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Abstract 

Utilizing disposable diapers in concrete and cement-based materials has become an alternative 

to reduce waste capacity and environmental impacts. The findings of current research conclude 

that SAP (Super Absorbent Polymer) as an essential component in disposable diapers could 

improve the self-healing of concrete structures as well as increase yield stress values, flexural 

strength, plastic viscosity, and elastic modulus. However, the current research mainly 

elaborates on the materials' microstructure, making the application of the finding’s intangible. 

This doctoral research investigated the application of disposable diapers to replace the use of 

fine aggregates in concrete and mortar. This study is aimed at examining the feasibility of 

materials to be implemented as building components. Through theoretical analysis and 

experimentation, the study analyses the mechanical properties of materials, elaborates on 

environmental impact analysis, and estimates the availability of materials for the construction 

industry. For broad insight, the study also proposes a construction system for the materials by 

prototyping an actual house. 

In Chapter 1, research background, problem and objectives were introduced as base of study. 

In Chapter 2, theoretical background and literature reviews were elaborated to find the factors 

that influence the waste capacity of disposable diapers, indicators on environmental impact and 

the building standard. 

In Chapter 3, the systematical methodology was introduced by conducting laboratory 

experiments, calculating simulation based on database and prototyping. 

In Chapter 4, the results of the laboratory experiment were investigated with the findings on 

mechanical properties on concrete and mortar consist disposable diaper and its improvement, 

as well comparative study on similar materials. 

In Chapter 5, feasibility study on environmental impact were assessed by analysis embodied 

energy, carbon emission and eco-costs. 

In Chapter 6, feasibility study on construction system were proposed to find the proper 

implementation as building materials by designing the connection system and prototyping in 

actual scale of the house. 

In Chapter 7, evaluation on all the findings based on Chapter 4, 5 and 6, were discussed to 

conclude the feasibility of using disposable diapers as a part of building materials component. 

In Chapter 8, the main findings of the study were summarized and suggestions for future study. 
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Chapter 1 

 

Introduction  

 

1.1 Research Background 

Up to 20 billion disposable diapers are thrown into landfills every year or more than 3.5 million 

tons of waste contribute to the disposal area and that number is increasing annually [1]. Based 

on a survey on people's preference for disposable diaper treatment, they threw the trash in the 

open or in any place [1] [2] [3]which is around 5- 40% of this waste is disposed of in landfills 

without further processing . Since disposable diapers contain dioxins and dyes - which are 

cancer agents that are harmful if released into the environment-, this habit causes contamination 

to water which is most likely to cause diarrhea, exacerbated by waste conditions that are 

difficult to degrade. 

Due to the brief time required to burn the waste, incineration becomes a viable option for diaper 

waste management. However, the process also produces unfavorable outcomes, as the 

produced gas will harm the environment, as contaminants can accumulate in humans and 

animals. Additionally, landfills also give benefits due to the facilities are designed for long-

term operation (50 - 100 years) but the results cause severe environmental issues, including 
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methane emissions, water pollution, land use, and odors [4].  In addition, people typically 

dispose of used diapers by packaging them in plastic, which results in sluggish biological 

decomposition in landfills. To decompose, disposable diapers need oxygen and sunlight; 

however, this process does not work well in landfills, so it takes approximately 500 years [5] 

[4]. The virus excreted in the baby's feces eventually seeps into the local water supply, and the 

decomposition of disposable diapers can release high concentrations of explosive and 

flammable gases into the atmosphere [5]. 

To lessen the environmental impact of waste treatments for disposable diapers, the recycling 

process offers more environmentally friendly outcomes that can be utilized in a variety of ways. 

Recycling by biodegradation system produces no secondary pollutants, as opposed to 

incineration and landfill, while obtaining economically beneficial end products from bacterial 

metabolism, such as compost and soil fertilizer, an effective medium substrate for mushroom 

cultivation, and ethanol for use in biofuels. Moreover, compared to incineration, recycling by 

pyrolysis reduces the total amount of waste sent to landfills in a short period of time and limits 

the release of greenhouse gases into the atmosphere.  

Despite its environmental benefits, the recycling process has limitations in terms of the 

additional costs required for diaper collection and in terms of its technical feasibility. For 

instance, recycling by biodegradation system necessitates a composter for efficient 

decomposition with excellent performance for only 100 percent biodegradable diapers and a 

lengthy procedure. Also, the system pyrolysis must be optimized in terms of temperature, 

thermal power, and particle size for various feedstock. The system configuration is costly and 

requires optimization. As a result of complicated process in collecting, shredding, sterilization 

and separating, only few companies are interested in recycling process such as Knowaste Ltd. 

United Kingdom [6], Fater Ltd. Italy [7] [8], Diaper Recycling Technology Pte Ltd. Singapore 

[9], Super Faiths Inc Unicharm Ltd. Japan [10], and PHS Group United Kingdom [11]. 

However, the existence of the companies reveals that diaper recycling technology is currently 

only available in developed countries. It is primarily the result of two factors: differences in 

levels of expertise and access to equipment between developed and developing countries and 

a need for more awareness in developing countries regarding the potentially harmful effects of 

diaper waste [4].  

To tackle the limitations of recycling process in terms of technical feasibility, recycling 

disposable diaper as a part of concrete components is more visible since concrete is a widely 
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used construction material. Primarily due to the ease of processing, relatively low construction 

costs, and lack of high-tech manufacturing requirements. Previous research has concluded that 

adding used diapers to concrete does not significantly diminish its strength. By adding one to 

ten percent used diapers to the concrete mixture, the findings conclude that concrete cubes 

containing 1% polymer baby diapers produce the best results [5]. Hydration for internal healing 

improves and yields positive results, and it has superior durability. Moreover, by conducting 

tests for shrinkage and compressive strength and drying shrinkage, with the compressive 

strength of concrete containing 5% polymer baby diapers exhibiting the highest strength at 28 

days compared to other percentages [12]. 

Hence, due to the technical feasibility, this doctoral thesis is aimed at deep investigation on the 

application of disposable diapers on concrete. The study is investigating firstly the strength of 

concrete using disposable diapers for building components based on building standard and 

regulation. Secondly the feasibility study on environmental impact of the materials and source 

availability and third the construction system of materials as element of building. The findings 

will contribute particularly concerning the development of environmentally friendly and cost-

effective materials. Further, concerning this paper's social and economic advantages, the 

development of materials can be accessed from low to high technology. The procedures are 

relatively easy to conduct and low-cost. It also gives a comprehensive perspective of utilizing 

disposable diaper waste as something valuable since it has ended up in the incineration process. 

1.2 Research Questions 

The need of deep investigation on the application of disposable diapers on cement-based 

material and concrete: 

1. How can it be used in concrete and cement-based materials? 

2. Does it better than common waste treatment and similar materials? 

3. How is the sustainability of the source? 

4. How can it be applied in the construction industry? 

1.3 Research Objectives 

Investigate the application of findings on utilization of disposable diapers on concrete by: 

1. Analyze the mechanical properties of concrete and mortar consist of disposable diapers  

2. Analysis on environment impact comparing to common waste treatment and similar 

materials. 
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3. Analysis the influence factors on source of disposable diapers 

4. Estimate the utilization of materials for construction industry 

 

1.4 Hypothesis 

1. In a certain portion or percentage, the disposable diaper can improve mechanical properties 

of concrete and cement-based materials 

2. Because recycling is environmentally friendly for waste treatment, the system for 

recycling disposable diapers may have the lowest impact. 

3. The sustainability of source is feasible because the waste is produced from sanitary items 

used by babies (linear with the increase of population) 

4. The materials are proposed for building element and for wider application may use for 

infrastructure 

1.5 Research Outlines 

 

Chapter 1: Introduction 

This chapter consist of research background, research questions and objectives, as well include 

also hypothesis as a part of research frameworks. 

Chapter 2: Theoretical background and Literature Reviews 

To support the background, deep investigation on literature review elaborates more in this 

chapter included review on diapers products, properties and waste treatment, review on 

recycling disposable diaper to concrete and review on building materials standard. As well for 

comprehensive study, review on environmental impact assessment indicators on building 

materials becomes additional value. 

Chapter 3: Research Methodology 

This chapter focused on research methodology for conducting the research including 

qualitative by secondary data on literature review, quantitative approach by laboratory 

experiment and mixed method to evaluate the feasibility study to comprehensive findings. 

Chapter 4: Laboratory Experiment 
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in this chapter, comprehensive analysis on mechanical properties of concrete and mortar consist 

of disposable diapers is elaborated deeply. it consists of result on result on application for 

building materials, result on application for building materials, and result on concrete mix 

design improvement. comparative study on mechanical properties with similar concrete 

materials also elaborate more to give broader insight of the findings. 

Chapter 5: Feasibility Study on Environmental Impact Assessment 

This chapter discuss about analysis on environment impact comparing to common waste 

treatment and similar materials, as well analysis the influence factors on source of disposable 

diapers to give quantitative insight on the availability of material resource. 

Chapter 7: Evaluation 

This part consists of comprehensive insight on analysis which include the evaluation on 

laboratory experiment and feasibility study on environmental impact as well construction 

system. 

Chapter 8: Conclusion and Recommendation 

This final part is summary of study and suggestion for development of future research.
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Figure 1. Research Frameworks 
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Chapter 2 

 

Theoretical Background and Literature Reviews 

 

2.1 Review on Diapers: Products, Properties and Waste Treatments 

2.1.1 Brief of Diaper Products  

Diapers Products 

The use of cotton and linen did not cease until the early 1900s, when the first cloth diaper 

service was introduced which marked as the beginning of diaper marketing [13].  Before 1900s, 

parents diapered their children with animal skins, milkweed leaf wrap, and other natural 

materials [4].  In 1942, the first disposable absorbent diaper was created from unbleached 

cellulose tissue and was designed to be used just once. In the 1960s, tissue and paper were 

replaced with pulp and cellulose fibers to improve the performance of disposable diapers and 

marked as the beginning of the rapid evolution of disposable diapers [4].  

Due to the convenience, currently there are three categories of diapers available for purchase: 

cloth diapers, disposable diapers, and diapers made from biodegradable materials [4]. The main 

material for cloth diapers is cotton which provides a plush pad that helps keep the user's skin 
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from becoming irritated. While disposable diapers typically consist of a material called super 

absorbent polymer (SAP), which has a high capacity for absorbing water, and comfortable ties. 

Alternatively, the market for diapers has seen the introduction and acceptance of biodegradable 

diapers because it claims to be more eco- and skin friendly because of the use of natural 

materials and fewer chemicals in the production of one of their components. In 2013, 

disposable diapers contributed approximately 66% of the total market [4], and it is anticipated 

that this dominance will continue in the near future. Among these products, disposable diapers 

dominated the global market by contributing approximately 66% of the total market, following 

by and cloth diapers had the second largest market share and biodegradable diapers are 

expected to experience rapid growth due to rising environmental consciousness and shifting 

consumer preferences [4].  

Cloth diaper 

The oldest type of cloth diaper is called a flat cloth diaper, and it consists of a single layer of 

an absorbent material like cotton cloth that can be folded into a variety of shapes and secured 

with clips or safety pins [4]. The flat cloth diaper has been around for a very long time. One of 

the benefits of using cloth diapers is that they can be reused after being cleaned. The evolution 

of technology has allowed traditional cloth diapers to be transformed into their modern 

counterparts. A pocket diaper has two parts: the shell, which is called the pocket, and an insert, 

which is sewn into the shell. The diaper back sheet is made to be waterproof and has an 

adjustable snap that can be tailored to the wearer's specific needs. This contrasts with a pocket 

diaper, which requires the insert to be tucked into the cover. 

The usage of cloth diapers results in a greenhouse gas emission footprint that is forty percent 

smaller than that of disposable diapers [14]. This is because the feces-containing materials that 

are found on cloth diapers may be rinsed off and disposed of in an appropriate manner into the 

municipal water treatment system [4]. This system filters the sewage water before it is returned 

to the clean river, while the feces-containing materials are converted into fertilizer. Another 

benefit of using cloth diapers is that they reduce the amount of chemicals, such as petroleum, 

that are utilized in the manufacturing process of disposable diapers [4]. However, using cloth 

diapers comes with a few drawbacks, the most significant of which are the reduced absorbency 

of the diaper itself, which necessitates more frequent diaper changes, and the need for a 

significant amount of water to properly clean the diaper. 

Disposable diapers 
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The advent of disposable diapers was made possible by the discovery of a material called 

superabsorbent polymer (SAP) [15] with the chemical formula for SAP is C3H4NaO2, which 

stands for Sodium polyacrylate. The development of superabsorbent polymer made it possible 

to improve the performance of diapers with a high absorbency while simultaneously reducing 

their weight [4] .The convenience of disposal, the prevention of feces discharge, and the 

maintenance of skin dryness are some of the additional benefits that are associated with the use 

of disposable diapers which contains: Polyethylene back sheet, hydrophobic polypropylene 

non-woven fabric, hydrophilic non-woven fabric, distribution layer, hot melts, spandex 

elastics, hook-and-loop tape, super-absorbent polymeric core, cellulose, moisturizer lotions, 

fragrance lotions, and sometimes wetness indicators [16]. The granular form of SAP has the 

potential to increase the capacity of diapers to increase their capacity to absorb and retain fluids 

by up to 100 times their own mass [17]. One kilogram of super absorbent polymer (SAP) has 

the capacity to soak up to 86 liters of water [4]. SAP can greatly improve the absorbency 

performance of diapers and minimize the amount of wood pulp fiber used in the manufacturing 

process of diapers. Between 1987 and 2005, there was a 40% decrease in the weight of diapers 

that were disposable [4] [16].  

Biodegradable diapers 

The biodegradable diaper is made up of wood fiber that does not contain chlorine, a non-toxic 

SAP, does not contain latex, and biodegrades in a partial manner [14]. The flushable and 

compostable (when moist) cotton inserts are combined with soft, reusable cotton covers to form 

the biodegradable diaper and feces-containing refills should be flushed rather than composted 

since up to eighty percent of the bio-solid waste that is produced by wastewater can be used as 

fertilizer for agriculture [4]. In terms of health, chlorine dioxide, which is a volatile bleaching 

agent and usually used to whiten diaper refills, this product can be deemed to be chlorine-free 

because the product uses polyurethane laminate (PUL), which is a fabric that is both waterproof 

and biodegradable, there is no longer a requirement for an additional outer covering [4]. The 

PUL is also biodegradable when compared to the vinyl cover, which is made of polyvinyl 

chloride (PVC). PUL, on the other hand, needs a substantial chunk of time before it can be 

entirely broken down. Therefore, biodegradable diapers manufactured from organic cotton, 

hemp, or bamboo are an even better option, as these diapers decompose quickly, and the raw 

materials required for diaper manufacturing grow quickly while requiring less fertilizers and 

pesticides [4]. In comparison, disposable diapers are more absorbent than cloth diapers, which 

means that they need to be changed less frequently and that they offer greater convenience to 
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parents and make the product become a substantial source of garbage. They are responsible for 

up to 12 percent of municipal solid waste that is put into landfills [4]. Seventy percent of 

disposable diapers are made from wood pulp, while the remaining thirty percent are made from 

petroleum. Wood pulp and petroleum are both limited resources, and their combustion 

contributes to the acceleration of climate change. It is possible that the SAP contained in 

disposable diapers will not decompose for close to 500 years and has been linked in some cases 

to toxic shock syndrome and cutaneous irritation [18]. 

In comparison, disposable diapers are more absorbent than cloth diapers, which means that 

they need to be changed less frequently and that they offer greater convenience to parents and 

make the product become a substantial source of garbage. They are responsible for up to 12 

percent of municipal solid waste that is put into landfills  [4]. Seventy percent of disposable 

diapers are made from wood pulp, while the remaining thirty percent are made from petroleum. 

Wood pulp and petroleum are both limited resources, and their combustion contributes to the 

acceleration of climate change. It is possible that the SAP contained in disposable diapers will 

not decompose for close to 500 years and has been linked in some cases to toxic shock 

syndrome and cutaneous irritation  [18]. 

In addition, according to [4], it argued that the use of disposable diapers can be more destructive 

to the environment, both in terms of cleanliness and environmental friendliness, whereas the 

use of cloth diapers can be less hazardous to the environment. The biodegradable diaper is 

more environmentally friendly than disposable diapers and more practical than cloth diapers 

because it is designed to degrade quickly in landfills. Switching from disposable diapers to 

cloth diapers can result in a large reduction in one's carbon footprint, as it will require much 

fewer trees to be cut down for disposable diapers production. However, when compared to the 

price of disposable diapers, the price of reusable diapers is much more expensive. It is possible 

to significantly cut down on the amount of waste that is produced by used biodegradable 

diapers and ends up in landfills. 

In conclusion, it has been demonstrated that using cloth diapers results in an increased amount 

of laundry, but they are better for the environment than disposable diapers because they can be 

reused. The use of disposable diapers provides several benefits, including convenience and 

simplified diaper changes. However, there is currently no evidence that the biodegradable 

diaper is fully biodegradable, even though it offers several benefits, including ease of use and 

tolerance of the surrounding environment [4]. Used disposable diapers were the primary subject 
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of this evaluation because of the extensive usage of disposable diapers, which would eventually 

become trash and cause problems for the environment if they were not properly disposed of. 

2.1.2 Waste Treatment on Disposable Diapers 

Landfilling 

Before new landfills are established in most developing countries, existing landfills are 

normally erected and stuffed with garbage. In modern sanitary landfills are outfitted with well-

designed engineering and management systems, which allow for the disposal of significant 

amounts of trash [4]. It is also monitored and operated in a way compliant with safety and 

ecologically friendly standards.  

In order to stop the leachate from percolating through the landfill, modern sanitary landfills is 

originally lined with high-density polyethylene. The next step involves loading municipal 

waste and home garbage into the landfill cell. At any given time, there is only a tiny fraction 

of the landfill cell that is accessible and available for waste loading. Choong (2014 in [4]) says 

that as soon as waste is put on the ground, it is covered in layers and continues to be covered 

until it reaches the top of the landfill cell. In addition, the sanitary landfill is equipped with both 

a leachate treatment system and methane gas recovery wells. After the leachate has been 

collected, it is taken to a system that treats leachate contamination. In addition (Choong and 

Low (2014) in [4]) treated leachate that is discharged on-site through an extensive sprinkler 

system might be considered to have satisfied the necessary criteria. To generate power, the 

landfill gas, also known as methane gas, is collected, and then delivered to a well specifically 

designed for the recovery of methane gas. The gas would be vented, however, if the pace of 

gas extraction did not match the needs for either direct usage or the generation of electricity 

(Tai Hoe Resources, 2017 in [4]). A landfill that has reached its maximum capacity would, in 

the normal course of events, be closed; yet it would still require between 50 and 100 years of 

monitoring (Stauffer, 2012 in [4]).  

Incineration 

Incineration is a type of combustion that is completely oxidative and involves the burning of 

waste at temperatures ranging from 900 to 950 degrees Celsius [19]. In the beginning, 

incineration was utilized as a method for the management of hazardous waste and the reduction 

of waste volume through the transformation of the waste into ash [20]. Waste products such as 

solid ash and flue gas can be produced through the combustion of waste materials. The ashes 
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are non-reactive and have the potential to be used in a wide range of products, such as cement, 

ceramics, and other building materials [21]. Incineration is a viable option for the processing 

of waste to energy, particularly in developed countries  [20] since the availability of 

sophisticated technologies that control air pollution and toxic gas emission. The heat energy 

that is produced during the incineration process can be used either for the generation of 

electricity or for heating purposes caused the disposal method is gaining popularity as a means 

of dealing with waste [4]. Municipal solid waste is typically not sorted before being burned, so 

the fly ash that is produced, includes kitchen waste, wood, and PVC is burned contains a high 

concentration of the element's chlorine, potassium, and sodium [22]. The average lifespan of 

an incinerator is between 20 and 30 years, caused the incinerator maintenance and recovery 

construction may be required in order to extend the lifespan of incinerators [22].  

Recycling 

The main goal of diaper recycling is to disassemble the diaper and separate its plastic and 

organic fiber components. This necessitates carrying out complicated processes, such as 

collecting, shredding, sterilizing, and separating the materials. As a result of the complexity 

involved, there are currently only a select few businesses that have an interest in recycling used 

diapers. These businesses include Knowaste Ltd., Fater, Diaper Recycling Technology Pte 

Ltd., Super Faiths Inc Unicharms Ltd., and the PHS Group. Table 1 shows the process and 

result of recycling disposable diapers by companies. 

Biodegradation 

Fungi are examples of saprophytes, which are organisms that feed on cellulosic matter since 

its adaptability to a wide range of cellulosic substrates, the oyster mushroom, also known as 

Pleurotus sp., is one of the most cultivated edible mushrooms [4]. Cellulases are enzymes that 

hydrolyze cellulose and are produced by the fungus Pleurotus sp. are helpful in the process of 

degrading cellulose. The research conducted by [23] demonstrated that mushrooms have the 

capacity to degrade diaper waste by converting the cellulosic components of used diapers into 

glucose that can be used as a food source to significantly cut down on the weight of used diapers 

due to the deterioration of wood pulp and cellulose [24]. Although the mushrooms were 

technically edible after a period of two and a half to three months, researchers have not yet 

determined that this method is a viable method for cultivating the fungus for human 

consumption [25].  
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In a separate line of research, the fungus Pleurotus ostreatus was grown on a substrate made 

of wheat straw and diaper cores resulted in a reduction of as much as 80 percent of the substrate 

and was adequate for three rounds of oyster mushroom harvesting [26]. The harvested 

mushrooms did not contain any human disease-causing pathogens, and they appeared and 

contained the same amount of nutrients as commercially available mushrooms and has the 

potential to degrade used diapers with a high cellulose content while simultaneously producing 

products that can be put to good use [4].  

The transformation of used diapers into soil fertilizer or compost is biologically possible 

because of the activities of microbial enzymes has been discovered that the cellulosic 

components of used diapers can be easily broken down by the enzymes produced by microbes 

[27]. Separating the cellulose pulp from the diaper cores and then mixing them with other 

organic materials required the use of a bioreactor that contained used diapers in the composting 

of yard waste produced encouraging results without causing any unintended adverse effects 

[4]. This small-scale composting system can reduce approximately 87% of the mass of diapers 

and turned used diapers can be recycled into high-quality compost [27].  

Pyrolysis  

Pyrolysis refers to a heating process in which organic material is subjected to thermochemical 

decomposition in an environment without oxygen and result in the production of three distinct 

products: gas, a liquid oil product, and a solid char product with a high concentration of carbon 

[28]. Incineration and pyrolysis are examples of thermal degradation processes used for soiled 

diapers but pyrolysis more environmentally friendly option compared to incineration. The 

incineration of waste results in the emission of carbon dioxide and fly ash into the atmosphere 

because it involves the combustion of waste, in contrast with Pyrolysis which results in a 

decreased emission of greenhouse gases into the atmosphere [29]. The process of pyrolysis 

results in the production of char that has a porous structure that is useful for a variety of 

applications, including acting as an adsorbent, soil additive, and catalyst [30] [31].  The char 

can function as a microwave absorbent that efficiently absorbed microwave energy and quickly 

reached a high temperature [30]. In addition, the pyrolysis process can produce biochar and 

synthetic diesel fuel that can be used as a secondary source of revenue for the generation of 

electric power, power supply, and heat (Hamilton (2007) in [4]). 

As a summary, Table 2 shows the details on waste treatments for disposable diapers. In 

conclusion, It argued that [4] even though most countries have many landfills, not all are up to 
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date hygienic because the system take up to 500 years for disposable diapers to completely 

disintegrate, the human waste that is trapped inside of soiled diapers would be left in landfills 

for a significant amount of time would result in the breeding of germs, which has the potential 

to spread disease (by dirty diaper) to individuals living nearby and personnel at the dump. 

However to rely on the incineration, ashes produced from the incineration of used diapers 

would contain potentially toxic substances, such as dioxin and heavy metals [22] since the 

diaper itself contains a trace amount of dioxin (DeVito and Schecter, 2002 in [4]). The 

prominent levels of moisture that are present in used diapers require more time and energy to 

evaporate, which in turn delays the ignition time [32] resulted the performance of an incinerator 

that burns used diapers could be drastically reduced.  

In other hand, it argued that even though biodegradation does not degrade the outer plastic 

layer and composting used diapers requires specialized equipment and scientific processes the 

biodegradation of cellulosic material could reduce the amount of waste that is disposed of in 

landfills [4]. Recycling the organic material that is contained in used diapers offers an appealing 

alternative for the management of both waste and resources [27]. However, it was found that 

there are limitations, such as the requirement for additional costs for removal or separation of 

the diaper core and plastic packaging, health concerns for workers who are constantly exposed 

to waste and feces, and the fact that the global end market for finished compost is 

underdeveloped, which is a significant obstacle in recycling used diapers [4]. Other limitations 

is a need for additional costs for removal or separation of the diaper core and plastic packaging 

may could be handled if appropriate facilities as well as safety and health precautions for 

recycling management are in place, composting used diapers is a promising option for 

recycling used diapers on a small scale [4]. 

Similarly, pyrolysis has the potential to help reduce the number of diapers that end up in 

landfills by converting them into three products that have a variety of uses by offering 

environmentally friendly method. However, the feedstock obtained from used diapers is 

unreliable because of the variable waste composition (such as: urine, feces, resin, plastic, and 

fiber) present in each batch of diaper waste [4]. It argued that the consistency of the feedstock 

is important because it directly impacts the efficiency with which high-quality gas, oil, and 

char are produced mechanically is necessary to optimize the pyrolysis process factors to fix a 

broad feedstock range [4]. Some of these factors include the pyrolysis temperature, the heating 

rate, and the particle size.  
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Table 1. Summary of Review on Disposable Diaper Recycling Company (modified from [4]) 

Company Recycling Process Recycling Result Capacity 

Knowaste Ltd. 

UK 

The diapers used are chopped, stirred with a 

dehydrating agent, sterilized by autoclaving 

technology, and separated into plastics and fibers.  

- Plastic components can be used in composite 

materials to replace concrete and steel, while 

the recovered fiber can be used in pet manure, 

concrete and asphalt additives, brick making, 

and insulating materials. 

- This process is reported to significantly 

reduce carbon emissions by 71% compared to 

the landfill and incineration processes 

- Time processing 

1.5 hours 

- Up to 36,000 tons 

Fater Ltd. Italy The recycling process involves sterilizing and 

deodorizing the diapers under high pressure steam, and 

this is followed by the mechanical removal and 

separation of superabsorbent materials, plastics and 

pulp. 

- The super-absorbent material can be used as 

an anti-flood barrier and for gardening due to 

its adsorption properties. 

- Plastics can be used in the production of 

pallets, benches, and other products while 

pulp material can be used as recycled paper, 

biofuel, cat litter and anti-flood agents. 

- Up to 10,000 tons 

Diaper 

Recycling 

Technology Pte 

Ltd. Singapore 

Focuses on manufacturing a diaper recycling facility 

using vertical-stacking technology which reduces floor 

space and is suitable for small factories. 

- Plastic purification and pulp – SAP 

separation. 

- Exhibits a high recovery rate for 

superabsorbent materials, plastics and pulp, 

promising viable technology. 

- Up to 99 % 

recycled 

Super Faiths Inc. 

Japan 

Using the exhaust system called SFD conversion 

system. Shredded made as a strip free of bacteria after 

being dried in a high temperature, then printed out as 

pellets. 

As a source of biomass boiler fuel - High calorific 

value of about 

4.186 kJ/kg 

- 300 kg and 600 

kg 



16 
 

Company Recycling Process Recycling Result Capacity 

Unicharm, Japan - Creating ozone processing component (OPC) 

technology that improves AHP's recycled energy 

efficiency by using the electricity generated to 

power other parts of the system. 

- This system includes the extraction of high quality, 

recyclable, and safe cellulose pulp from used 

diapers. 

- Also includes the digestion of the pulp with water 

and the sterilization of byproducts using ozone. 

Applying microbial fuel cells to generate 

electricity from wastewater obtained from 

recycling used diapers. 

 

PHS Group, UK - Involves mechanical separation, chemical 

treatment, and conversion of plastics to Refuse 

Derived Fuel (RDF). 

- Plastics are converted to RDF by burning in a 

biomass plant.  

To produce hot water and electricity  
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Table 2. Summary of Review on Waste Treatment on Disposable Diaper (modified from [4]) 

Methods Landfilling Incineration Recycling Biodegradation Pyrolysis 

Advantages - Waste may remain out 

of sight for a short 

period of time 

because they are 

covered after being 

buried. 

- Facilities are designed 

for long-term 

operation (50 - 100 

years). 

Wastes can be completely 

incinerated in a brief 

period of time. 

Separating diaper waste 

into plastic and fiber 

materials for other uses  

- Environmentally benign 

with no secondary 

pollutants, such as those 

produced by incineration 

and landfill. 

- Can be recycled and 

returned to the earth 

- Reduces the total amount 

of waste sent to landfills in 

a brief period of time. 

- Limits the release of 

greenhouse gases into the 

environment compared to 

incineration. 

Limitations - Waste continues to 

exist underground and 

requires time to 

decompose 

anaerobically.  

- At maximum 

capacity, landfills 

must be closed, and 

post-closure 

monitoring is 

required. 

- A portion of the 

produced ash is 

hazardous. 

- The Incinerator 

maintenance is 

necessary to maintain 

combustion efficiency. 

Additional costs are 

required for diaper 

collection. 

- Requirement of 

composter for efficient 

decomposition 

- Excellent performance 

only with 100 percent 

biodegradable diapers 

- Time-consuming 

procedure 

- The system must be 

optimized for various 

feedstock in terms of 

temperature, thermal 

power, and particle size.  

- The system setup is 

expensive and requires 

optimization. 

Potential by-

product and 

secondary 

product 

Electricity generation The ashes are inert and 

can be further converted 

into various products 

such as ceramics, 

construction material and 

cement 

- The plastic component 

can be used in 

composite materials to 

replace concrete and 

steel, production of 

pallets, benches, 

- Fiber can be used in pet 

litter, concrete and 

Obtain economically 

beneficial end products 

from bacterial metabolism, 

such as: 

- Recycle into compost and 

soil fertilizer 

- Produce three useful by-

product: gas, liquid oil 

product, solid char product.  

- These three by-product can 

be used in various 

application such as fuel 

source, absorbance, 

catalyst, soil additive 
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Methods Landfilling Incineration Recycling Biodegradation Pyrolysis 

tarmac additive, brick 

manufacture, and 

insulation materials.  

- The superabsorbent 

material can be used as 

anti-flooding barriers 

and for gardening, 

recycled paper, biofuel, 

cat litter 

- Effective medium 

substrate for mushroom 

cultivation 

- Ethanol production for 

use in biofuels 

Examples Bukit Tagar Sanitary 

Landfill, Malaysia 

Shibuya Incineration 

Plant, Japan 

Knowaste Ltd, United 

Kingdom 

Dycle Knowaste Ltd, United 

Kingdom 

Current 

Status 

- Daily operation rate: 

2500-3000 ton/d 

- Daily operation rate 

on diaper waste: 300-

360 ton/d 

- Operating cost for one 

ton of waste (USD): 

$12.72 

- Daily operation rate: 

159 ton/d 

- Daily operation rate on 

diaper waste: 19.08 

ton/d 

- Operating cost for one 

ton of waste (USD): 

$10.94-12.50 

- Daily operation rate: 98 

ton/d 

- Daily operation rate on 

diaper waste: 98 ton/d 

- Operating cost for one 

ton of waste (USD): $60 

- Applicable in residential 

and domestic settings. 

- Promote the use of 100% 

biodegradable diapers and 

the invention of a diaper 

that contains no 

petroleum. 

- Growing fruit plants with 

soiled diapers 

- Utilizing pyrolysis, 

successfully construct an 

AHPs recycling system. 

- Convert coal product into 

pellets and sell them as fuel 

for stoves, biomass boilers, 

and nearby energy sources. 
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2.2 Review on Recycling Disposable Diapers as Concrete Components 

Because it can absorb up to one thousand times its dry weight, the super absorbent polymer 

(SAP) that is the highest component in disposable diapers is said to have a structure like that 

of a hydrophilic network. As water absorbents, SAP and hydrogel polymer have very 

comparable levels of performance as the absorbent layer of baby diaper. This layer is designed 

to lock and store urine within its polymeric structure. SAP also have found use in a wide variety 

of applications, including those that involve the use of admixtures and additives in concrete. 

