

place’s visual quality. Meanwhile, functional value is found in public arts with 

functional use (also referred as applied art), and the public art is very useful to 

people in the area, such as: signage, street furniture, etc. 

1.2 Public Perception towards Public Art 

As stated above, public art is supposed to facilitate communication and interpret 

issues and concerns of the public as it can be accessed publicly [11]. We used 

Zebracki’s 4 of 5 attributes to measure the perceptions of people towards public 

art in this study. Other than the educational background of the visitors, awareness 

of the existence of public art and familiarity are important. Next, it is the 

perceived attractiveness. A successful public art should be attractive to contribute 

more to tourism, or to be more inviting and catch the eye of the visitors. The third 

one is meaningfulness. Meaningfulness is also related to attractiveness of the 

artwork. Do the visitors feel or see a deeper meaning in the public artwork? Do 

they see more than ‘beauty’ in the artwork? If they do, the public has given 

appreciation to public artwork [12] 

2 Methods 

This research was an exploratory study in nature, and we performed a case-study 

research on several public arts in  4 urban parks of Central Surabaya, listed as 

follows : 

• Taman Bungkul 

• Taman Persahabatan 

• Taman Apsari 

• Taman Ekspresi 

The selection of public parks for case studies were based on the presence of public 

arts in the parks. Meanwhile, the sampling technique used was purposive 

sampling, and we picked 16 people who live in Surabaya to be interviewed. We 

purposely picked participants that currently live in Surabaya since it is more 

plausible to notice the artwork when they live in the city. Primary data was 

acquired through interviews with 16 people and direct observation, while 

secondary data was collected through academic literature and documents review 

(such as news and media). The observation was conducted within Central 

Surabaya as shown in Figure 1. 
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Figure 6 Research Area Map (Central Surabaya / Surabaya Pusat) 

We picked all of 4 urban parks located in Central Surabaya and reviewed each 

public art that was exhibited there. We reviewed the public arts in several 

dimensions:  

a) The typology identification of the public art from the literature shown in 

Table 1 

b) The important values to state the objectives of the public art (whether it 

has functional value, esthetic value, or historical value)   

c) The perception of the public toward the public art, including degree of 

awareness, meaningfulness (interpretations and memories), and 

attractiveness. 

3 Results and Discussion 

3.1 Identification of Public Art in Urban Park of Central 

Surabaya  

Observation took place in 4 urban parks: Taman Bungkul, Taman Apsari, Taman 

Persahabatan, and Taman Ekspresi, and 4 of them are located in Central 

Surabaya. From all of the public arts we investigated, the majority of the public 

arts exhibited in public parks of Central Surabaya is 3D expressive artworks, such 

as sculpture, followed by 3D functional artworks, which includes street furniture 

and signage.  

Table 2 sums up the findings of public art we observed in 4 urban parks located 

in Central Surabaya. All of the public arts can be accessed freely by the public 

who visit the urban parks. Referring to the typology dimension, we found a total 

of 9 expressive artworks, 8 functional artworks, 3 memorial artworks. Referring 

to the purpose, the dimension of values is hard to define. We tried to classify them 
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based on the value that is most noticeable. For example, ‘Monument of Governor 

Suryo’ in Figure 12 represents historical value, as it is a memorial artwork to 

remember the first East Java governor who was killed in the PKI rebellion. Even 

though all public arts surely have aesthetic values, there are some public arts 

which also contain other values such as functional and historical values. Out of 

18 artworks, there are 8 artworks with aesthetic value, 8 artworks with functional 

value, and 3 artworks with historical value significance.   

Table 2 Public Art in Urban Parks of Central Surabaya 

No Urban Park Type of Public 

Art 

Form Purpose value Photo 

1. Taman Bungkul 

 

Functional 

Artwork (3) 

 

3D Functional & 

Aesthetic 

 

Figure 7 Taman Bungkul Park 

Public Facilities 

2. Taman Bungkul 3D Functional 

 

Figure 8 Taman Bungkul 

Signage 
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3. Taman 

Persahabatan 

Memorial 

Artwork (2)) 

3D Aesthetic 

 

Figure 9 Sistercity Monument 

(Surabaya and Guangzhou) and 

Lions International Monument 

sign 

4. Taman 

Persahabatan 

Functional 

Artwork (1) 

3D Functional 

 

Figure 10 Taman Persahabatan 

Signage 

5. Taman Apsari Memorial 

Artwork (1) 

3D Aesthetic 

 

Figure 11 Gubernur Suryo 

Monument 
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6. Taman Apsari Expressive 

Artwork (1) 

3D Aesthetic 

 

Figure 12 Bike Installation 

7. Taman Apsari Functional 

Artwork (1) 

3D Functional & 

Aesthetic 

 

Figure 13 Bike Parking 

8. Taman Ekspresi Functional 

Artwork (3) 

3D Functional & 

Aesthetic 

 

 

Figure 14 Pot and Bollard 
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9. Taman Ekspresi Expressive 

Artwork (8) 

3D Aesthetic 

 

Figure 15 Untitled Installation in 

Taman Ekspresi 

 

From the table, we can see that all public arts inside urban parks in Central 

Surabaya are in 3-dimensional form, such as sculptures, installations, and public 

facilities. From the 4 urban parks we investigated, Taman Ekspresi which is 

located near the Education Museum has the most numbers of expressive public 

artwork displayed in the area. Most expressive artworks in Taman Ekspresi 

comprises installations from recycled materials as shown in Fig. 16. Interesting 

part about artworks in Taman Ekspresi, it also has public art which has both 

functional and aesthetic value like the plant pots that are made of an old pair of 

jeans filled with soil, plant pots with O-alphabet shape, and stick-man shaped 

bollard (Fig.15). Other public parks have approximately 3 public arts each. 

