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We would like to express our gratitude to all participant who were joining “The Third 

International Conference on Combinatorics, Graph Theory, and Network Topology 

(ICCGANT)”. It is the 3
rd

 International conference held by the CGANT Research Group held 

by University of Jember in cooperation with Indonesian Combinatorics Society 

(INACOBMS) on 26-27 October 2019. The conference is held to welcome participants from 

many countries, with broad and diverse research interests of mathematics especially 

combinatorial study. The mission is to become an annual international forum in the future, 

where, civil society organization and representative, research students, academics and 

researchers, scholars, scientist, teachers and practitioners from all over the world could meet 

in and exchange an idea to share and to discuss theoretical and practical knowledge about 

mathematics and its applications. The aim of the third conference is to present and discuss the 

latest research that contributes to the sharing of new theoretical, methodological and empirical 

knowledge and a better understanding in the area mathematics, application of mathematics as 

well as mathematics education. The themes of this conference are as follows: 

(1) Connection of distance to other graph properties, (2) Degree/diameter problem, (3) 

Distance-transitive and distance-regular graphs, (4) Metric dimension and related parameters, 

(5) Cages and eccentric graphs, (6) Cycles and factors in graphs, (7) Large graphs and 

digraphs, (8) Spectral Techniques in graph theory, (9) Ramsey numbers, (10) Dimensions of 

graphs, (11) Communication networks, (12) Coding theory, (13) Cryptography, (14) Rainbow 

connection, (15) Graph labelings and coloring, (16) Applications of graph theory The topics 

are not limited to the above themes but they also include the mathematical application 

research of interest in general including mathematics education, such as: (1) Applied 

Mathematics and Modelling, (2) Applied Physics: Mathematical Physics, Biological Physics, 

Chemistry Physics, (3) Applied Engineering: Mathematical Engineering, Mechanical 

engineering, Informatics Engineering, Civil Engineering, (4) Statistics and Its Application, (5) 

Pure Mathematics (Analysis, Algebra and Geometry), (6) Mathematics Education, (7) 

Literacy of Mathematics, (8) The Use of ICT Based Media In Mathematics Teaching and 

Learning, (9) Technological, Pedagogical, Content Knowledge for Teaching Mathematics, 

(10) Students Higher Order Thinking Skill of Mathematics, (11) Contextual Teaching and 

Realistic Mathematics, (12) Science, Technology, Engineering, and Mathematics Approach, 

(13) Local Wisdom Based Education: Etnomathematics, (14) Showcase of Teaching and 

Learning of Mathematics, (15) The 21st Century Skills: The Integration of 4C Skill in 

Teaching Math. 
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There were 250 participants in ICCGANT 2019, consist of research students, academics and 

researchers, scholars, scientist, teachers and practitioners from many countries. The selected 

papers to be published on IOP Conference Series: Journal of Physics are 114 papers. 

 
On behalf of the organizing committee, finally we gratefully acknowledge the support from 

the University of Jember of this conference. We would also like to extend our thanks to all 

lovely participants who have been joining this unforgettable and valuable event. 

 

 
Prof. Drs. Dafik, M.Sc., Ph.D. 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


ICCGANT 2019

Journal of Physics: Conference Series 1538 (2020) 011001

IOP Publishing

doi:10.1088/1742-6596/1538/1/011001

3
 

THE COMMITTEES 

 

Honorary Advisory Committee: 

Assoc Prof. Moch. Hasan Rector of the University of Jember 

Assoc Prof. Zulfikar Vice Rector of the University of Jember 

Assoc Prof. Wachyu Subhan Vice Rector of the University of Jember 

Prof. M. Sulthon Vice Rector of the University of Jember 

 
Organizing Committee: 

Prof. Dafik Chairperson 

Ika Hesti Agustin Secretary 

 