Based on some studies, the utilization of SAP in concrete and cement-based materials can be 

separated into SAP pre-soaked processes [33] [34] [35] [36] [37] [38] [39] [40] and SAP dry-

mixing processes studies [41] [42] [43] [44] [45] [46]. The pre-soaked processes can improve 

workability, while dry-mixing processes can ensure uniform polymer dispersion [47] [48]. 

 

Figure 2. Processing SAP-modified cement-based composites (re-drawing from [47]) 

The experimental precision for predicting the absorption capacity of SAP is crucial for the mix 

design of an internally cured concrete, as the strength or workability can be diminished if the 

prediction is inaccurate. To comprehend the absorption kinetics of SAPs on concrete pore 

solution, the designed tea-bag method and cement-based artificial pore solution were utilized 

[49]. The use of SAPs as a chemical admixture in concrete technology effect on the rheological 

properties of fresh cement-based pastes as well as their varying effectiveness in mitigating 

autogenous shrinkage [50]. In addition, producing mortars containing SAP can significantly 

reduce autogenous shrinkage, particularly when ground granulated blast-furnace slag (GGBS) 
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content is increased since SAPs can provide water for prolonged GGBS hydration [51]. It is 

also noted that using superabsorbent polymers necessitates the consideration of additional 

water if the global microstructure is to remain essentially unchanged. However, the additional 

water will cause subsequent hydration. Cement pastes containing SAPs and containing no 

additional water exhibit a slight decrease in the micro- and mesoporous range and have the 

same microstructure as cement pastes containing the same proportion of effective water to 

cement [52]. The result was no significant difference in the micropore range between cement 

pastes containing SAPs and those containing additional water, but there is a slight increase in 

the mesopore range [52]. 

Further, the effect of mechanical pressure on the absorption of SAPs was evaluated and found 

to significantly influence the absorption behavior; this demonstrates the importance of 

considering the constraint effect of the cementitious matrix during initial mixing [53]. For the 

SAPs and mix designs examined in this study, it was found that the incorporation of SAPs 

decreased the compressive strength of the cement pastes, particularly when SAPs increased the 

formation of macro voids in the cement paste [53]. 

In summary of Table 3, it concludes that adding SAP to cement based materials, significantly 

change the rheology of the material, yield stress values and plastic viscosity, but it decrease 

water-cement ratio that cause additional water is needed to produce cement-based materials 

with good workability. In addition, SAP improve the self-healing efficiency of concrete and 

help retain the watertightness of concrete structures, increase shrinkage in the process of 

promoting cement hydration also could close the cracks due to the swelling of the SAP particles 

in the cracks, and the water penetration resistance was remarkably improved. However, SAP 

increases the number of macroscopic pores in the matrix, resulting in a decrease in the 

mechanical properties of cement-based materials and the carbonation depth of concrete 

containing SAP was lower than the ordinary concrete. 
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Table 3. Summary of Review on Properties of SAP on Disposable Diapers to Concrete and Cement based Materials  

(Summary and modified from [47]) 

Properties Result Source 

Rheological 

Properties 

- Significantly change the rheology of the material 

- Decrease water-cement ratio 

- Additional water is needed to produce cement-based materials with good workability 

- The yield stress values and plastic viscosity increased significantly, while the open testing time was shortened 

but changes in temperature have an effect on yield stress 

- Under the same conditions, addition of SAP have greater plastic viscosity and yield stress than those without 

SAP. 

- The thinning behavior of SAP was more effective than cellulose methyl-hydroxypropyl (MHPC), because SAP 

particles are spherical and do not interact with the chains of the plasticizer. 

- The large SAP particle size increased yield stress, plastic viscosity, and thixotropy significantly. 

- Finer SAP seemed to be more effective than coarser SAP in improving the flowability and reduce the 

superplasticizer demand 

- Pre-soaked SAP could improve the static stability and passing ability of self-consolidating lightweight concrete 

(SCLWC) and prevent the addition of water to compound and increase the slump of concrete. 

[54] [52] 

[55] [56] 

[57] [58] 

[41] [59] 

[43]     [60] 

[39] [34] 

[61] 

 

Mechanical 

Properties 

- Increases the number of macroscopic pores in the matrix, resulting in a decrease in the mechanical properties 

of cement-based materials 

- the strength increased slowly in the first 7 days less than that of the control concrete at a curing age of 28 days. 

- 15–20% lower than that of the mortar without adding SAP under the curing condition of 95% RH. However, 

the compressive strength of mortar with SAP was only 5% less than that without SAP at 30% RH 

- SAP-containing mortar did not change significantly compared to 0.45 w/c mortar. SAP (w/c = 0.55) would 

decrease the mortar's early strength, but the internal curing effect would help cement hydration and partially 

recover it. 

- SAP increased mortar early tensile strength when w/c = 0.45, but decreased when w/c = 0.55 

- The compressive strength of the samples cured in room was generally lower than that of the samples cured in 

water 

- Increasing of nano-SiO2 content, the strength increased, mainly due to the volcanic ash effect of nano-SiO2 

- Specimens with SAP had 13–27% lower compressive strength than the SCLWC standard after 28 days.  

[54] [55] 

[62] [63] 

[64] [65] 

[66] [67] 

[68] [69] 

[42] 
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Properties Result Source 

- Coarse SAP had lower compressive strength than fine SAP under identical conditions.  

- No significant difference in flexural strength, but the compressive strength decreased compared to control 

mortar. 

- The compressive strength with SAP at 7 days was 0.93 times less than that of control mortar but at 28 days it 

was 1.2 times higher. 

- The combination of SAP and PP fiber increased the compressive strength by 20% compared to the control 

mortar (with only PP fiber).  

- The mortar with SAP and PP fiber exhibited slightly increased flexural strength and elastic modulus. 

- The compressive strength with 20% calcium sulfate aluminate (CSA), shrinkage reducing admixture (SRA) 

and SAP was approximately 60 MPa at 28 days and the elastic young’s modulus was approximately 35 GPa 

at a curing age of 3 years. 

Shrinkage Chemical shrinkage: increased chemical shrinkage in the process of promoting cement hydration 

Autogenous shrinkage  

- decreased and induced an expansion right after set. 

- significantly reduce the autogenous deformation of cementitious materials, regardless of whether additional 

water was introduced and regardless of whether fly ash and blast furnace slag were used as supplementary 

cementitious materials. 

- The dosage of SAP should not exceed 0.6 kg/m3. 

- The internal curing increased and should be sealed and cured in the first 7 days to reduce shrinkage without 

potential strength underestimation. 

- SAP could reduce the autogenous shrinkage and drying shrinkage of UHPC, thereby reducing the risk of 

cracking.  

Drying shrinkage 

- drying shrinkage of concrete increased with increasing w/c without SAP,  

- the addition of SAP pre-soaked with water increased the drying shrinkage but could reduce drying shrinkage 

under the same (w/c) 

- w/c was between 0.5 and 0.6, SAP could effectively reduce the drying shrinkage. 

- compact structure and a low w/c decrease the strain of drying shrinkage. 

 

[70] [71] 

[54] [46] 

[72] [73] 

[44] [49] 

[34] [43] 

[54] [74] 
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[49]     [56] 
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Properties Result Source 

Self-healing - improve the self-sealing efficiency of concrete and help retain the watertightness of concrete structures.  

- SAP in the modified cement-based materials had a reswelling capacity and could be used to prevent water 

from flowing into cracks. 

- Self-healing properties when the relative humidity in the environment was greater than 60%.  

- the addition of 1 m% of SAP produced the best results, exhibited an excellent self-healing capacity and did not 

exhibit diminished mechanical properties. 

- main healing products were CaCO3 and a small amount of Ca(OH)2, CSH and CASH 

- enhanced the water permeability resistance and effectively sealed and healed cracks.  

- the effectiveness of SAP can be improved by increasing its reswelling rate and particle size. 

 

[75] [76] 

[77] [78] 

[79] [80] 

[81] 

    

 

Durability 

Permeability 

- SAP could close the cracks due to the swelling of the SAP particles in the cracks, and the water penetration 

resistance was remarkably improved. 

- when w/b was 0.45, the increase in SAP with FA and GGBS of mortar content could reduce the OPI value 

whereas the increase of SAP containing SF did not affect the OPI (a higher OPI value indicates lower 

permeability) 

- has no significant effect to the chloride conductivity index (CCI) compared to mortar containing GGBS with 

w/b of 0.45 (a lower CCI value indicates better chloride resistance 

- Increasing impermeability of the mortar  

- the addition of SAP without additional water increased the chloride ion penetration resistance of concrete 

compared because the initial w/c in the mixture was reduced.  

- the chloride ion penetration resistance of the concrete would improve only if the degree of hydration was 

sufficiently increased, which w/c was <0.42 and only applicable to specific amounts of SAP. 

- the chloride ion diffusion coefficient of the concrete with SAP was lower than concrete without SAP.  

- the pore structure tends to become finer and the connection among the capillary pores is cut off, which 

effectively limited the chloride ion diffusion and enhanced the resistance to chloride ion penetration. 

- the chloride ion diffusion coefficient with large SAP particle size was less than that of the mortar containing a 

small SAP particle size.  

- the internal curing agent of SAP played a more significant role in improving impermeability under relatively 

dry conditions 

[82] [83] 

[84] [85] 

[86] [87] 

[88] [89] 
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Properties Result Source 

Freeze-thaw resistance 

- during the hardening of SAP-modified cement-based composites, the water absorbed by SAPs releases into 

the matrix, leaving air voids. These voids can protect concrete such as air entraining agents during freezing 

and thawing. 

- a certain improvement to the freeze-thaw performance of ordinary concrete would be obtained with the 

addition of SAP, whereas its effect of freeze-thaw resistance was not as significant as that of the air 

entrainment. 

- the freeze-thaw resistance of highly ductile short-fibre reinforced concrete was greatly improved through 

the addition of SAP by introducing specific micro-defects into the structure.  

- SAP acted as an additive, which increased the freeze-thaw resistance of cementitious composites and as an 

internal curing agent. 

- frost resistance of SAP with a large particle size was not as good as that of concrete with air entraining 

agents, and it was considered that SAP with large particle size could not improve the frost resistance of 

concrete.  

- the void volume of SAPs with different particle sizes was similar in concrete, and it was considered that the 

difference in absorption capacity did not cause the difference in frost resistance. 

- Cement-based materials modified with SAP were more stable in mixing and transportation than those 

containing air entrainment agents. 

Carbonation - the carbonation depth of SAP-modified mortar with a large particle size was significantly lower than that 

of the SAP-modified mortar with a small particle size. 

- the carbonation depth of concrete containing SAP was lower than that of the ordinary concrete.  

- Adding dry or presoaked SAP conducive to the formation of a compact matrix with a lower carbonation 

dept 

[98] 
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In conclusion the characteristic of SAP in concrete and cement-based materials is listed below: 

(summary from [47]) 

1) The hydration process affected to raw material feeding sequences mixing times, molding 

techniques, and curing conditions. 

2) The complex cement hydration process makes it impossible to completely control the water 

release process of SAP in the cement matrix. 

3) Additional water to maintain the mixture's workability, and the additional water intake 

increases the number of capillary pores, leave a significant number of voids in the 

cementitious matrix after it has hardened caused reduce the mechanical properties. 

Mechanical properties can be enhanced through the addition of fibers or additives. 

4) The effects of SAP on the mechanical properties of cement-based materials are dependent 

on the proportions of the mixture, curing conditions, and testing age. 

5) The addition of SAP increases drying shrinkage, but the reduction in autogenous shrinkage 

helps to reduce the total shrinkage resulted have a high resistance to cracking. 

6) The water swelling of SAP prevents corrosive materials from entering resulted the improved 

of self-healing capability, but different curing conditions have different effects on the self-

healing effect. 

7) In addition to preventing further water and chloride ion penetration, increasing the 

permeability of the matrix due to the water swelling of SAP promotes the hydration of 

cement by filling the capillary pores of the cementitious matrix and thereby obstructing the 

path that chloride ions use to diffuse through the matrix. 

8) Effectively improve the frost resistance because voids left by SAPs after water release can 

act as air-entraining agents to protect cement-based materials from freeze damage. 

9) Due to SAP's further hydration, the addition of SAP can effectively enhance anti-

carbonation, and the uniform distribution of voids after SAP water release will also inhibit 

the diffusion of CO2. 

2.3 Review on Building Materials Standards and Regulations 

In order to be used as construction materials, the experiment's results must fulfill the 

appropriate building material criteria. The use and specifications for concrete based on 

compressive strength are displayed in  Table 4. The standard distinguishes between three 

strengths of concrete, ranging from low to high. Low strength, with a minimum of 10 MPa, is 

often used for light building structural components, whereas high strength, with a minimum of 
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41 MPa, is employed for prestressed concrete and heavy building structural components. The 

experimental outcome will be categorized as the compressive strength of the samples.  

Table 4. Standard of Strength and Utilization of Concrete [99] 

Concrete Type Compressive 

Strength (fc’) MPa 

Strength Code Utilization 

High Strength  ≥ 41 K400 – K800 

Generally, be utilized for prestressed 

concrete such as pile, girder, concrete plat 

for runaway plane, high rise building, etc.  

Medium 

Strength 
21 - 40 K250 - < K400 

Generally, be utilized for reinforced 

 concrete, such as concrete plat for bridge, 

girder, precast curb, culvert, abutment, 

middle rise building, etc. 

Low Strength 

15 - < 20 K175 - < K250 

Generally, be utilized for normal 

 concrete, such as cyclopean concrete, 

paving and housing with max 2 floor. 

10 - < 15 K125 - < K175 
Light structural component for building, 

landed housing, and base floor. 

 

Table 5. Mortar Type and Utilization on Building Components [100] 

Placement Building component 
Mortar Type 

Rec. Fc’ MPa Alt. Fc’ MPa 

Outdoor, 

surface 

level 

Load bearing wall  N 5,2 S / M 12,5 - 17,2 

Wall nonstructural  O 2,4 S / M 12,5 – 17,2 

Supporting wall N 5,2 S 12,5 

Outdoor, 

under 

level 

Foundation, bearing 

wall, tunnel, pedestrian 

ways 

S 12,5 M 17,2 

Indoor Load bearing wall N 5,2 S / M 12,5 - 17,2 

Partition nonstructural O 2,4 N 5,2 

Indoor 

and 

outdoor 

Shelter and decorative 

wall 

O  2,4 N 5,2 

Note: 

Rec.: Recommended 

Alt: Alternative 

Fc’: Compressive Strength 

Mortar type composition: 

M: Portland cement: burnt lime = 2: > ¼ - 1 ¼  

N: Portland cement: burnt lime = 1: > ¼ - 1 ¼ 

S: Portland cement: burnt lime = 1.5: > ¼ - ½  

O: Portland cement: burnt lime = 1: > 1 ¼ - 2 ¼  

 

The standard relates to concrete bricks and paving blocks whose strength is categorized into 

four categories for architectural components. The sample in this experiment followed a solid 
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concrete brick between two types of concrete bricks: solid and hollow. Level I is the strongest, 

having a minimum strength of 10 MPa, and is commonly used for structural components such 

bearing walls. The lowest level is level IV, which has a minimum strength of 2.5 MPa and is 

suitable for non-structural components such as wall partitions. The highest level for paving 

blocks is A, which has a minimum strength of 40 MPa and is used for public roadways. The 

lowest level is D, which has a minimum strength of 10 MPa and is suitable for dwelling floors 

or garden pavement. Error! Not a valid bookmark self-reference. contains more information 

on architectural components and their applications. 

Table 6. Standard of Strength Level and Utilization of Concrete Bricks and Paving Blocks 

[101] [102] 

Strength 

Level 

Average gross 

fc' 

Gross fc' for 

each sample 

Average gross 

fc' 

Gross fc' for 

each sample Utilization 

Kg/cm2 MPa Kg/cm2 MPa Kg/cm2 MPa Kg/cm2 MPa 

Bricks Solid Concrete Bricks Hollow Concrete Bricks  

I 100 10 90 9.0 70 7.0 65 6.5 

Structural 

component, fits for 

exposed structure 

II 70 7.0 65 6.5 50 5.0 45 4.5 

Structural 

component, for 

covered structure 

III 40 4.0 35 3.5 35 3.5 30 3.0 

Non-structural 

components, covered 

condirion and fit for 

unplastering/exposed 

finishing 

IV 25 2.5 21 2.1 20 2.0 17 1.7 

Non-structural 

components, covered 

condition and 

plastering 

Paving Blocks  

A 400 40 350 35 

 

public street 

B 200 20 170 17 
pavement for vehicle 

parking  

C 150 15 125 12.5 pedestrian ways 

D 100 10 85 8.5 
Floor or pavement 

for garden 
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Thus, for the mortar standard of building is based on SNI 03-6882-2002 Mortar Specification 

for Building Materials, which the specification of mortar type is shown in  

Table 5.  

2.4 Review on Environmental Impact Assessment Indicators 

The evaluation of environmental quality as a result of the use of building materials has received 

increased focus in recent years as a result of the numerous environmental harms caused by 

construction activities [103]. According to [104], civil works and building construction 

consume sixty percent of lithosphere-derived raw materials. The issuance of international 

standards to assess environmental quality, also known as the Life Cycle Assessment (LCA) 

[105], was undertaken in an effort to evaluate environmental damage. LCA analysis examines 

the entire life cycle of a building, from the extraction of building materials to its demolition. 

Studies of embodied energy and carbon emission are frequently employed in the LCA method. 

By calculating the amount of embodied energy and carbon emissions produced during the 

production and construction of materials, these two measurements are utilized not only in LCA 

but also in the vast majority of environmental damage assessment research. The research on 

the quality of building materials, which frequently links these two dimensions, muddles the 

definitions of both, despite the fact that they have distinct implications when used for research. 

In addition, the accuracy of the use of research parameters and methods in discussing the issues 

of embodied energy and carbon emission has a significant impact on the reliability of the 

research results. 

One of the most important aspects of using embodied energy and carbon emission as 

parameters for evaluating material quality is understanding when and how these two can be 

used as LCA research parameters. Understanding the relationship, position, and characteristics 

of embodied energy and carbon emission can assist researchers in assessing the environmental 

quality of materials. This part reviews the parameters and methods used to measure embodied 

energy and carbon emission by examining various precedents to clarify the characteristics of 

these two parameters as they relate to the formulation of research problems. 

LCA is associated with several research trends concerning embodied energy.  The findings are 

categorized based on research evaluated embodied energy using the LCA method [106] [107] 

[108] [109] [110] [111] [112]. In the meantime, Goggins et al. (2010) [113] assessed embodied 

energy by measuring the fuel used in the production and transportation of materials. Pellegrino 

et al. (2011) [107] and DongHun & Gabbai (2011) [108] make embodied energy an LCA 
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parameter by incorporating cost as a metric for calculating embodied energy. Vogtlander et al. 

(2010) [114] added Eco-cost (cost) as one of the factors that must be considered in LCA in 

order to evaluate sustainable materials. 

 

Figure 3. Diagram on Relation between Embodied Energy, Carbon Emission and Eco-costs 

on Materials Lifecycle (adapted from [115]) 

Moreover, the characteristics of research methods based on embodied energy depend mostly 

on primary data with semi- or non-experimental research designs, as there is no standard for 

measuring embodied energy, making pure experimental research designs difficult to execute 

and time-consuming. To calculate embodied energy, therefore, mathematical modeling or 

analysis is used. The use of primary data in embodied energy research makes this research 

easier to conduct because researchers can observe directly, ensuring the data's validity and 

reliability. Moreover, the object of study in the form of a material makes it easier for researchers 

to interpret the characteristics of the material compared to the use of secondary data in which 

the characteristics of the material are not clearly known, so the measurement of embodied 

energy is more appropriate for evaluating the process of making a material. 

The research by Monahan & Powell (2011) [106] [116], Tingley & Davison (2012) [112], and 

Crishna, et al. (2011) [111] demonstrate the characteristics of research based on carbon 

emission in assessing LCA, which is associated with embodied energy. As LCA parameters, 

these studies utilize embodied energy and carbon emission. Taehoon, et al. (2012) [117], Salmi 

& Wierink (2011) [118], Sun Jeong, et al. (2012) [119], and Junghoon, et al. (2012) [120] 

conducted additional studies that only link carbon emission with LCA. The only LCA 

parameter used in these studies is carbon emission. Taehoon, et al. (2012) [117]  and Junghoon, 

et al. (2012) [120] used the cost and strength of materials to measure carbon emission more 

precisely, whereas Salmi & Wierink (2011) [118] used fuel during the manufacturing process 

and transportation as a measure of carbon emission. 
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Other studies by [121] [122] [123] [124] [125] [126] only assess carbon emission without 

relating it to the LCA. This carbon emission assessment focuses on fuel consumption during 

the manufacturing process [121] [123] [122] [124] [125] as well as costs [121] [126]. The 

assessment of carbon emission that is predominately based on fuel is rational because fuel 

contributes a significant amount of carbon emission. 

Table 7 shows that most of the research methods used to assess carbon emissions rely on 

secondary data from related institutions. While primary-data-based research is always 

associated with embodied energy. Similar to the research design for assessing embodied 

energy, the research design for assessing carbon emission is difficult to conduct purely 

experimentally due to time constraints. It takes a long time to assess carbon emission in the 

process of making materials due to the large number of influencing variables, making modeling 

or mathematical analysis simpler. done. In addition, the majority of research on carbon 

emissions uses secondary data because it is easier to obtain data on fuel capacity for material 

production from institutional databases than through direct observation. As a result, carbon 

emission measurements are more focused on this material.  

Various types of materials contain varying amounts of embodied energy. Using materials with 

a high embodied energy can result in a high future energy demand for heating, ventilation, and 

air conditioning [103]. Selecting environmentally acceptable materials can reduce energy 

consumption and environmental impacts [127]. Wood structures, for instance, have lower 

embodied energy and CO2 emissions than concrete, steel, and brick structures, as wood has 

significantly less embodied energy than other materials [127]. Crushing and grinding the 

clinker in Portland cement requires a great deal of energy [128]. Portland cement is a widely 

used material. Using concrete tiles as opposed to ceramic tiles could save up to 1.93 MJ-Eq/kg 

of energy [103].. Utilizing renewable energy or recycled materials could result in energy 

savings [129]. Multiple forms of renewable energy, such as those derived from the sun, wind, 

ocean, and hydropower, etc., could significantly reduce a building's energy consumption [130]. 

In addition, recycled concrete contains recycled aggregate derived from construction and 

demolition waste, a material alternative to virgin concrete. According to [131], the use of 

recycled concrete could reduce the consumption of natural resources and solve the problem of 

landfilling. In different phases of a building, the effects of a particular material on energy 

consumption may vary (or even be contradictory) [129]. For example, a high insulation value 

may save energy during the operational phase, but it may incur high embodied energy costs 

[129]. 
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Table 7. Summary of Review on Environmental Impact Indicators for Building Materials 

Assessment 

Indicators Variable Case of study Research methods Sources 

Embodied 

Energy 

• Fuel on 

processing 

• Fuel on 

transportation 

• Costs 

Building 

materials, Façade 

Bricks and glass, 

Concrete 

Primary sources, 

observation-non 

participant 

Experimental, modelling, 

quasy-experimental, 

mathematic analysis 

[107] 

[108] 

[116] 

[113] 

[115] 

[132]   

Carbon 

Emission 

• Fuel on 

processing 

• Fuel on 

transportation 

• Costs 

• Strength of 

materials 

Concrete Steel 

and iron Wood 

and Concrete 

Steel and zinc 

Building 

construction 

Geopolymer, 

OPC, cement, 

concrete Building 

elements Building 

materials 

Secondary sources, 

insitution record, earlier 

research, 

Primary sources, 

observation non 

participant and 

participant 

Quasy-experimental, 

modelling, scenario 

analysis, Comparing 

study, Non experimental, 

literrary study, 

comparing study, 

modelling 

[121] 

[117] 

[126] 

[120] 

[118] 

[106] 

[116] 

[133] 

Eco-Costs • Fuel on 

processing 

• Fuel on 

transportation 

• Costs 

• Strength of 

materials 

• Maintenance  

Concrete Steel 

and iron Wood, 

bamboo, ceramic 

Primary sources, 

observation, participant, 

quasy-experimental, 

modelling, Non 

experimental, literrary 

study, 

[134] 

[135] 

[136]  

2.5 Conclusion 

The incorporation of SAP as the highest component in disposable diaper expected to improves 

the autogenous shrinkage, self-healing, and impermeability of cement-based materials, thereby 

extending the service lives of concrete structures and reducing their maintenance costs. With 

the advancement of science and technology, it is undeniable that SAP-modified cement-based 

composites are capable of exhibiting significant benefits in practical applications. By linkage 

with the waste treatment and environmental impact that caused by disposable diaper, recycling 

the waste as concrete and cement based materials is predicted has a lowest environmental 

impact.  
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Chapter 3 

 

Research Methodology 

 

3.1 Qualitative Approach 

The objectives of qualitative analysis are: 

1) To find out the factors that influence the waste capacity of diapers. 

2) To decide the indicators on environmental impact for the material 

3) To summarize the building standard that used for laboratory experiment. 

This study employs a secondary source in the form of literature reviews extracted from 

international journals and collects data using a technique of purposive sampling in which data 

reduction is accomplished by focusing on the search for precedents with related to the topics. 

This research topic reveals the research parameters that are typically employed by researchers 

to evaluate the topic of concrete consist of disposable diapers or SAP. Hundred research 

examples were sampled with an emphasis on data analysis of the parameters and methodology 

employed in the research study area. The most recent research years for the used precedent no 

more than 10 years lately. To maintain data validity, it is necessary to consider the year of 
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publication in literature studies. Each research topic is mapped to a table-based precedent as 

part of the data analysis procedure. Then, a descriptive analysis containing the interpretation 

of the analysis by table is conducted. 

3.2 Quantitative Approach by Experimental Study 

The Objectives of quantitative analysis are: 

1) To analysis the capacity of disposable diaper waste that can be used for building materials 

2) To evaluate the application of building materials based on standards and regulation. 

3.2.1 Standard on Concrete Mix Design 

To calculate the quantity of disposable diapers that can be used as construction components a 

laboratory experiment was undertaken to conduct a direct inquiry.  Experimental study 

involved two kinds of utilization of composite materials, the concrete composite for structural 

elements such as column and beam and mortar composite for architectural elements such as 

non-bearing wall and floor. The standard of building materials is in accordance with Indonesian 

building standards and regulations (Standard Nasional Indonesia/SNI) as follows: 

1) SNI 2847:2019 Structural Concrete Requirements for Buildings [137] 

2) SNI 7656:2012 Mixed Design Procedures for Normal Concrete, Heavy Concrete, and 

Mass Concrete [138]  

3) SNI 03-2834-2000 Technical Mixed Design for Normal Concrete  [139], 

4) SNI 03-6882-2002 Mortar Specification for Building Materials [102] 

5) SNI 03-0349-1989 Concrete Bricks for Wall and [100] 

6) SNI 03-0691-1996 Paving Block / Concrete Block [101] 

7) And other relevant standards. 

The objective of designing a concrete mix is to establish the proportions of cement, fine 

aggregate, coarse aggregate, and water that meet the specified criteria for workability, strength, 

durability, and final appearance. The proportions produced by the design must also be optimal, 

in the sense that the minimum number of materials must be used while still meeting technical 

requirements. Considering the varying properties and characteristics of the constituent 

materials, the formulation of concrete mixtures is a complex issue. Consequently, the nature 

and characteristics of each of these materials will result in a wide range of concrete production. 



34 
 

In addition, it is necessary to understand several other factors that influence the work of creating 

concrete mix designs, such as the working conditions, the planned concrete's strength, the 

ability of the executor, the level of supervision, the equipment used, and the building's 

designation. 

To achieve a certain concrete strength, the design must produce a proportion of mixed materials 

whose value is determined by the following factors: 

Water-cement-ratio 

The value of the ratio of water to cement or what is called the water-cement ratio (w/c) has a 

strong direct influence on the strength of concrete. It should be understood in general that the 

higher the w/c value the lower the quality of the concrete, but the higher of workability of 

concrete. 

Type of cement 

The use of various types of cement will necessitate different values for the water-cement ratio. 

In Table 8 there are various types of cement that currently use in Indonesia. 

Table 8. Types of Cement that Use in Indonesia 

Type of Cement Descriptions Compositions 

Portland Cement A fine powder produced by heating limestone and 

clay minerals in a kiln to form clinker, grinding the 

clinker, and adding small amounts of other 

ingredients. Several types of Portland cement are 

available, the most common of which is called 

ordinary Portland cement (OPC), which is gray in 

colour, but white Portland cement is also available. 

Depends on 

type. 

Portland Cement I 

Type (Ordinary 

Portland Cement) 

It is used for all types of construction when special 

properties are not required. The properties of 

Ordinary Portland Cement are between those of 

moderate heat cement and high early strength 

Portland cement. 

5% MgO and 

2.5-3% SO3 

Portland Cement II 

Type (Moderate 

Heat Portland 

Cement) 

For construction applications that require moderate 

resistance to Sulphate and hydration heat, usually 

used for harbour areas and buildings around the 

coast.  

20% SiO2, 6% 

Al2O3, 6% 

MgO, and 8% 

C3A 

Portland Cement III 

Type (High Early 

Strength Portland 

Cement) 

Used in emergency and winter situations, also used 

for the production of compressed concrete. It has a 

higher C3S content compared to other types of 

cement making it hardens and releases heat faster. 

This type of cement is very suitable for the 

6% MgO, 3.5–

4.5% Al2O3, 

35% C3S, 40% 

C2S, and 15% 

C3A 
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Type of Cement Descriptions Compositions 

construction of large buildings, hazardous works, 

foundations, cold air concreting, and prestressed 

concrete which requires high initial strength. 

Portland Cement IV 

Type (Low Heat 

Portland Cement) 

Excellent for preventing cracks in buildings with low 

heat hydration, such as large and thick concrete 

structures. It contains less C3S and C3A, resulting in 

reduced heat loss. This cement is frequently used for 

manufacturing or engineering hydraulic applications 

requiring low hydration heat. 

6.5% MgO, 

2.3% SO3, and 

7% C3A. 

Portland Cement V 

Type (Sulphate 

Resistance Portland 

Cement) 

Possesses a high resistance to sulfur and a lower C3A 

content than other types; it is commonly used for 

buildings in areas with high sulfate content, such as 

ports, tunnels, drilling at sea, and buildings in the 

summer. 

6% MgO, 

2.3% SO3, and 

5% C3A. 

White Cement It is produced from limestone raw materials that 

contain less than 1% iron oxide and magnesia oxide, 

necessitating additional supervision to prevent 

contamination with Fe2O3 during the manufacturing 

process. The use of gas as a combustion fuel in rotary 

kilns is intended to reduce contamination of the 

combustion ashes and manganese oxide so that the 

color of the white cement is not altered. White 

Cement is utilized in construction and decoration. 

24.2% SiO2, 

4.2% Al2O3, 

0.39% Fe2O3, 

65.8% CaO, 

1.1% MgO, 

and 0.02% 

Mn2O2. 

Oil Well Cement Portland cement is blended with retardant substances 

such as lignin, boric acid, casein, sugar, or organic 

Hydroxide acid. to ensure that mortar can be pumped 

into oil or gas wells, the retarder's function is to 

reduce the rate of cement setting or to prolong the 

cement setting time. This is used to protect the space 

between the oil well's frame and the surrounding rock 

or soil, as well as the oil well's frame from the 

corrosive effects of water. 

6% MgO, 3% 

SO3, 48-65% 

C3S, 3% C3A, 

24% C4AF + 

2C3A, and 

0.75% N2O 

Colored Cement Cement that matches the color of the material or 

materials to be glued is frequently required. When 

white cement is ground, 5 - 10% dye (pigment) is 

added to create colored cement. The colorant added 

to the cement must not affect its storage or use. 

- 

Cement Paint Cement flour is produced by grinding portland 

cement with dyes, filters, and water-repellent agents. 

Typically, titanium oxide or zinc sulfide is used to 

make cement paint white. Typically, a water-

repellent agent or silica material is utilized as a filter, 

whereas CaCl2 is utilized as an accelerator and 

calcium or aluminum stearate is utilized as a water-

repellent agent. 

- 

Masonry Cement For this purpose, a hydraulic cement containing one 

or more blast furnace slag cement, portland pozzolan 

cement, natural cement or hydraulic lime and 

- 
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Type of Cement Descriptions Compositions 

additives containing one or more of the following 

ingredients: slaked lime, limestone, chalk, calculous 

shell, talc, slag, or clay. The characteristics of this 

cement include high plasticity and low compressive 

strength. 

 

Durability 

Durability considerations will require values of minimum strength, maximum water-cement 

ratio, and minimum cement content. 