Taman Bungkul has 2 functional - aesthetic artwork : public seat (sponsored by 

Telkom) and urban park light, and 1  functional artwork : Taman Bungkul 

signage, meanwhile Taman Apsari has 1 memorial artwork (Governor Suryo 

monument as shown in Fig. 12), 1 expressive artwork (flying bicycle with a 

writing to persuade the visitors to keep the park clean), and 1 functional artwork 

which has also the aesthetic value - the public bicycle rack which shaped like a 

cyclist (Fig. 14). Taman Persahabatan, just like its name (Friendship Park) has 1 

functional artwork which is the name-sign of the park, and 2 remembrance 

artwork that is related to a foundation (Lions International foundation who 

sponsored the park and the Sister City Monument (the friendship monument 

between Surabaya and Guangzhou, China), as shown in Fig. 10 and Fig. 11.  
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3.2 Public Perceptions toward Public Art in Urban Park of 

Central Surabaya 

From the participants we interviewed, 75% of them are originally from Surabaya, 

and the rest are from other cities. However, not many of them visit the urban park 

regularly, even those who have lived in Surabaya for years, hence, there are still 

not familiar with the public artwork displayed. Generally, the participants notice 

the artwork when they visit the public art, however they do not feel attached or 

attracted to the artwork. We formulate three inclusive findings from the interview 

data. Firstly, in general the publics’ perceptions were more positive with regard 

to the memorial public art type than to the functional public art type. Publics tend 

to like public art that is easy to decode, so they can connect to the artwork. 

Meanwhile, according to the participant, functional public art like public seats 

(Telkom) and signage has no deeper meaning for them, and they only answer the 

interview questions based on their empirical experience. However, some 

functional public art with great aesthetic values and easy to decipher also gained 

positive response, for example is the pots and bollards in Taman Ekspresi, as it 

has unique shape, and according to the participants, they have deep meaning, and 

also functional. Secondly, expressive public arts displayed in the urban park are 

hard to understand by the public. For example, ones in Taman Ekspresi. During 

the interviews, many participants could not express the meaning of the artwork 

to them; therefore it is hard to create a connection between the art and the viewer. 

The lack of description and information related to the artwork makes every 

individual have a different interpretation when seeing it. Thirdly, participants 

were hoping for a more attractive, interactive, and educational public art which 

is properly and strategically placed to get more engagements from the audience 

and visitors of public parks.  

4 Conclusion 

The type of public art located in public parks in Central Surabaya varies, however 

expressive public art is the most displayed in public parks. Even though this type 

of public art is most displayed, publics’ perception was more positive about 

memorial public art type, because they seem to have lost in interpreting and 

understanding expressive public art as there is no description nor information 

about the work. Artwork description is needed to guide public art viewers to 

understand the meaning of the work. In essence, art in public space is important, 

especially as an identity signifier of a place/ community, and also to enliven 

community activities. Therefore, it needs to be protected and developed by 

creating more of attractive, interactive, educational, and well-placed public arts 

to invigorate public places in Surabaya.  
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Abstract. Active faults earthquakes often cause serious damage due to their close 
distance to the center of human activities. Dozens of shallow low magnitude 
earthquakes were felt in recent years in southern Garut, West Java �± Indonesia. 
Two of these earthquakes (2016 and 2017) were reported destructive and 
interpreted as an indication of an active fault. Our preliminary study uses 
published gravity data to depict the subsurface structure that may correlate to this 
recent seismic activity. We implement three techniques to separate the regional-
residual anomaly from the Bouguer anomaly, Trend Surface, Butterworth 
Filtering, and Upward Continuation. The results from the three techniques show a 
relatively same pattern for the residual anomaly map, a relative N-S trending 
direction in the southern part of West Java, and corresponds well with the 
geological information. To further extract subsurface information from this data, 
3D inversion modeling is implemented. The density model shows a basin with a 
NE-SW trending local high observed separating two (western and eastern) sub-
basins. The local high is co-located with a magmatic intrusive body and a series 
of young volcanic bodies in the northeastern end of the basin. It indicates a 
tectonic-magmatic relationship in this area. 

Keywords: 3D inversion; active fault; gravity; Indonesia; southern Garut,. 

1 Introduction  
Major earthquakes with large magnitude often occur in convergent plate tectonic 
margins, especially the subduction zones. However, earthquakes generated from 
active faults also often cause great devastation, due to their proximity to human 
activities. In southern Garut, West Java �± Indonesia, dozens of shallow low 
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magnitude earthquakes were felt in recent years [1]. Two shallow low magnitude 
earthquakes in this area (2016 and 2017) were reported to be destructive [2]. 
These shallow events were interpreted as an indication of an active fault, and the 
name of Garsela fault was proposed [2,3].  

Our knowledge about this interpreted active fault is still very limited. To date, 
there was no surface expression reported regarding the Garsela fault. The 
interpreted Garsela active fault line mainly comes from the interpretation of 
hypocenter relocation and focal mechanism analysis of the earthquake events and 
topographical lineament interpretation. In a low slip rate deformation regime like 
Java, fault lines may be hardly recognized until the next major earthquake occurs 
[4]. Furthermore, surface traces of an active fault in the active volcanic region 
might be covered by the young volcanic products. 

The main objective of earthquake research is to better understand the source of 
earthquakes and try to reduce their negative impact on human life. Understanding 
the mechanisms associated with these shallow earthquakes becomes very 
important as an effort to define the seismic hazard of this area. Here we report 
our desk study, using available published gravity data, in order to image the 
subsurface structure that may correlate with the shallow low magnitude 
earthquakes in the southern Garut area. 

2 Geological Setting 

Java island is part of a volcanic arc complex in the Sunda-Banda subduction 
system, Indonesia. The western part of Java is a transition zone between frontal 
subduction under Java and oblique subduction under Sumatra. The surface 
morphology of Java does not show a dominant structural pattern as seen on 
Sumatra, where a regional strike-slip fault spans along the island for more than 
1900km [5]. Deformation in Java tends to be accommodated by fairly wide 
distributed small-scale faults in tens of kilometers order [4]. There are three well-
known main active faults in the western part of Java, Cimandiri fault [4,6,7], 
Lembang fault [8�±10], and Baribis fault [11�±13]. 