 
Editorial Board 

Arika Indah Kristiana University of Jember, Indonesia 

Ridho Alfarisi University of Jember, Indonesia 

Rafiantika Megahnia Prihandini  University of Jember, Indonesia 

Ermita Rizky Albirri University of Jember, Indonesia 

Robiatul Adawiyah University of Jember, Indonesia 

Elsa Yuli Kurniawati University of Jember, Indonesia 

Rosanita Nisviasari University of Jember, Indonesia 

Dwi Agustin Retno Wardani IKIP PGRI Jember, Indonesia 

 
Scientific Committee and Reviewers 

Joe Ryan University of Newcastle, Australia 

Yuqing Lin University of Newcastle, Australia 

M. Venkatachalam Kongunadu Arts And Science College, India 

Edy Tri Baskoro Institut Teknologi Bandung, Indonesia 

Guillermo Pineda-Villavicencio Federation University Australia, Australi 

Slamin University of Jember, Indonesia 

Ali Ahmad Jazan University, Saudi Arabia 
Roslan Hasni Universiti Malaysia Terengganu, Malaysia 

Kiki A. Sugeng University of Indonesia, Indonesia 

Rinovia Simajuntak Institut Teknologi Bandung, Indonesia 

Hilda Assiyatun Institut Teknologi Bandung, Indonesia 

Liliek Susilowati Universitas Airlangga, Indonesia 

Diary Indriati Universitas Sebelas Maret, Indonesia 
Syaiful Bukhori University of Jember, Indonesia 

Antonius Cahya Prihandoko University of Jember, Indonesia 

Bambang Sujanarko University of Jember, Indonesia 

Khairul Anam University of Jember, Indonesia 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


ICCGANT 2019

Journal of Physics: Conference Series 1538 (2020) 011001

IOP Publishing

doi:10.1088/1742-6596/1538/1/011001

4
 

The committees of the Second International Conference on Combinatorics, Graph Theory, 

and Network Topology would like to express gratitude to all Committees for the volunteering 

support and contribution in the editing and reviewing process. 
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Abstract. Lerak Foam is Foam produced by Lerak fruit mixed with water. This Foam is very 

suitable as an air cavity enhancer in lightweight concrete. Kapok is a natural material 

commonly used as pillows, mattresses and stuffed toys. Kapok with fine fibers and easily 

formed in a concrete mixture is expected to reduce noise. The purpose of this study is to reduce 

the noise of concrete materials by adding Lerak Foam and Kapok. This research was 

conducted in the Concrete Laboratory University of Jember, by making a sample of 40 cm x 

40 cm x 40 cm concrete box with a thickness variation of 3 cm and 7 cm. This study intend to 

compare the value of noise reduction and transmission loss from the concrete specimen model 

with the addition of 100cc Lerak Foam and Kapok with 0%, 1.5%, 2.5%, 3.5% and 5% from 
the weight of concrete. The different values can be found by giving a noise gauge inside from 

the concrete box. The level of noise reduction is affected by the thickness of concrete. The 

level of noise reduction will increase as much as the addition of Kapok Fibers in concrete 

mixtures. 
 
 
 
 
 

1. Introduction  
One result of the rapid development of infrastructure is noise. The sound from heavy equipment, 
dump trucks, hammers, has made noises. Loud sounds can impact human life psychologically and 

biologically. Loud sounds can impact human life psychologically and biologically. The noise can 

disrupt the hearing system, disrupt the respiratory system, and reduce the concentration. It is necessary 

to apply sound absorbing devices by using appropriate materials. The development of construction 
materials that can absorb sound has evolved, but the price of this material is still expensive and not 

friendly for our environment, such as Styro-Foam [6,13]. Sound absorbing material commonly used is 

high-density walls such as red bricks, which have a density of 2,000 kg/m3. Therefore, it is required to 
reduce weight by using lightweight materials, such as lightweight bricks or lightweight concrete [8]. 

Lightweight concrete has been used since ancient times and it becomes the most interesting part of 

this research because of the benefits are more economical than conventional concrete, such as lower 

transport costs, low hydration heat, good heat insulation material, superior in sound absorption, low 
production costs due to the use of a lightweight and inexpensive aggregates [4]. However, this type of 

concrete has several disadvantages 
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including lower mechanical properties and durability, higher shrinkage and drying creep[7]. 
 