Table 9. Values of Minimum Strength, Maximum Water-cement ratio, and Minimum Cement 

Content [139] 

Conditions 

Minimum cement 

content per m3 of 

concrete (kg) 

Maximum water-

cement ratio 

Indoor   

a. Non-corrosive circumstance 275 0,6 

b. The corrosive circumstance is caused by 

condensation or corrosive vapors 

325 0,52 

Outdoor   

a. Not protected from rain and direct sun 325 0,6 

b. Protected from rain and direct sun 275 0,6 

Underground   

c. alternating wet and dry conditions 325 0,55 

d. Under the influence of alkaline sulfates from 

the soil or groundwater 

 

 

 

 

 

 

Table 10 

Continues contact with water  Table 11 

e. Freshwater 

f. Sea water 
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Table 10. Provisions For Concrete in Contact with Groundwater Containing Sulfates [139] 

Sulphate Concentration (SO3) Type of cement 
Minimum cement 

content (kg/m3) 

Maximu

m water-

cement-

ratio 

Underground 
SO3 in 

ground

water 

(g/lt) 

 

Max Size Aggregate 

(mm) 

SO3 

Total 

SO3 in the 

mixture of 

Water : soil 

= 2:1(g/lt) 
40 20 10 

<0,2 <0,1 <0,3 
Type I with or without 

Pozzolan (15-40%) 
280 300 350 0,5  

0,2 – 

0,5 
1,0 – 1,9 0,3 – 1,2 

Type I without 

Pozzolan 
290 330 380 0,5  

Type I Pozzolan (15-

40%) or Portland 

Pozzolan Cement  

270 310 360 0,55  

Type II or Type V 250 290 430 0,55  

0,5 – 

1,0 
1,9 – 3,1 1,2 – 2,5 

Type I with Pozzolan 

(15-40%) or Portland 

Pozzolan Cement 

340 380 430 0,45  

Type II or Type V 290 330 380 0,5  

1,0 – 

2,0 
3,1 – 5,6 2,5 – 5,0 Type II or Type V 330 370 420 0,45  

>2,0 >5,6 >5,0 
Type II or Type V and 

protective layer 
330 370 420 0,45  

 

Table 11. Minimum Requirements for Watertight Reinforced/Prestressed Concrete [139] 

Contact with: 

Maximum 

water-

cement-

ratio 

Type of cement 

Minimum cement 

content (kg/m3) 

Max Size Aggregate 

(mm) 

40 20 

Freshwater 0,5 All type 1 to V 280 300 
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Sea water 
0,45 

Type I with Pozzolan (15-

40%) or Portland Pozzolan 

Cement 

340 380 

0,5 Type II or Type V 290 330 

Brackish water 0,45 Type II or Type V 330 370 

 

 

Workability and Portion of Water 

The nature of the concrete mixture's viscosity and consistency can be used to describe the 

workability of concrete, which is expressed as a slump value. The amount of water required 

will be influenced by the slump value that, for a given aggregate size and construction type, is 

anticipated to facilitate workability. To avoid using concrete mixtures that are too viscous or 

too thin, it is advised to use slump values within the following parameters: 

Table 12. Slump Value Standard of PBI-Indonesia 

Structural Elements Slump value (mm) 

Mass concrete  25 - 75 

Foot plate foundation, basement construction, caisson 25 - 90 

Reinforced concrete for road pavement 50 - 75 

Foot plate foundation, reinforced foot plate foundation 50 - 125 

Floors, beams, columns, and walls 75 - 150 

 

Table 13. Slump Value Standard [138] 

Structural Elements Slump value (mm) 

*with vibrating 

Slump value (mm) 

*other than vibrating 

Mass concrete  25 - 50 50 - 75 

Road pavement and floor 25 - 75 50 - 100 

Reinforced concrete foundation (walls and 

foot plate) 

25 - 75 50 - 100 

Foot plate foundation, wall basement, 

caisson 

25 - 75 50 - 100 

Beams and reinforced walls 25 - 100 50 - 125 

Columns  25 - 100 50 - 125 

 

Concrete consistency testing must be determined by measuring the slump according to SNI 

1972:2008. Meanwhile, according to the General Specifications for Highways 2010-revision 

3, the range of slump values that must be met are: 
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- For concrete that will be formed with slipforms: 20 - 50 mm 

- For concrete to be spread with a fixed form (fix form): 50 - 75 mm 

Aggregate Specification 

The maximum aggregate grain size should not exceed: 

- One-fifth the smallest distance between the side planes from molds; 

- One third of the plate thickness; 

- Three quarters of the minimum clear distance between bars or beams. 

Table 14. Estimated Free Water Content (Kg/m3) Required for Several Levels of Concrete 

Workability [139] 

Maximum Size of  

Aggregate(mm) 

Type of 

aggregates 

Slump (mm) 

0-10 10-30 30-60 60-180 

10 Natural  

Crushed 

150 

180 

180 

205 

205 

230 

225 

250 

20 Natural  

Crushed 

135 

170 

160 

190 

180 

210 

195 

225 

40 Natural  

Crushed 

115 

155 

140 

175 

160 

190 

175 

205 

Notes: 

• Correction of temperature above 200oC, every 50oC increase must be added 5 litres of water 

per m3 of concrete mix 

• Surface conditions: for a rough aggregate surface, ± 10 litters of water per m3 of concrete 

mix must be added 

Table 15. Coarse aggregate size arrangement limits [139] 

Size of sieve (mm) 

Percentage by weight of the portion that passes through the sieve 

Nominal size of aggregate (mm) 

38 - 4,76 19,0 - 4,76 9,6 - 4,76 

38,1 95-100 100 - 

19,0 37-70 95-100 100 

9,52 10-40 30-60 100 

4,76 0-5 0-10 0-10 

 

Portion of Cement 

Minimum cement requirements are set to prevent concrete from being damaged by special 

environments, for example: corrosive environments, brackish water and sea water. The 
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minimum cement value can be determined using Table 9. The minimum cement value is then 

compared to the required amount of cement, if the value is greater than the required amount of 

cement, the minimum cement amount is taken. 

 

 

 

Table 16. Estimated Compressive Strength of Concrete with W/C 0.50 [139] [140] 

Type of Cement 
Type of course 

aggregate 

Compressive Strength (MPa) on 

age (day) Specimens form 

3 7 28 91 

Type I, Type II 

Type V 

Natural 

Crushed 

17 

19 

23 

27 

38 

37 

40 

45 

Cylinder 

Natural 

Crushed 

20 

23 

28 

32 

40 

45 

48 

54 

Cube 

Type III Natural 

Crushed 

21 

25 

28 

33 

38 

44 

44 

48 

Cylinder 

Natural 

Crushed 

25 

30 

32 

40 

46 

53 

53 

60 

Cube 

 

Variability 

Variability in concrete will influence the planning value for compressive strength. The standard 

deviation value essentially reflects the significance of concrete strength variation. If a number 

of data are collected from the results of the concrete compressive strength test, the data will 

indicate that the resulting values will fluctuate around a mean value with a specified standard 

deviation. The planning assumption is that the distribution of concrete strength will be normal 

during the implementation period. 

M = k x S         ………… Equation 1 

The standard value of k for the 5% acceptable reject/defective portion is 1.64. The k x S value 

is also known as the added value (margin) and security value in design. It should also be 

understood that the minimum number of samples must be considered when calculating the 

standard deviation value. A correction number must be applied to the standard deviation value 

if the tested object falls short of the minimum number. 

The test result data to be used to calculate the standard deviation must be: 
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o Represent materials, quality control procedures and production conditions similar to 

proposed work. 

o Represents the required concrete compressive strength, f'c, which is within ±7 MPa of the 

f'c value which is determined. 

o It consists of at least 30 consecutive test results or two groups of consecutive test results a 

minimum of 30 test results taken into production for a period of not less than 45 days 

o If a concrete production only has 15-29 test results that meet the requirements, then the 

standard deviation value is the multiplication of the standard deviation calculated from the 

test results data with the multiplier factor from Table 17. 

o If the field test data to calculate the standard deviation that meets the requirements of item 

above is not available, then the targeted average compressive strength f'cr must be taken 

not less than (f'c+12 MPa) 

Table 17. Multiplier factor for standard deviation when available data is less than 30 

Samples Multiplier factor 

Less than 15 

15 

20 

25 

30 and more 

not less than (f'c+12 MPa) 

1,16 

1,08 

1,03 

1,00 

 

3.2.2 Procedure of Mixed Design for Concrete 

In Indonesia, concrete mix design is based on two standards [140]: 

1) SNI 03-2834-2000 Technical Mixed Design for Normal Concrete which is adapted from 

DOE method -British, and 

2) SNI 7656:2012 Mixed Design Procedures for Normal Concrete, Heavy Concrete, and 

Mass Concrete which is adapted from American Concrete Institute (ACI) 

In general, the two methods are based on empirical relationships, charts, graphs, and tables, but 

there are differences in their procedures.  

In its mixed design procedure, the SNI 03-2834-2000 method adopts the following assumptions 

[140]: 
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1) This procedure is applicable to Ordinary Portland Cement (type I), Rapid Hardening 

Portland Cement (type II), High Early Strength Cement (type III), and Sulphate Resistant 

Portland Cement (type V). 

2) This method differentiates between crushed aggregate (crushed stone) natural aggregate 

(gravel), which affects the quantity of water used. 

3) Consider the gradation of fine aggregate by zone and assume that the gradation of fine 

aggregate will impact the concrete's workability. 

4) The optimal ratio of coarse aggregate volume to concrete volume depends on the nominal 

maximum size of coarse aggregate and the fine aggregate grading. 

5) The only factor affecting the water content of the concrete mixture is the level of 

workability, as measured by the slump test. 

6) It is assumed that the nominal maximum size of the coarse aggregate has no effect on the 

mix proportions. 

7) The method utilizes a concrete mixture with a water-to-cement ratio (w/c) of 0.50. 

While the SNI 7656:2012 method adopts the following assumptions [140]: 

1) This method does not differentiate between the type of hydraulic cement (it applies to all 

types) and the type of aggregate. 

2) It is believed that the consistency of the mixture affecting its workability depends solely 

on the free moisture content of the mix proportions, as expressed by the slump test. 

3) The optimal ratio of coarse aggregate volume per cubic meter of concrete is solely 

dependent on the nominal maximum size of coarse aggregate. 

4) The type of compaction has an effect on the suggested slump height. 

5) It is possible to estimate the volume of mixed concrete ingredients using either weight 

equivalent or absolute equivalent. 

6) This method does not specify a minimum acceptable concrete content. 

7) This method reduces the amount of water in concrete mixes containing natural coarse 

aggregate/gravel by 18 kg/m3. 

Testing 

The mix design of concrete is based on the assumption that the properties of hardened concrete 

are highly dependent on the properties of the mixture composition. Concrete must be 

compacted uniformly in order to achieve the desired hardness. Whether a concrete mixture can 

be adequately compacted depends on the properties of the fresh concrete itself. This test 
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measures the slump or consistency of the concrete mixture. After the concrete has hardened or 

the hydration process has ceased, a solid and hard object with particular characteristics is 

formed. These properties must be understood in order to use them in planning or to assess the 

intended strength. 

Fresh concrete 

Good properties can be attributed to a fresh concrete mixture if it satisfies the primary 

requirements of the mixture, which is the ability to provide workability, i.e., if the mixture 

remains uniform during the transport, molding, and compaction processes. The nature of ease 

of craftsmanship is a complex problem because it combines the influence of natural properties 

and other random factors that occur during craftsmanship. Concrete's workability is the primary 

performance of fresh concrete. Even if a concrete structure is designed to have high 

compressive strength, the objective will not be met if the design cannot be implemented in the 

field due to its complexity. The concrete mixture will be easy to work with if it possesses at 

least the following three properties [140]: 

1) Compatibility, i.e., concrete can be compacted to eliminate or reduce air pockets. 

2) Mobility, or the ability for concrete to flow into the cast concrete mold. 

3) Stability, or the capacity of concrete to maintain a homogeneous mass during work and 

vibration without segregation of the main components. 

Workability can be determined by the consistency of the concrete mixture, which is equivalent 

to its plasticity. The more flexible the concrete, the simpler it is to manipulate. The consistency 

of the concrete mixture is affected by the factors listed below [140]: 

1) Water content: More water will make the concrete mixture easier to work with. 

2) Cement content: If the cement-to-water ratio remains unchanged, adding more cement 

necessitates adding more water, resulting in greater plasticity. 

3) Aggregate gradation: Aggregate that satisfies the gradation requirements will make 

concrete easier to work with. 

4) Aggregate grain shape: Concrete with round aggregate grains is easier to control. 

5) Maximum aggregate grain: Using the same quantity of water, a larger maximum aggregate 

will result in a greater degree of simplicity. 

6) Method of compaction and equipment for compaction: Correct use of a compactor will 

influence the final condition of the wet concrete after compaction, allowing the hard 

concrete quality target to be met. 
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The test method that can be used to measure the workability of concrete is the slump method 

[141] (SNI 1972:2008 Concrete slump test method). 

Procedures 

A 300 mm high, 200 mm base diameter, and 100 mm top diameter truncated conical mold is 

filled with concrete in three layers, with each layer pierced 25 times with a 16 mm diameter 

tamping rod. The distance of the concrete surface settlement, as measured from the initial 

concrete surface level, is the slump value of the tested concrete mixture. 

- True slump: This type of slump is derived from a homogeneous and cohesive concrete 

mixture, so the measured slump value corresponds to the actual slump value. 

- Shear slump: If shear failure occurs on one side or portion of the concrete mass, the test 

must be repeated using a different portion of the same mix. Then, if two consecutive tests 

on a single concrete sample demonstrate shear failure, it is possible that the concrete 

mixture is less plastic or less cohesive; therefore, it must be declared as a mixture that does 

not meet the workability requirements. 

- Collapse slump: For normal concrete without the addition of a superplasticizer, the slump 

value obtained from such a mixture will exceed the maximum slump value limit; therefore, 

it must be declared as a concrete mixture that does not meet the workability made possible 

by the use of excessive water. 

 

Figure 4. Procedure of Slump Test for Fresh Concrete [140] 
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Figure 5. Parameters of Slump Collapse [140] 

Hard concrete 

Concrete strength is the most essential property of hard concrete. The strength of concrete is 

determined by calculating the maximum load that a concrete cross-section can support using 

specimens of a specific shape. A concrete's strength is affected by four primary factors: a. The 

proportion of constituent materials with a specific material quality; b. Formulating and mixing 

method; c. Conditions at the time of molding; and d. Maintenance. 

It is common knowledge that the higher the w/c ratio, the weaker the concrete strength. 

However, the lower the w/c ratio does not always indicate a stronger concrete. A too-low w/c 

ratio will make it difficult to compact the concrete mixture, which will result in concrete with 

less strength because the density is not optimal. Typically, the w/c ratio for concrete is between 

0.40 and 0.65. However, for high-quality concrete, a lower w/c ratio can be used in conjunction 

with additives that facilitate workability. 

When the concrete mixture is in its plastic state, it has no strength whatsoever. After hydration, 

concrete strength begins to develop; then, as concrete ages, its strength increases. Significant 

changes in the increase in concrete strength occurred up until the age of 28 days, after which 

the increase is insignificant, and the concrete strength is considered to have reached its 

maximum value. If at 28 days the concrete's strength is considered to have reached 100 per 

cent, the strength of the concrete at ages other than 28 days is typically converted as follows: 

Table 18. Comparison of The Strength of Concrete at Various Ages 

Concrete properties 
Age (days) 

3 7 14 21 28 90 365 

Concrete using ordinary Portland 

cement 
0,4 0,65 0,88 0,95 1,00 1,20 1,35 
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Concrete properties 
Age (days) 

3 7 14 21 28 90 365 

The concrete uses Portland 

cement with high early strength 
0,55 0,75 0,90 0,95 1,00 1,15 1,20 

Concrete compressive strength test 

On a cube-shaped specimen measuring 150 mm x 150 mm x 150 mm, or on a cylindrical 

specimen with a diameter of 150 mm and a height of 300 mm, the compressive strength is 

measured. When the specimen is capable of supporting the maximum compressive load, the 

maximum stress value can be used to determine the compressive strength of concrete. 

fc = P/A          ………… Equation 2 

 

  fc = concrete section stress 

  P = compressive axial load 

  A = cross-sectional area that carries the load 

 

Figure 6. Cube specimen for compressive strength test and cylindrical specimen for the 

thesis test [140] 

According to the shape of the test object, the characteristic compressive strength is stated. 

Due to the different shapes of the specimens, it is common practice to compare the 

compressive strength of the specimens in the following manner: 

Table 19. Compressive Strength Comparison 

Specimens Compressive strength comparison 

Cube 150 x 150 x 150 (mm) 1,00 
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Cube 200 x 200 x 200 (mm) 0.95 

Cube 100 x 100 x 100 (mm) 1,07 

Tube 150 mm height 300 mm 0,83 

Procedures for the manufacture and maintenance of concrete specimens in the laboratory 

Table 20. Procedures for the manufacture and maintenance of concrete specimens in the 

laboratory SNI 2493:2011 [142] 

Tools - Mold 

- Tamping rod/internal vibrator/external vibrator 

- Slump Test Equipment 

- Mixing bowl/mixer 

- Air Content Test Equipment 

- Scales 

- Concrete Mixer 

- Rubber hammer 

- Shovel 

Mixing 

Procedures 

Prepare the mold to be used 

1) Weigh each material according to the amount of material specified 

from the results of the concrete mix design 

2) Mix all the ingredients that have been weighed by hand or machine 

mixer (mixer) 

3) Mixing using a mixer (mixer) is carried out with the following steps: 

o First, operate the mixing machine, then add coarse aggregate and 

a specific amount of mixing water, or adjust it according to the 

type of mixing machine. 

o If additional ingredients are added to concrete, they are first 

combined with the water mixture or adjusted according to the 

instructions. 

o Include fine aggregate material, cement, and the remaining water 

in the mixture. 

o If these ingredients cannot be added while the mixing machine is 

in operation, the mixing machine can be stopped beforehand. 

o After all the ingredients have been added to the mixer, the 

concrete is stirred again for three minutes. 

o Stop the machine for 3 minutes, and during the pause in stirring, 

the mixing place (mixer) must be tightly sealed. Continue stirring 

for another 2 minutes, or until the ingredients are thoroughly 

combined. 

o The concrete mixture is then extracted from the mixing machine. 

o Once all of the concrete mixture has been removed from the 

mixer, clean any remnants of the mixture that are still attached to 

the mixer; Stir the concrete mixture again with a stirring spoon 

or shovel until it is uniform. 

4) After the mixture is uniform and homogeneous, conduct the slump, 

bulk density, and air content tests. 
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5) After the slump test, bulk density, and air content have been 

completed, return the concrete to the mixing bowl. Re-stir the 

mixture with a spoon or shovel until it is uniform and smooth. 

6) Mold the test object with the following conditions: 

o Where the concrete will be poured, a shovel or stirrer is placed 

beneath the top surface of the mold. 

o Layer the concrete mixture into the mold according to the type of 

specimen. 

o Compact the concrete by choosing the appropriate compaction 

method based on the slump value if: 

- Slump value is greater than 75 mm, the material is compacted 

by tamping rod 

- Slump values between 25 and 75 millimeters, compaction by 

tamping rod or internal vibration. 

- Slump value 25 mm; vibration-based compaction 

o In addition, tamping rods are used to level the concrete prior to 

initial compaction. In the final layer, concrete is added until it 

exceeds the surface of the mold, so that it will not need to be added 

again once the concrete has hardened. 

7) Cover the test sample with a material that is resistant to water 

absorption, nonreactive, and simple to use, but also capable of 

retaining moisture until the test sample is removed from the mold. 

8) After 20 hours and no later than 48 hours following molding, remove 

the specimen from the mold. 

9) Perform maintaining on the test object until the time of testing. 

Compaction 

by tamping 

rod 

1) The diameter of tamping bar and the number of punctures are listed 

in Table 20 if compaction is accomplished by tamping rod. 

2) Pierce the bottom layer until it reaches its depth. 

3) The holes are evenly distributed across the cross-section of the mold 

surface 

4) For each top layer, the tamping rod may penetrate the underlying 

layer to a depth of 12 mm (for layers 100 mm thick) or 25 mm (for 

layers > 100 mm thick) mm. 

5) After each layer has been pricked, the exterior is lightly tapped with 

a rubber hammer to close the air holes. 

6) After all layers have been pierced, the surface of the mold is flattened 

with a tool until the specimen's surface is smooth and uniform. 

Compaction 

by vibrator 

1) The duration of vibration is dependent on the workability of the 

concrete and the vibrator's efficiency. (In general, enough vibration 

is done until the concrete surface becomes smooth). 

2) Continuous vibration is applied to each layer until sufficient concrete 

density is achieved. 

3) Excessive vibration will result in aggregate and cement paste 

separation. 

4) All of the concrete is poured into each layer of the mold prior to 

vibration. 

5) Particularly for molding tube testing, use three vibratory inserts at 

various layers. 

6) Permit the vibrator to penetrate through the vibrated layer and into 

the layer beneath. 
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7) After each layer has been vibrated, strike the exterior of the mold ten 

to fifteen times with a hammer or bat. 

8) Surfaces are smoothed during vibration if an external vibrator 

(vibrating table) is used, or following vibration if an internal vibrator 

is used. 

Maintenance 1) The outer surface of the mold must not come into direct contact with 

water for the first twenty-four hours after the concrete is cast, as this 

can alter the water content of the mixture and damage the specimen. 

2) Immerse all test objects in water at a temperature of 23 ± 2oC from the 

time they are removed from the mold until the test is conducted. 

3) The storage area must be free of vibration, particularly for the first 48 

hours after the specimens have been placed there. 

4) Test objects can also be treated by submerging them in water 

containing lime or storing them in a damp room or a damp cabinet. 

5) The test object must be protected from dripping or flowing water from 

the exterior. 

6) Specifically, flexural strength test specimens must be soaked in lime-

saturated water at a temperature of 23 ± 2oC for a minimum of 24 

hours prior to testing. Then, remove the specimens from the 

immersion site a sufficient amount of time prior to testing so that the 

surface is sufficiently dry. 

Table 21. Diameter of Tamping Bar and the Number of Punctures [142] 

Specimen 

form 

Height 

(mm) 

Compacting 

method 

Number of 

layers 

Thickness of layers 

Tube <300 

>300 

<400 

>400 

Tamping rod 

Tamping rod 

Vibrator 

Vibrator 

3 

as required 

2 

3 or more 

100 

100 

200 

200 

Cube <200 

>200 

<200 

>200 

Tamping rod 

Tamping rod 

Vibrator 

Vibrator 

2 

3 or more 

1 

2 or more 

100 

100 

200 

200 

Table 22. Diameter of Rod and the Number of Punctures [142] 

Specimen form Rod diameter Number of compacting per layers 

Tube with diameter (mm) 

50 – 150 

160 

200 

250 

 

10 

16 

16 

16 

 

25 

25 

50 

75 

Cube with area (cm2) 

160 

160 – 310 

320 

 

10 

10 

16 

 

25 

1x7 cm2 of area 

1x7 cm2 of area 

Test method for compressive strength of concrete  

Table 23. Test method for compressive strength of concrete SNI 1974:2011 [143] 
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Tools 1) Measurement 

Universal testing machine 

Procedures 1) Position the test object in the center 

of the machine 

 

 

 

2) Utilize a constant load addition of 2 

to 4 kg/cm2 per second on the press 

machine. 

 

3) Load the test object until it is 

destroyed and record the maximum 

load that occurs during the test 

object's inspection. 

 

 

 
Analyze KTB = P/A 

KTB = concrete compressive strength (kg/cm2); 

P = maximum load (kg); 

A = cross-sectional area of the test object (cm2) 

3.3 Mixed Method Approach 

The objectives of qualitative analysis are: 

Feasibility study on environmental impact assessment: 

1) To analysis feasibility of recycling disposable diaper by comparing environmental 

impact on different treatment on waste of disposable diaper and similar recycling 

products of concrete 

2) To analysis mechanical properties on similar recycling products of concrete 

3) To analysis source availability of the disposable diaper 

4) Calculation design on environmental impact of Embodied Energy, Carbon Emission and 

Eco-costs by using: Bath Inventory of Carbon and Energy (ICE) [144], Industrial Design 

and Engineering Materials Database (Idemat) [145], Ecoinvent database [146] 

5) Calculation design on mechanical properties of compressive strength and density by 

using secondary data on past research. 

6) Calculation formula on source availability using secondary data. 

Feasibility study on construction system 

To propose construction method of building materials innovation by prefabrication system by 

following steps: 
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1) Literature study and preliminary design on construction system. 

2) Site Survey for onsite construction by design and simulation process in detail engineering 

drawing for formwork and connection between materials and structure and rough 

Simulation on structural analysis based on site survey. 

3) Building Materials and Structural Components Preparation. It designs building materials for 

wall and floor with panel system and structural components with steel hollow and bolt 

connection. 

4) Construction Process, By in site molding of building materials and delivery process of 

structural components from manufacture to construction site. 

Brief analysis of mixed method used in the study. 

The problem comes up when calculating the exact waste capacity of disposable diapers that 

may be solved by recycling as concrete components. This part is explained the calculation by 

using case study of urban city in Bandung, Indonesia. The study is conducted by collecting 

data of disposable diapers usage in Bandung, then using calculation approach of concrete mix 

design to assume the replacement component capacity of concrete that filled by disposable 

diapers waste. The final calculation is to assume the capacity of disposable diapers concrete 

that benefit to use as infrastructure materials, such as building components and road pavement. 

3.3.1 Parameters Approach 

To assume the disposable diapers waste capacity, some parameters are used. Some literatures 

state that the use of disposable diapers in household depends on background of parent such as 

age and sex [147] [148] [149], education [17] [27] [148], marital status [147], job and income 

[17] [147] [148] [150] [149]. While the main parameter is background of children such as age 

and sex [17][ [151] [152] [147] [148] [150]], breast feeding [153] [154] [155] [156] [157] and 

toilet training [17] [148] [153] [154] [157] [158]. These parameters have a relation to the usage 

of disposable diapers daily. 

Table 24. Disposable diaper frequency use in household 

Age of baby  Diapers Use Frequency Source 

0 - 12 months 2 - 6 times per day [159] 

0 - 4 years 11 - 15 times per week = 2 - 3 per day [17] 

0 - 3 years 2 - 10 times per day [158] 

0 - 6 months 1- 6 per day [154] 
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0 - 1 month 3 - 9 times per day [155] 

0 - 1 month 3 - 8 times per day [156] 

0 – 14 month 5 – 9 times per day [160] 

In term of waste capacity of disposable diapers, the parameters that set in this study are 

population of children in range of 0 to 4 years old, disposable diapers use frequency per day 

and the weight of disposable diapers. Those parameters are derived from secondary data based 

on several literatures. 

The population of 0 – 4 years old is based on data from the city or country. The parameter of 

population then market as Pb (population of age 0-4 years). Based on the Table 1, the range 

frequency of children from 0 – 4 years age is 1 to 10 times of changing diapers a day. In this 

study the frequency is assumed based on equation: 

Average =  
∑𝒏𝟏+𝒏𝟐

𝟐

𝑵
        …………………… Equation 3 

Where n1 and n2 are the lowest and the highest value of the data. N is total data. Based on the 

equation, the average of children changing the diapers is 5 times or piece a day. This parameter 

then marked as Fd (frequency of diapers). The other parameter to set in this calculation is weight 

of disposable diapers that show in Table 25. 

Table 25. Weight of disposable diapers per piece 

Quantity Weight  Source 

12 pc 318.2 - 429.6 gr = 26.5 – 35.8 gr [161] [162] 

1 pc 26.5 - 27.4 gr [160] [162] 

1 pc 28.04 - 36.1 gr [162] 

Based on the equation (1), then the weight of diapers can be decided 30.06 gr per piece. This 

parameter then marked as md (mass of diapers). 

After all parameters decided, then to calculate the waste capacity of diapers per day is 

determined by population of age 0-4 years (Pb), frequency of diapers usage daily, monthly, or 

annual (Fd) and mass of diapers per piece (md) as formulized in the equation: 

Cd  = 𝑝𝑏 𝑥 𝑓𝑑  𝑥 𝑚𝑑           ………………… Equation 4 

Cd is marked as capacity of waste diapers. 
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3.3.2 Concrete Mix Design Approach 

Based on several studies, the disposable diapers in concrete act as a substitute for fine 

aggregate. However, the replacement of fine aggregate by disposable diapers is to be 

considered in term of density distinction. To meet apple to apple of weight ratio, this calculation 

involves the formula: 

ρ =
𝑚

𝑉
          ………………………………… Equation 5 

Where: 

ρ = density of material (g/cm3) 

m = mass or weight of material (g) 

V = volume or three-dimensional space (cm3) 

In this scenario, the ratio of fine aggregate (fa) and disposable diaper (d) is mutual in the 

volumetric. So, the calculation is decided by: 

V𝑓𝑎: Vd = 
𝑚𝑓𝑎

ρfa 
∶  

𝑚𝑑

ρd
…………………………. Equation 6 

Then the mass of disposable to replace fine aggregate in the concrete mix design is determined: 

𝑚𝑑 = %𝑟𝑒𝑝 𝑥 (
ρ𝑑

ρ𝑓𝑎
) 𝑥 𝑚𝑓𝑎          ………… Equation 7 

Where: 

ρ𝑑 = density of disposable diaper (g/cm3) 

m𝑑 = mass or weight disposable diaper (g) 

ρ𝑓𝑎 = density of fine aggregate (g/cm3) 

m𝑓𝑎= mass or weight fine aggregate (g) 

%𝑟𝑒𝑝= replacement percentage of fine aggregate by disposable diaper (%) 

For density of disposable diapers is 0.07 - 0.21 g/cm3 [163]. Then, by incorporate Equation 4 

to Equation 7, the equation of diaper capacity that can be used for concrete components is 

obtained: 

C𝑑𝑐  =
(Pb x Fd x md)

%𝑟𝑒𝑝 𝑥 (
ρ𝑑

ρ𝑓𝑎
)𝑥 𝑚𝑓𝑎

          ………… 
Equation 8 

Then C𝑑𝑐 is marked as capacity of disposable diapers concrete that can be produced.  
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Figure 7. Connection between Methodologies 
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Chapter 4 

 

Laboratory Experiment 

4.1 Experimental Procedures 

 

The mix design procedure following SNI 03-2834-2000 with assumptions: 

1) This procedure is applicable to Ordinary Portland Cement (type I), Rapid Hardening 

Portland Cement (type II), High Early Strength Cement (type III), and Sulphate Resistant 

Portland Cement (type V). 

2) This method differentiates between crushed aggregate (crushed stone) natural aggregate 

(gravel), which affects the quantity of water used. 

3) Consider the gradation of fine aggregate by zone and assume that the gradation of fine 

aggregate will impact the concrete's workability. 

4) The optimal ratio of coarse aggregate volume to concrete volume depends on the nominal 

maximum size of coarse aggregate and the fine aggregate grading. 

5) The only factor affecting the water content of the concrete mixture is the level of 

workability, as measured by the slump test. 

6) It is assumed that the nominal maximum size of the coarse aggregate has no effect on the 

mix proportions. 

7) The method utilizes a concrete mixture with a water-to-cement ratio (w/c) of 0.50. 
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Figure 8. Procedures of concrete mix design based on SNI 03 – 2834 – 2000 

Based on the laboratory result in appendix 1, the parameter of mix design is decided. 

 

Figure 9. Fine Aggregates Gradation 

Concrete data: 

- Concrete target strength 

determination (F’c) 

- Age of concrete 

- Slump value determination 

- Type of concrete and 

condition 

 

Aggregates data: 

- Type of coarse aggregate 

- Density 

- Mass 

- Absorption  

- Moisture 

- Maximum size 

- Gradation zone of fine aggregates 

Estimation: 

- Deviation standard 

- Margin value 

- Compressive strength average 

- Water content 

- Water-cement ratio 

- Fresh concrete density 

- Percentage of fine aggregate 

Calculation: 

- Cement content 

- Fine aggregate volume 

- Coarse aggregate volume 

Moister content correction: 

- Water content 

- Fine aggregate content 

- Coarse aggregate content 

Result 

- Concrete composition 

- Mortar composition 
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Figure 10. Coarse Aggregates Gradation 
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Table 26. Summary on laboratory experiment activities and figures 

Experiment Activities and Results Figures 

Aggregates test 

Fine aggregates 

- Mud content = 4,71% 

- Bulk specific gravity = 2,59 

- Saturated surface dry specific gravity = 2,68 

- Apparent specific gravity = 2,84 

- Absorption = 3,31 % 

- Sieve analysis = Gradation zone 1 

- Fineness modulus = 2,94 

 

Coarse aggregates 

- Bulk specific gravity = 2,23 

- Saturated surface dry specific gravity = 2,37 

- Apparent specific gravity = 2,6 

- Absorption = 6,34 % 

- Sieve analysis = Gradation 40 mm 

Fineness modulus = 5,82 
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Experiment Activities and Results Figures 

Disposable diaper treatment 

By using manual treatment, disposable diaper 

was washing, drying and cutting. 