The interpreted Garsela active fault is located in the southern Garut zone, where 
the surface geology is dominated by quaternary volcanic products overlying 
Tertiary age rock formations (Figure II.2) [14,15]. This area shows intensive 
quaternary volcanism, where active Mount Papandayan, Mount Guntur, and 
Mount Cikuray take place. There are also three geothermal fields in this area, 
Wayang Windu, Darajat, and Kamojang. In this circumstance, the active volcanic 
activity in the southern Garut zone may cover the surface expression of active 
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deformation traces. However, data from these geothermal fields may help to 
better understand the regional tectonic framework of the area. 

 

Figure 1 Surface geology of the study area, dominated by quaternary volcanic 
products overlying Tertiary age rock formations  (Alzwar et al., 1992; Koesmono 
et al., 1996). Seismicities: Nugraha et al. In [16], Pesicek et al.in [17], Supendi et 
al. (2018b). 

Kamojang and Darajat geothermal fields are located in a NE-SW volcanic 
eruption centers series between Mount Rakutak and Mount Guntur [18]. The 
effective fracture in the Darajat reservoir shows N10-30E strike direction 
dominance [19], in line with the regional SHmax of Java Island which is in the 
NNE-SSW direction [20]. In the Wayang Windu area, which is close to the 2016 
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earthquake, the dominant geological structure is NE and NW direction [21]. The 
NE trending fault is estimated to be a regional shear fault that has been reactivated 
into a normal fault. Information from these three geothermal sites is in line with 
the geological research from Sribudiyani et al. In [22] that concludes the 
dominant basement structure pattern in West Java is NE-SW, while the surface 
structure pattern is more diverse with the dominance of N-S direction. 

3 Data and Method 

The gravity method has been widely used to describe subsurface structures, in the 
sense of rocks density. This method basically measures a small variation of earth 
gravitation field (anomaly) that is caused by the subsurface rocks density 
variation. Thus, subsurface geological structure can be delineated based on the 
contrast anomaly. This method has been widely used in the study of crustal and 
lithospheric modeling, basement of a in petroleum basin, geothermal exploration, 
subsidence and cavities and to delineate fault geometry, especially when the fault 
surface traces are hardly recognized [23�±28] 

We use the available published Java Bouguer anomaly map from the Geological 
Agency [29]. This map can be classified as a regional scale map, whereas the 
measurement interval ranges about 4-5 kilometers. This dataset has been 
carefully digitized previously using its contour line as the guideline [30]. Figure 
2 shows that the 2016 earthquake is located on the edge of a high gravity anomaly, 
while the 2017 earthquake is located at a local high that separates two low gravity 
anomalies. The low gravity anomalies tend to be elliptical in shape with the main 
axis direction relative to NE-SW.  

Bouguer anomaly is a combined response of various masses in the subsurface at 
different depth levels, which are simplified as sources at shallow and deep levels. 
Relatively deep features contribute to low frequencies (regional), while relatively 
shallow and local features contribute to high frequencies (residual). Many 
techniques are available to decompose the Bouguer anomaly, additional efforts 
are needed to determine which technique best represents the geology of the area. 
We use three techniques available in the Geosoft Oasis Montaj package to 
separate the regional and residual anomaly from the Bouguer anomaly map and 
compare its result. The three techniques are Trend Surface (TS), Butterworth 
Filtering (BF), and Upward Continuation (UC).  

TS uses least-squares fitting of low order polynomial surfaces to approximate the 
regional component of the gravity field [31]. The larger the order of TS indicates 
more heterogeneous conditions and is associated with shallower depths. 
Butterworth filter was first described in a classic paper [32]. It is known as a 
maximally flat magnitude filter and considered as a smoother version of a simple 
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band-pass filter. BF is often used due to its simplicity to control the degree of 
filter roll-off to avoid ringing, in this study order of 8 (default) is used in low-
pass mode. Another technique used is the UC which transforms the gravitational 
anomaly at one position (observation station; X1, Y1, Z1) to a greater height flat 
surface (X1, Y1, Z2; with Z1 > Z1) [33]. Changes in altitude (distance from the 
source of the anomalous mass) will have an effect on the magnitude of the 
gravitational attraction per unit mass.  

 

Figure 2 Gravity map of the research area, digitized from the Bouguer Anomaly 
Map of Java Island [29]. Black dots represent the location of the 2016 and 2017 
earthquakes. 

To further extract subsurface information from this dataset, we have done 3D 
inversion modeling using Grablox [34] where the optimization method is based 
on linearized inversion. Considering the measurement interval, we discretize the 
grid model into 2km horizontally and an increasing vertical grid size to a 
maximum depth of 10km. To simplify the modeling, we use a flat top grid at 
1400meter (average elevation in this area). We use the result of regional anomaly 
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from upward continuation 7500m as the base anomaly parameter (the reason can 
be found in the discussion section). After several trials, we choose to use the 
Occam scheme [35] in the inversion where the roughness of the model is 
minimized together with the data misfit. The final model presented here was 
obtained with both 3 iterations of Occam-h and Occam-d. 

4 Result and Discussion 

Figure 3 shows the regional-residual separation using the TS technique. The 
residuals of order-2 and order-3 are observed to be almost the same pattern, while 
order-1 shows a different pattern in the northwest. In the TS technique, higher 
polynomial order is associated with a shallower depth. Thus the chosen regional 
anomaly is the lowest order, in this case, the preferred regional anomaly is order-
2. Figure 4 shows the result of the BF technique, which has an overall same 
pattern with TS for the central wavelength of infinity and 100km. When the 
central wavelength value was reduced to 50km, the residual anomaly did not 
show a clear significant pattern. Thus, the most suitable regional anomaly for the 
BF technique is the one with a 100km central wavelength.  

 

Figure 3 Regional (top) and residual (bottom) anomaly separation, based on TS 
technique order-1, order-2, and order-3. 
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Figure 4 Regional (top) and residual (bottom) anomaly separation, based on BF 
technique with the central wavelength value of infinity, 100km, and 50km 
respectively. 

 

Figure 5 Regional (top) and residual (bottom) anomaly separation, based on UC 
technique with 2500m, 5000m, 7500m transformation respectively. 
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Figure 5 shows regional and residual anomalies based on the UC technique with 
elevation changes of 2500, 5000, and 7500 meters. The transformation of 7500 
meters shows that all high-frequency features in the low gravity anomaly around 
the Garut zone have disappeared. Therefore the selected regional anomaly is the 
one resulting from the 7500 meter UC.  