Generally, lightweight concrete research used natural material, such as pumice, diatomic, Skoria, 

volcanic ash, lightweight artificial aggregates such as tile flakes, slate, and ceramic [5,14,17]. Making 
a lightweight concrete also can be applied in porous concrete, for example, the porous concrete road. 

According to Nurtanto (2017), Malaysia, the Philippines, and Indonesia, precisely on the island of 

Java, are producers of cotton in Southeast Asia. The dried cottonwood fruit is a source of fiber source, 
used as a basis for mattresses, pillows, wall decorations, protective clothing, and stuffed fillings and 

heat insulation and soundproofing. Dry skin of kapok fruit can be used as a fuel. The seeds that 

contain oil are used as lubricants and lamp oil, thus can be used as energy raw materials. Lerak or also 

known as rerek or lamuran is a plant known for its useful uses as traditional detergent. Batik is usually 
recommended to be washed by Lerak because it is considered as the most suitable washing instrument 

to maintain the color quality of batik. Lerak seeds contain saponins, a toxic alkaloid, these saponins 

produce Foam and function as a washing instrument, and can be used as a cleaner for various kitchen 
appliances, floors, even bathing and cleaning [1]. Lerak fruit can produce large amounts of Foam 

expected in a lightweight concrete mixture that can make air cavities [11]. Kapok is the lightweight 

concrete mix is expected to be able to absorb sound. In this study, the addition of cotton fiber is 

assumed to increase the ability of lightweight concrete to reduce the noise with the same mechanical 
properties as conventional concrete. This research was conducted to compare the value of noise 

reduction and transmission loss from conventional lightweight concrete models with lightweight 

concrete with the addition of Lerak Foam and Kapok. 
 

 

2. Experiment investigation  
2. 1 Material used 

Lightweight concrete is planned to have a compressive strength characteristic of 20 MPa. The cement 
used is portland pozzolan cement (PPC) type 1 with a volume weight of 1.195 gr/cm3 and a specific 

gravity of 3.02 gr/cm3, using Jember local sand mining with volume weight of 1.57 gr/cm3 and a 

specific gravity of 2.73 gr/cm3. Pumice as coarse aggregate with a volume weight of 0.54 gr/cm3 and a 

specific gravity of 0.93 gr/cm3. The Lerak Foam used is 100 cc. Kapok was made in such a way to 
form a circle with a diameter of 1 cm with a weight of 0%, 1.5%, 2.5%, 3.5% and 5% of the weight of 

cement.  
 
 
 
 
 
 
 
 
 
 

 

(a) (b)  
Figure 1. Lerak Foam (a) and Kapok (b)  

2.2 Mix Proportions  
To investigate the ability to absorb sound in lightweight concrete with the addition of Lerak Foam and 

cotton, conventional concrete is used as a control mixture. The proportion of the control concrete 
mixture is with a compressive strength of 20 MPa plan by using pumice as the rough aggregate (BN). 
The Lerak Foam used is 100 cc/m3 of concrete and uses 0% (B0), 1.5% (B1), 2.5% (B2), 3.5% (B3) 
and 5% (B4) kapok from the weight of cement. From the Table 1, shows the physical properties of 
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fine aggregates and coarse aggregates. A mixture of proportions and all decreases in value concrete 
mix is presented in Table 2. 
 

Table 1. The results from the test materials 
 

No Test Variables 
Fine aggregate Coarse Aggregate 

(%) (%)   

1 Absorption 1.59 1.49 
    

2 Water Content 1.61 0.33 
    

3 Density 2.67 2.54 
    

 
 

Table 2. Details of the concrete mixes (per m3). 
 

Mix Cement Water 
W/C 

Sand Pumice Lerak Kapok 

Code (Kg) (Kg) (Kg) (Kg) Foam (cc) (Kg)  

BN 544 201 0,37 575 54,5 - - 
B0 544 201 0,37 575 54,5 100 - 

B1 544 201 0,37 575 54,4 100 8,16 
B2 544 201 0,37 575 54,5 100 13,6 

B3 544 201 0,37 575 54,5 100 19,04 

B4 544 201 0,37 575 54,5 100 27,2 
 

 

2.3 Test Method 
Concrete specimens were cast in a steel cylinder with a height of 300 mm and a diameter of 150  
mm to determine the compressive strength. The size of hollow-shaped square specimens is 40 cm x 40 
cm x 40 cm with the variation of concrete thickness between 3 cm and 7 cm to determine sound 
absorption. The concrete compressive strength test and density at 28 days that carried in this study 
based on SNI [15,16]. Sound suppression test with a sound meter based on ASTM [3]. At least, three 
test specimens were served to obtain an average compressive strength and sound absorption. 
 