   

Mixing and moulding 

The mixing procedure is different with regular 

concrete due to the different density of disposable 

diaper compared to other concrete components. In 

the regular mixing, the materials are put all 

together into concrete mixer then mix the 

compound well. For disposable diapers, dry 

mixing procedure for first step then continue to 

wet mixing. The first step is fine and coarse 

aggregates and Portland cement put all together 

then mix them. After the compound blends well, 

add the disposable diaper to the first compound 

and mix them. Then after all the ingredients is 

blended well, add the water and mix it. 
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Experiment Activities and Results Figures 

Curing and testing 

All the sample concrete placed into cube with 

dimension 15 x 15 cm and cylinder with diameter 

of 15 cm and height of 30 cm. After 24 hours the 

casting is removed and for curing time, the 

samples put into a water pool for 7 days and 28 

days. The samples then dried for 24 hours before 

mechanical testing. 

For mechanical properties, the compressive 

strength is conducted. The sample put into the 

universal testing machine and load with the 

certain capacity until the sample is crash 

    

       

Similar procedures for mortar specimen 
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Experiment Activities and Results Figures 

The different is in composition, mortar specimen 

are consist fine aggregates, Portland cement and 

water. The specimen then molding to cube 

5x5x5 cm and tube with height 5 cm and 

diameter 2,5 cm. 

    

     

Improvement: The issue came while adding water to the compound. Due to the high absorption of disposable diaper, addition of water is 

needed to make the compound blended well 

Superplasticizer is needed to prevent the 

disposable diaper absorb more water. 

- The rice husk superplasticizer is prepared by 

dissolving 400 g Sodium hydroxide (NaOH) 

into 1000 ml of water to reach the molarity 

of solution at 10 M.  

- The solution is placed to glass breaker and 

adding the rice husk into solution.  

- Boiling it for 1 hour in magnetic stove and 

put magnetic stirrer for mixing well.  
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Experiment Activities and Results Figures 

- After 1 hour and the solution becomes dark-

brown color, turn of the magnetic stove, and 

wait till the solution cold.  

- Then filtered the solution to separate the rice 

husk waste. 

 

   

Another way to to prevent the disposable diaper 

absorb more water is by soaking the disposable 

diaper in water (not in dry condition). In order to 

meet the required water-cement ratio. 
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4.2 Result on Application for Building Materials 

4.2.1 Identifying the calculation formula for composite materials  

When changing or substituting composite materials in a concrete component, the difference in 

material densities must be considered. For instance, the method does not directly measure 

weight capacity by percentage when fine aggregate is substituted with disposable diapers. The 

apparent similarity between 300 grams of fine aggregate and 300 grams of disposable diapers 

is deceiving. Because disposable diapers are lighter than fine aggregates, 300 grams of 

disposable diapers occupy a much larger volume. To get an apples-to-apples comparison, it is 

necessary to convert the weight of materials using their densities. The following formula is 

then used to obtain the maximum replacement capacity: 

𝑚𝑤 = (
ρ𝑤 

ρ𝑓𝑎
) 𝑥 𝑚𝑓𝑎…………………………. Equation 9 

Where: 

𝑚𝑤 = mass of waste material capacity (gr) 

ρ𝑤 = density of waste materials (gr/cm3) 

ρ𝑓𝑎  = density of fine aggregate (gr/cm3) 

𝑚𝑓𝑎 = mass of fine aggregate (gr) 

Consequently, the formula compromises as follows by adding the percentage of recyclable 

materials: 

𝑅𝑤𝑐 = %𝑟𝑒𝑝𝑥 (
ρ𝑤 

ρ𝑓𝑎

) 𝑥 𝑚𝑓𝑎…………………… Equation 10 

Where: 

𝑅𝑤𝑐 = capacity of recycled waste materials (gr) 

ρ𝑤  = density of waste materials (gr/cm3) 

ρ𝑓𝑎  = density of fine aggregate (gr/cm3) 

𝑚𝑓𝑎  = mass of fine aggregate (gr) 

%𝑟𝑒𝑝 = replacement percentage of fine aggregate by waste material (%) 

In this study, waste material is repurposed into disposable diapers, and the formula is created 

to: 

𝑚𝑑 = (
ρ𝑑 

ρ𝑓𝑎
) 𝑥 𝑚𝑓𝑎……………………………. Equation 11 

Where: 

𝑚𝑑 = mass of waste disposable diaper (gr) 
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ρ𝑑  = density of waste disposable diaper (gr/cm3) 

ρ𝑓𝑎  = density of fine aggregate (gr/cm3) 

𝑚𝑓𝑎  = mass of fine aggregate (gr) 

In consequence, the formula compromises as follows by include a percentage of recyclable 

disposable diapers: 

𝑅𝑑𝑐 = %𝑟𝑒𝑝𝑥 (
ρ𝑑

ρ𝑓𝑎
) 𝑥 𝑚𝑓𝑎…………………. Equation 12 

Where: 

𝑅𝑑𝑐 = capacity of recycled disposable diaper (gr) 

ρ𝑑 = density of waste disposable diaper (gr/cm3) 

ρ𝑓𝑎 = density of fine aggregate (gr/cm3) 

𝑚𝑓𝑎 = mass of fine aggregate (gr) 

 

During the experimental investigation, disposable diapers were substituted for fine aggregates 

in the preparation of composite material for construction components. The first step was to 

prepare used disposable diapers by washing, drying, and shredding them. Figure 9, Figure 10 

and Figure 11 depict the aggregates test results, which are utilized as the foundation for 

calculating the mix design for composite materials based on certain techniques of concrete and 

mortar mix design. In accordance with the aggregates test, Table 27 displays the mix of 

materials used to produce composite materials. It also discusses how the construction materials 

situation differed based on the structural and architectural components of the structure. 

Structural elements such as columns and beam pertain to the design of a concrete mixture 

including Portland cement, fine and coarse aggregates, and water. In this experiment, the 

concrete mix design was initially formulated to achieve a maximum compressive strength of 

25,00 MPa. Refer to mortar mix design for architectural features such as walls and floors, where 

Portland cement, fine aggregates, and water are combined to form mortar. 
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Figure 11. Physical properties of composite material 

The composite material samples were then subdivided based on their intended use in 

construction components, such as concrete samples meant for structural components such as 

columns and beams (15 x 15 x 15 cm) and cylinders (dimensions: 15 x 15 x 15 cm) (height 30 

cm, diameter 15 cm). While examples of mortar blocks measuring 5 x 5 x 5 cm were developed 

for architectural components such as walls and floors, they were shaped to resemble mortar 

blocks. After 28 days of curing, the compressive strength of a sample consisting of six samples 

was evaluated. 

Table 27. Samples Composition of 1 m3 composite materials in replacement fine aggregates 

by disposable diaper 

Mix 

Design  
Utilization 

Portland 

Cement (kg)  
Sand (kg)  Gravels (kg)  

Disposable 

Diaper (kg)  

NC 

Structural 

element: 

Beam, 

column 

370  747.9 892.6 0.00 

C5% 370  745.02 892.6 2.88 

C10% 370  742.15 892.6 5.75 

C15% 370  739.27 892.6 8.63 

C30% 370  730.64 892.6 17.26 

NM 

Architectural 

element: 

Wall, 

concrete 

bricks, floor 

370 868.05 0.00 0.00 

M5% 370 864.71 0.00 3.34 

M10% 370 861.37 0.00 6.68 

M15% 370 858.03 0.00 10.02 

M30% 370 848.02 0.00 20.03 



66 
 

M50%  370 834.66 0.00 33.39 

Note: 

NC            = Normal Concrete 

Cx%        = Concrete with x% replacement of fine aggregates by disposable diaper 

NM           = Normal Mortar 

Mx%       = Mortar with x% replacement of fine aggregates by disposable diaper 

 

Table 28. Samples Proportion of 1 m3 composite materials  

Code Portland Cement Sand Gravels Disposable Diaper 

NC 18,4% 37,2% 44,4% 0,0% 

C5% 18,4% 37,1% 44,4% 0,1% 

C10% 18,4% 36,9% 44,4% 0,3% 

C15% 18,4% 36,8% 44,4% 0,4% 

C30% 18,4% 36,3% 44,4% 0,9% 

NM 29,9% 70,1% 0,0% 0,0% 

M5% 29,9% 69,8% 0,0% 0,3% 

M10% 29,9% 69,6% 0,0% 0,5% 

M15% 29,9% 69,3% 0,0% 0,8% 

M30% 29,9% 68,5% 0,0% 1,6% 

M50% 29,9% 67,4% 0,0% 2,7% 

 

Table 29.  Results for the density samples of concrete and mortar 

Concrete Strength (MPa) Mortar Strength (MPa) 

NC 24,91 NM 11,36 

C5% 23,07 M5% 8,04 

C10% 22,48 M10% 6,78 

C15% 17,38 M15% 6,03 

C30% 7,94 M30% 5,25 

    M50% 1,113 
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Figure 12. Compressive strength on Concrete and Mortar 

Table 30.  Results for the density samples of concrete and mortar 

Concrete Density (kg/m3) Mortar Density (kg/m3) 

NC 2249,56 NM 1703,73 

C5% 2147,9 M5% 1630,43 

C10% 2028,4 M10% 1576,45 

C15% 1913,19 M15% 1524,67 

C30% 1691,25 M30% 1481,07 

    M50% 1288,93 

 

Table 31.  Results for additional water and slump for samples of concrete and mortar 

Concrete Water (l) Additional (l) Total (l) Total (%) Slump (mm) 

NC 185 0 0 0 120 

C5% 185 50,7 235,69 23% 30 

C10% 185 63,4 248,36 29% 50 

C15% 185 78,2 263,17 35% 60 

C30% 185 157,1 342,14 71% 65 
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Figure 13. Density on Concrete and Mortar 

 

Figure 14. Additional of Water for Disposable Diaper Concrete 

4.2.2 Results 

Figure 15 shows the test on compressive strength of concrete and mortar specimens and the 

findings are displayed in Table 32. Normal concrete attains a strength of 24.91 MPa, which the 

value is close to the mix design's intended strength of 25 MPa. However, the substitution of 

fine aggregates with disposable diapers resulted in a weakening of the structure as the quantity 
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of disposable diapers increased. Similarly, the reciprocal phenomenon happened in mortar mix 

design. The strength decreases as more disposable diapers are substituted for fine aggregates. 

Table 32.  Results for the compressive strength of samples of concrete and mortar 

Concrete Type Strength (MPa) Mortar Type Strength (MPa) 

NC 24.91 NM 11.36 

C5%  23.07 M5%  8.05 

C10%  22.48 M10%  6.79 

C15%  17.39 M15%  6.03 

C30%  7.9 M30%  5.25 

- - M50% 1.11 

 

Figure 15. Tests on the Strength of Composite Materials 

Consequently, the strength value is plotted to the linear regression equations by estimating the 

effect of disposable diaper replacement on compressive strength and considering their use as 

construction materials. As it is seen in Figure 16, the employment of disposable diapers in 

concrete as a structural component is restricted by strength. The equation shown by linear 

regression is: 

y = -56.681x + 26.191…………………. Equation 13 

where y is the compressive strength and x is the percentage substitution of fine aggregate by 

disposable diapers. Concrete's strength can be predicted using the equation. In addition, by 
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referencing Table 4 of the relationship between the strength and use of concrete, Figure 16 

illustrates the use of disposable diaper concrete for housing construction. 

As it is shown in Figure 16, the use is restricted to structural housing with a maximum of three-

story and a maximum replacement is 10%. The replacement range between 0% and 10% can 

achieve a strength between 20 and 25 MPa. However, for structural components the maximum 

replacement rate is restricted to 27%, with a maximum strength value is 10 MPa. The maximum 

replacement rate for non-structural components is likewise advised to be no more than 40%. In 

excess of this proportion, concrete cannot be utilized for construction materials. 

 

Figure 16. Utilization of Concrete with Disposable Diapers for Housing Component 

The relationship between strength, percentage of replacement, and the use of mortar for 

architectural features is depicted in Figure 17 and Figure 18. In this study, the use is separated 

between concrete bricks and paver blocks based on  

Table 5. Mortar Type and Utilization on Building Components  

Placement Building component 
Mortar Type 

Rec. Fc’ MPa Alt. Fc’ MPa 

Outdoor, 

surface 

level 

Load bearing wall  N 5,2 S / M 12,5 - 17,2 

Wall nonstructural  O 2,4 S / M 12,5 – 17,2 

Supporting wall N 5,2 S 12,5 

Outdoor, 

under 

level 

Foundation, bearing 

wall, tunnel, pedestrian 

ways 

S 12,5 M 17,2 

Indoor Load bearing wall N 5,2 S / M 12,5 - 17,2 
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Placement Building component 
Mortar Type 

Rec. Fc’ MPa Alt. Fc’ MPa 

Partition nonstructural O 2,4 N 5,2 

Indoor 

and 

outdoor 

Shelter and decorative 

wall 

O  2,4 N 5,2 

Note: 

Rec.: Recommended 

Alt: Alternative 

Fc’: Compressive Strength 

Mortar type composition: 

M: Portland cement: burnt lime = 2: > ¼ - 1 ¼  

N: Portland cement: burnt lime = 1: > ¼ - 1 ¼ 

S: Portland cement: burnt lime = 1.5: > ¼ - ½  

O: Portland cement: burnt lime = 1: > 1 ¼ - 2 ¼  

 

The standard relates to concrete bricks and paving blocks whose strength is categorized into 

four categories for architectural components. The sample in this experiment followed a solid 

concrete brick between two types of concrete bricks: solid and hollow. Level I is the strongest, 

having a minimum strength of 10 MPa, and is commonly used for structural components such 

bearing walls. The lowest level is level IV, which has a minimum strength of 2.5 MPa and is 

suitable for non-structural components such as wall partitions. The highest level for paving 

blocks is A, which has a minimum strength of 40 MPa and is used for public roadways. The 

lowest level is D, which has a minimum strength of 10 MPa and is suitable for dwelling floors 

or garden pavement. Error! Not a valid bookmark self-reference. contains more information 

on architectural components and their applications. 

Table 6 of strength standard and application as a construction material. In addition, the linear 

regression provided the equation for predicting the strength and percentage replacement of fine 

aggregates in mortar compounds as: 

y = -20.57 x + 10.364 …………………. Equation 14 

where y is the compressive strength and x is percentage substitution of fine aggregate by 

disposable diapers.  

As it is seen in Figure 17, the strength of concrete bricks is ranked from I to IV, with I being 

the strongest and IV being the weakest. The maximum amount of disposable diapers that can 

be substituted for fine aggregates in order to achieve level I strength is 8% and for maximum 

replacement is 40% to achieve level IV as the lowest standard of concrete bricks. The 

replacement rate is restricted to 40% and additional replacement is not advised because it is out 
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of SNI 03-0349-1989 [100]. Then, as it is seen in Figure 17, the maximum replacement of fine 

aggregate by a disposable diaper for a structural element such as a bearing wall under an 

exposed situation is 8%, whereas under a covered state, the maximum replacement is 19%. In 

addition, more than 19% replacement can only be applied for non-structural parts, with a 

maximum of 33% replacement for covered situations and exposed finishes. In addition, with a 

maximum of 40% replacement for plastered covered circumstances. More than 40% of 

disposable diapers do not meet specifications and are unsuitable for use in concrete bricks. 

Then, for paving blocks depicted in Figure 18, the material is restricted to only the D level with 

a maximum replacement rate is 9%. This found that more than 9% substitution of fine 

aggregates with disposable diapers is not allowed for paving blocks due to the strength being 

below SNI 03-0691-1996 specifications [101]. Additionally, the use of 9% replacement is 

restricted for paving the floors of homes and gardens. 

 

Figure 17. Utilization of mortar using disposable diapers for concrete bricks 
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Figure 18. Utilization of mortar using disposable diapers for road pavement or paving blocks 

Finally, to figure out comprehensive findings, the usage of disposable diapers on composite 

materials for the building materials is depicted in Figure 19 which shows the various 

application of materials depending on their strength and component. In general, materials for 

concrete as structural components, such as columns and beams, can be substituted with 

disposable diapers to a maximum extent of 27% and a maximum strength of 10 MPa. As well 

for mortar as a structural component such as bearing walls and public road pavement, the 

maximum replacement by a disposable diaper is between 8% and 9% with a strength of 8.5 

MPa. Alternately, for maximal replacement, it can be used for non-structural components with 

a maximum of 40% replacement and strength of 2 MPa. This application is for non-load-

bearing wall partitions and low-impact floor pavers. 
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Figure 19. Summary Utilization of disposable diapers in composite materials for buildings 

4.2.3 Example Application on Building Elements for Low Cost Housing 

Low-cost housing is commonly understood as housing that is appropriate in quality and 

location while not cost a level that prevents its occupants from meeting other essential living 

costs or affects people fulfilment of basic human rights [164] [165] [166] [167]. In the majority 

of developing countries, access to appropriate and affordable housing is a present and growing 

issue. In some circumstances, the problem is not a shortage of housing, but an inadequate 

source of income [164] [165] [166]. In other circumstances, income is relatively high, but home 

supply and financing are limited, making housing pricey [167]. Nonetheless, widespread 

implementation of self-help housing programs in developing countries limited applicability. 

While popular processes of self-construction and bottom-up development did occur, these did 

not provide a long-term or massive solution to the enormous housing demands.  

The high costs of two crucial inputs of land and building materials are a fundamental reason 

why housing is unattainable for urban poor majority. Building materials are often the single 

largest tangible input into the construction of housing and can account for up to 80% of the 

overall worth of a simple residential dwelling [168]. This is due to the fact that building 

materials are essential to the structural integrity of the housing. To put it another way, if the 

price of building materials doubles in contrast to the median price of other commodities, 
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therefore the length of time that a household will be required to work in order to afford the 

price of building materials will also nearly double [169]. The latter is problematic due to the 

fact that many governments, both central and municipal, continue to insist on the use of 

conventional building materials and techniques. These are mandated by the various building 

rules and regulations, the majority of which are either a holdover from the days of colonialism 

or were imported from other nations [170]. These restrictions and standards prevent the use of 

building materials that are more appropriate and readily available in the local area. 

Additionally, these prevent the use of construction technologies that are both cost-effective and 

environmentally friendly. 

There is a need for policies that would broaden people's access to building materials that are 

both appropriate and economical. In a same vein, it ought to financially support research and 

development efforts into cutting-edge building techniques. Construction plans and methods 

that are friendly to the environment, as well as technology that are energy efficient and produce 

less pollution, should be encouraged, and made more readily available. In this regard, a number 

of researchers have examined a variety of materials that can be used for low-cost housing 

construction that divided in to three types: natural fibers, earthen materials and industrial-

building waste [171]. The most common building applications for natural fiber materials (e.g. 

rice husk, sisal fiber, banana leaves, etc.) are panel board, reinforced composite materials, and 

insulation [171] [172] [173]. Therefore, the usage of lime and mud   for nonstructural 

construction components like bricks for walls has become increasingly common when working 

with earthy materials [171] [174] [175] [176] [177] [178]. Thus, the technique of making 

blocks out of raw mud has been developed further without including a burning step. Also 

recycled materials by utilization waste of material building [171] [179]  such as steel and rubber 

will become the best choice to lessen the impact on the environment. Furthermore, there is 

already user-friendly technical material accessible on a variety of inventions, including 

compressed earth-blocks, dome construction, rammed earth, and vault construction. 

Just like other developing countries, low-cost housing provision in Indonesia has been a serious 

concern in the last three decades as urban population has grown at a pace of 4.1% per year, and 

it is anticipated that 68% of Indonesians would live in urban areas by 2025 [180]. This problem 

has at least two main consequences for housing demand and waste management.  

In terms of housing demand, Indonesia has a large gap between supply and demand, with a 

demand for 780,000 units of housing per year and a capability of stakeholders to deliver is 
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400,000 to 500,000 units per year [181] [182] [183]. There is a backlog of around 300.000 

housing units every year that must be resolved to provide homes for approximately 30% of 

urban residents who live in non-owned housing. In accordance with government programs, the 

provision of housing is crucial, but building materials are limited. In Indonesia, concrete, 

bricks, wood, and ceramics continue to be the most used construction materials [115]. But in 

terms of environmental considerations, those materials create new issues, such as clay bricks 

and tiles have the highest embodied energy [115], carbon emissions, and eco-costs [132]. 

Furthermore, in terms of waste management, population growth is accompanied by an increase 

in waste capacity. According to statistics [184], the total waste per year in 2019 is 29,21 million 

tons, which rises to 32,76 million tons in 2020. Due the situation, the Indonesian government 

focusing more on waste capacity management and resulting to decreasing roughly 17,68 

million tons of waste in 2021. Population growth also causes an increase in the use of 

disposable diapers for baby care. Since its introduction in the 1960s, the popularity of 

disposable diapers has raised due to the benefits of the circular economy within various diaper 

versions that have been adapted for wider applications over time [185]. In addition, there is a 

social benefit, especially for parents, as performances are convenient and affordable.  

Since low-cost housing become a major issue in this research, the housing standard for the 

implemented experimental study was designed by following standards of low-cost housing 

[194]. In this study, the housing is designed for 4 persons with a housing area of 36 m2 and 

land area of 60 m2. The floor plan of design is shown in figure 18. 

Table 33.  Standard for Low costs housing in Indonesia [186] 

Standard per 

person (m2) 

Area (m2) for 3 persons Area (m2) for 4 persons 

Housing 

Area 

Land Housing 

Area 

Land 

Minimum Effective Ideal Minimum Effective Ideal 

Minimum 7.2 21.6 60.0 72 - 90 200 28.8 60.0 72 - 90 200 

(Indonesia) 

9.0 

27.0 60.0 72 - 90 200 36.0 60.0 72 - 90 200 

(International) 

12.0 

36.0 60.0   48.0 60.0   
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Figure 20. Floor Plan of Low-costs housing design in this study 

 

Figure 21. Layout Plan for Low-Cost Building Materials Utilizing Disposable Diapers 

In addition, the result of the experimental study is applied into design requirements for low-

cost housing based on Table 33 and Figure 20. The use of composite materials in the structural 

and architectural components of a 36 m2 housing design is depicted in figure 8 with a maximum 

percentage of disposable diapers for housing components. For example, the maximum 

percentage of disposable diapers for column and beam structural components is 27% with the 
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strength of 10 MPa. The maximum percentage of disposable diapers for walls and floors is 

40% and 9%, respectively, with a strength of 2 MPa and 8.5 MPa. 

However, the structural analysis was not calculated exhaustively for the column and beam size 

in this design scenario. The measurement related solely to the standard dimension of structural 

components for one-story housing in Indonesia. Further research and implementation of these 

findings must focus on more extensive structural assessments, including soil bearing capability, 

load capacity, and other technical tests for structural analysis. Ultimately, to quantify the 

amount of composite material for the housing design, the volume of each construction 

component is determined using the floor design and also accessible is the quantity of disposable 

diapers. The outcome is displayed in Table 34. 

Table 34. Capacity of Building Materials to Construct Type 36 of Low-Cost Housing 

Prototype (36 m2) 

Components 
Type 

material 

Strength 

(MPa) 

Sand replacement 

(%) 

Composite 

material (m3) 

Disposable 

diaper (m3) 

Column Concrete 10.35 27  0.81  0.02  

Beam Concrete 10.35 27 1.09  0.03  

Tie beam Concrete 10.35 27 1.44  0.04  

Wall  Mortar 2.14 40 16.36  1.57  

Floor Mortar 8.51 9 2.16  0.05  

Paving Mortar 8.51 9  0.94  0.02  

 Total 22.79  1.73  

According to Table 34, the total amount of construction materials required to build housing 

type 36 is 22.79 m3 with 1.73 m3 of disposable diapers. This indicates that a maximum of 7.6% 

of disposable diapers can be used to substitute fine aggregate in construction. This finding gives 

insight on the effectiveness of the materials to be applied as building components on 

architectural design and further research. Also, by considering the environmental value of 

waste recycling, the material gives benefit to be developed in large scale and by involving 

society and other stakeholders for collecting and managing the waste of disposable diaper. 

Study Implication 

At the moment, the most important step in the recycling process for used diapers is to separate 

the plastic components from the organic fibers. This necessitates the execution of a number of 
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complicated procedures, including the gathering, crushing, sanitizing, and sorting of the 

components. Due to the difficulty involved in the process, there are currently only a select few 

businesses that are interested in recycling used diapers such as: Knowaste Ltd. United Kingdom 

[6], Fater Ltd. Italy [7] [8], Diaper Recycling Technology Pte Ltd. Singapore [9], Super Faiths 

Inc Unicharm Ltd. Japan [10], and PHS Group United Kingdom [11]. However, the existing 

of the companies reveals that diaper recycling technology is currently only available in 

developed countries. This is primarily the result of two factors: differences in levels of expertise 

and access to equipment between developed and developing countries, and a lack of awareness 

in developing countries regarding the potentially harmful effects of diapers waste [4].  

By combining the waste as a part of composite materials such concrete or mortar, it becomes 

easily applicable. Concrete is a widely used construction material due to the ease of processing, 

relatively low costs, and lack of high-tech manufacturing requirements. This research has 

concluded that adding used diapers to concrete does not significantly diminish its strength. This 

demonstrates that the use of used diapers to create composite materials is feasible, particularly 

in relation to the development of environmentally friendly and cost-effective materials. Further 

by concerning the social and economy advantages of this paper, the development of materials 

can be access from low to high technology. The procedures relatively easy to conduct and low-

cost. It also gives wide perspective of utilizing disposable diapers waste as something valuable, 

since until now the waste is ended up in incineration process. 

However, there are several limitations to implementing the findings broadly. To address the 

materials in wider applicable and in massive utilizing, it needs the involving of stakeholders 

for waste treatment such as collecting the waste from households and washing the diaper waste 

until sanitizing. The need for machines to shred the waste is also crucial to produce on a large 

scale, due to low technology only being able to approach small-scale of materials production. 

In addition, due to the existing various building rules and regulations only limited to 

conventional building materials, the role of government in regulating such materials needs to 

be opened.  

At the same time, the limitations also give other benefits for future studies. The involvement 

of stakeholders and waste treatment mechanisms need to explore more to fill the gap. The 

innovation of shred machines for such materials can be challenging to be solved and invent. 

Moreover, to be implemented as low-cost housing, the materials need to be evaluated in terms 
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of technical construction, cost, and housing price. This evaluation as proof to propose the 

materials in the financial mechanism of housing. 

Conclusion 

The conclusion is drawn that the use of disposable diapers on composite building materials is 

represented by the linear regression equation y = -56.681x + 26.191 for concrete and y = -

20.57x + 10.364 for mortar. Where y is referred to compressive strength, and x is referred to 

percentage replacement of fine aggregate by disposable diaper. The utilization is then divided 

into building components such as concrete utilization covers column and beam with the 

maximum disposable diaper is 10% can obtain the strength of 20 MPa. This strength is 

appropriate for a three-story house. While a maximum utilization of 27% is recommended for 

a single floor of housing with a strength of 10 MPa. The greater the replacement, the lower the 

SNI structural standard and only recommended for non-structural components.  

In addition to applying the composite mortar to wall and floor elements comprised of concrete 

bricks and paver blocks, respectively. The maximum replacement for a wall is 40%, resulting 

in 2 MPa of strength and classification as level IV concrete bricks according to SNI 03-0349-

1989. Maximum replacement of 9% is required for floor paving blocks, resulting in a strength 

of 8.5 MPa and compliance with level D of the SNI 03-0691-1996 standard for paving blocks. 

This maximum quantity is suitable for partition walls with no load-bearing capacity and floor 

pavers with low impact capacity. Replacement more than this maximum capacity is not 

recommended for the utilization of building materials. Incorporating experimental study 

findings into the design of low-cost housing, the total waste capacity of disposable diapers that 

can be utilized for single-story of housing type 36 (36 m2) is 1.73 m3 out of a total composite 

material volume of 22.79 m3. 

 

4.2.4 Other Application on Building Elements and Infrastructure 

 

1) Low rise building max 3 floors 

This scenario of housing design for low rise buildings is by estimate the amount of 

disposable diaper that can be utilized. Figure 22 shows the example of low-rise housing 

design with 3 floors of height and five units each floors. Every unit accommodate an area 

of 36 m2, similar with the minimum area of single housing. By referring to the finding of 

application on building element, the maximum amount of disposable diaper in this scenario 

is different floor by floor due to the load capacity of building. In first floor, the utilization 
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for structural element such column is maximum 10% of disposable diaper can replace the 

sand and for beam is up to 27%. While for second floor the amount is increase to 19% of 

disposable diaper for column and similar up to 27% for beam. In addition, the amount also 

increase for the implementation in third floor, where up to 27% of disposable diaper could 

be replace the sand in concrete compound for column an d beam. Thus, for walls and floors 

element, the sand can be replaced up to 40% and 9%, respectively and the implementation 

is uniform in each floors. 

 

 

  

Figure 22. Example of low rise building for application the findings 
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Figure 23. Estimation utilization of disposable diaper using for low rise building with 

maximum 3 floors 

2) Mid to High rise building - limited to architectural elements 

Similar with the scenario of housing design for low rise, the mid to high rise buildings is 

showed in Figure 24 with 5 floors of height and five units each floors. Every unit accommodate 

an area of 36 m2, similar with the minimum area of single housing. By referring to the finding 

of application on building element, the maximum amount of disposable diaper in this scenario 

is only limited for walls and floors element, the sand can be replaced up to 40% and 9%, 

respectively and the implementation is uniform in each floors. For the structural element the 

regular concrete structure or other structural material is recommended to implemented due to 

the structural element with disposable diapers is below the standard of building structure. 
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Figure 24. Example of high rise building with limited application on architectural elements 
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Figure 25. Estimation utilization of disposable diaper using for mid to high rise building with 

limited to architectural elements 

3) Infrastructure (limited to pedestrian way or road with low load bearing capacity) 

 

Figure 26. Estimation utilization of disposable diaper using for road infrastructure  

The utilization of disposable diaper also could be implemented in infrastructure design. 

For example, in this scenario, to utilized the maximum capacity of diapers, pedestrian way 

or road with low load bearing capacity become the visible option. Up to 27% of disposable 

diaper could be used as replacement of sand in concrete. The capacity is depends on the 

width, length and depth of the layer. In this case of Figure 26, the pedestrian ways with 

width 120 cm, length 1000 m and depth of layer 25 cm, could utilized up to 215,75 m3 of 

disposable diaper in replace the sand. 
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4.3 Result on Mechanical Properties Improvement 

The problem of strength remains a major issue in the development of disposable diaper 

concrete. Previous studies concluded that the addition of diapers to concrete is only a maximum 

of 1-5%. The addition more than 1-5% has decreased its strength [170] [12]. To get the optimal 

strength of concrete, minerals such as slag furnace slag, silica fume, fly ash and limestone filler 

are added [195]. Also, the use of plasticizers can increase the viscosity of the concrete which 

helps the material mix better [196]. 

In line with the use of diaper waste in concrete, other studies involving concrete plasticizers 

were also obtained by utilization rice husk waste. Rice husk is boiled with Sodium hydroxide 

solution for a certain duration. This process results novel viscous mixture that is referred to as 

'mother liquor' (ML) acts as a new superplasticizer for geopolymer concrete mixtures [197]. 

The idea was originated from the addition of rice husk ash that can eliminate bleeding in the 

concrete, increasing the compressive strength to about 130 MPa after 56 days [198]. A positive 

influence also occurs with the addition of 15% rice husk ash that increase compressive strength 

of about 20% [199]. Furthermore, the most effective dose of ML super-plasticizer is 0.5% to 

achieve the highest compressive strength with optimal workability [197]. This superplasticizer 

was specifically developed for geopolymer systems due to available superplasticizer I 

commercial reduce the engineering properties [197]. 

By synchronizing these two waste utilization ideas, this study aims to see the effect of rice husk 

as a superplasticizer to waste disposable diaper concrete. The experiment was carried out in 

two stages, first to make a superplasticizer from rice husks and second to mix waste disposable 

diapers on the concrete with the addition of the superplasticizer. 