Figure 6 shows a comparison of the regional-residual anomaly separation of the 
three techniques used. It can be seen that the three techniques produce similar 
residual anomaly patterns. However, the regional anomaly that best represents 
the Bouguer anomaly is the result of UC 7500meter. Therefore the UC 7500meter 
residual anomaly was selected for use in the subsequent analysis. The residual 
anomaly map, which depicts the local shallow structure, shows a relatively N-S 
trending direction in the southern part of West Java. This result corresponds well 
with geological information from [22]. 

 

Figure 6 Regional (top) and residual (bottom) anomaly separation, based on TS, 
BF, and UC techniques respectively. The regional anomaly of UC 7500m best 
represents the Bouguer anomaly. 

A closer look at the interest area shows that the low anomaly can be divided into 
two "sub-basins", separated by a NE-SW trending local high anomaly. This 
moderate anomaly lineament co-located with the lineament of young volcanic 
bodies on the surface and may indicate a close relationship among them [36]. The 
eastern sub-basin seems to be shifted toward northeast, in this point of view the 
low gravity anomaly can be interpreted as a pull-apart basin formed by a left-
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lateral strike-slip fault. This interpretation corroborates previous work that 
interpreted the existence of a NE-SW regional left-lateral strike-slip fault in the 
past, which then transforms to a localized normal fault in Wayang Windu area 
due to a regional scale tectonic reorganization [21]. 

Figure 8 shows the measured, regional, computed, and misfit maps of the 
inversion modeling results. It can be seen that the highest misfit was observed in 
the NE section, although it was still within a fairly low-value limit. This is 
probably due to intensive topographic differences, while in this model we use a 
flat topography. In general, the results of the inversion have modeled the data 
quite well. 

 

Figure 7 The Bouguer anomaly map (left) and residual anomaly (right) around 
the study area correspond to the direction of the NE-SW structure. In addition, the 
regional anomaly map also highlights the conformity to the NW-SE and W-E 
structure directions. 

The 3D gravity inversion result shows a basin consisting of 2 sub-basins, with the 
deepest part being at about 7km, while the shallowest part at about 3km. This 
result reinforces the interpretation of the pull-apart basin and correlates well with 
the resistivity model from magnetotelluric (MT) data that show this area as a 
horst-graben system. However, 3D joint inversion of gravity, MT, and micro-
earthquake (MEq) data, reveal that the local high gravity anomaly in the Darajat 
area corresponds with the granodiorite intrusion [19]. This information suggests 
that the ridge of the local high Bouguer anomaly might be composed of a series 
of volcanic bodies. This interpretation is also plausible since the moderate 
anomaly lineament co-located with a series of young volcanic bodies lineament 
observed at the surface [36]. Another possibility is the combination of both, the 
local-high is a horst which is later intruded by the younger magmatic product. In 
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this context, volcanic intrusion arises at the main displacement zone of the fault 
as observed by Mukti in [37] after reinterpreting 2D seismic section in the 
Semangko Semangko pull-apart basin. 

 

Figure 8 The measured, regional, computed, and misfit maps of the 3D inversion 
modeling results. The bold white line marks the position of Line A-B and Line C-
D whose cross-sections are shown in Figure 9 

The northeastern part of Garsela fault, Rakutak segment, was also known as the 
Gagak Fault in geothermal exploration [18,19]. The cross-section of the 3D joint-
inversion of MT - gravity - and MEq data at Darajat [19] shows that the Gagak 
fault is characterized as a discontinuity that cuts the resistive layer at the surface 
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to a depth of 1.5km. The discontinuity is then disappeared and replaced by a high 
resistivity body at depth which is interpreted as a Plio-Pleistocene intrusion. This 
means that the interpreted pull-apart basin was formed prior to the Pliocene, and 
overprinted by younger volcanism activity in the Plio-Pleistocene. 

 

 

Figure 9 Top: Cross-section of A-B and C-D, sliced from 3D inversion 
modeling. Bottom: profile fitting data vs model of line A-B and C-D. Position of 
Line A-B and Line C-D can be seen in Figure 8 

The result of this preliminary study, yet cannot answer the source and mechanism 
of recent seismic activity in Southern Garut. Hakim et al. in [38] show a 
seismicity cluster around 2016 earthquake position and due to its depth, they are 
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interpreted as tectonic related. Another seismicity cluster was observed around 
Darajat and Kamojang and interpreted as related to the geothermal activity. 
However, the result of hypocenter relocation [2] indicates that the 2017 
earthquake is too deep to be related to geothermal activity.  

We realize that gravity data has a dominant ambiguity in the vertical direction, 
and inverting the gravity data alone without strict constraint would also raise 
ambiguity. However, this preliminary study resulted in such a model that 
arguably related to the previous studies and shed new insight on the tectonic 
framework of this area.  

5 Conclusion 

Here we report our preliminary study using published gravity data in order to 
better understand the source and mechanism of recent seismic activity in the 
southern Garut area. We used three regional-residual anomaly separation 
techniques, Trend Surface Analysis (TSA), Butterworth Low-pass Filtering 
(BLF), and Upward Continuation (UC), and gained a relatively same pattern for 
the residual anomaly map. The residual anomaly map shows a relative N-S 
trending direction in the southern part of West Java, and corresponds well with 
the geological information. The 3D inversion resulted in a basin with a NE-SW 
trending local high observed separating two (western and eastern) sub-basins. 
The local high is co-located with a magmatic intrusive body and a series of young 
volcanic bodies in the northeastern end of the basin from previous work. It 
indicates a tectonic-magmatic activities relationship in this area. 
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Abstract. The study focuses on understanding construction projects' waste and 
cost performance through a lean construction approach. Concentrate on the 
following lean construction literature proposes a framework text to explain 
construction waste activities that result in the need to optimize work breakdown 
structures to create good construction cost performance. This framework consists 
of a series of interrelated processes by describing construction waste activities that 
occur by identifying three stages: evaluation and elimination of wasteful activities, 
optimization of work breakdown structures, and improved cost performance. 
While acknowledging the existing literature, the paper focuses more on the lean 
thinking of such wasteful construction activities by emphasizing lean construction 
mechanisms that will positively impact project cost performance. 