3. Test results and discussion  
3.1. Density  

Table 3 and Picture 2 present the relationship between the level of addition of Lerak Foam and 
Kapok with density. Test results prove that the addition of Lerak Foam and Kapok is decreased the 
concrete density Test results prove that the addition of Lerak Foam and Kapok is decreased the 
concrete density. This occurs because of the specific gravity from kapok is lower than sand and 
pumice. Concrete control density normal (BN mixture) 1881 kg/m3. In this range, concrete is 
considered as lightweight concrete [19]. The addition of 100cc Lerak Foam can reduce the concrete 
density of about 0.4%.  

The addition of Lerak Foam and Kapok with 1.5% cement, 2.5%, 3.5% and 5% can reduce the 
density of about 1%, 1.9%, 3.4%, and 4.4%. All of the concretes that have dry density of less than 
2000 kg/m3 can be considered as lightweight concrete [2]. In the same mixture, the thickness 
specimen with the smallest density is 3 cm. This is because the concrete constituent material has been 
partially replaced with Lerak Foam and cotton. The volume with 3 cm thick is smaller than the 7 cm 
thick, with the volume of Lerak Foam and kapok mixed, the volume of concrete (pasat, aggregate) 
composition is more often replaced at 3 cm volume. This causes the density of 3 cm thick concrete 
with the addition of Lerak Foam and kapok lighter. 
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Table 3. The test results of density 
 

 Average of Density 

Mix Code  (Kg/m3) 
    

 3 cm  7 cm 

BN 1.881  1.886 

B0 1.872  1.877 

B1 1.859  1.869 

B2 1.843  1.851 

B3 1.815  1.823 

B4 1.789  1.810  
 
 
 
 
 
 
 
 
 
 
 

K
g
/
m
3 

 
 
 
 

 
 

1,900 1,881 1,886 
1,872 

1,877 

        

        
1,880  

1,869 
       

         

  

1,859 
1,851 

  

3 cm 

  

7 cm 
       

1,860 
    

   
   

1,843 
 

       

1,840           
    

1,815 
1,823 

 

1,810 1,820      
          

1,800        1,789 
          

1,780           
          

1,760 
          
          

1,740           
          

1,720           
          

1,700           

BN B0 B1 B2 B3 
 

B4   
 

Concrete Mixture 

 

Figure 2. Concrete Density with different thickness 3.2 Compressive Strength 

 
 

The compressive strength of all concrete mixes at 28 days is shown in BN containing a rough 
aggregate of pumice without the addition of Lerak Foam and kapok that considered as a control 
concrete. Table 4 and Picture 3, shows the relationship between the level of addition of Lerak Foam 
and kapok with compressive strength. Concrete compressive strength, BN, shows the compressive 

strength of 28 days is 21.76 MPa. The compressive strength decreased due to the addition of Lerak 
Foam and Kapok. The mixture of B0, B1, B2, B3, and B4 showed 2.6%, 5.1%, 7.3%, 8.96%, and 
10.4%, reveals the lower compressive strength compared to control mix (BN).  

The decline of the concrete compressive strength is mostly caused by weak bonds between 
aggregates, kapok, and cement matrix. Also, cotton has a significantly lower density which also 
generates lower compressive strength than concrete. Lo et al stated that the strength of lightweight 

concrete is dependent on the strength of the aggregates that used, cement paste, and the bonding 
interface between aggregate and cement paste. The decline of the concrete compressive strength is 
also caused by an increase of W / C. W / C increases due to the addition of Lerak Foam where the 
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basic ingredients are from the water. The addition of Lerak Foam with 100cc provides a decrease in 
compressive strength within 2.6%.  