4.3.1 Materials and Methods 

Material preparation is divided into two stages. First, prepare the superplasticizers from rice 

husk and Sodium hydroxide (NaOH). Second, the preparation of the concrete mixture of waste 

disposable diapers that have been washed and cut into pieces using a machine or cutting tools.  

Figure 27. Materials Preparations: Rice Husk, Shredded Disposable Diapers and Aggregates 
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Further preparation is a concrete component consisting of cement and aggregate to include in 

calculation of concrete mix design. Fine and coarse aggregates test for specific gravity, density, 

water content and sieve analysis. The mix design calculation is aimed to reach compressive 

strength of K-300 (24,9 MPa). As a basis calculating for concrete mix design, Table 35 shows 

the result of aggregates properties testing. 

Table 35. Physical properties of fine and coarse aggregates 

Properties Fine Aggregates Coarse Aggregates 

Fineness modulus 2.94 5.82 

Density (kg/m3) 2600 2230 

Water absorption (%) 0.033 0.063 

Moisture content (%) 0.025 0.032 

Superplasticizer preparation 

The rice husk superplasticizer is prepared by dissolving 400 gr Sodium hydroxide (NaOH) into 

1000 ml of water to reach the molarity of solution at 10 M. The solution is placed to glass 

breaker and adding the rice husk into solution. Boil it for 1 hour in magnetic stove and put 

magnetic stirrer for mixing well. After 1 hour and the solution becomes dark-brown colour, 

turn of the magnetic stove, and wait till the solution cold. Then filtered the solution to separate 

the rice husk waste. 

           

          

Figure 28. Rice Husk Superplasticizer Preparation 

Rice husks contain organic elements, such as cellulose, hemicellulose and lignin as well as 

inorganic silica which accumulates on the outer surface of the rice husk [197]. Naturally, the 

colour change in the solution occurs due to high temperature alkaline hydrolysis of the organic 
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elements in the rice husks and inorganic silica dissolves into the solution of the rice husks 

[197]. 

Disposable diapers concrete preparation 

The results of concrete mix design calculation are shown in Table 36. In this experiment the 

disposable diaper act as a substitute for fine aggregate. According to several studies, the 

optimal addition of replacement is 5% and 10%. In calculating process, the density distinction 

between fine aggregate and disposable diapers must be considered to meet apple to apple of 

weight ratio, this calculation involves the formula in . In this scenario, the ratio of fine 

aggregate (FA) and disposable diaper (DD) is mutual in volumetric then the calculation is 

determined in Equation 6. 

For density of disposable diapers is 0.07 - 0.21 g/cm3 [22] and the ratio of admixture is 5% 

from percentage of disposable diapers [197]. Thus, the final mix design calculation of materials 

ratio is showed in Table 36. 

Table 36. Mix design calculation of concrete components 

Type of 

Concrete 

PC (kg) FA (kg) CA (kg) DD (kg) Adm. (ml) Water (l) 

NC 370 747.9 1021 0 0 185 

DDC 5 370 736.6 1021 10.1 0 185 

DDC 10 370 725.2 1021 20.2 0 185 

DDC 5P 370 736.6 1021 10.1 0.025 185 

DDC 10P 370 725.2 1021 20.2 0.05 185 

Notes       

NC : Normal Concrete 

DDC 5 : Disposable Diapers Concrete 5% 

DDC 10 : Disposable Diapers Concrete 10% 

DDC 5P : Disposable Diapers Concrete 5% + Plasticizer 

DDC 10P : Disposable Diapers Concrete 10% + Plasticizer 

PC : Portland Cement 

FA : Fine aggregates 

CA : Coarse aggregates 

DD : Disposable Diapers 

Adm. : Admixture (plasticizer) 

Mixing procedure and slump test  

 The mixing procedure is different with NC due to the different density of DD compared to 

other concrete components. In the NC mixing, the materials put all together into concrete mixer 

then mix the compound well. For DDC, dry mixing procedure for first step then continue to 
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wet mixing. First step is FA, CA and PC put all together then mix them. After the compound 

blend well, add the DD to the first compound and mix them. Then after all materials is blended 

well, add the water and mix it. 

The issue came while adding water to the compound. Due to the high absorption of DD, 

addition of water is needed to make the compound blended well. The addition of water also 

must be considered based on typical used construction of the concrete due to uniformity for 

different loads of concrete under field conditions [200]. To ensure this, slum test is conducted. 

This test is carried out using a metal cone-shaped mould made of metal or it is called the 

Abrams cone [201]. The cones are filled with fresh concrete which is filled in three stages of 

layering. Each stage of the concrete layer is tamped 25 times with metal rods. In the last stage, 

the top is trimmed to make it even and lifted vertically. The cone is pulled upwards until the 

concrete moves down. The amount of reduction is known as the slump value. If the value is 

greater, the fresh concrete will become thinner. To meet the workability of concrete, water 

addition is poured to the mixture. The water addition is counted 22,99% for 5% DDC 

compound and 51,73% for 10% DDC compound compared to normal concrete. Then all the 

sample concrete placed into cube with dimension 15 x 15 cm and cylinder with diameter of 15 

cm and height of 30 cm. After 24 hours the casting is removed and for curing time, the samples 

put into a water pool for 7 days and 28 days. The samples then dried for 24 hours before 

mechanical testing. 

 

Figure 29. Disposable Diaper Concrete Processing 

For mechanical properties, the compressive strength is conducted. The sample put into the 

universal testing machine and load with the certain capacity until the sample is crash.  

The calculation of compressive strength is using equation: 

𝑃 =
𝐹

𝐴
          ………………………………… Equation 15 

Where: 

P = compressive strength  

F = force or load at point of failure 
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A = initial cross-sectional surface area 

 

F is determined by compressive machine and A is calculated based on sample dimension. 

While another mechanical test is density. Density of concrete is measure by calculating the 

weight and the dimension. The formula to calculate is define as equation: 

ρ =
𝑚

𝑉
          ………………………………… Equation 16 

Where: 

ρ = density of concrete 

m = mass of concrete 

V = volume or three-dimensional space 

m is measured by weight scale and V is calculated based on sample dimension and the height. 

4.3.2 Findings 

This section covers slump test record and compressive strength of all test samples to analyze 

the effect of rice husk-based superplasticizer to concrete with disposable diaper addition. 

Water absorption 

To meet the workability of concrete, water addition is poured to the mixture. The water addition 

is counted 22,99% for 5% DDC compound and 51,73% for 10% DDC compound compared to 

normal concrete. As mentioned before, Diaper has superabsorbent polymer (SAP) that absorbs 

water up to 200-300 times from its weight. This unique property called Sodium polyacrylate 

has CH2–CH(CO2Na) monomers. This is a crystal-like substance that has similarity to fine 

sand. When the crystals exposed to water, the water is drawn inside the sodium polyacrylate. 

This phenomenon is called osmosis, where the crystals absorb water until their molecule is 

equivalent inside and outside and turn into gel-like substance. This gel will reduce the water 

content and turn the compound too dried and hard to meet slump value. This condition retrained 

optimal hydration for concrete, thus additional water content is needed. Due to this 

phenomenon, the calculation of water in mix design for normal concrete cannot be applied 

directly to disposable diaper concrete. 

Density 
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Figure 30. Density comparison of samples concrete 

Figure 30 shows the density of concrete samples in 28 days. It figures out the decreasing of 

density by DD addition to the concrete. Normal concrete has the highest density compared to 

other samples. The density decreasing is due to the replacement of FA by DD, where DD has 

a lower density than FA that causing the replacement to reduce the density of concrete. 

Furthermore, by comparing the DD concrete with and without superplasticizer, the addition of 

plasticizer to 5% DD concrete reduced the density. The addition of a plasticizer containing 

NaOH causes the water in the compound to increase and faster the hydration process. During 

the hydration process, water evaporates and leaves more cavities in the DD compound. This 

means that the porosity of the concrete is higher when the concrete reaches maximum 

hydration. This phenomenon causes the density to be lighter. 

However, mutual phenomenon does not occur to 10% DD addition. The samples show that the 

addition of plasticizer to 10% DD increase the density instead. This anomaly phenomena may 

occur due to the hydration process for 10% DD with plasticizer has not finished in 28 days. 

The hydration process has not reached the maximum stage so that the water content and cement 

have not been bonded completely. The finding can be assumed that adding a plasticizer of more 

than 10% will require a curing time of more than 28 days. 

Slump test 

Slump test measures the amount of plasticity (viscosity) and cohesiveness of fresh concrete. 

This represents the concrete mixture, and the concrete slump point is obtained. The results of 

this test are used to control the quality of the concrete in the construction field condition. 
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Figure 31. Slump test value of samples concrete 

Figure 31 shows that normal concrete has 12 cm slump. Sample with 5% and 10% DD decrease 

its slump value to 3 cm and 5 cm, respectively. The decreasing slum value in DD concrete 

happened due to the water absorbed Sodium polyacrylate making the slurry less workable and 

difficult to place. The addition of plasticizer to each modified sample restores its slump value 

near to normal concrete, that is 13 cm and 10 cm or 2-3 times, respectively. The increase of 

slump value can be explained by analyzing properties of rice husk-based superplasticizer that 

cover the cement particles to make a repelling effect and distribute the compound uniformly 

[202]. This explains why workability is higher when using rice husk- based plasticizer. This 

phenomenon also explains that the addition of rice-husk based plasticizer improves workability 

of concrete. 

Compressive test 

Figure 32 indicate the different value of compressive strength by different curing ages. The 

normal specimen compressive strength value is 24,91 MPa. Addition of 5% and 10% diaper 

results in 23,06 and 22,47 MPa, respectively. It reduces the compressive strength compared to 

normal concrete as amount of 7.43% for 5% DD addition and 9.8% for 10% DD addition.  

This slight decrease happened due to super-hydrophilic properties in DD absorbed water that 

initially intended to mix the cement and compound. This absorption phenomenon retrains 

hydration process of compound, thus the hydration will be imperfect and more un-hydrated 

Portlandite (Ca(OH)2) is not optimally hydrated, causes the compressive strength to decrease 

[203]. 
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Additionally, by using rice husk-superplasticizer into compounds resulting the enhancement of 

comprehensive strength compared to disposable diapers concrete without superplasticizer 

addition. The result is 24,13 MPa or 4.4% for 5% DD addition and 21,37 MPa or 6.9% for 10% 

DD addition. Rice husk has SiO2 that helps to accelerate the hydration process which involves 

CaO, SiO2, and H2O. The more SiO2 will increase the formation of Tobermory (Hydration 

Process and Product) by reacting with un-hydrated Portlandite [197].  

 

Figure 32. Compressive strength comparison of samples concrete 

Example Application of concrete samples for construction field 

The result of the experiment does not indicate which one is better or most useful, but each 

samples have their own characteristic to utilize in the construction field. For example, the 

slump value does not indicate the strength of the concrete but shows the workability in the 

construction field. Table 36 shows the slump value and the typical used for concrete. 

Table 37. Typically used of concrete based on workability [197] 

Slump Value (mm) Workability Typically used 

0 - 25 Very dry Constructing pavements or roads 

10 - 40 Low workability Foundations with light reinforcement 

50 - 90 Medium workability Normal reinforced concrete placed with 

vibration 

> 100 High workability Concrete reinforcing with tight spacing, and/or 

flow a great distance 
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Regarding Table 37, all samples can be utilized based on typically used in construction field. 

For example, DD concrete 5% and 10% addition can be used as constructing pavements or 

roads and foundations with light reinforcement. While DD concrete 5% and 10% addition and 

superplasticizer can be utilized as concrete reinforcing with tight spacing, and/or flow a great 

distance. 

Conclusion 

1) Addition of rice husk ash-based plasticizer significantly increase its slump value nearly by 

double for each addition of disposable diaper to concrete. Additionally, the addition of 5% 

disposable diaper to concrete and rice husk-based plasticizer has similar compressive 

strength value to normal concrete sample but the slump value is higher. 

2) In the curing process of 28 days, the addition of plasticizer disposable diaper concrete 

enhanced compressive strength and reduce density in 5% addition, but it increased density 

in 10%. For more than 10 % addition it required a curing time more than 28 days. 

3) The utilization of disposable diapers concrete in construction field can be used for 

constructing pavements to concrete reinforcing, depends on the workability and strength. 

4.4 Result on Concrete Mix Design Improvement 

The problem of using SAP in mortar is the super absorbent properties of the material, which 

can absorb water significantly up to seven times its original weight. This is a drawback of using 

SAP because cement needs water for hydration. If the water absorbed into the SAP, it would 

disrupt the hydration, or the mortar will need additional water. This promotes drawback such 

as cracking in hardened mortar as the result of plastic shrinkage [205], lower compressive 

strength as the result of porosity [206] [207]. To solve the problem, this study aimed to utilize 

rice husk as water reducing admixture (WRA) towards the workability and mechanical 

properties of SAP incorporated cement based composite mortar.  

4.4.1 Materials and methods 

Rice husk was collected and stored in a dry container with silica gel to ensure no excessive 

moisture effects on the material. 10mg of rice husk was transferred to 100°C boiled liquid 

consists of 50mL of NaOH and 50mL of water in heat resistant borosilicate glass. The mixture 

was consistently stirred using magnetic stirrer for one hour. After the color changed from 

transparent to dark amber, it was sieved using Erlenmeyer glass with Whitman filter paper to 

separate the solid rice husk and liquid solution. The liquid collected was ±80mL (Figure 33) 

which will be used as WRA and stored in closed container. 
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Figure 33. Resulting liquid derived from caustic reaction of rice husk for WRA 

Rice husk was collected and stored in a dry container with silica gel to ensure no excessive 

moisture effects on the material. Portland Cement and sand (fine aggregate) was obtained from 

local construction store in Bandung, West Java, Indonesia. The sand was sieved with 30 mesh 

back Stainer to obtain only the fine part (silt) which will be used and removes the sandstone. 

SAP was prepared in dry and boiled condition. The mixture of 50mL liquid NaOH and 50mL 

water heated to 100°C was used to saturate SAP. The purpose of this is to fill the fine pores in 

SAP with water to ensure it will not absorb the water that used in cement mixing for mortar. 

NaOH also works to purify the residue from used diaper. Composite mortar was manufactured 

by mixing Portland Cement and Sand in 2:1 ratio. The water per cement (w/c) ratio was 0.46. 

SAP was added by 10% of cement weight. WRA was added to partially substitute 0-5% volume 

of water. The complete mix design in this study was presented in Table 38. 

Table 38. Mix Design of cement based composite mortar 

No Code SAP treatment WRA (%) 

1 D0 Dry 0 

2 D1 Dry 1 

3 D2 Dry 2 

4 D3 Dry 3 

5 D4 Dry 4 

6 D5 Dry 5 

7 B0 Boiled 0 

8 B1 Boiled 1 

9 B2 Boiled 2 

10 B3 Boiled 3 

11 B4 Boiled 4 

12 B5 Boiled 5 
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WRA percentage must be carefully controlled since it can cause bleeding and prolonged 

retardation. The liquid consists of WRA dissolved in water. The purpose was to ensure the 

homogeneity of admixture distribution. The dry mixture consists of Portland cement and sand 

were mixed first. It was followed by dissolving the dry mixture with the liquid to form slurry. 

It was tested its workability by filling cone mold, lifted it, and the diameter was measured 

(Figure 34). After that the slurry was put back into original container. Lignosulfonate and 

Polycarboxylate-based admixture reportedly has been used as WRA [208]. 

      

 

Figure 34. Measurement of slurry diameter to determine the workability of mortar. 

The slurry was then poured into 50mm x 50mm x 50mm cubical silicone mold according to 

ASTM C109 “Standard Test Method for Compressive Strength of Hydraulic Cement Mortars 

(Using 2-in. or [50-mm] Cube Specimens)”. After 24 hours, the hardened mortars were 

removed from mold, transferred to sealed bag container, and kept for 28 days for compressive 

test purposes. Specimens were weighed before testing for density measurement purposes. The 

mechanical properties in form of compressive strength was conducted by Iber Test Testing 

Machine with 2mm per second load was used for measurement. The sample was continuously 

given force until it breaks (Figure 35). The compressive strength (σ) was calculated by dividing 

Force (P) with area of mortar (A). 

 

  

Figure 35. Compressive strength of cement based composite mortar 
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4.4.2 Findings 

Workability Test Analysis  

The addition of 0-5% WRA towards the workability SAP incorporated cement based composite 

mortar were presented in Figure 36. It shows that the workability increased proportionally to 

percentage of WRA. Mortar without addition of WRA has 55mm (dry) and 70mm (boiled) 

workability, respectively. This obviously due to extra water presented in boiled SAP. The 

increasing phenomenon of mortar with WRA addition is due to surfactant properties of the 

liquid. This means even the OH- ions from water (H2O) is lower, it still gained extra OH- ion 

from NaOH. When the mortar is still in slurry state, WRA addition also tends to make mixing 

easier since the repellant force from ions can makes the slurry finer. By reducing the amount 

of water, the density of paste will increase  [209]. 

 

 

Figure 36. Workability test result of cement based composite mortar. 

Density measurement test analysis 

The addition of 0-5% WRA towards the density of SAP incorporated cement based composite 

mortar were presented in Figure 37. The density (ρ) was calculated by dividing specimen mass 

(kg) with volume of mortar (m3). 
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Figure 37. Hardness results from Vickers hardness testing of MOC. 

The density of specimens with dry SAP were varied between 1608-1774 kg/m3, with the 

highest density observed at specimen D5. This shows that dry SAP makes it not only absorb 

water but also the WRA, with higher percentage of WRA will fill the voids in SAP, hence 

makes the specimen heavier than specimen without WRA addition. Meanwhile, the density of 

specimens with boiled SAP were not changed significantly (1732-1762 kg/m3) regardless of 

the WRA percentage. This happened because the boiled SAP has already saturated, which 

makes the WRA cannot penetrate their porosities further. 

Compressive Test Analysis  

The addition of 0-5% WRA towards the compressive strength of SAP incorporated cement 

based composite mortar were presented in Figure 38. It shows that the compressive strength 

was varied depends on the percentage of WRA. 

 

Figure 38. Workability test result of cement based composite mortar 
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Mortar without addition of admixture has higher compressive strength when the SAP is boiled 

(28.67 MPa) compared to dry SAP (20.53 MPa). This is due to when the SAP is in dry state, it 

absorbs the water that used for hydrating cement, results in incomplete hydration which makes 

resulting compressive strength is lower than typical mortar with 0.46 w/c. On the other hand, 

boiled SAP will saturate the fine pores contained in the material, resulting in the SAP not 

absorbing water from outside source. This explains the compressive strength difference of D0 

and B0 coded mortar. The addition of 1-5% WRA fluctuates the compressive strength of dry 

SAP mortar (D1-D5). Compressive strength was increased due to Na+ ions derived from NaOH 

will help the composite mortar maintains its highly basic pH due to alkalinity properties. 

Another reason is the WRA act as deflocculating agent, which means the Portland cement 

particle will be veiled by WRA. This creates the repelling force on each cement particle so it 

will distribute uniformly. Hence, the compressive strength is increased. The decrease in 

compressive strength phenomenon is due to similar repelling force created from WRA. But 

instead of homogenously distributed, the cement particles will have larger gap each other, 

which creates larger pore and weaken the capabilities of mortar to withstand external forces. 

Over dosage of water reducing admixture reportedly has negative effect on compressive 

strength of concrete [210].  

The addition of 1% WRA towards the mortar with boiled SAP (B1) decreases the compressive 

strength compared to without WRA addition (B0). This is because the water content B0 is 

already stable to complete the hydration. Replacement of water using WRA will replace the 

H+ ions in water and replaced with Na+. This resulted in a decrease of compressive strength 

from 28.67 MPa to 20.51 MPa. D1-D5 has similar compressive strength ranging from 18.89 – 

21.57 MPa. This means the WRA did not directly affect the compressive strength of mortar 

since the SAP were already boiled. Another reason was the calcium ions (Ca2+) from cement 

is damaged due to NaOH compound is more stable. The main elements of cement are calcium 

(Ca), aluminum (Al), and silicon (Si), which theoretically when the Al and Si meets sodium 

(Na) from NaOH can form geo-polymerization. The Al and Si content in cement is not rich 

enough and Ca is not welcome in Geopolymer [211]. Albite or Anorthite were the typically 

reported compound formed in Geopolymer materials [212] [213] [214] [215] [216]. Both 

compounds will not form while the Tobermory as the proof of hydration product is decayed to 

NaOH presence. This explains the decrease in strength of mortar with WRA addition. 
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 Conclusion 

Based on the results of this study, water reducing admixture derived from cauterization of rice 

husk can increase the workability of both dry and boiled SAP incorporated cement-based 

composite to 95mm and 120mm, respectively. The dosage of admixture up to 5% does not alter 

the compressive strength of mortar significantly as the value fluctuates between 18-22 MPa. 

This makes the WRA a potential admixture to be used in areas with lack access of clean water 

or emergency construction which has difficulties in finding clean water source. 

 

4.5 Result on Comparative Study on Mechanical Properties with Similar Concrete 

Materials 

Cement is the most versatile, durable and most widely used construction material in the 

construction industry. Because of this, large quantities of portland cement are required and it 

is well known that the cement industry is considered a high emitter of carbon dioxide gas. The 

global production of cement has grown very rapidly in recent years, which carbon dioxide 

emissions is the third largest source after after fossil fuels and land-use change [210] [211] 

[212] [213]. The environmental problems associated with the production of portland cement 

are usually well known and closely monitored in terms of the amount of carbon dioxide 

released into the atmosphere during its production [214]. Since the current industrial growth is 

very high, the involvement and availability of building materials is increasing so that 

alternatives in industrial development are needed. In the present, research in the field of 

building materials and construction that is focused on designing alternative uses of cement.  

Several studies even promote alternative construction materials to replace cement with 100% 

hydration content of non-cement, namely geopolymer as environmental friendly material [222] 

[223] [224] [225]. In addition to the cement problem, the next environmental problem that 

arises is the problem of utilizing production waste materials such from the wood industry, used 

drinking water bottle, and used diaper. The sawmill and plywood industry produces a lot of 

wood waste which possess a threat to the environmental sustainability [226] [227]. The 

production capacity of sawn wood in Indonesia reaches 2.6 million m3 with a waste of 1.4 

million m3 per year. Waste is generally in the form of logs, sawdust, veneer waste and pieces 

of wood. Plastic water bottle usage is impacting the environment include: overflowing landfills, 

requiring high amounts of fossil fuel for production, and covering the ocean surface with plastic 

products. It has created environment threats and thus it needs to be recycled [228]. Every year 

the Indonesian sea is estimated to receive 70-80 percent of plastic waste used for human 
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consumption from land. The amount is between 480 thousand-1.29 million tons of plastic waste 

from a total of 3.22 million tons of waste that enters the sea and coast. The global consumption 

rate of used diapers is increased exponentially. The global production of disposable used 

diapers is expected to exceed US$ 71 billion/year by 2022. Annually, about 20 billion pieces 

of this waste materials were dumped in landfills that require almost five century to be fully 

decomposed. The disposal of used diaper waste cause several environmental issues and can 

create problem for health [4]. The average baby wears 3-4 disposable diapers a day. In fact, 

every year around 4.2 to 4.8 million babies are born in Indonesia. For these reason, efforts are 

needed to reduce the amount of those waste material by reusing them into other materials. 

Therefore, this study aimed to determine the effect of sawdust, PET, and used diaper on the 

compressive strength of mortar. 

4.5.1 Materials and methods 

This part consists of materials, preparation of mortar mixtures, and compressive strength of 

resulting composite material. 

Materials 

Type IV Portland Cement was used as Binding material. Sand from Cikarang building material 

store prepared in Saturated Surface Dry (SSD) was used as an aggregate. The aggregates were 

passed through a sieve of 4.75 mm and retained on a sieve 30 µm with requirements of ASTM 

C-33. Sawdust was obtained from machining process of wood at construction site around 

Cikarang, Indonesia. Polyethylene terephthalate (PET) used drinking water bottle was 

collected around Cikarang, Indonesia. PET bottle was shredded manually conformed to 

previous study [222] [223]. Used Diaper was collected, shredded, and undergoes purification 

chemical solution to remove the urine and toxic substances and then dried for further 

application. These waste materials can be seen in Figure 39. 

 

Figure 39. Waste materials used in this study (a) Sawdust (b) PET (c) Used diaper 

a b c 
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Preparation of mortar mixtures 

Thirteen mixes were prepared by adding cement with 0, 5%, 10%, 15%, and 20% replacement 

by mass to analyse the influence of waste replacement material to compressive strength and 

density of resulting composite mortar. The Replacement materials are a) Sawdust, b) PET, and 

c) Used diaper. The mix proportions of the studied mortars are listed in Table 39.  

Table 39. Proportions of materials in mortar mixture 

Mixture Labels 
Binder Waste Type 

Cement (%) Replacement (%) 

C 100 0 - 

SD-5 95 5 

Sawdust SD-10 90 10 

SD-15 85 15 

SD-20 80 20 

PET-5 95 5 

PET PET-10 90 10 

PET-15 85 15 

PET-20 80 20 

UD-5 95 5 

Used diaper UD-10 90 10 

UD-15 85 15 

UD-20 80 20 

Note: C (control) is mortar without cement replacement; SD=Sawdust; PET=Used drinking 

water bottle from PET material; UD=Used Diaper) 

The water to cement ratio (w/c) was 0.52 by mass. The ratio of cement : agregate was 1 : 2.75 

conformed to SNI 03-6825-2002. Briefly, dry mixtures were placed and mixed to ensure the 

component mixed homogeneously. Afterwards, the required amount of mixing water was 

poured into the dry mixture followed by continuous mixing. Each specimen was then cast into 

20 mm x 40 mm ccylindrical molds. The specimens were left for 24 hours. Eventually, the 

speciment was released from the mold and cured at room temperature until compressive test. 

Compressive Test 

The compressive strength test of the composites were examined according to the ASTM C-39 

“Compressive Strength of Concrete Cylinders” [231]. Each mixture were evaluated at the age 

of 3, 7, and 28 days. The compressive strength (fc) mortar was calculated by dividing the 

maximum compressive load received by the specimen during the test by surface area. 

𝑓𝑐(𝑀𝑃𝑎) =  
𝑚𝑎𝑥.𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 (𝑁)

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 (𝑚𝑚2)
          … Equation 17 
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4.5.2 Findings 

This section covers the resulting Density and Compressive Strength of waste material-based 

composites from this research. 

Density Result 

The Density (ρ) (Equation 5) of mortar was calculated by dividing the weight of hardened 

composite by the volume of material. The calculated density of composites are presented in 

Table 40 and Figure 40. 

Table 40. Result on Density 

 Mixture Labels Density (kg/m3) 

C 1860 

SD-5 1110 

SD-10 1090 

SD-15 1070 

SD-20 1060 

PET-5 1840 

PET-10 1820 

PET-15 1800 

PET-20 1780 

UD-5 1800 

UD-10 1770 

UD-15 1600 

UD-20 1130 

 

Partial replacement of cement by sawdust, PET, and used diaper results in decrease of 

composite densities. Used diaper slightly decreased the density because diaper is made by 

sodium polyacrylate, this type of polymer has superabsorbent properties that absorb water 

heavily, and when applied to composite, it will retain some water and only makes small change 

in density value. Sawdust decrease the density significantly starting at 15% weight. This is 

because sawdust is an organic material and similar to used diaper, sawdust is also has the ability 

to absorb water but not as much as diaper. The PET sharply reduce the density of composites, 

even though used at low content as low as 5%. This material does not absorb water, which 

decrease the density of composites. 
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Figure 40. Density of waste material-based composites influenced by filler weight 

Compressive Strength 

Table 41 and Figure 41 shows the compressive strength of sawdust, PET, and used diaper based 

composites. Addition of Sawdust and Used diaper decrease the compressive strength of 

composites while 5-10% addition of PET increase the compressive strength of composites 

before decreased after 15% addition or more. Both sawdust and used diaper are polymeric 

material that absorbs water. This makes the hardened composite have excess amount of water, 

which explains the decrease in compressive strength of composite because there are more 

capillary porosities present in composite. Sawdust is an organic material that contains carbon 

(C) element, which delay the hydration of water and cement. If this subsequent material are 

activated by heating process, it can increase the early strength of cement mortars when used in 

low amount [232].  

Table 41. Compressive strength of waste material based composites. 

Mixture Labels 
Compressive Strength (MPa) 

7 days 28 days 

C 15.99 24.61 

SD-5 13.45 20.70 

SD-10 12.74 19.59 

SD-15 12.59 19.36 

SD-20 6.49 9.98 
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Mixture Labels 
Compressive Strength (MPa) 

7 days 28 days 

PET-5 31.65 33.04 

PET-10 27.56 26.96 

PET-15 5.23 20.89 

PET-20 3.54 14.81 

UD-5 11.73 18.05 

UD-10 6.57 10.11 

UD-15 1.40 2.16 

UD-20 0.10 0.16 

 

 

Figure 41. Compressive strength of composites influenced by filler weight  

Diaper can be used as self-cure agent to improve the concrete performances when used at low 

amount [12]. PET when used at 5-10% weight increase the compressive strength of material, 

because it does not absorb water and makes the composite more compact. PET particle as 

cement replacement in mortar has good sulfate resistance and mechanical properties while also 

solves the solid waste problem generated by plastics [233]. Plastic binder when melted and 

mixed with granular material (aggregates) have potential structural application [234]. 

Composite Potential as structural lightweight concrete 

To analyse the potential of waste material-based composites as structural low-density 

(lightweight) concrete replacement, the resulting density and 28 day compressive strength were 
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referred to ACI 213R-14: Guide for Structural Lightweight-Aggregate Concrete. Structural 

lightweight concrete is made having an air-dried density of not more than 1850 kg/m3 and 

compressive strength of more than 17 MPa. Table 42 represents the density and compressive 

strength value of composites in this study in accordance to ACI 213R-14. Columns marked by 

bold highlight indicates that the density and compressive strength of resulting composites are 

in accordance to ACI 213R-14. Sawdust and PET can be used up to 15% replacement of cement 

while Used diaper can be used only up to 5%. This is due to high absorbent properties of diaper 

will increase the water content in resulting composites, and decreasing the compressive 

strength even though the density is in accordance to standard. 

Table 42. Density and Compressive test of composites in accordance to ACI 213R-14. 

Mixture Labels Density (kg/m3) Fc (MPa) Density fc 

C 1860 24.61 No Yes 

SD-5 1800 20.70 Yes Yes 

SD-10 1770 19.59 Yes Yes 

SD-15 1600 19.36 Yes Yes 

SD-20 1130 9.98 Yes No 

PET-5 1110 33.04 Yes Yes 

PET-10 1090 26.96 Yes Yes 

PET-15 1070 20.89 Yes Yes 

PET-20 1060 14.81 Yes No 

UD-5 1840 18.05 Yes Yes 

UD-10 1820 10.11 Yes No 

UD-15 1800 2.16 Yes No 

UD-20 1780 0.16 Yes No 

 

Conclusion 

In this study, composites based on sawdust, PET, and used diaper has developed. The raw 

material of the composite affects the resulting density and compressive strength. Addition of 

waste materials tends to decrease the density of hardened composites. The highest compressive 

strength of 5% sawdust, PET, and used diaper as replacement of cement are 20.70 MPa, 33.04 

MPa, and 18.05 MPa, respectively. Sawdust and PET can be used up to 15% replacement of 



106 
 

cement while used diaper can be used only up to 5% as potential structural lightweight concrete 

replacement. 

4.6 Conclusion 

1. The conclusion is drawn that the use of disposable diapers on composite building 

materials is represented by the linear regression equation y = -56.681x + 26.191 for 

concrete and y = -20.57x + 10.364 for mortar. Where y is referred to compressive 

strength, and x is referred to percentage replacement of fine aggregate by disposable 

diaper. The utilization is then divided into building components such as concrete 

utilization covers column and beam with the maximum disposable diaper is 10% can 

obtain the strength of 20 MPa. This strength is appropriate for a three-story house. 

While a maximum utilization of 27% is recommended for a single floor of housing with 

a strength of 10 MPa. The greater the replacement, the lower the SNI structural standard 

and only recommended for non-structural components.  

2. In addition to applying the composite mortar to wall and floor elements comprised of 

concrete bricks and paver blocks, respectively. The maximum replacement for a wall is 

40%, resulting in 2 MPa of strength and classification as level IV concrete bricks 

according to SNI 03-0349-1989. Maximum replacement of 9% is required for floor 

paving blocks, resulting in a strength of 8.5 MPa and compliance with level D of the 

SNI 03-0691-1996 standard for paving blocks. This maximum quantity is suitable for 

partition walls with no load-bearing capacity and floor pavers with low impact capacity. 