Keywords: construction project; cost performance; high-rise building; lean 
construction; waste. 

1 Introduction  

Construction services firms play a role in offering construction implementation 
services to owners (investors or developers). Construction service firms also play 
a part in realizing or manufacturing the end product in the shape of buildings or 
other physical forms, both in the form of facilities and infrastructure. The 
construction sector demands specialization in construction design and services 
against the emergence of new technologies, innovative systems, and the 
increasing complexity of structures [1]. Construction service firms have rules 
created and developed based on the company's expertise to achieve the required 
performance. The ability to minimize waste by eliminating non-essential value-
adding operations; results in cost savings and performance improvement [2]. As 
in prefabricated wall panels, which are load-bearing construction parts that 
provide the primary role of sustaining and transmitting building loads, 
significantly impacting the structure's performance [3]. The degree of execution 
of the functions offered by the building and the requirements initially stated by 
the owner are then used to develop quality metrics [4]. 
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Improving quality performance will significantly impact its aims because of the 
high compliance necessary to meet better cost-performance requirements [5]. 
Fourteen factors affect project cost performance, namely design changes, 
improper work methods, lack of supervision, work delays, overly busy schedules, 
additional work, lack of knowledge, equipment selection errors, labor shortages, 
specification changes, equipment shortages, late materials, extreme weather, slow 
decision making [6]. Project stakeholders should consider critical reworking 
factors during the planning stage and before project implementation to eliminate 
or mitigate the occurrence and impact of the cause of rework and to improve 
project performance [7]. Implementation issues can prove critical. Each cost-
benefit evaluation should consider the actual date on which the various 
alternatives will be completed and the risk of cost overruns and poor performance 
[8]. 

The concept of an on-site factory is not new and has been used in various forms 
for a long time. One example is a state-owned company engaged in the 
construction and investment industry with experience building prestigious 
buildings, infrastructure, property, and EPC for more than 60 years. Recent 
examples can be found in construction automation applications in Japan, where 
they used "sky factories" to construct high-rise buildings in the 1990s [9]. In the 
context of high-rise buildings, the wall is 20-30 feet deep to the internal surface. 
It has a building width ranging from 40 to 60 feet for double-charged corridors 
[10]. 

High-rise building projects to manage interior building work can be attributed to 
floor level, decomposition of workspaces with elevation to plan and track how 
work will flow from one level to the following [11]. In China, energy units and 
emissions from high-rise building types are standard. Planning and operational 
stages necessitate attention and investment to identify that resource and energy 
usage in the tall building sector since construction has a considerable impact on 
energy consumption, carbon emissions, climate adaption, and resilience [12]. In 
particular, the primary development method uses mixed-use development 
projects of high-rise buildings. They are one of the urban strategies of the future 
[13]. Construction policy will support applying specific structures to high-rise 
buildings, offices, and housing (range determination, height under ceiling) to 
reduce environmental impact during construction and deconstruction for reuse 
[14]. 

Due to the distinctiveness and nature of the operations and complexity of the work 
environment, the development of high-rise buildings is a dangerous bet [15]. 
Construction of high-rise and complicated structures rose, as did the size of 
construction sites, the severity and frequency of accidents on construction sites, 
and financial losses on snowballs [16]. In implementing high-rise building 
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construction projects, good scheduling and quality control play a critical role in 
the timeliness, cost, and overall quality of project completion. Project delays 
often occur in the process of implementing construction projects. This project 
results in poor quality that does not match the technical specifications. In the end, 
this leads to losses to a project [17]. 

Especially high-rise building projects implemented by large construction service 
companies in Indonesia wasted project costs in the last ten years. The construction 
industry has been accused of inefficiency and inefficiencies due to delays, cost 
overruns, and defects partly due to flaws in design [18]. Construction projects are 
often carried out in complex and dynamic contexts with numerous interconnected 
components, resulting in considerable uncertainty. Many variables can damage a 
construction project, resulting in project cost overruns [19]. 

The screen projects, many project owners and managers are expected to 
experience excessive cost overruns and anticipate budget losses during the 
bidding phase and before contracts are completed [20]. Many projects were 
delayed, financial overruns occurred, and large volumes of garbage were 
generated [21]. The performance of construction projects has been criticized over 
the years for low productivity levels, cost overruns, and significant delays [22]. 
The project defines poor productivity, time and expense overruns in inefficient 
management procedures, poor communication, and low automation [23]. 

Waste is a process barrier that gets in the way of providing value to customers. A 
significant problem often encountered by construction projects worldwide is the 
cost overrun and timing of construction activities. Prevention of time and cost 
overruns is essential for checking and observing progress at all levels of the 
project [24]. Inefficient time frames, project content, and additional costs can 
result in cost overruns [25]. Although many advanced tools and technologies are 
available for scheduling and planning, construction projects face time and cost 
overruns [26]. Reworking has adverse consequences on project performance, 
leading to time delays and cost overruns for any project [7]. 

Therefore, overcoming the project's waste requires a suitable concept and 
approach. Lean thinking identifies values determined according to the product, 
the flow of values, creating a product flow that aims for perfection [27]. The basic 
concept of lean thinking is the development of integrated management of 
workflow practices appears to improve the use of lean thinking to control 
variability in construction [28]. 

Lean thinking practices are also included in planning, design to cost, and 
standardization [29]. Standard work constitutes one of the most important aspects 
of lean thinking [30]. One of the primary causes in the construction sector is the 
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successful application of lean thinking in the manufacturing industry and the 
benefits that result from its adoption [2]. Lean thinking in construction seeks to 
enhance employment through the building process [9]. Several definitions are 
presented for lean construction [31]. 