The previous study reveals that the decrease of concrete compressive strength is generally due to 

the bond damage between the cement glue and aggregate [9]. The weak bond between aggregate and 
cement mortar is mainly due to the addition of Lerak Foam and cottonwood. High strength 
lightweight concrete usually has compressive strength in the range of 34-69 MPa with dry air density 

less than 2000 kg /m3 [20]. 
 

Table 4. Results of concrete compressive strength test at 28 days 

Mix Code 
Average Compressive Strength 

(MPa)  
  

BN 21.76 
B0 21.19 

B1 20.64 
B2 20.18 

B3 19.81 

B4 19.505  
 

 

Average Compressive Strength (MPa) 
 

 
22 

 
22  
21  
21  
20  
20  
19  
19  
18 

 
21.6  

21.19 

 
20.64 

 
20.18  

19.81  
19.51 

 
 
 

 

BN B0 B1 B2 B3 B4 
 

Concrete Mixture

Figure 3. Concrete Compressive Strength 

 

3.2. Sound Absorption  
Because of the limitations of equipment, space and test objects, in this study, absolute values cannot 

be generated, but the differences sound levels at each frequency are represented by Noise Reduction 
(NR) and transmission loss (TL) on the decibels (dB) scale. Decibels (dB) are used to measure sound 
intensity or loudness. The stronger the sound, the higher dB level is increased. Decreasing the 
unwanted sound levels with one of several ways of acoustic treatments is known as a noise reduction. 

Transmission loss (TL) generally illustrates the accumulation of reduced energy intensity in the form 
of waves when the waves propagate out from a source or spread through certain areas or certain types 
of structures.  

Sound transmission class (STC) is a numerical rating of the wall, floor/ceiling capability assembly 
or other building elements such as a door or window to minimize channel transmission. The higher 
the STC class, the more voice it has blocked or reduced by building elements[10]. 

Com
pres
sive 
Stre
ngth 
(MP
a) 
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Table 5. STC Ranting’s 
 

 

Sound Transmission Class (STC) 

  

Speech Audibility * 

  

Noise Control Rating 

 

      
 

15 to 25 
 Normal speech easily  

Poor   
understood. 

 

       

    Loud speech easily    

 25 to 35  understood. Normal speech  Marginal 

    50% understood.    

    Loud speech 50%    

 35 to 45  understood. Normal speech  Good 

    is heard, but not understood    

    Loud speech faintly heard,    

 45 to 55  but not understood. Normal  Very Good 

    speech is usually inaudible.    

 
55 and up 

 Loud speech usually  
Excellent   

inaudible 
 

       

*Given a typical background noise level of 30 dB on the “listening” side 
 

The measurements were executed by testing the model of the test object in a closed room in the 
Structure Laboratory, Jember University. In every test gap, the specimen is closed by plasticine to 

avoid the entry of sound from outside through the small gaps from the test object. The hollow 
specimen is 40x40x40 cm within 3 cm and 7 cm thickness. ASTM E 1050 90, the test object was 
given a sound source to measure the difference in sound inside and outside the test object model. The 
sound source is captured by 2 microphones, which are placed inside the test specimen and outside the 

test specimen. The microphone inside the test specimen is placed 10 cm from the sound source. While 
the microphone outside the test specimen is placed 60 cm from the test specimen, the sound level 
inside and outside the test specimen is measured in decibels (dB) using a sound meter.  
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Figure 4. Lay Out 
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The amount of sound source used is 57 dB, 69 dB, and 80 dB. To calculate the amount of 
transmission loss, use the following formula below:  
NR = SPL1 - SPL2 (1) 

A = a.L   

TL = NR + 10 log S/A (2) 

 Annotation:  
 NR = Noise Reduction (dB).  
 SPL1 = SPL sound sources (dB).  

 SPL2 = SPL sound receiver (dB).  
 TL = Transmission Loss (dB).  

 S = Partition field area (m2).  

 A = Absorption level from receiving room (m2).  
a = Absorption coefficient of material in receiving room 

L= Field area on receiving room (m2). 
 