Replacement more than this maximum capacity is not recommended for the utilization 

of building materials. Incorporating experimental study findings into the design of low-

cost housing, the total waste capacity of disposable diapers that can be utilized for 

single-story of housing type 36 (36 m2) is 1.73 m3 out of a total composite material 

volume of 22.79 m3. 

3. Addition of rice husk ash-based plasticizer significantly increase its slump value nearly 

by double for each addition of disposable diaper to concrete. Additionally, the addition 

of 5% disposable diaper to concrete and rice husk-based plasticizer has similar 

compressive strength value to normal concrete sample but the slump value is higher. 

4. In the curing process of 28 days, the addition of plasticizer disposable diaper concrete 

enhanced compressive strength and reduce density in 5% addition, but it increased 

density in 10%. For 20 % addition it required a curing time more than 28 days. 
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5. The utilization of disposable diapers concrete in construction field can be used for 

constructing pavements to concrete reinforcing, depends on the workability and 

strength. 

6. Water reducing admixture derived from cauterization of rice husk can increase the 

workability of both of dry and boiled SAP incorporated cement-based composite to 

95mm and 120mm, respectively. The dosage of admixture up to 5% does not alter the 

compressive strength of mortar significantly as the value fluctuates between 18-22 MPa. 

This makes the WRA is a potential admixture to be used in area with lack access of 

clean water or emergency construction which has difficulties in finding clean water 

source. 

7. In this study, composites based on sawdust, PET, and used diaper has developed in 

paste mix design. The raw material of the composite affects the result of density and 

compressive strength. Addition of waste materials tends to decrease the density of 

hardened composites. The highest compressive strength of 5% sawdust, PET, and used 

diaper as replacement of cement are 20.70 MPa, 33.04 MPa, and 18.05 MPa, 

respectively. Sawdust and PET can be used up to 15% replacement of cement while 

used diaper can be used only up to 5% as potential structural lightweight concrete 

replacement. 
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Chapter 5 

 

Feasibility Study on Environmental 

Impact Assessment 

 

5.1 Environmental Impact Indicators 

Life Cycle Assessment (LCA) based on ISO 14040 is one of the environmental management 

techniques for risk assessment, environmental performance evaluation, environmental audit, 

and analysis of environmental impacts [235]. LCA is usually not used to assess social or 

economic aspects, but its approach and methodology can be applied to other aspects. In several 

LCA-based studies, several indicators regarding environmental impact were measured by 

embodied energy and carbon emissions [236] [237] [238] [115] [239] [240] [241] [242] [243] 

[244] [245] [132]. Some even measure the high environmental costs that must be incurred due 

to these emissions, known as eco-cost [246] [247] [248] [136] [249] [250] [251]. Embodied 

energy (EE), carbon emission (CE) and eco-cost (EC) are used as indicators of environmental 

impact assessment. In this study several databases were used as basic data to calculate EE, CE, 

and EC, such as Inventory of Carbon and Energy (ICE) of Bath - United Kingdom [144], 
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IDEMAT [145] and Eco-Invent [146] that is already compiled in the database of Eco-costs 

[145]. 

In calculating EE, CE and Eco-costs several databases could be used as main data such as ICE 

Bath, IDEMAT and Eco-Invent. Those databases basically are derived from the European 

standard that may the calculation for this case study is uncertainty. Calculation is quite ease 

but the limitation of its calculation should be considered as a part of the calculation scenario. 

The limitation is for example in transportation, fuel extraction and disposal process. Although 

the method includes uncertainty, this is useful when case-specific data is unavailable, such as 

in countries where the data inventory is not available [238] [115]. Assessing embodied energy 

and carbon emissions in buildings is still difficult to do because of the complexity in data 

analysis, therefore it is necessary to apply relevant approaches [239]. The lack of material 

inventory data for EE requires another method to fulfill EE by combining case-specific data 

with statistical data, can be directly applied to case buildings to identify design improvements 

and material options, and to evaluate after construction is complete [238]. 

 

5.1.1 Embodied Energy (EE) Calculation 

The understanding of embodied energy is often difficult to distinguish from energy in use. Even 

though both have very different definitions. The definition of these two terms more clearly, 

energy use is the energy required by residents of an existing or planned building, especially for 

space heating, water heating and lighting and needs to be reduced [236] [240] [241] [242]. 

Decreasing energy demand through more efficient buildings brings benefits to the global 

environment as well as lower costs and improves quality of life for residents. 

Energy is needed not only for building operations but also to create building products and to 

construct them. In simple terms, embodied energy is the energy needed to convert products 

from raw materials into ready-to-use materials [243]. Building embodied energy is defined as 

the total energy required to build, obtain raw materials, process, and production, as well as 

transport and construct materials [236]. A similar definition is also expressed that embodied 

energy is the energy consumed by all processes associated with the production of a building, 

from the acquisition of natural resources to product delivery, including mining, manufacturing 

of materials and equipment functions, transport, and administration [244] [245].  

In some literature, EE is resumed as the total energy required to produce building materials 

starting from the procurement of raw materials, fuel for the procurement of raw materials, the 

manufacturing process of building materials and the type of transportation for moving these 

raw materials. It can also be said to be a form of 'cradle to gate' which is calculated from the 
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initial process to the product manufacturing, transportation to the site, installation or 

construction, maintenance, and demolition or recycling [235] [236] [238].  

In terms of EE calculation for building component that is applied in Indonesia, this study had 

been conducted in building component such as bricks, wood, stone, ceramic and clay tiles [115] 

[132]. It showed that clay tile has a high EE for the building components, especially for low 

costs housing in Indonesia. It is due to the process of making clay tile which need energy for 

combustion and the larger volume compared to other materials. Another research on low-

energy housing concluded that embodied energy can explain as much as 40-60% of the total 

energy use [242] [245]. 

 

5.1.2 Eco-Cost (EC) Calculation 

Eco-cost is a measure to express the amount of burden borne by the environment where the 

measurement is used as a basis for consideration of preventing further burdens. Eco-cost is 

costs that should be considered to reduce environmental pollution and reduce material at a level 

that is in line with the load capacity that can be borne from nature. 

The basic idea is to link the 'value chain' to the ecological 'product chain'. In the value chain, 

added value (in terms of money) and additional costs are determined for each step of the 

product during the life cycle [240]. Likewise, the ecological impact of each step in the product 

chain is expressed in terms of money, which is called eco-cost. Modeling of eco-cost is based 

on the sum of the marginal prevention costs over the product's life cycle for the prevention of 

toxic emissions, material depletion, energy consumption and land conversion, and includes 

labor and depreciation associated with the production and use of the product [239]. 

 

 

Figure 42. Eco-Cost Concept [239] 
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5.1.3 Carbon Emission (CE) Calculation 

In terms of CO2, the carbon footprint is expressed as a sum of fossil emissions that is calculated 

with the help of IPPC weighting factors (for 100 years). The increasing environmental 

awareness has paid much attention to the greenhouse emissions, especially the carbon dioxide 

(CO2) emissions. Building industry is one of environmental recovery target due to its large 

energy consumption for about 40% and for about 30% is related to greenhouse gas emissions 

[252] [253] [254] [255]. Several researches conclude that reinforced concrete construction has 

the highest CO2 and the highest CE is in the building operation phase, followed by the 

construction work [255] [256]. In the city level, the highest CE is in building operation phase, 

followed by the construction material preparation phase as the second highest contribution, 

also the behavior factor was the main driver of the energy consumption [253] [257]. 

Furthermore, in terms of building materials for low-costs housing in Indonesia, the study had 

been conducted and it was concluded that stone has the highest CE due to the large amount that 

is used [115] [132]. 

5.2 Result on Environmental Impacts of Waste Treatments 

This part explored further about the advantages of waste diaper treatment as a concrete 

component in terms of environmental impact. Indicators of carbon emissions and eco costs is 

be used as a quantitative analysis. Furthermore, to strengthen the discussion, other types of 

waste treatment such as co firing and incineration also be used as a comparison. This part also 

compares the disposable diapers treatment using electricity co-firing and electricity 

incineration. Those treatments are claimed as environmentally friendly waste treatments. 

Cofiring is the use of fuel from biomass and waste which is converted into the form of garbage 

pellets, wood pellets and wood chips which are used for power generation. the practice is 

converting biomass to electricity by using biofuels as a partial substitute energy feedstock in 

high-efficiency coal boilers [258]. Due to relatively minor modification, coal is widely used as 

coal-fired electricity plants by using biomass in existing fuel storage [258]. Co-firing shows 

socioeconomic and environmental advantages, especially for CO2 and SO2 emissions reduction 

[259]. Biomass cofiring has the advantage of reducing carbon emissions because it can reduce 

coal use by 20% - 50% [260]. Compared to a power plant that burns 100% biomass, co-firing 

offers several advantages including lower capital costs, higher efficiency, better economies of 

scale and lower electricity costs [260]. In addition, coal-biomass co-firing could make the 
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power generation efficiency reach more than 70% [261] and in economic, it may boost rural 

economy and cut back the production of coal mining sector [262]. 

Municipal Solid Waste (MSW) incinerations is the waste treatment that include some hierarchy 

such as indiscriminate dumpling, controlled dumpling, landfilling, sanitary landfilling and 

mechanical treatment. For now, there’s additional environmental control that introduced at 

each level. MSW incineration significantly reduce the volume of waste to be landfilled 

approximately 90% [263]. The MSW incineration is usually authorities by relevant 

stakeholders based on local condition, political and financial situation, and also it is important 

to review possible waste treatment and disposal facilities. In term of energy efficiency, it shows 

in Table 43. 

Table 43. Examples of Energy Efficiency for Incineration [264] 

Outputs Efficiency Use 

Heat Only Up to 80% – 90% 

thermal efficiency 

Local district heating for buildings (residential, 

commercial) and or for industrial processes 

Electricity 14% - 27%* Can be supplied to national grid for sale and 

distribution 

Heat and Power Dependent on specific 

demand for heat and 

power 

Combination of above 

* The lower efficiency performance is more typical of older facilities and it is possible that 

in the future the efficiency of electricity generation using incineration will increase 

 

5.2.1 Methods 

The methods used in this study are described as follows: 

1. Define the scope and boundary of product, in this case the product is define as disposable 

diaper product that derived from its single components. The boundary is transportation and 

energy to create the product are excluded. 

2. Determine the data inventory that include materials, specification of materials, unit, 

coefficient of eco-costs and carbon emission (Table 44) 

3. Calculate the eco-costs and carbon emission (Table 45). In this study, databases were used 

as basic data to calculate are IDEMAT 2014 dan Eco-invent, Delft University of 

Technology, Netherland. 

4. Interpretation of the data. 
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Figure 43. Methodology Flowchart on Environmental Impact Assessment 

 

5.2.2 Findings 

In this study, the environmental indicators that used as consideration are carbon emission (CE) 

and eco-costs (EC). In short terms, eco-costs is environmental tax that should be considered to 

reduce environmental pollution at a level that is in line with the load capacity that can be borne 

by nature [246]. The cost should be added to the product or process that release emission to the 

environment. Thus, the increasing of environmental awareness has been paid much attention 

to the greenhouse emissions, especially the carbon dioxide (CO2) emissions. 

The following Figure 44 and Figure 45 show the result of CE and EC regarding disposable 

diaper waste treatments. The product is calculated by its weight of 1 kg. In Figure 44, recycling 

the product takes the lowest CE. Even the result is in negative value, which means the recycling 

process gives more benefits in reducing the CE by amount of 2.93 kgCO2. Followed by cofiring 

as another alternative treatment that environmentally friendly. The cofiring also gives negative 

value which also means, the process does not add the CE to environment, instead it reduces the 

CE as amount of 0.24 kgCO2. Although MSW incineration is claimed as environmentally 

friendly waste treatment, but it still gives 0.58 kgCO2 that released to the environment. But it 

is better than the product thrown away without any treatment. It gives more negative impact as 

amount of 4.64 kgCO2.  
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Table 44. Data Inventory of Disposable Diaper Components 

Materials 

Carbon Emission Value (CO2/kg) Eco-Costs (Euro/kg) 

Recycling 
Not 

recycling 

Co-

firing 

MSW 

incinera

tion 

Recyc

ling 

Not 

recycling 

Co-

firin

g 

MSW 

inciner

ation 

Superabsorbe

nt Polymers 

(SAP) 

-5.54 7.20 0.50 1.25 -1.592 1.95 0.09 0.24 

Polypropylen

e (PP) 
-0.766 2.10 0.26 1.54 -0.814 1.09 0.05 0.29 

Pulp -2.577 4.60 -1.20 -0.66 -0.471 0.87 
-

0.23 
-0.12 

Polyethylene 

(PE) 
-0.993 2.20 0.27 1.55 -0.869 1.14 0.05 0.29 

Polystyrene 

(PS) 
-2.113 3.60 0.73 1.91 

-1.113 
1.40 0.14 0.36 

 

Table 45. Calculation of Carbon Emission and Eco-Costs of 1 kg Disposable Diaper Waste 

Treatments 

Materials 

  Carbon Emission (Kg CO2) Eco-Costs (Euro) 

Compo

sitions 
Rec. 

Not 

rec. 
Co. 

MSW 

inc. 
Rec. 

Not 

rec. 

Co-

firing 

MSW 

inc. 

Superabsorbent 

Polymers (SAP) 27.90% 
-1.54 2.01 0.14 0.35 -0.44 0.54 0.03 0.07 

Polypropylene 

(PP) 18.70% 
-0.14 0.39 0.05 0.29 -0.15 0.20 0.01 0.05 

Pulp 40.90% -1.05 1.88 -0.49 -0.27 -0.19 0.36 -0.09 -0.05 

Polyethylene (PE) 6.20% -0.06 0.14 0.02 0.10 -0.05 0.07 0.00 0.02 

Polystyrene (PS) 6.20% -0.13 0.22 0.05 0.12 -0.07 0.09 0.01 0.02 

Total -2.93 4.64 -0.24 -0.58 -0.91 1.26 -0.05 0.11 

 

The next Figure 45 shows EC of 1 kg disposable diaper waste treatments. In a general 

knowledge, the CE and EC have direct correlation, when CE increased the EC will increase 

too. As it predicted, the recycling process has the most reliable treatment for disposable diaper 

due to it could reduce the environmental tax as amount of 0.91 Euro. Followed by cofiring as 

well, could reduce 0.01 Euro for the tax. Furthermore, MSW incineration still give tax addition 

for the environment as amount of 0.11 Euro. But still, when the product is landfilling or degrade 

by the biological process, it’s more added to environmental tax as amount 1.26 Euro 
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Figure 44. Carbon emission of 1 kg disposable diaper treatments 

.  

Figure 45. Eco-costs of 1 kg disposable diaper treatments 

Regarding the environmental benefit result for disposable diaper waste treatments, the 

recycling product is the most visible treatment to reduce environmental burden by emission. In 

the term of material innovation, disposable diaper recycling is become happening this recent 

time. Although, the research is still very limited, but it is very applicable. One of example is 

the disposable diaper recycling as a concrete composite material. For example the additional 

of 1-10% used baby diapers to the concrete mixture [170]. The results of these studies indicate 

the findings that concrete cubes with the addition of 1% of polymer baby diapers have optimal 

results. The hydration for internal curing improves and gives positive results and has the highest 
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strength and good staying power. In addition, the shrinkage test and compressive strength and 

drying shrinkage with the results of the compressive strength of concrete containing 5% 

polymer baby diapers showing the highest strength at 28 days compared to other percentages 

[1]. 

Conclusions 

Based on the result, the considering of recycling waste disposable diaper to concrete 

components, give more beneficial environmental impact such as: 

1) Compare to other waste treatments, recycling is the best choice to decline environmental 

impact cause by waste disposable diaper. 

2) Recycling process reduce 2.93 kgCO2 and reduce 0.91 Euro per kg waste disposable 

diaper for environmental tax. 

3) In the term of concrete component, the use of waste disposable diaper in certain amount is 

not significantly reduce the physical and mechanical properties of the concrete, so it’s 

visible to apply for the material. 

5.3 Result on Comparative Study with Similar Concrete Materials 

Disposable diaper and Polyethylene terephthalate (PET) waste become an environmental 

problem that has not been found the right solution to handle it [265] [266] [267] [268] [170] 

[12] The common principles to reduce environmental problems due to waste are reduce, recycle 

and reuse [247]. In the infrastructure field, these activities are major concerns as a contribution 

in reducing waste problems such as reuse the construction waste itself, reduce the use of 

material with effectiveness of design and construction and recycle the waste materials into new 

products [266] [267] [170] [12] [269]. 

In terms of recycle, most of the recycled waste makes it as composite material as filler of 

concrete. Some studies on recycling plastic waste are creating it as mixture of concrete [265] 

[266] [267] [268]. Some studies concluded that plastic waste was not suitable to replace fine 

aggregates, this was used to replace coarse aggregates. In this case, the type of plastic must be 

considered. The result also indicates that the density of plastic cement produced was different 

depending on the percentage of plastic waste in the concrete mix design. Plastic waste can be 

effectively reused without significantly affecting mechanical properties (5-10%), because the 

specific gravity of plastic waste is smaller than fine aggregate, so the weight of the concrete 
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itself decreases, thereby reducing the overall structural weight/structural components. Another 

study of wasted plastic composite was application to panel for building component [230]. 

Another study on waste material composite is recycling wood waste into composite panels 

[270] [271]. The usage for these types of products include insulating acoustical board; carpet 

board: wall, ceiling and floor acoustical insulation panels; nail baseboard; and floor and roof 

insulation boards and describe the potential for producing selected composites from waste 

wood, paper, plastics, fly ash, gypsum, and other forms of waste biomass [272]. For cement-

wood composite in terms of building materials, the study conclude that the wall panels meet 

the requirement of Indonesian National Standard (SNI) 03-0349-1989 with concrete steel-brick 

level IV as a non-structural brick [181]. 

The recent studies also develop disposable diaper as concrete component, but only a few studies 

apply this waste recycling process. 1-10% waste baby diapers had been added to the concrete 

mixture [170]. The result of these studies indicated the findings that concrete cubes with the 

addition of 1% polymer baby diapers have optimal results. The hydration for internal curing 

improves and gives positive results and has the highest strength and good staying power. In 

addition, the shrinkage test and compressive strength and drying shrinkage were carried out 

with the results of the compressive strength of concrete containing 5% polymer baby diapers 

showing the highest strength at 28 days compared to other percentages [12]. The results of 

previous researches are still lacked in terms of methods and the percentage of used baby diapers 

that were not very significant in reducing environmental waste. 

Beside cement composite material waste provides a solution to environmental problems caused 

by waste, on the other hand the use of cement itself has a negative impact to the environment. 

There are many studies that describe the negative effects of cement production, such as CO2 

emissions released during the cement production process [273] [274] [275] [276]. The other 

problems also related to the use of recycled material that its basic material has negative impact 

to the environment for example, disposable diapers and Polyethylene terephthalate (PET) that 

contribute as the hardest degradable material. Regarding this, new problems come up from the 

production of cement-based composite material, that is the extent of the impact of waste on the 

environment starting from the supply of raw materials to the demolition of the material itself. 

In addition, the economic value of the material is another consideration that needs to be studied. 

In respond to the issue, this study will try to analyze the potential environmental impacts of 

recycled waste usage in cement composite material. Four types of concrete products such as 

normal concrete (NC), PET concrete (PET), disposable diaper concrete (DDC) and shredded 
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wood concrete (SWC) were analyzed. Embodied energy (EE), carbon emission (CE) and eco-

cost (EC) are used as indicators of environmental impact assessment.  

 

5.3.1 Methods 

Materials 

Three types of recycled waste composite materials were studied: plastic concrete, shredded 

wood concrete and disposable diapers concrete. The component of materials is shown intable 

1. The composition is based on Indonesian National Standard (SNI) 7394:2008 The Procedure 

for Calculating the Unit Price of Concrete Work for Building and Housing Construction. This 

standard contains the calculation of materials and labor composition that is required in concrete 

work. In this study, the concrete was designed in high strength of K-300 that usually is used in 

building construction in Indonesia. 

 

 

Figure 46. Research Methodology Flow Chart 

Table 46. Materials Composition for 1 m3 Concrete Works 
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In this case, the wasted materials are used to replace fine aggregate with the percentage of 5% 

replacement for the most effective composition [265] [266] [267] [268] [170]. The important 

procedure to calculate the wasted material composition is to know its density because fine 

aggregate and waste materials have different density. So, conversion of material unit should be 

well calculated. 

Methods 

In general, the methods used in this study are described as follows: 

1. Define the scope and boundary of product, in this case the product is defined as concrete 

materials and waste materials as replacement of fine aggregate. The waste materials that 

were used are PET, disposable diapers and shredded wood (Table 46). The boundary of 

the product is transportation, energy and treatment for materials are excluded in 

calculation. 

2. Determine the data inventory that include materials, specification of materials, unit, 

coefficient of EE, CE and EC. 

3. Calculate EE, CE, and EC of each material. 

4. Interpretation. 

Table 47 shows the EE, CE and EC values for 1 kg of materials that is used in the study. 

Table 47. EE, CE and EC of 1 kg Materials 
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5.3.2 Findings 

The following Figure 47, Figure 48, and Figure 49 are to elaborate the comparison of EE, CE 

and EC value of 1 kg material components in this study. For more detailed information about 

the calculation process of the concrete product, please refer to Table 48. 

Figure 47 shows the EE value for concrete materials. SAP as the main components of 

disposable diaper has the highest EE value as amount 131 MJ/kg. Followed by the other 

components of disposable diaper such as PS 103,83 MJ/kg, PP 93,97 MJ/kg, PE 89,72 MJ/kg 

and pulp 31,58 MJ/kg. The total EE value for disposable diaper is around 450,1 MJ/kg, the 

fantastic EE value compares to other components such as PET 90.45 MJ/kg, even for the PC 

which has 4.6 MJ/kg. The natural components such as fine and coarse aggregate are excepted, 

which only 0.1 MJ/kg and for water and wood are 0 MJ/kg. For the natural components, there 

is no production process so the energy that is used is lower than manufacturing components. 

In Figure 48, the CE value for disposable diaper components decreases to minus value, which 

means, in the life cycle process the components give credit to lower the CE instead. For 

disposable diaper recycling, the credit of CE gives as amount of 11,98 kgCO2 to reduce CE 

that may release during its process to the environment. The same principle is conducted to PET 

which is the recycling credits given as amount of 1.85 kgCO2. In this case study, the recycling 

credit do not give to PC and aggregates, due to the product still use its origin components, the 

CE value is in its own form. The PC is 0.917 kgCO2 and the fine and coarse aggregates are 

0.005 kgCO2. But still, for materials that are derived from nature, the CE is still much lower. 
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While for shredded wood, the EE is quite higher compared to other natural materials. This is 

due to shredded process that may include energy for tools such as electricity and transportation. 

 

Figure 47. EE Value of Concrete Materials (MJ/kg) 

In Figure 49, SAP as main components of disposable diapers gives credit to reduce the 

environmental tax as amount of Rp. 27.064/kg and Rp. 15.333/kg for PET. While the different 

principle is occurred to PC and the aggregates, the amount of Rp. 2.550/kg must to pay for 

environment tax for PC, Rp. 51/kg for fine aggregate and Rp. 111/kg for coarse aggregate.  

 

Figure 48. CE Value of Concrete Materials (kgCO2) 
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Figure 49. EC Value of Concrete Materials (Rp/kg) 

The next following Figure 50, Figure 51, and Figure 52 describe the comparison of EE, CE and 

EC value of 1 m3 concrete works in this study. Figure 50, for 1 m3 works of NC, it needs 2070 

MJ energy, 2887.79 MJ for DDC, 2908,53 MJ for PETC and 2470.43 MJ for SWC. The 

anomaly happened to SWC, the SWC is conduct as a half replacement for fine aggregate. 

Although the filled concrete using natural materials, the EE is still higher than NC, this is due 

to the embodied energy of shredded wood is higher than fine aggregates. 

Figure 51 shows the calculation by recycled disposable diaper and PET as concrete 

components, it could give benefits to reduce CO2 as amount of 370,06 kgCO2 for PET and 

356,78 kgCO2 for DDC. While for NC and SWC have slightly similar amount as 386,99 

kgCO2 and 387,23 kgCO2 respectively. 

The environmental tax of the concrete products is shown in Figure 52. Normal concrete has the 

highest fee to pay for the tax, as amount of Rp. 6.087.190 per m3. It should be added to the 

price of concrete product. For example, if the production cost of normal concrete is Rp. 

2.000.000 per m3, so the EC should be added and the total cost is calculated as: 

Total cost = production cost + eco-cost  

           = Rp. 2.000.000 + 6.087.190 

           = 8.087.190 per m3.  

 

Figure 50. Comparison of EE Value for 1 m3 Concrete 
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Figure 51. Comparison of CE Value for 1 m3 Concrete 

 

Figure 52. Comparison of EC Value for 1 m3 Concrete 

in Indonesian Rupiah 
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Table 48. Calculation Details in Determining EE, CE and EC of 1 m3 Waste Concrete Works 

No Materials (kg) Specification Volume Unit 

EE 

value 

(MJ/kg) 

CE value 

(CO2/kg) 

EC value 

(Euro/kg) 

SUM 

EE 

(MJ) 

SUM 

CE 

(kgCO2) 

SUM EC 

(Euro) 

A Normal Concrete (NC) 

1 Cement Portland Cement 413,00 kg 4,60 0,92 0,15 1899,80 378,72 61,95  

2 Fine Aggregate General, exclude transportation 681,00 kg 0,10 0,01 0,09 68,10 3,41 61,29  

3 
Coarse 

Aggregate 
General, exclude transportation 1021,00 kg 0,10 0,01 0,23 102,10 5,11 234,83  

4 Water 

Water supply only, e.g. 

excludes water treatment, 

considering the water ends up 

in the product. 

215,00 kg 0,00 0,00 0,00 0,00 0,00  -    

  Total 2070,00 387,23   358,07  

B PET Concrete (PC) 

1 Cement Portland Cement 413,00 kg 4,60 0,92 0,15 1899,80 378,72 61,95  

2 Fine Aggregate General, exclude transportation 672,49 kg 0,10 0,01 0,09 67,25 3,36 60,52  

3 
Coarse 

Aggregate 
General, exclude transportation 1021,00 kg 0,10 0,01 0,23 102,10 5,11 234,83  

4 Water 

Water supply only, e.g. 

excludes water treatment, 

considering the water ends up 

in the product. 

215,00 kg 0,00 0,00 0,00 0,00 0,00 -    

5 PET Bottle grade, recycling credit 9,28 kg 90,45 -1,85 -0,902 839,38 -17,13 (8,37) 

  Total 2908,53 370,06 348,93  

C Shredded Wood Concrete (SWC) 

1 Cement Portland Cement 413,00 kg 4,60 0,92 0,15 1899,80 378,72 61,95  

2 Fine Aggregate General, exclude transportation 633,33 kg 0,10 0,01 0,09 63,33 3,17 57,00  
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No Materials (kg) Specification Volume Unit 

EE 

value 

(MJ/kg) 

CE value 

(CO2/kg) 

EC value 

(Euro/kg) 

SUM 

EE 

(MJ) 

SUM 

CE 

(kgCO2) 

SUM EC 

(Euro) 

3 
Coarse 

Aggregate 
General, exclude transportation 1021,00 kg 0,10 0,01 0,23 102,10 5,11 234,83  

4 Water 

Water supply only, e.g. 

excludes water treatment, 

considering the water ends up 

in the product. 

215,00 kg 0,00 0,00 0,00 0,00 0,00 -    

6 
Shredded 

Wood 
General, Recycling wood 47,67 kg 8,50 0,00 0,00 405,20 0,00 -    

  TOTAL 2470,43 386,99 353,78  

D Disposable Diapers Concrete (DDC) 

1 Cement Portland Cement 413,00 kg 4,60 0,92 0,15 1899,80 378,72 61,95  

2 Fine Aggregate General, exclude transportation 670,62 kg 0,10 0,01 0,09 67,06 3,35 60,36  

3 
Coarse 

Aggregate 
General, exclude transportation 1021,00 kg 0,10 0,01 0,23 102,10 5,11 234,83  

4 Water 

Water supply only, e.g. 

excludes water treatment, 

considering the water ends up 

in the product. 

215,00 kg 0,00 0,00 0,00 0,00 0,00 -    

7 Disposable Diapers :               -    

 -   

Superabsorbent 

Polymers 

(SAP)  

Sodium polyacrylate --> 

PMMA (Acrilylic Polymethyl 

methacrylate), recycling credit 

2,89 kg 131,00 -5,54 -1,59 378,65 -16,00 (4,60) 

 -   Polypropylene recycling credit 1,94 kg 93,97 -0,77 -0,81 182,05 -1,48 (1,58) 

 -   Pulp 
Cellulose polymers (CP), 

recycling credit 
4,24 kg 31,58 -2,58 -0,47 133,81 -10,92 (2,00) 

 -   Polyethylene recycling credit 0,64 kg 89,72 -0,99 -0,87 57,63 -0,64 (0,56) 

 -   Polystyrene recycling credit 0,64 kg 103,83 -2,11 -1,11 66,69 -1,36 (0,71) 

  Total 2887,79 356,78  347,69  
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Discussion 

In general knowledge, when EE increases, the CE will also increase [240]. Nevertheless, the 

thing does not happen when the materials get recycled. Although the EE of disposable diaper 

is the highest, when the materials conduct as recycled components, the recycling credits is 

given as a value to reduce carbon emission [246]. 

In general, the fundamental concept of EC is to convert the CE into currency unit that must to 

pay as the consideration of emission released during the creating process/product [246] [248]. 

This amount of EC became an environmental tax that embed into the process/product. In some 

countries, the implementation of EC is used to recover the environment such as for planting 

more trees. Although the aggregates derive from nature, but the replacement from its habitat 

will change the ecosystem cycle, so the emission will release during the process, and the 

environmental tax may be added as the consequence. For the water as long the process excluded 

transportation, energy or treatment, the emission and EC set zero [246] [247]. Likewise, for the 

shredded wood, the recycling process give zero value for both emission and environmental tax. 

In Figure 50, Figure 51, and Figure 52 describe the comparison of EE, CE and EC value of 1 

m3 concrete works in this study. As it is predicted from the EE value of the material components 

from disposable diaper and PET, the EE for the materials are the highest too, as can be seen in 

Figure 50. When the disposable diaper added as a concrete component, the energy is embedded 

during its life. From Figure 50, we can see that normal concrete is still much lower EE 

compared to other concrete that is filled by recycled materials. This happens due to EE from 

filled material still embedded during its life cycle. For the manufacture product, there is no 

other way to reduce EE from the product that had been created, because the energy of the 

process is already merged. The EE should be considered in the planning phase. When the 

product is already created, the best way is to reduce its effect when the product degraded to 

environment. 

Figure 51 shows the opposite. Although compared to normal concrete, the EE of recycled 

material concretes are higher, but in terms of CE, the concrete product could cut more emission. 

The recycling credits are given to the DDC and PETC. While for the SWC the EC and CE are 

similar to the NC product. The shredded wood does not give significant value in terms of CE 

and EC, because it is a natural product, the environment could degrade the product by itself, 

without being recycled. But the other value may add as economic value. The recycling process 

could give economic value for natural products. 

The similar calculation conducts for other concrete product in this study. According to  Figure 

52, the EC of recycled material concretes are lower than the normal one. The principle is similar 
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with the explanation in previous paragraph, regarding recycling credit that reduces the emission 

and makes the value of EC becomes minus. 

Furthermore, what we could find out is the volume has a significant role in raising the 

environmental indicator value. For example, the coarse aggregate has a similar value of EE, 

CE and EC to fine aggregate, but the volume of material is higher. When the calculation is 

summed, the result comes with higher EE, CE, and EC value for coarse aggregate. 

 

Conclusions 

The main objective of this study is to reveal the benefits of the environmental aspect by 

recycling waste material as concrete components. Based on the analyses that employs several 

environmental impact indicators, it reveals that: 

1) Although for LCA method, this case study is uncertainty due to the unavailable inventory 

data, but the calculation approach is applicable for such condition.  

2) In the term of EE indicator, SAP as disposable diapers components has the highest EE value 

with 131 MJ/kg. However, when the materials are compounded as concrete components, 

PET is slightly higher than disposable diapers. It contributed to 2908.53 MJ/m3 concrete 

work, while disposable diaper is only 2887.79 MJ/m3. The result is due to the volume of 

PET compared to SAP is larger. For the lowest EE is the normal concrete (without adding 

waste material). 