The approach that allows and conceptualizes the basis of lean thinking is to use a 
lean construction approach. Lean thinking was brought into construction and 
termed Lean construction [32]. Lean construction is a type of offshoot of the lean 
manufacturing philosophy [33]. Lean construction is a relatively recent idea in 
the building industry that aims to improve production efficiency [21]. Lean 
construction is a new practice that differentiates from traditional construction 
management approaches and leads to good transformation in the construction 
industry [27], [33]. Lean construction is a production system designed to 
minimize waste of materials, time, and effort to increase the maximum amount 
of value [2], [27], [34]�±[36]. Lean construction is value generation for all building 
project stakeholders [37]. 

As lean construction develops and demonstrates effectiveness in several places 
worldwide, it is necessary to study the challenges facing its adoption, especially 
in countries where this philosophy is not well known or formally practiced [31]. 
This research focuses on giving a lean construction interpretation of waste to 
generate consistent project cost performance in the building project process. It 
focuses on the evaluation and elimination techniques from the work breakdown 
structure. 

1.1 Waste of Construction Project 

Waste of construction projects is everything that has no added value. Waste is 
wasted material and other resources at large, including time, energy, and work 
area. In general, a very high level of wastes/non-value added activities are 
assumed to exist in construction, and it is difficult to measure all waste in 
construction [34]. Because the construction business is essential, paying greater 
attention to safety measures is critical. Although work-related injuries represent 
a considerable waste in construction projects, little emphasis has been made to 
incorporating safety into a lean construction framework [38]. In the building 
industry, the idea of waste is continually evolving [21]. Typical waste categories 
in construction include, among others, finishing tasks ahead of or behind time, 
superfluous transit (double hanging), material stockpiles, and waste of untapped 
human potential [39]. 

The principal purpose of Lean is to remove waste during the production process. 
Thus we must first define waste. Here is the category of waste in the construction 
project: Defects are products or services that do not match the required 
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specifications and will cause rework or rework. This activity does not add value.  
Over-production, waste result in products exceeding demand or being ahead of 
schedule.  Waiting, waste includes, among others, the activity of waiting for an 
automatic machine, waiting for goods to come, waiting for approval. Non-
Utilized employees waste also provides for the addition of 7 wastes that were first 
known�² putting employees who are not directly involved in the process in 
useless jobs.  Transportation waste consists of unnecessary transfers or 
transportation, such as temporary placement, re-build up, and transfer of goods. 
Inventory, waste including supplies, excessive stock or inventory, or unprocessed 
materials.  Motion and energy are used because of movements that do not provide 
added value, such as seeing ergonomic movements that are inefficient and 
unhealthy. Waste motion can come from humans or machines; Extra processing, 
which is the addition of processes that are not needed for products, will only 
increase production costs. 

1.2 Lean Construction View on Cost Performance Improvements 

Lean construction is most often used in the construction phase and is beneficial 
to client satisfaction [21]. Lean construction is concerned with the quantity of 
waste material in place and all sorts of waste related to specific operations. 
Overproduction, waiting time, material handling, processing, inventory, and 
labor movement are only a few examples of factors that substantially impact cost 
performance [17], [40]. The concept of sleek construction reduces material 
constraints, resources, time, and cost [25].  

2 Conceptual Framework 

2.1 From waste to Optimize Work Breakdown Structure 

The wastes in construction projects include materials, time, resources, and 
achieving customer [40]. Highly inefficient construction services strategies 
usually develop project design drawings to a level of completeness, estimate their 
costs, and then change them to fit the project budget. Basically, in this process, 
the costs of the design elements are summed up, which defines how much the 
project will cost [41]. Failure to review quality assurance practices regularly can 
be considered a wasted opportunity because new technologies can be introduced 
that can conduct rapid data collection making old methods wasteful [42]. 
Participants in the construction sector investigate novel techniques, strategies, 
and processes to reduce waste in the business [2]. 

Critical competencies at critical points need to be mapped for high-performance 
building projects to understand where to leverage the most significant influence 
and avoid wasteful activities [36]. The efficiency of architectural elements (floor 
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materials, walls, work aids/cutting instruments) should have been planned and 
projected from the beginning of the design process. So that problems like these 
do not result in wasted expenses during the building phase [43]. Adopting many 
optimization strategies is inefficient in terms of both money and time. As a result, 
efficient design methodologies and the ability to save time for optimization are 
critical [44]. Rework is wasteful and presents an obvious target for improvement 
[45]. Material wastage occurs more in architectural work than structure works, 
evidenced by the wasteful materials [46]. There are possibly several alternative 
ways to complete project construction. Reducing downtime can be an instructive 
measure to reach the most effective and least wasteful [47]. 

Construction of complex systems requires requirements, design, work breakdown 
structure, and schedule [48]. A construction project's project management 
procedures often begin with identifying the structure of the project job specifics 
[49]. Work Breakdown Structure is a results-oriented analysis of the work 
covered in a project called the total scope of the project [50]. The structure of 
work details is the details of efforts into smaller components and better manages 
them. Although each project has its uniqueness, most buildings can be 
standardized in each activity and provide more substantial estimates in project 
management [51], [52]. A comprehensively efficient work breakdown structure 
can prove critical in the project management planning process by dividing the 
project into stages, deliverables, and work packages [53]. The project is separated 
by work breakdown structure into small sections to be more easily managed [54]. 

The tasks are more managed, and the work detail structure separates the project 
into portions. Because each part is considered a product, these pieces may be used 
for planning, cost estimation, observation, and control. It is the foundation for 
project planning, budgeting, resource scheduling, allocation, and risk 
management [55]. Creating detailed models with detailed work structures 
requires many resources, including the working time of highly qualified design 
engineers [56]. The most complex levels of the work details structure contain 
work packages used to group activities for scheduling, estimation, monitoring, 
and management [57]. An organization's budgeting system is positively 
influenced by the organization's willingness to enable innovation, which can 
improve the structure of work details and reduce construction waste [25], [58]. 
Lean construction is defined as the continuous elimination of waste by meeting 
every customer's needs while focusing entirely on the flow of value and the 
pursuit of perfection in completing construction projects [59]. 