 

Table 6. Average noise reduction on specimens of 3 cm thickness 
 

 Noise Reduction (dB) and Tranmission Loss (dB 
            

Mix    Sound Sources (dB)    

Code 57    69   80 
            

 NR  TL  NR  TL  NR  TL 

BN 12,33  23,39  12,67  23,55  12,75  23,72 
            

B0 13,67  24,64  13,67  24,64  13,75  24,72 
            

B1 15,58  26,55  15,33  26,30  15,33  26,30 
            

B2 17,92  28,89  17,92  28,89  17,50  28,47 
            

B3 19,67  30,64  19,83  30,80  19,58  30,55 
            

B4 21,58  32,55  21,75  32,72  21,42  32,39 
            

 

 

Table 7. Average noise reduction on specimens of 7 cm thickness 
 

 Noise Reduction (dB) and Tranmission Loss (dB) 
           

Mix    Sound Sources (dB)    
           

Code  57   69   80 
            

 NR  TL  NR  TL  NR  TL 
            

BN 14,83  25,80  14,92  25,89  14,50  25,80 
            

B0 18,25  29,22  17,67  28,64  17,67  28,64 
            

B1 19,50  30,47  19,58  30,55  19,42  30,39 
            

B2 20,67  31,64  20,75  31,72  20,25  31,30 
            

B3 21,25  32,22  21,75  32,72  21,67  32,64 
            

B4 22,42  33,39  22,67  33,64  22,42  33,39 
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Table 6 and Table 7 present the results of NR and also TL on three sound sources of 57 dB, 69 dB 

and 80 dB. The average values of NR and TL in three sources provide almost the same value in the 
same lightweight concrete mixture. For the lowest NR and TL values in conventional concrete mix is 
BN. For the highest NR and TL values in the concrete mixture is B4.  

Picture 5 and Picture 6, shows the Noise Reduction value and Transmission Loss value in each 
concrete mixture. The mix code B0 increases the value of Noise Reduction with the addition of Lerak 
Foam only. The value of Transmission Loss of 8.85%, 4.72% in the thickness of the specimen 3 cm 
and 21.11%, 11.61% in the thickness of the specimen 7 cm, with the conventional concrete (BN) as a 

guideline. Increasing the Kapok's addition also makes the value of Noise Reduction and Transmission 
Loss increased. This is because of the increasing Kapok's addition to the mixture the value of concrete 
density decreases[8].   
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Figure 5. Average Noise Reduction and 

Tranmission Loss test specimens 3 cm thick  
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Figure 7. Average Noise Reduction 
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Figure 6. Average Noise Reduction and 

Tranmission Loss test specimens 7 cm thick  
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Figure 8.  Average Transmission Loss 
 

 

Picture 7 and Picture 8 show the effect of specimen thickness with a thickness of 7 cm have better 
noise reduction and transmission loss values than specimens with a thickness of 3 cm. According to 
NAIMA Building Insulation Committee (2010), in the B0 mix code, the addition of Lerak Foam has a 
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significant difference in noise reduction and transmission loss within 4.17 DB. Even though the value 
of the density decreases, with the addition of cotton fiber the more differences in noise reduction and 
transmission loss decrease[10]. 
 

4. Conclusions  
In this study, the lightweight concrete using pumice stone as coarse aggregate with the addition of 
Lerak Foam and Kapok to examine the possibility of producing soundproof lightweight concrete. The 
study analyzes the effectiveness of this substitution on density, mechanical properties, and noise 

reduction and transmission loss of concrete. Based on the test results, then the following conclusions 
can be drawn:  
a. The addition of 100ccs of Lerak Foam and kapok 1.5%, 2.5%, 3.5% and 5% by weight of cement 

can decrease the density of concrete.  
b. Concrete with Lerak Foam shows a lower compressive strength and keep decreases 

simultaneously with the addition of kapok.  
c. Contribution of 100 ccs of Lerak Foam and Kapok up to 5% significantly increases the value of 

noise reduction and transmission loss in the concrete mixture. This proves that Lerak Foam and 
Kapok can improve sound absorption performance on lightweight concrete.  

d. Insulation thickness has a more significant effect on noise reduction and transmission loss than 
density. 
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