3) In terms of CE indicator, waste concrete materials are lower than normal concrete.  

Especially for DDC and PETC, the recycling credit is given to reduce emission. DDC 

contributes to low CE as amount 370,06 kgCO2 and PETC decrease as much 356,78 kgCO2.  

4) In terms of EC, wasted concrete materials also give lower environmental tax compared to 

normal concrete. DDC is the lowest, followed by PETC as the second lowest. 

5) SWC does not give significant value in terms of CE and EC, because it’s a natural product, 

the environment could degrade the product by itself, without being recycled, so there’s no 

recycling credit for natural material. 

6) Due to the recycling credit that gives to materials, although the materials have high EE in 

the creating process, when the material get recycled, it will reduce the EC and CE. But still, 

the EE of materials should be considered in terms of processing phase. Processing phase 

also could create emission and environmental tax. 
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5.4 Result on Availability of the Source 

Due to the population growth become the main issue of waste production, this case study 

involved metropolitan city in Indonesia. The other criteria in determining case study is 

population age of 0-4 years old, because the waste production for disposable diapers derived 

from this population. Another one is waste management in the case study, how the government 

or local communities deal with the waste production. These criteria for selected city are 

compiled from secondary data based on Indonesian Municipal Central Bureau of Statistics 

(BPS).  Based on the criteria, Bandung is appropriate to be the selected city due to the available 

information that provide in Table 49. 

Table 49. Selection Criteria for Waste Capacity of Disposable Diaper 

No. 
Metropolitan 

Cities 

 

Population  

Population 

Age 0-4 

Waste 

Production 

Waste 

Treatment 

Source 

1 East Jakarta  3 037 100 238 497 not available  not available  [270] 

2 Bekasi 3 003 900  not available  not available  not available  [271] 

3 Surabaya 2 896 000 183 975 not available  not available  [272] 

4 Bandung 2 507 900 182 116 66 472 340  Categorized  [273] 

5 West Jakarta  2 434 500 184 826 67 461 490 Not Identify [274] 

Table 50. Waste Type Separation in Bandung City [273] 

Garbage Type (m3/Day) Percentage % 

Food waste and leaves   772,69 44,51% 

Woods and twigs   69,09 3,98% 

Paper   227,76 13,12% 

Plastic   324,28 18,68% 

Metal   15,62 0,90% 

Cloths   82,46 4,75% 

Rubber and leather   41,32 2,38% 

Hazardous waste   131,42 7,57% 

Others   71,35 4,11% 

Total  1 735,99 100,00% 

Based on population criteria, Bandung is fourth rank the most populous city in Indonesia. 

Compared to other populous cities, the information waste management in Bandung also 

available. Table 50 shows the garbage type that currently separated in municipal solid waste of 
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Bandung. For disposable diapers waste, there is still categories to other type of garbage. Unlike 

other categories such as plastic, cloth or metal which have value to be recycled, disposable 

diaper is still unvaluable. The waste will be ended up in the incineration system. The recycling 

idea for disposable diapers will be triggered the government or society to separate the waste 

and turn it into new valuable items. 

To calculate the volume of diaper waste that can be recycled into building components, a 

concrete mix design calculation approach is based on Indonesian National Standard (SNI) 

7394:2008 The Procedure for Calculating the Unit Price of Concrete Work for Building and 

Housing Construction [169]. It should be noted that the use of concrete mix design in this case 

study is only for simplifying calculations. For more valid mix design results, it is necessary to 

carry out further laboratory tests, such as tests for aggregates and other mixed materials for 

concrete.  

For example, in this part, the concrete was designed in high strength of K-300 with the 

composition for 1 m3 concrete is 413 kg coarse aggregate, 1021 kg fine aggregate and 681 kg 

Portland cement. The disposable diapers is replacement for fine aggregate. The optimal 

percentage of replacement is 5% to 10% addition to reach the optimal compressive strength  

[170] [171] [12]. 

According to Equation 4 and Equation 7, the capacity of waste disposable diapers in case study 

is determined: 

ρ𝑑= 182116 people (pc) 

𝐹𝑑= 5 pc/day 

𝑚𝑑 = 30.06 gr/pc 

ρ𝑑= 1400 kg/m3 (middle range) 

ρ𝑓𝑎= 2082 kg/m3 

m𝑓𝑎= 681 kg 

%𝑟𝑒𝑝= 7.5% (middle range) 

Then the capacity of waste disposable diaper in Bandung can be determined based on Equation 

4 as: 

ρ𝑑= 182116 people (pc) 

C𝑑= 27372 kg/day = 19.56 m3/day 
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Figure 53. Source availability of disposable diaper waste 
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Then the capacity of recycled disposable diapers for 1 m3 concrete component is based on 

Equation 7: 

𝑚𝑑 = 34.35 kg = 0.025 m3  

Then, capacity of disposable diapers concrete that can be produced in Bandung is determined 

by Equation 8 is 796.99 m3.  

Next the author tries to simulate the calculation of this diaper concrete production with a design 

proposal for a type 36 housing with the standard structure shown in the following Table 51. 

The table shows the capacity of diaper concrete that can be used to build a housing of type 36, 

which is 48.15 m3. By considering the daily production of diaper concrete, which is 796.99 m3, 

approximately 16 units of type 36 houses can be obtained. In addition, the author tries to 

simulate the disposable diapers concrete as road pavement. The calculation by designing a 4 m 

wide pavement with a thickness of 20 cm and the result is 0.997 km of road pavement can be 

constructed. However, it is noted that this calculation is for daily diaper waste production, if it 

is calculated in monthly or yearly terms, there will be even more amount of diaper waste that 

must be added recycled into building components or road pavements. 

Table 51. Estimation on design simulation of housing type 36 

Building component Dimension (m) Unit *DDC (m3) 

Colom 0.3 x 0.3 x 3  9 2.43 

Beam 0.3 x 0.4 x 3 12 4.32 

Wall Panel 3 x 3 x 0.05  12 5.4 

Floor 6 x 6 1 36 

Total DDC per housing unit of type 36 48.15 

*DDC = disposable diapers concrete 

Based on those simple simulation and calculation approach, this paper is recommended for 

recycling the disposable diapers as concrete component, it would be more effective as road 

pavement that housing component. 

5.5 Conclusion 

Based on the result, the considering of recycling waste disposable diaper to concrete 

components, give more beneficial environmental impact such as: 

1. Compare to other waste treatments, recycling is the best choice to decline environmental 

impact cause by waste disposable diaper. 

2. Recycling process reduce 2.93 kgCO2 and reduce 0.91 Euro per kg waste disposable 
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diaper for environmental tax. 

3. In the term of concrete component, the use of waste disposable diaper in certain amount is 

not significantly reduce the physical and mechanical properties of the concrete, so it’s 

visible to apply for the material. 

4. Although for LCA method, this case study is uncertainty due to the unavailable inventory 

data, but the calculation approach is applicable for such condition.  

5. In the term of EE indicator, SAP as disposable diapers components has the highest EE 

value with 131 MJ/kg. However, when the materials are compounded as concrete 

components, PET is slightly higher than disposable diapers. It contributed to 2908.53 

MJ/m3 concrete work, while disposable diaper is only 2887.79 MJ/m3. The result is due to 

the volume of PET compared to SAP is larger. For the lowest EE is the normal concrete 

(without adding waste material). 

6. In terms of CE indicator, waste concrete materials are lower than normal concrete.  

Especially for DDC and PETC, the recycling credit is given to reduce emission. DDC 

contributes to low CE as amount 370,06 kgCO2 and PETC decrease as much 356,78 

kgCO2.  

7. In terms of EC, waste concrete materials also give lower environmental tax compared to 

normal concrete. DDC is the lowest, followed by PETC as the second lowest. 

8. SWC does not give significant value in terms of CE and EC, because it’s a natural product, 

the environment could degrade the product by itself, without being recycled, so there’s no 

recycling credit for natural material. 

9. Due to the recycling credit that gives to materials, although the materials have high EE in 

the creating process, when the material get recycled, it will reduce the EC and CE. But 

still, the EE of materials should be considered in terms of processing phase. The processing 

phase also could create emission and environmental tax. 

10. Parameters to calculate waste capacity for disposable diapers is age population of 0-4 

years, frequency of changing diaper and mass of diaper. 

11. The amount or capacity of diapers is depending on the case study or area of population. 

The higher the population of babies the higher amount of waste can be produced. By 

determining 182116 population of babies, the amount of disposable diapers produce is 

19.56 m3/day 
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Chapter 6 

 

Feasibility Study on Construction System 

6.1 Development of Construction Technology for Housing in Indonesia 

Since 2015, reducing the housing backlog and providing affordable housing has become a 

policy priority for the Indonesian government. The government has developed a policy 

objective to meet the demand for new households and address the housing deficit through a 

program of Satu Juta Rumah (One Million Housing/OMH) which was officially launched on 

April 30, 2015 [277]. This program is launched for 5 years with the aim of producing an average 

of one million housing each year. This target set by the government is providing the need for 

affordable housing for new households and reducing the existing housing deficit. 

Simultaneously, housing construction has been developed massively and to support the 

construction program, building materials procurement become one issue to be solved. Based 

on the data [278], in 2012 national cement sales amounted to 55.0 million tons, after rising 

rapidly from 48.0 million tons in 2011 and 40.8 million tons in 2010, followed by ceramic 

products. Beside cement industry, steelworks are set to be among the main beneficiaries of 

rising construction activity, while aluminum is becoming an increasingly popular building 
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material. Readily available deposits of clays, feldspar and silica sand support the industry, 

while low per-capita consumption leaves space for expansion [278]. 

In line with government programs, the fulfilment of housing provision is important, but there 

are several limitations in the provision of building materials. Until now in Indonesia, the use 

of building materials is still dominated by concrete, bricks, woods, and ceramics [115]. In term 

of environmental consideration, the conventional building materials causes new problems, as 

an example clay bricks and tile contribute the highest embodied energy [115], carbon emission 

and eco-costs [132]. 

By considering the limitations, many researchers have studied and have developed alternative 

building material that may become more affordable and low-costs, as well have good 

performance. Thus, this paper is trying to elaborate more comprehensive on alternatives 

building materials for low-cost housing in Indonesia by describing the existing low-cost 

housing from policy to innovation in order to give recommendations and new insight for 

housing planners or architects. 

To elaborate implementation low cost-housing, at least there are three factor influences: policy, 

building materials and low-cost housing construction [279]. In order to fulfill the objective of 

this study, literature review by compiling information using search engine is conducted. The 

data collection is done by elaborate scientific papers in appropriate journal publisher using 

searching keywords such as ‘low-cost housing’, ‘building materials’, ‘low-cost building 

material,’ ‘Indonesian housing policy’, ‘program sejuta rumah’. Moreover, the analysis of data 

is conducted by comparing and compiling the information provided. The analysis then divided 

in to three discussions: first, development of housing policy by describe history of housing 

policy in Indonesia. The brief history is explained in four governmental period: the Pre-

Independence period, Old Order, New Order and Reformation Era. Next development of 

building materials is described from the using of natural material for housing until using 

industrial material. As well the material standards also become a part of elaboration. For the 

final discussion is elaboration existing material for low-cost housing and its alternatives. The 

alternative is derived from the latest researches of building materials for low-cost housing that 

have been implemented in some countries and proposed to be implemented. 

The development of the National Housing Policy through formal institutions has started since 

the Pre-Independence period. During the Dutch colonial period, housing policy was regulated 

in Burgerlijke Woningsregeling 1934, which was implemented using Algemene Voorwaarden 

voor de uitvoering bij aanneming van Openbare Werken in Indie 1941 and Indische 

Comptabiliteits Wet [280]. The implementation of these provisions is carried out by the Van 
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Verkeer en Waterstaat Department which handles public housing (Volkshuisvesting) and 

state/government buildings/houses (Landsgebouwen) as well as Pest Bestrijding to handle 

urban disease outbreaks [279]. Meanwhile, during the Japanese colonial period, housing policy 

was handled by Doboku, which was a substitute agency for the Van Verkeer en Waterstaat 

Department [279]. For further information of housing policy history in Indonesia, is showed in 

Table 52. 

In 2015, within the OMH program, the central and local governments carried out housing 

developments throughout the country. The initiative primarily targets low-income households 

or Masyarakat Berpenghasilan Rendah (MBR), other income groups are also eligible for 

government subsidies. OMH spans the following [281]: 

1) Regulations relating to taxation, financing schemes, and land use to facilitate housing 

development; 

2) Provision of housing for low-income households. These include simple rental flats 

(Rusunawa), special purpose houses (Rusus), and home improvement subsidies (Bantuan 

Stimulan Perumahan Swadaya, BSPS); and 

3) Access to housing finance through credit-linked programs. The main programs (and hence 

the focus of this chapter) are mortgage-linked subsidies, also known as KPR (Kredit 

Perumahan Rakyat). 

Then Figure 54 shows the achievement of OMH program from 2015 to 2020, that has reached 

more than 5,3 million units in total. In the first year, the program couldn’t meet the target 

expected. It was only reach 0,6 million units. But then, with the rapid coordination of the 

stakeholders: government, financial institutions, the private sector and the community, the 

program are consistently increasing every year. However, it experienced a great contract in 

2020 related to the Covid-19 pandemic and changes that occur in the world. 

 

Figure 54. Number of Houses Built in OMH Program 2015 – 2020 [282] 
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Table 52.  Development of housing policy in Indonesia 

 

6.1.1 Building Materials Standards and Regulations 

Before building material’s industry have developed, in Indonesia, building material was 

dominated by natural material, such as wood, bamboo and stone. For instance, in West Java, 

there are several traditional dwellings called Kampong Adat. Figure 55 shows traditional 

housing in several Kampung Adat in West Java where the government inaugurated to secure its 

Period Housing Development Description 

Dutch 

Government 

1924 - 1932 

The policy targets still limited to civil servants, rental houses, and 

environmental improvement in the context of health and was intended to 

support Dutch Government for example Kampung Improvement Program (KIP) 

in Surabaya; Construction of Loji, a large house belonging to a Dutch official;  

Orde Lama (Old 

Order) 1950 - 

1969 

The government began to focus on developing housing for the people by 

establishing a public housing agency and also formulating minimum housing 

standards and technical regulations related to housing structure and sanitation. 

This development focus was also supported by the Implementation of Land and 

Building Tax (PBB), MPRS Decree no. 2 / 1960, Basic Housing Law no. 2, 

1962 concerning Housing Policy for the underprivileged. Previously the 

Yayasan Karya Pembangunan (YKP) targeted 12,000 houses by developing 

Public Housing (PERUM) of Tenggilis and Jemur Handayani in Surabaya, and 

Unmer in Malang which was later the form of housing adapted in Law no. 1 of 

1964 (Perpu 1962). Then the KIP program held in Jakarta. 

Orde Baru (New 

Order) 1972 - 

2000 

The government established official bodies to support public housing programs 

such as the National Housing Coordinating Board (BKPN) and National Public 

Housing (Perumnas). In addition, there were also community organizations in 

housing matters such as Real Estate Indonesia. This policy encourages the 

development of new residential areas such as in Jakarta and Medan and KIP 

became a national program. In terms of financial support for housing, there were 

PT. Papan Sejahtera (Bank Papan) and Group-based Housing Development 

(P2BPK) and support by housing loans (KPR) that was provided by private 

banks. 

Reformation Era  

2000 - now 

Construction of Rusunawa/Rusunami; Self-help Housing by financial 

supporting. 
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authentic. The Kampong Adat has been built for hundreds of years without any change in 

structure or building material and using local material that is derived from its neighborhood 

[283] [249]. 

 

Figure 55. Traditional Housing in West Java, Indonesia [249] 

 

Figure 56. Identification Of Building Materials for traditional housings in West Java, 

Indonesia [249] 

Based on previous study conducted in Kampung Dukuh, Kampung Pulo and Kampung Naga, 

the materials for building components can be seen in Figure 56. In line with the development 

of science and technology and also globalization, the usage of material for building in Indonesia 

have been evolving. The building material is not limited to natural material but also change to 
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material composite such as burnt clay, concrete and steel. For natural materials also have been 

transforming became more durable by adding preservative or by using laminating technology.  

To accommodate the building materials technology, the Indonesian government then enforce 

the standards for building materials through official board called Badan Standarisasi Nasional 

(national standardization agency). Thus, the standard is entitled Standar Nasional Indonesia 

(SNI). By referring to SNI, the building materials in Indonesia currently is showed in Table 53. 

Table 53. Current building materials and its standard in Indonesia 

Materials for Building Standard 

Aggregate SNI 03-2461- 1991 

Bondek (Lightweight steel plat) SNI 03-1729- 2002 

Bricks NI-3; NI- 1O 

Cement SNI 15-0129-2004; SNI 15-0302-2004; SNI 15-2049-

2004; SNI 15-2049-2004; SNI 15-3758-2004; SNI 15-

7064-2004 

Ceramic SNI 03-1331- 19 

Clay SNI -2835- 2008 

Concrete bricks SNI 03-2784- 02 

Concrete roster SNI 03 - 2847 - 2002 

Fly ash SNI 03-0349- 89 

Gravel SNI 03-2847- 2002 

Gypsum SNI 03-6821- 2002; SNI 13-3496- 1994 

Iron/ferro SNI DT-91- 0014-2007 

Lightweight bricks  SNI 03-1726- 2012 

Lightweight concrete SNI 03-2461- 2002;  

Lightweight steel SNI 07-0358- 1989 

Lime ASTM C-926- 90; SNI 02-0482- 1998; SNI 03-6825- 

2002 

Marble SNI 19- 6728.4-2002 

Multiplex SK SNI T-15- 1991-03 

Paving Blok SNI 03-0691- 1996; SK SNI T-04- 1990-F 

Porcelain SNI 7275:2008 

Roof Tile SNI 03-2095-1991; SNI 03-0096- 1999 
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Materials for Building Standard 

Sand SNI No: 1737- 1989-F; SNI-03-2847- 2002; SK SNI S-

04-1989-F:28; SNI.15-2094- 1991; SNI 01-3140- 2001; 

SNI 01-3922- 1995 

Sandstone SNI:1732- 1989-F 

Steel SNI 03-1729-2001 

Steel reinforcement SNI 03-3435-2002 

Stone SNI 01-3839-1995 

Stone ash SNI 03-0349- 89 

Tras Bricks SNI 01-6128 –2008 

Water SK-SNI-S04-989-F; ASTM C 109 

Wood SK SNI 03- 5007.2-2000 

Zinc SNI 07-0311- 1989 

 

6.1.2 Technology on Housing Construction 

Previous study was conducted to elaborate building materials for low-cost housing by 

collecting information from housing advertisement and by interviewing housing developers. 

The results showed that generally the developer decide to use building materials based on 

consideration of building materials availability in housing area. In addition, the price of 

building materials is another factor for determining construction costs. On table 4, the result of 

previous study describes that for low-cost housing, the use of building materials is dominated 

by concrete, bricks, and other industrial materials. 

Based on Table 54, the use of low-cost housing materials in Indonesia is not much different 

from the use of housing materials in general. This causes housing prices to remain high. In 

order to lower the price, Indonesian government within its financial supporting, provides 

subsidies for housing construction. In fact, using lower-priced materials can reduce the cost of 

housing construction. 

Table 54. Building materials for low-cost housing in Indonesia [115] 

Building Components Developer 1 Developer 2 Developer n 

Foundation Stone Stone Stone 

Floor Ceramic Ceramic Ceramic 

Column Concrete  Concrete Concrete 

Wall Brick Brick Brick 
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Window Wood Aluminium Wood 

Door Wood Panel Wood Panel Wood Panel 

Roof Wood frame Steel frame Wood frame 

Roof Cover Aluminium Clay Tile Clay Tile 

 

Therefore, to tackle pricing issue, in term of housing construction, Ministry of Public Work 

and Housing of Indonesia (PUPR) developed Rumah Instan Sehat Sederhana (RISHA/Simple 

Healthy Instant Home). RISHA is a technology precast which by the with reference to technical 

requirements referring to Ministry Decree No. 403/KPTS/M/2002 that released on December 

20, 2004 [284]. RISHA is intended for housing construction of low-cost housing, self-help 

housing, refugee and emergency housing. This invention is to accelerate housing development 

and reduce construction costs through prefabrication methods. The components of the house 

are assembled in the field using a knock-down or permanent system. Knockdown systems can 

be built with partition walls made of panels fixed with bolts and permanent systems, made of 

red brick, light brick, con-block, and others. Time required to assemble a type 28.8 m2 is 1 

day.  

The RISHA technology was then further developed to Rumah Unggul Sistem Panel Instan 

(RUSPIN/Instant Panel System Housing) in 2013 [285]. Similar to RISHA, RUSPIN was 

developed with a modular system that divides building components into small parts (modules) 

with efficient sizes so that they can be assembled into a large number of different products 

[286].   

  

Figure 57. Vertical and Landed Housing for Low-income in Indonesia [371] 
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Figure 58. RISHA and RUSPIN: prefabricated concrete components for Low-cost Housing in 

Indonesia [284] [285] [286] 

Another innovation developed by PUPR to address housing needs, particularly those related 

to disasters, is Rumah Instan Kayu (RIKa/Wood Instant House). RIKA's innovation is able to 

improve the quality of low-quality wood into better quality through laminated veneer lumber 

(LVL) technology [287]. This technology increases the strength of class 3 wood to class 2 wood. 

However, this technology can only be developed in some areas of Indonesia that have abundant 

wood production to reduce construction costs. Therefore, fast-growing wood was chosen to 

increase production massively, quickly, cheaply, and to increase production forest 

regeneration.  

For alternatives building materials, some researcher also studied several alternatives materials 

that may use for housing construction which is claimed as low-cost. The materials can be 

divided in to three: earthen materials, natural fiber and industrial-building waste materials [288]. 

 

  

Figure 59. RIKa: Low-quality Wood Innovation for Low-cost Housing in Indonesia [372] 
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Table 55. Natural fiber and its applications in building [288] 

Item Application in building material 

Rice husk  Fuel, building materials and products  

Banana leaves/stalk  building boards, fire resistance fibre board  

Coconut husk  building boards, roofing sheets, insulation boards, building panels, 

as a lightweight aggregate, coir fibre reinforced composite board  

Groundnut shell  buildings panels, building blocks, for making chip boards, roofing 

sheets, particle boards  

Jute fiber  chip boards, roofing sheets, door shutte  

Rice/wheat straw  roofing units and walls panels/boards  

Sawmill waste  cement bonded wood chips, blocks, boards, particle boards, 

insulation boards, briquettes  

Sisal fibers  For plastering of walls and for making roofing sheets, composite 

board with rice husk, cement roofing sheet, roofing tiles,paper and 

pulp  

Cotton stalk  Fiber boards, panel, door shutters, roofing sheets, autoclaved 

cement composite, paper, plastering of walls  

 

In term of natural fiber material, the utilization for building is generally applied for panel board, 

reinforced composite materials and insulation. Thus, for earthen material, the use of lime and 

mud for non- structural building component such as bricks for wall become more popular. For 

raw soil is also elaborated more in term of block-forming technology without burning process. 

While recycled materials by utilization waste of material construction such as steel and rubber 

will become the best choice to reduce environmental impact. 

Table 56. Currently earthen materials and industrial building waste for low-cost housing in 

several countries 

Innovation Materials and Utilization Source 

Lime based-materials:  

Magnesium lime, Lime kiln rejects, Lime sludges, Activated 

lime pozzolana mixtures (ALPM) 

 [289] 

Recycled material: [289] [290] 

[291] [292] 
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Innovation Materials and Utilization Source 

Throw-aways/waste/garbage; blocks constructed of recycled 

building rubble; Recycled steel, concrete diapers 

[293] [294] 

Slab component: 

EPS (Expanded polystyrene); Foundry sand 

[295] 

Insulation materials: Polyurethane foam  [292] 

Reinforced materials:  

Glass fiber reinforced Gypsum technology (GFRG); Glass fiber 

reinforced composites 

[292] [296] 

Plastics based- materials:  

PET bottles, plastics 

[297] [183] 

Mud based -bricks: 

Earth (mud), rammed earth, Alumina red mud, non erodable 

mud plaster; earthbag walls- burnt brick walls; Reinforced mud 

bricks; Mud concrete block, Soil-stabilized bricks,  

[292] [296] [298] [179] 

[289] [185] 

[299] 

Fly ash -Bricks: 

Fly –ash sand lime bricks, Fly ash hollow bricks  

[289] [179] [300] [295] [294] 

Concrete: 

Dense concrete blocks, hollow clay blocks, Compressed earth 

block, Solid concrete and stone blocks, Sandcrete; Autoclaved 

aerated concrete  

[179] [287] 

Block-soil based: 

Cement concrete hollow bocks, Cement-stabilised clay 

blockwall, cement stabilized earth blocks (CSEB), soil cement 

blocks 

[179] [301] [302] 

Cover/sheet component:  

Corrugated roofing sheets; Precast concrete flooring/roofing 

units; RCC solid plank flooring/roofing; Prefabricated brick 

panel roofing/flooring 

[303] 
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In addition, recycling of plastic- based waste in recent time have become increasing in 

researches. For housing construction, previous research showed the utilization of steel 

galvanized as an alternative for housing structure by combining composite material for wall 

panel. This panel was developed from recycling of plastic waste [304] and wood waste [269]. 

6.2 Preliminary Design and Construction for Disposable Diapers based Materials 

Construction technology is essential to increase the speed of construction and reduce costs. For 

example, by comparing the construction methods for walls using clay bricks and lightweight 

concrete panels, the cost of conventional construction on clay bricks is higher than 

prefabrication method on lightweight concrete panel [304]. The prefabrication method is 

considered to accelerate construction speed [305] and also effective to reduce construction 

waste [306], and environmental impact [307] [308].  

By linkage, the phenomenon of alternative building material and construction, this paper tries 

to elaborate on the utilization of undegradable waste for building materials by proposing 

disposable diaper waste as composite materials for building components. An experimental 

study conducted by several researchers reveal that the application of disposable diaper waste 

for building materials give a positive result in terms of environmental impact [309] [310], good 

durability and strength with a maximum mixture of the diaper is 1-5% [170] [1] and no effect 

in term of healthiness compared to clean diapers [3] [5]. Nevertheless, the previous studies are 

only limited to the mechanical and physical properties of materials, and the application of 

materials for building needs to explore more.  

Figure 60. Alternative housing construction from galvanized steel and waste recycling 
for wall panel [304] 
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Thus, to overcome the limitation, this paper proposes construction techniques for building 

materials by using a prefabrication system with modular housing elements. Disposable diaper 

waste in this study is utilized as panel composite materials for wall and flooring and be 

applicable for low-cost housing concept. The prototype housing design is illustrated with an 

area of 36 m2 based on housing minimum standards in Indonesia and applied prefabrication 

system with hollow steel as structural components and composite panel with dimensions of 60 

x 60 cm as architectural components.  Then the final is to calculate the construction cost of the 

housing. 

6.2.1 Methods 

The method of study is divided into: 

1) An experimental study for building materials was investigated by testing the mortar samples 

consist disposable diaper waste that are used for housing components such as walls and 

flooring. The application is designed to meet requirements for building materials based on 

Indonesian Standard (SNI).  

2) Housing design and prototyping by applying the materials requirements on experimental 

study. The housing design also consider minimum housing area based on Indonesian 

Standard and simulating prefabrication method for housing construction. 

 

6.2.2 Findings 

Determine Public Housing Standard in Indonesia 

To solve the housing backlog, Indonesian government improve policy to accommodate housing 

demands. The policy employs two approaches that are: supply-side approach, which was 

undertaken through larger supply of housing stocks by government and demand-side approach, 

through housing financing scheme [277]. The government also controls the maximum price for 

subsidized housing as shown in table 1 and the minimum size requirement is shown in Table 

57.  
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Table 57. Maximum Subsidized Housing Price for Landed Housing in 2016 – 2018 (In 

million Indonesian Rupiah)  [311]  

No Region 2016 2017 2018 

1 Java Island (except Jakarta, Bogor, Depok, 

Tangerang, Bekasi) 

116.5 123 130 

2 Sumatera Island (Except, Riau Islands and 

Bangka Belitung) 

116.5 123 130 

3 Kalimantan 128 135 142 

4 Sulawesi 122.5 129 136 

5 Maluku and North Maluku 133.5 141 148.5 

6 Bali and Nusa Tenggara 133.5 141 148.5 

7 Papua and West Papua 183.5 193.5 205 

8 Kep Riau and Bangka Belitung 122.5 129 136 

9 Jakarta, Bogor, Depok, Tangerang, Bekasi 133.5 141 148.5 

 

Table 58. Standard for Subsidized Housing in Indonesia [312] 

Standard per person (m2) Housing Area for 3 

persons (m2) 

Housing Area for 4 persons 

(m2) 

Minimum 7.2 21.6 28.8 

(Indonesia) 

9.0 

27.0 36.0 

(International) 

12.0 

36.0 48.0 

Based on the minimum housing subsidized requirements in Table 58, this study illustrate 

housing prototype design with housing area of 36 m2 and land area of 60 m2. 

 

Figure 61. Floor Plan of Housing Prototype of 36 m2 
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Figure 62. Isometric 3D Plan and Perspective View of Prefabricated Low-Cost Housing 

Prototype Design 

Determine the Formula of Disposable Diaper Waste Utilization for Building Materials  

Two ways approach can be used in utilizing disposable diapers as composite materials for 

concrete, first as filler or addition and second as replacement of fine aggregates in the concrete 

compounds. However, to decrease the weight of materials the second way is recommended. 

Thus, by replacing fine aggregates with disposable diapers, the formula is involved in Equation 

12. 

Following the formula, the experimental study had been conducted to measure the 

compressive strength of mortar which consist of water, fine aggregate, and Portland cement. 

The mortar standard of building is based on SNI 03-6882-2002 Mortar Specification for 

Building Materials, which the specification of mortar type is shown in  

Table 5. 

As a result, the experimental study revealed that the maximum replacement of mortar for 

utilizing as building materials based on SNI is 30% replacement of fine aggregates to 

disposable diaper and resulting compressive strength of 5.25 MPa. This maximum replacement 

is utilized for nonstructural component of building, such as partition and decorative wall. For 

maximum compressive strength, the replacement is limited to 5% and resulting 8.05 MPa and 

the utilization for building is also limited to structural wall or supporting wall in surface level 

and indoor. For more information, table 4 shows the results of experimental study. 
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Figure 63. Experimental Study of Mortar compounds and Comprehensive Strength Test 

Table 59. Experimental Result on Compressive Strength of Mortars and the Utilization 

Samples Strength (MPa) Utilization 

Normal Mortar 11.36 Load bearing wall 

MDD 5%  
8.05 Structural wall or supporting, surface level, 

indoor 

MDD 10%  6.79 Nonstructural wall or supporting, surface level, 

indoor 

MDD 15%  6.03 Nonstructural wall or supporting, surface level, 

indoor 

MDD 30%  5.25 Nonstructural wall, partition or decorative, 

indoor and outdoor 

MDD 50% 1.11 Not recommended for building components 

Note: 

MDD : Mortar with disposable diaper waste 

 

Based on the experimental study, the building components for housing is designed with using 

a maximum replacement of 30% and fits for nonstructural wall or partition for housing. While 

for flooring, it used 5% replacement with the highest compressive strengths and fits for 

structural elements. 

Prefabrication System on Housing Components 

As a principle, the prefabrication system has been known in developing countries for using 

local materials based on low technology processes and developed by small industries. It has 

been developed by simple modules, processes, and efficiency in servicing and delivery that 

supported the construction company to being more responsive and adaptable to the uncertain 

market housing on a low scale [313]. In Amerika and Canada, prefabricated housing is known 

as manufactured house that is supported by steel structure in following mobile home or caravan 

as dynamic housing that become the ancestor in almost four hundred years. It involves several 

procedures in manufacturing such as assembly the housing components off site construction 

location before the component installed in the site construction [314]. 
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Previous study that conducted by the authors [304], had proposed the utilization of plastic waste 

for wall panel and prefabrication method for construction with varies installation concepts. The 

studied estimate construction costs for propose prefabricated system by comparing three 

alternative designs that are construction by hollow steel as a frame, double C channel and in 

site construction. The study revealed that hollow steel frame with bolt connection is 

recommended due to more applicable and low cost compared to other designs.  