Therefore, in the short and medium-term, multiple intervention states are 
simulated to suggest improvement by gradually eliminating inefficient processes 
in the value chain using lean construction concepts and technologies. The 
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standard process is essential for waste reduction, and the evaluation of the costs 
and benefits of activities will further reduce construction waste. 

Proposition 1. Evaluating waste construction projects affect the definition of an 
optimized work breakdown structure, which, through the eliminating process, can 
reduce waste and support the optimization of work breakdown structure. 

 

 
 

Figure 1 Proposed conceptual framework 

2.2 From Optimized Work Breakdown Structure To Cost 
Performance Improvements 

Lean construction is an approach that is possible to optimize the work breakdown 
structure. Lean construction is a strategy that results in more minor variations in 
the development process and early detection, and ongoing problem resolution to 
ensure the system operates smoothly [60]. In general, a lean approach aims to 
create the highest value for the customer and reduce or eliminate waste [38]. The 
application of lean construction can reduce waste by adopting lean construction 
tools at the project site [27]. Lean systems can be integrated across the 
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construction value chain: project definition, lean design, lean supply, lean 
construction/assembly, and finally, during the use phase [61]. 

Lean construction refers to maximizing productivity and minimizing waste in 
construction projects [40]. Lean construction techniques promise to reduce, if not 
complete removal, non-value-added works [23]. Lean construction needs to be 
utilized together to improve reliability between project participants and increase 
actual value for everyone [62]. These impediments can further promote 
intelligent integration of building information modeling technologies with 
efficient construction processes. The growth of digital construction practices is 
part of a proposed strategy that leads to more innovative, productive, and 
sustainable outcomes [29]. 

Lean construction is a viable approach of systematic management of all phases 
of a construction project's life cycle to minimize time and cost expenditures [33]. 
Lean construction strives for optimal plans to address deviations and waste with 
captured contextual knowledge and continuous correction [63]. Proactive 
management that enables better decision making and higher quality of what is 
executed, avoids bad practices and rework, occurs through initial management 
conducted during forward-looking sessions within a lean construction framework 
[35]. Lean construction supports construction organizations in detecting and 
evaluating waste to increase productivity, reduce project time, improve safety, 
improve quality, improve reliability, ensure customer satisfaction, and reduce 
total project costs [2]. 

The cost performance index indicates cost and time performance [19], [20], [24]. 
The cost performance index can estimate project costs for completing projects 
based on performance according to time targets [64]. Prefabricated structures 
benefit from lowering construction time and environmental pollution and the 
consumption of energy, water, and other resources in subsequent building 
operation and management, which helps to enhance the cost performance of 
building goods [65]. 

Cost performance is one of four valuable indices for forecasting project 
performance [66]. Meeting or exceeding time and cost performance measures in 
design/build projects, on the other hand, is more common than in design/bid/build 
projects [1]. Innovative studies are the best alternative recommendations for 
project cost performance for service providers [6]. Value management is a well-
known approach in project management that can simultaneously monitor the 
schedule and index of cost performance in a project. The value management 
obtained detects the current project performance and predicts the cost of project 
completion [67]. Eight key factors affect cost performance: accurate project 
planning and monitoring, design efficiency, effective location management, 
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communication, contactor efficiency, project characteristics, due diligence, and 
market competition [28]. 

Adopting lean thinking and lean construction techniques and principles improves 
labor productivity and cost performance [27]. This approach has been enhanced 
by building lean information models and practices and improving project 
performance, mainly cost and schedule [63]. Therefore, the relationship between 
the formulation and realization of optimized work breakdown structure through 
lean construction to improve cost performance can be explained by the following 
proposition: 

Proposition 2. Optimization of the structure details of construction project works 
into improved cost performance through a streamlined construction approach.  

3 Conclusion 

The manuscript reduces the waste of construction projects involved in improving 
project cost performance by developing literature on cost performance 
improvement processes and lean construction approaches. The study created a 
conceptual framework to explain the waste-reduction process to improve project 
cost performance. It consists of waste, optimized work breakdown structure, and 
cost performance improvement. The suggested framework gives a more in-depth 
knowledge of the strategic activities that must don and fresh insights on the 
growth of waste reduction technologies on building sites. 

This paper carries the concept of waste and lean construction mechanisms. 
Studies state that the waste reduction process can evaluate and eliminate waste 
construction projects, where it can formulate and realize optimize work 
breakdown structure with cost performance improvements. Furthermore, a strong 
belief is that applying a lean construction approach to construction projects can 
complete projects without excess time and cost. 

Currently, the authors are conducting an in-depth qualitative study to examine the 
proposed that are appropriate for use in Indonesia's construction industry. Next, 
it can be seen and proved how much value lean construction influences 
construction projects' performance in Indonesia. 
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Abstract. The idea to build the Sunda Strait Bridge, popularly known as Jembatan 
Selat Sunda (JSS), began in the government of Indonesia's first president, Sukarno, 
which connect two islands with the largest economy in Indonesia, Sumatra Island 
and Java Island. This ambitious project will become a single mega infrastructure 
project with the largest investment in Indonesia. The successful completion of a 
project can be associated to the completion of a project on time. Accurate 
calculation of project time duration estimation is the key to the success of an 
infrastructure project delivery on time. Many practitioners in construction industry 
nowadays are having difficulties to estimates project duration correctly. Choosing 
the appropriate method in scheduling planning is the key to the successful 
estimation of a project. This research proposes the use of the M-PERT scheduling 
method which is the development of the conventional PERT with a higher degree 
of accuracy. As a case study, this research uses the Suspension Bridge section, 
which is one part of the overall phase of the construction of the JSS infrastructure 
project. The results of this research produce estimates of the project duration using 
M-PERT is 2104.38 days. It gives the estimation error is less than 1% when 
compared with the Monte Carlo simulated curves. As a comparison, this research 
also calculates duration estimation using conventional PERT and it gives 2013 
days with error more than 24% when compared with the Monte Carlo simulated 
curves. A step-by-step process to estimate project duration using M-PERT method 
are also include in supplemental data. 

Keywords: Jembatan Selat Sunda; M-PERT; PERT; Scheduling; Simulated Curves 

1 Introduction  

The Sunda Strait Bridge or known as Jembatan Selat Sunda (JSS) is one of the 
major projects in the construction of bridges that cross the Sunda Strait as a link 
between Java Island and Sumatra Island. This bridge originated from the idea of 
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Prof. Sedyatmo , a professor at the Bandung Institute of Technology (ITB) in 
1960 was called Tri Nusa Bimasakti which means a link between three islands; 
Sumatra Island, Java Island and Bali Island.  

Then, in 1965 Sukarno as the first president of the Republic of Indonesia ordered 
ITB to conduct a trial design of the link in which the results of the experiment 
were in the form of a tunnel. From many articles that discuss JSS, there are only 
a few or even no one discussing planning scheduling in the construction phase of 
JSS development. A large-scale project such as the JSS mega project requires an 
appropriate scheduling plan. In the construction industry, scheduling plays an 
important role because it regulates the time and sequence of various activities, 
the interrelationships between one activity and other activities.  

One method of scheduling that is quite extensive in use is the Program Evaluation 
and Review Technique (PERT). This PERT method is a scheduling method based 
on statistics and probabilities. However, despite the popular use of PERT, this 
method has several shortages. The original PERT significantly underestimated 
the duration average and overestimated the duration variance of real-life projects. 
Original PERT also stated that this method follows Beta distribution, which is 
not, in real-life project. To overcome this shortcoming, Ballesteros-Perez (2017) 
propose a new reformulated PERT, named M-PERT, Manual Program 
Evaluation and Review Technique.  

The M-PERT method is much more accurate in determining the actual duration 
of the project and it is also easier and simpler because it does not require the 
assistance of certain simulation software in its calculations. To further emphasize 
the accuracy of this M-PERT method, this research compares it with the 
calculation of the estimated duration of the project using original PERT method. 
Furthermore, in this research, what was meant by JSS development work was 
narrowed down to the construction of a Suspension Bridge of the JSS. 
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Figure 1 M-PERT procedures for JSS project. 

2 Materials and Methods 

In making this M-PERT method, it still requires the same working steps as for 
making the PERT method, with some additional variations. The first step in 
making project scheduling is to develop the list of tasks to create what is known 
as a work breakdown structure (WBS). Each activity in the construction process 
above is related to each other. For each activity, it is necessary to know whether 
there are other activities that must be done before starting the activity 
(predecessor). In the construction of this JSS, relationships between activities are 
described in table form. Project network diagrams are graphical representations 
of all activities contained in WBS and workflows for a project. This diagram 
looks like a chart with a series of boxes and arrows that are used to map the 
schedule and sequence of work of a project, and track its progress through each 
stage, up to and including completion.  

MS-Project software and MS-Visio software are used to assist making a network 
diagram for construction phase in this JSS project. At this stage, the information 
needed is to estimate the duration of each activity, in this case is to estimate the 
duration of each activity of the JSS construction phase. In addition to calculating 
the duration of each activity, this stage also calculates the standard deviation or 

Start

Create WBS 

Define activity precedence  

Construct a network diagram

Estimate duration for each activity using three -point estimate

Merge activity

Finish

Single Activity No

Yes

 



 Scheduling of Infrastructure Construction Projects  79 

Copyright © 2022 Published by ITB 

standard deviation of each of these activities as well. Basically, the M-PERT 
method is a method for combining two or more activities into only a single 
activity. This process is done repeatedly until there is only one activity left, which 
represents the total duration of the project. There are four merge operations in M-
PERT, (1) Merge for Serial Activities, (2) Merge for Probabilistic (alternative) 
paths, (3) Self-loops, and (4) (maximum or minimum) Parallel paths. The 
procedure for making JSS project scheduling using the M-PERT method in the 
form of a flow diagram can be seen in Figure 1. 

3 Result and discussion 

The WBS on the JSS project was made to find out what activities are involved in 
the construction of suspension bridges at JSS and made up to level four. This 
level is sufficient for flexibility and ease of scheduling, not too detailed but also 
not too few. In JSS development work, activity precedence is divided into each 
level three and the precedence type would be Finish-to-Start (FS). In this research 
the type of network diagram used is Activity-On-Node (A-O-N) where a node 
represents an activity. The estimated calculation of the duration of each JSS 
development activity is carried out by a bridge construction expert. M-PERT 
merge activity for JSS work applied in serial and (maxima) parallel path. Seven 
steps were used to reduce all activity into one merge activity, with four steps of 
serial activity merge and three (maxima) parallel path merge activity. For 
comparison, in this research the accuracy of the M-PERT scheduling method was 
compared with the original PERT scheduling method. From the calculation 
results, the estimated duration of construction of the JSS suspension bridge by 
the PERT method is 2013 days with a standard deviation of 39.14 days, while the 
M-PERT method is 2103.76 days, and the standard deviation is 25.9 days. The 
average (project duration) of simulated distribution is 2098.08 days and this 
simulated distribution used as reference. The JSS project duration mean using M-
PERT method when compared to simulated distribution mean gives estimation 
error less than 1% (0.14%) while compare project duration mean using PERT 
method with simulated distribution mean gives estimation error 27.59% (see 
figure 2). 



80 Reza Ferial Ashadi , et al.  

Copyright © 2022 Published by ITB 

 

Figure 2 Comparison of project duration estimation accuracy between PERT and 
M-PERT for JSS project. 

4 Conclusion 

The construction of infrastructure projects in the Sunda Strait Bridge (Jembatan 
Selat Sunda, JSS) requires an accurate time estimation plan. The original PERT 
method cannot afford it because it only focuses on the critical path, ignores other 
activity, underestimated project duration and overestimated variance. The 
development of PERT method into M-PERT is done to overcome this. The 
estimation error of the M-PERT method for estimating the duration of 
construction of the Sunda Strait Suspension Bridge is less than 1% compared to 
the original PERT method which is above 27% proves that the M-PERT method 
successfully overcomes the shortcoming of the PERT method. The M-PERT 
method is also quite simple in its calculations so it is enough just to use 
spreadsheet software without special software for calculating the duration of the 
project. 
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