 

Figure 64. Comparative study of Installation and Connection Design of Prefabricated 

Wall Panel [304] 

By applying the same concepts, this study tries to elaborate disposable diaper waste for building 

material in form of panel with dimension of 60 x 60 and proposed to be utilized as wall and 

floor component of housing. The prototype housing design is illustrated as low-cost housing 

with housing area 36 m2 and land area 60 m2. The structure is developed by using rectangular 

hollow steel frame with the dimensions of column and beam of 10x10 cm and for panel frame 

dimension of 2x4 cm. Other buildings components such as roof structure is constructed with 

rectangular hollow steel frame with dimensions of 4x8 cm and roof sheet is covered with metal 

roof. The connection between all elements is using bolt connector.  
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However, the housing prototype design in this study does not include structural analysis 

comprehensively. Brief structural analysis conducted to estimate the safety of proposed 

structure and conclude that the structure has the largest deflection of 7.8 mm and is smaller 

than the maximum required deflection of 12.9167 mm. 

 

 

Figure 65. Schematic Diagram of Structural Analysis of Prototype Housing Elements 

 

Figure 66. Exploded Axonometry of Prefabricated Low-Cost Housing Prototype Design 
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Construction Cost of Housing Prototype Design 

In estimating construction cost of the design, there are some limitations that be considered due 

to the different technical aspects that involved several phases from clearing the site, 

construction stages to finishing stage such as coating and installation. In this study, the phases 

are not identified comprehensively but are limited to the assembly of upper housing 

components. The understructure of housing such as the foundation is outside of the calculation 

due to it is needed to elaborate more in terms of soil bearing capacity to determine foundation 

type and dimension. To interpret the findings and avoid bias, the scenario of construction cost 

is clearly stated in Table 60. 

Table 60.  Limitation Scenario for Construction cost of prefabricated low-cost housing 

prototype 

No Construction Phases Scenario 

1 Site work and foundation Site clearing, trimming, site measurement, soil works, 

foundation and other works related to site works and 

under structure are with lumpsum/common cost 

estimation 

2 Rough framing Column, beam, wall, roof, and other upper structures 

and building elements are included in the detail 

calculation 

3 Exterior construction The stage involves installing the windows, doors, 

siding, plaster work and painting are with 

lumpsum/common cost estimation 

4 Mechanical, Electrical, 

Plumbing (MEP) 

Lumpsum/ common cost estimation 

5 Interior construction Outside the calculation 

6 Hardscape and Landscape 

construction 

Paving and planting for outdoor aesthetic are outside the 

calculation 

 

Table 60 describe construction cost scenario in this study is only limited to site work and 

foundation, rough framing, exterior construction and MEP installation. Further for unit price 

analysis is only limited to rough framing due to this scenario is involved whole prefabrication 

process. While for other works is only estimated by lumpsum scenario. In addition, the price 
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analysis for housing construction is adjusted to Indonesian standards regarding unit price 

analysis, i.e.: 

1) SNI 2837:2008: The procedure for calculating the price of the plastering unit for the 

construction of buildings and housing [315] 

2) SNI 7394:2008: The procedure for calculating the unit price of concrete works for the 

construction of buildings and housing [169] 

3) SNI 7393-2008 - procedures for calculating the unit price of steel and aluminum work for 

the construction of buildings and housing [316] 

4) Regulation of The Minister of Public Works and Housing, Republic of Indonesia, Number 

28/PRT/M/2016: Guidelines for Unit Price Analysis on Public Work [317] 

The region for housing prices is also limited to Java Island, with a case of study in Bandung as 

an urban city in Java. This case of study is important to be decided because housing 

construction cost, price of materials and fee of labor is different by region. As a result, 

construction cost in this study is elaborated for prefabricated housing components with include 

wall panel and frame construction (Figure 67), floor panel and frame construction (Figure 68). 

Thus, the result of the construction cost for each component can be figured out in Table 61. 

Moreover, to capture comprehensive construction cost estimation, Table 62 shows the total 

cost of construction. 

 

Figure 67.  Isometric Wall Panel and Frame Construction 
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Figure 68.  Isometric Floor Panel and Frame Construction 

Table 61. Construction Cost of Prefabricated Low-Cost Housing Components per m2 

Components Unit  Unit Price  

1. Wall panel - Hollow Steel frame - Bolt connection: 

- Panel, t = 1.2 cm m2 148,566.34  

- Formwork m2 81,286.10  

- Hollow steel 2/4 - Bolt connection m2 235,033.16  

Total Unit Price 464,885.59  

2. Floor panel - Hollow Steel frame - Bolt connection: 

- Panel, t = 4 cm m2 151,198.84  

- Formwork m2 81,286.10  

- Hollow steel 4/8 - Bolt connection m2 284,383.16  

Total Unit Price 516,868.09  

3. Roof structure - Hollow Steel frame - Bolt connection: 

- Hollow steel 4/8- Bolt connection n m2 284,383.16  

- Metal cover m2 62,768.10  

Total Unit Price 347,151.26  

4. Column and Beam - Hollow Steel frame - Bolt connection 

- Hollow steel 10/10 - Bolt connection m 200,628.34  

Total Unit Price 200,628.34  
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Table 62 shows the total construction cost of housing prototype is IDR 120,047,728, which by 

related to housing price standard in table 1, the housing prototype is affordable.  

Table 62. Construction Cost of Prefabricated Low-Cost Housing Prototype with Area of 36 

m2 

Housing components Vol. Unit Unit Price (IDR) Total Price (IDR) 

1. Rough framing: 

- Walls 28.5 m2 464,886 13,249,239  

- Floors 36 m2 516,868  18,607,251  

- Roof structure and cover 62 m2 347,151  21,523,378  

- Columns 36 m 200,628  7,222,620  

- Beams 72 m 200,628  14,445,240  

2. Site work and 

foundation 
1 ls 20,000,000 20,000,000 

3. Exterior construction 1 ls 20,000,000 15,000,000 

4. Mechanical, 

Electrical, Plumbing 
1 ls 10,000,000 10,000,000 

Total Construction Cost 120,047,728 

 

6.3 Onsite Prototype Housing Construction 

6.3.1 Construction Principles 

In principle, the pre-fabrication method is used to solve construction speed problems. In the 

pre-fabrication method, several fundamental construction techniques are known, one of which 

is modular construction. The modular system is in a prefabricated position which is seen based 

on its grid. Following are the fundamental technical found and often used in pre-fabricated 

construction methods: 

Table 63. Fundamental Construction Techniques in Pre-Fabrication Methods [318] 

Prefabricated fundamental construction 

types based on: 

Explanations 

Building System Structural, facad, mechanical and electrical, 

space frame (wall, plafond, floor) 

Material Wood, steel, concrete, composite 

Method Manufacture, Prefabricated 

Product Made to stock, Assembled to Order, Made to 

Order, Engineered to Order 
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Prefabricated fundamental construction 

types based on: 

Explanations 

Class Open system, closed system 

Grid Axial, modular 

 

Modular system in principle is a construction system that works with modules or components 

and parts of a standardized system with the same dimensions and shapes and precision as a 

building component or part of a building. Concrete, brick can be called the smallest module, 

even a caravan is also a large module. The idea of modulation in the context and the proper and 

promising application of this term is that it can be applied not only as a building component 

but also in the design and application process [319]. Exploratory design method is used to 

explore the possibility construction and connection of the walls and floors  that may apply as 

simple as to be. Three alternative designs are proposed. First alternative is using hollow steel 

as a frame, the second one is using double C channel and the last is using in site construction. 

In site construction still must be considered because this conventional method still very popular 

in Indonesia. After the design was made, the quantitative method by calculating budget 

estimation for construction will be a comparative study for the designs. For further information 

of research framework is showed in the fig. 7. In addition, to estimate construction budget is 

used Indonesian National Standard (SNI): The procedure for calculating the unit price of work 

for the construction of building and housing. This standard is very specific in calculating 

building components, for example they have different calculation for plastering, concrete, wall 

etc., while for the panels itself, it requires an adjustment in the calculation. This adjustment is 

conducted by finding the calculation prices of similar building component. In this case, the 

calculation closed to plastering standard analysis. Connection between materials and hollow 

steel is used bolt connection with diameter of ½ inch. It is applied on each corner of panels, 4 

pieces of bolt for a module. 
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Table 64. Alternatives Design Construction 

Alternative Construction design Section 

Rectangular 

hollow – bolt 

structure 

 

 

C channel – 

bolt structure 

 
 

On site 

construction 

 

 

 
 

 

Afterwards for second alternative with using C channel steel with dimension C 5 x 3 cm for 

frame and using double C channel with dimension C 10 x 5 cm, and for connector is bolt 

diameter ½ inch. The construction is mutual with hollow construction, the differences is only 

at its frame material. While the last one by using in site conventional construction such as 

concrete casting work which uses formwork. for this method the module is made wider with a 

size of 2.4 x 1.2 m. Frames are placed every 60 cm. The construction is carried out like concrete 

casting in general, that is, the formwork is placed as a casting with a thickness of 2 cm 

(according to the thickness of the panel). After that the panel mortar is inserted into the 



157 
 

formwork until it hardens or reaches the setting time. After hardening, tighten the bolts in each 

frame. This conventional method more flexible, frame can be used from rectangular hollow, c 

channel, concrete or even wood. For the formwork also can be used wood formwork, aluminum 

formwork or PVC formwork, but wood formwork is still more familiar in Indonesia. 

Cost Estimation of Alternatives Construction Design 

As explained earlier, the price analysis for construction is adjusted to Indonesian standards 

regarding unit price analysis, i.e.: 

1) SNI 2837:2008: The procedure for calculating the price of the plastering unit for the 

construction of buildings and housing [315] 

2) SNI 7394:2008: The procedure for calculating the unit price of concrete works for the 

construction of buildings and housing [169] 

3) SNI 7393-2008 - procedures for calculating the unit price of steel and aluminum work for 

the construction of buildings and housing. [316] 

Based on Table 65, it showed the comparison of unit price construction with several alternatives. 

The analysis was included labors fee based on Jakarta rate fee for labors. In Indonesia, there is 

a difference rate fee for labors that it’s depended on regulation of local city government. As 

shown in Table 65, the main structure is excluded from calculation and the highest rate is Cast 

in site construction - Hollow steel frame. This happened due to wood formwork that used in 

site construction need more material. While the lowest rate is C Channel Steel frame- Bolt 

Construction. In this case, while the main structure calculation is included, the price will rise 

due to C channel for main structure is using double frame (double C channel) and the price will 

be the highest. C channel also has an issue of its easy to build due to the inertia of the section. 

This study also compares construction with conventional clay bricks. Compared to 

prefabricated construction, the conventional one is still pricey.  

Table 65. Comparison of Unit Price Analysis Construction Design 

No Construction Design Components Unit Price 

(IDR) 

1 Hollow Steel frame - Bolt 

Construction 

1 m2 PCP, t = 2 mm 148,566.34 

  1 m2 Wood Formwork 81,286.10 

  1 m2 Hollow steel - Bolt 

Construction 

235,033.16 

  Total Price 464,885.59 

2 C Channel Steel frame- Bolt 

Construction 

1 m2 PCP, t = 2 mm 148,566.34 

  1 m2 Wood Formwork 81,286.10 
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No Construction Design Components Unit Price 

(IDR) 

  1 m2 C channel steel - Bolt 

Construction 

190,583.16 

  Total Price 420,435.59 

3 Cast in site construction - 

Hollow steel frame 

1 m2 PCP, t = 2 mm 148,566.34 

  1 m2 Wood Formwork 81,286.10 

  1 m2 Hollow steel - Bolt 

Construction 

210,108.60 

  Total Price 593,708.09 

4 Cast in site construction – C 

channel steel frame 

1 m2 PCP, t = 2 mm 148,566.34 

  1 m2 Wood Formwork 81,286.10 

  1 m2 C channel steel - Bolt 

Construction 

190,583.16 

  Total Price 549,258.09 

5 Conventional Clay Bricks 

Construction 

1 m2 Clay Bricks 183,445.00 

  1 m2 Sand-cement -Plastering – two 

side 

214,553. 36 

  1 m2 Cement -Plastering- two side 114,226.28 

  Total Price 512,266.28 

 

6.3.2 Preliminary Design 

Table 66. Preliminary Design on site prototype housing construction [320] 

Design Figures 

 
Floor plan and 
roof plan 

 
                       Floor plan                                               Roof plan 
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Design Figures 

 
Front elevation 

 
Right side 
elevation 

 
A Section 

 
B Section 
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Design Figures 

 
3D view 

 
 

 

6.3.3 Rough Simulation on Structural Analysis 

Basic Structure Planning 

The planning of a structural building is carried out using certain principles and assumptions 

that have been determined and explained in regulations and literature references which are 

continuously refined to date. This section will explain the assumptions and rules that will be 

used in this planning. 

Standard Guideline 

1. SNI 2847:2019 Structural Concrete Requirements for Buildings [321] 

2. SNI 1729:2015 Specifications for Structural Steel Buildings [322] 

3. SNI 1726:2019 Earthquake Resistance Planning Procedures for Building and Non-

Building Structures [323] 

4. SNI 1727:2013 Minimum Load for the Design of Buildings and Other Structures [324] 

5. SNI 8460:2017 Geotechnical Design Requirements [325] 

6. 2017 Earthquake Hazard Source Map [326] 

Structure overview 

The building being built is a 1-storey building. The structural system of this building uses a 

special moment-bearing frame structure. The supporting elements of the main structure, 

namely beams and columns, are made of reinforced concrete as well as secondary structures 

such as slabs made of reinforced concrete. 

Dead Load 

Dead load is the weight of all building construction materials installed, including walls, floors, 

roofs, ceilings, stairs, fixed partition walls, finishing, building cladding and architectural 

components and other structures and other equipment installed including the weight of the 

crane. 
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Table 67. Self-weight of building materials and building components [324] 

Building Material   

Steel 7850 kg/m3 

Concrete 2200 kg/m3 

Reinforced Concrete 2400 kg/m3 

Building Components   

Mixture, per cm thick   

- From cement 21 kg/m2 

- From lime, red cement or tras 17 kg/m2 

Asphalt, including mineral additives, per cm thick 14 kg/m2 

Red masonry walls:   

- One stone 450 kg/m2 

- Half stone 250 kg/m2 

Concrete brick walls:   

Hollow   

- wall thickness 20 cm (HB 20) 200 kg/m2 

- wall thickness 10 cm (HB 10) 120 kg/m2 

Solid   

- wall thickness 15 cm 300 kg/m2 

- wall thickness 10 cm 200 kg/m2 

Ceilings and walls (including ribs, without hangers or stiffeners), consisting 

of: 

  

- asbestos cement (plasterboard and other similar materials), with 

thickness maximum 4mm 

11 kg/m2 

- glass, 3-4 mm thick 10 kg/m2 

Ceiling hanger (of wood), with maximum span 5 m and a minimum 

distance of 0.80 m 

7 kg/m2 

Tiled roof covering with battens and rafters, per m2 roof area 50 kg/m2 

Corrugated zinc roof covering (BWG 24) without ridge 10 kg/m2 

Floor covering of portland cement tiles, terrazzo, and concrete without 

mix, per cm thick 

24 kg/m2 

Wave asbestos cement (5 mm thick) 11 kg/m2 

 

Live Load 

Live loads are loads caused by users and occupants of buildings or other structures that are not 

included in construction loads and environmental loads, such as wind loads, rain loads, 

earthquake loads, flood loads or dead loads. 

Table 68.  Minimum evenly distributed live load [324] 

Building Category and Utilization Uniform 

(kN/m2) 

Centralized 

(kN) 

Apartment (see house)   

Dining room and restaurant 4.79  

Residential (see house)   
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Hospital   

Operation room, laboratory 2.87 4.45 

Patient room 1.92 4.45 

The corridor above the first floor 3.83 4.45 

Hotel (see house)   

Factory   

Light 6.00 8.90 

Heavy 11.97 13.4 

Office Building   

File rooms and computers must be designed for a moderate load 

heavier based on estimated occupancy 

  

First floor lobby and corridors 4.79 8.90 

Office 2.40 8.90 

The corridor above the first floor 3.83 8.90 

House   

One family and two-family house   

An uninhabitable attic without a shed 0.48  

Uninhabitable attic with shed 0.96  

A livable loft and sleeping area 1.44  

All spaces except stairs and balcony 1.92  

All other dwelling houses   

Private rooms and corridors serving them 1.92  

Public spaces and corridors serving them 4.79  

School   

Classroom 1.92 4.5 

The corridor above the first floor 3.83 4.5 

First floor corridor 4.79 4.5 

Stairs and exit 4.79  

Warehouse above the ceiling 0.96  

Warehouse for storing goods before distribution to retailers (if 

anticipated to be a storage shed, shall be designed for heavier 

loads) 

  

Light 6.00  

Heavy 11.97  

Shop   

Retail   

First floor 4.79 4.45 

Floor above 3.59 4.45 

Wholesale, on all floors 6.00 4.45 

 

Each section of a roof is designed to be capable of withstanding the load of all collected 

rainwater when the primary drainage system for that section is closed plus the uniform load 

caused by rising water over the inlet of the secondary drainage system in the design flow. 

R = 0.0098(ds + dh )     (SNI 1727 Psl. 8.3) [324] 
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Which 

R = rainwater load on non-deflected roof (kN/m2) 

ds = depth of water on the non-deflected roof increases to the inlet of the secondary drainage 

system when the primary drainage system is closed (mm) 

dh = additional water depth on non-deflected roof above inlet of secondary drainage system at 

design water flow (mm) 

Earthquake Load - Spectra Response Analysis 

Earthquake load is the load acting on a structure because of ground movement caused by an 

earthquake (be it a tectonic or volcanic earthquake) that affects the structure. The earthquake 

resulted in a load on the structure due to the interaction of the soil with the structure and the 

response characteristics of the structure. 

Spectral response is a spectrum that is presented in the form of graphs/plots between the period 

of vibration of the structure (T), versus the maximum responses based on certain damping and 

earthquake ratios. Maximum responses can be the maximum displacement (spectral 

displacement, SD), maximum velocity (spectral velocity, SV), or maximum acceleration 

(spectral acceleration, SA) of the structural mass with a single degree of freedom (SDOF). 

Loading Combination 

Structures, structural members and foundation elements shall be designed so that their design 

strength equals or exceeds the effect of factored loads in the following combinations: 

1.  1.4D 

2. 1.2D +1.6 L+ 0.5 ( Lr or R) 

3. 1.2D +1.6 ( Lr or R) + ( L or 0.5W ) 

4. 1.2D +1.0W + L + 0.5 ( Lr or R) 

5. 1.2D +1.0E + L 

6. 0.9D +1.0W 

7. 0.9D +1.0E 

Which 

D = Effect of dead load 

L = Effect of live load 

Lr = Effect of roof live load 

R = Effect of rainwater load 

W = Effect of wind loads 

E = Effect of earthquake loads 

 

 

Table 69. Summary Rough Structural Analysis on site prototype housing construction [320] 

Structural Analysis Figures 
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Permit Deflection = 

L / 240  

L= 3,1 m,  3100⁄240 

= 12.9167 mm 

Simulation = 7,8 mm 

(passed) 
  

Forces in structure 

as a reference in the 

steel/metal design 

process. 

  

3D View, Moment        3D View, Shear          3D View, Axial 

Mode shape 

Movement of 

structures due to 

earthquake 

   

The influence of live 

loads and dead loads 

Regular units 

  

      Dead loads                            Live loads 

Combination units 

  

      Dead loads                            Live loads 

Check failure 

(Stress/Capacity) 

The structure passes 

the check design and 

has a PMM Ratio in 

the range of 0.00 to 

0.50. 
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6.3.4 Documentation of Prototype Housing Construction  

 

Table 70. Construction process on site prototype housing construction [320] 

Construction Steps and Process Figures 

Preconstruction 

Laboratory simulation for construction system 

The prototype building structure system uses a 

knock down system with a nut and bolt connection 

and a frame made of hollow iron. This knock down 

system is very suitable because it can save 

construction time in the field. In procuring the 

structural frame, the researcher collaborated with a 

third party who has experience in building 

construction work. 
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Construction Steps and Process Figures 

The architectural elements are designed by panel 

form with dimension 60x60 cm, thickness 1 cm and 

5 cm. This panel is used for walls and floors. 

  

   
 

On Site construction 
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Construction Steps and Process Figures 

Site survey and treatment 

- Looking for suitable land for prototype 

development 

- Provides an overview of land conditions and the 

variables involved in making structural and 

architectural designs based on real conditions in 

the field. 

   

   
on site building material components 

manufacturing by low technology 
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Construction Steps and Process Figures 

  
On site panel components casting 

   
Final products of panels 
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Construction Steps and Process Figures 

Frame and structural connection 

   
Constructing panel components and structural 

frames 
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Construction Steps and Process Figures 

Final products: on site prefabricated housing 

prototype 
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6.4 Conclusion 

The alternatives construction design of the prototype housing can be constructed to all 

possibility proposed design. In order to achieve the efficiency and effectiveness of construction 

process, prefabrication - Hollow Steel frame - Bolt Construction is recommended. This 

recommendation does not only consider construction price, but also construction speed and 

easy to build. For further study the structural analysis on frame structure and connection, needs 

to conduct to give the best alternative solution based on design and structural analysis. 

This chapter also proposed alternative building materials for housing components by utilizing 

disposable diaper waste as a composite panel for walls and flooring. The experimental study 

reveals positive results in terms of compressive strength where the panel composite meets the 

required standard of building materials. Then by proposing the construction system of the 

panels, the study figures out a housing design prototype to be constructed in the prefabrication 

method. The structure of construction by utilization of rectangular hollow steel also gives 

benefits in terms of structural analysis where the deflection does not exceed the maximum and 

in terms of construction cost, the system is also more affordable compared to housing price 

standard. Based on the findings, the proposed housing prototype design becomes more 

applicable and can be implemented by constructing the prototype on the site by prefabrication 

system. 
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Chapter 7 

 

Evaluation 

 

7.1 Evaluation on Laboratory Experiment  

 

The findings of compressive strength in concrete indicated that for high strength, the optimum 

replacement of sand by disposable diaper is 10% (20 MPa) in utilizing for structural element 

of building such as beam and column or infrastructure such as road for low load bearing 

capacity. For the maximum replacement is 27% (10 MPa) disposable diaper is reaching the 

lowest standard in application on building materials, but still applicable for structural element 

to bear the low load bearing capacity of single housing. However, more that 27% is not 

recommended for structural element of building but still applicable for non-structural element 

such as walls. This application also has limited to maximum 40% of disposable diaper, where 

exceed this number, the application is no longer meet requirements of building materials 

standards. In the findings of mortar, the highest compressive strength is in optimum 

replacement of sand by 9% disposable diaper (8.5 MPa) and the lowest strength is 40% of 

disposable diaper (2 MPa). The application is applicable to all levels of walls element (Level 

1 to IV) and only level D (the lowest level) of floors element, respectively.  



173 
 

Based on the result and finding of this study, in terms of compressive strength is confirmed 

that the more disposable diapers take a part in replacing the sand, the more compressive 

strength is decreasing. Similar with the others findings that the SAP inside the compound 

increases the number of macroscopic pores in the matrix, resulting in a decrease in the 

mechanical properties of cement-based materials [54] [55]. Water intake increases the number 

of capillary pores, leave a significant number of voids in the cementitious matrix after it has 

hardened caused reduce the mechanical properties [47]. However, to enhance the mechanical 

properties, some studies suggest for the addition of fibers or additives [69]. 

Furthermore, other findings on properties are density of concrete increase as the amount of 

disposable diapers increase. Also, the replacement of sand by disposable diaper in amount of 

from 25,8% is considered as lightweight concrete. This finding is expected that the materials 

can be proposed as earthquake resistant for buildings. Similar to the water absorption of the 

compound in concrete as well increasing simultaneously by the increasing of disposable diaper 

in compound. It found that 1% of replacement sand by disposable diaper boost the demand of 

7% additional of water. In line with other studies, the water demand has become a major 

concern in using SAP to concrete because it decreases water-cement ratio [52] which will 

influence to decrease slump value and workability. To prevent the more demand of water the 

study conducted improvement on mechanical properties of concrete by adding super plasticizer 

made from rice husk and it found that the addition of superplastisizer can improve slum value 

and workability of concrete with no effect to compressive strength. Other improvement also by 

boiled or presoak the disposable diaper (in SSD condition) to prevent the water absorption. The 

result indicates that presoak can stabilize the density of mortar and prevent more water 

absorption. The finding also confirms previous studies that found that presoak Pre-soaked SAP 

could improve the static stability and passing ability and prevent the addition of water to 

compound and increase the slump of concrete [39] [34].  

Thus, in summary the findings on properties of material can be addressed in Table 71. However, 

although the findings in this study confirm similar findings to others, there are some different 

cases in terms of SAP. Most of the study incorporate with SAP, are only use SAP not a whole 

disposable diaper. Despite, this study case is not only using SAP, but also whole disposable 

diaper that consist of pulp, polypropylenes and polyethylene as a part of disposable diaper may 

have influence on the mechanical and physical properties of composite materials. For instance, 

the study [327] conducted pulp as shredded wastepaper (SWP) in concrete compound revealed 

that the slump and splitting tensile strength of the concrete increase up to 10% addition due to 
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it has higher cellulose, average fiber length, proportion of medium and long fiber contents. 

However, it decreased gradually at higher than 10% addition of SWP and concluded that 

generally, 5% to 10% addition of SWP is the most suitable mix proportion [327]. In addition, 

other study that incorporates polypropylenes (PP) to mortar conclude the fibers are commonly 

used to restrict early shrinkage and control micro-crack propagation in mortars but increased 

porosity along with reduction in mechanical properties [69]. The study also explored 

application of SAP and PP of 20% improvement in compressive strength, increases the 

resistance of mortar to water penetration by up to 60%  [69]. Furthermore, polyethylene (PE) 

also takes an important part in properties of materials in this study that doesn’t explore more. 

However, previous study conducted the addition of PE fibers to the concrete mix conclude that 

although it had a slight increase in the compressive strength and 22% reduction in the porosity, 

the tensile strength is one of the main advantages and demonstrated an excellent capacity for 

controlling cracks in concrete [328].  

Table 71. Summary on properties of concrete and mortar with disposable diapers 

Properties 
% replacement of 

sand 
Findings Evaluation Application 

Compressive 

strength 

Decrease as the diapers increase 

• Concrete 10% 20 MPa Medium strength Beam and column for 

maximum 3 floors of 

housing  
Up to 27% 10 MPa Low strength Beam and column for 

single story housing  
More than 27% below 10 

MPa 

Not recommended Non-structural element 

• Mortar 9% 8,5 MPa Low strength Paving block lowest level 

(D level) – road with low 

load bearing capacity  
Up to 40% 2 MPa Non-structural All level of walls (I to IV 

level) with no load 

bearing capacity 

Density Decrease as the diapers increase 

• Concrete From 25,8% 1748,15 

kg/m3  

lightweight 

concrete  

Expected to earthquake 

resistant 

Water 

absorption 

Increase as the diapers increase 

• Concrete 1% 7% 

additional 

water 

✓ Decrease slump 

value.  

✓ Decrease 

workability. 

Depends on the utilization 

in construction field, it 

may be applicable for 
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Properties 
% replacement of 

sand 
Findings Evaluation Application 

✓ Not good for 

area with water 

shortage 

✓ Need water 

reducer additive 

construction which need 

lower slump value 

7.2 Evaluation on Environmental Impact Assessment  

Environmental impact on comparative study between waste treatment of disposable diapers 

concludes that carbon emissions of disposable diapers in recycling treatment is the lowest 

compared to others waste treatments. By comparing to common waste treatment, the recycling 

of 1 kg disposable diapers is estimated to be less than 0,86 kgCO2 to co-firing, 1,02 kgCO2 to 

incineration and 2,17 kgCO2 to non-recycling/landfilling. As it showed in Table 72, the eco-

costs in recycling treatment also have the lowest compared to other waste treatments. In 1 kg 

of recycling disposable diaper can reduce environmental burden to less than 2,69 Euro to co-

firing, 3,52 Euro to incineration and 7,56 Euro to non-recycling/landfilling. The result of this 

findings also confirms the argument of recycling the organic material that is contained in used 

diapers offers an appealing alternative for the management of both waste and resources [27].  

Moreover, Table 73 shows the comparison of environmental impact between concrete with 

disposable diaper, regular concrete, concrete wit PET and concrete with sawdust. The results 

reveal that in term of carbon emission and eco-costs, concrete with disposable diaper has the 

lowest compared to others. Carbon emission in 1 m3 concrete consisting of disposable diaper 

is less than 13,27 kgCO2 to concrete with PET, 30,21 kgCO2 to concrete with sawdust and 

30,45 kgCO2 to normal concrete. This result is in line with the eco-costs where in 1 m3 concrete 

consist of disposable diaper can reduce environmental burden less than 1,32 Euro to concrete 

with PET, 6,47 Euro to concrete with sawdust and 11,03 Euro to normal concrete. Based on the 

database used, recycling credit for non-degradable materials has become a value that makes 

disposable diaper has a lower impact on carbon emissions and eco-costs. The harder materials 

being degradable by nature the bigger recycling credit given. Compared to sawdust, recycling 

credit is lower than PET and disposable diapers due to sawdust can be easily degradable by 

nature without needing to be recycled. 

However, in embodied energy calculation, compared to normal concrete and concrete with 

sawdust, concrete with disposable diaper has higher embodied energy up to 817,79 MJ and 
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417,36 MJ, respectively. This phenomenon happened due to the energy of production process 

of disposable diaper that already embedded to the product, and it can’t be reduced after 

processing.  There is no other way to reduce embodied energy from a manufactured product, 

as the energy of the process has already been incorporated into the product. The embodied 

energy should be considered during the planning phase. When a product has already been 

manufactured, the best course of action is to minimize its environmental impact upon 

degradation. Instead, concrete with PET has the highest embodied energy among others which 

is means that in the production process, PET demand highest energy and leads to highest 

embodied energy during life cycle. 

Table 72. Environmental impact of recycling disposable diaper compared to common waste 

treatment of disposable diaper 

Environmental Impact Co-firing Incineration Non-recycling/landfilling 

Carbon Emission (kgCO2) > 0,86 > 1,62 > 2,17 

Eco-costs (Euro) > 2,69 > 3,52 > 7,56 

Table 73. Environmental impact of concrete with disposable diaper compared to similar 

materials 

Environmental Impact Regular concrete Concrete with PET Concrete with sawdust 

Embodied Energy (MJ) < 817,79 > 20,73 < 417,36 

Carbon Emission (kgCO2) > 30,40 > 13,27 < 30,21 

Eco-costs (Euro) > 11,03  > 1,32 > 6,47 

However, in the process of calculating the environmental impact there are some limitations that 

did not include such as:  

- the separation process of waste disposable diaper to others household waste that may 

require time and labor. 

- the washing process of waste disposable diaper that requires water and other sanitizing 

additives to remove dirties may require additional costs. 

- the drying and shredding process need machine or tools and labors and may require the 

energy to operate the machine and costs for labors 

- the standard and database using European Standard may different with other countries in 

term of database. 

In previous study, those limitations also argued by [4] that in recycling process there are some 

limitations such as the requirement for additional costs, health concerns for workers who are 
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constantly exposed to waste and feces. By considering the limitation, the calculation of 

environmental impacts may not be too significantly lower compared to others waste treatment. 

Further study in elaborating the detail process and indicators should be addressed more to prove 

the environmental benefits of recycling disposable diapers. Due to the limitations, this study 

could give suggestion for waste treatment to maximize waste treatment on disposable diaper 

such shows in Figure 69.  

 

Figure 69. Suggested waste treatment scheme for disposable diaper 

7.3 Evaluation on Construction System 

The optimum application depends on the design of the building element. In this study the 

design scenario was determined by designing unit area of housing for minimum capacity. In 

Table 74 it summarized evaluation of the applications in housing where optimum application 

on all housing element of single floor with area of 36 m2 can utilized 1,73 m3 of disposable 

diaper. In addition, maximum application for low-rise building (3 floors) with unit area of 36 

m2 in total 15 unit can utilize 4,23 m3 of disposable diaper. However, for mid to high-rise 

buildings, it is only limited to application for walls and floors where for 36 m2 area of housing 

can utilize 1,62 m3 of disposable diaper. Thus, in utilization for infrastructure, the ooptimum 

application is for pedestrian road pavement and road with low load bearing capacity. The 

amount depends on width and length of road and depth of layer. In this study the sample of 

design was determined: road with 120 cm width, length 1000 m and depth of layer 25 cm (total 

2500 m3), with optimum replacement 27%, it can reduce 215,75 m3 of the waste. 

In rough evaluation, to optimize the utilization of disposable diaper as part of composite 

materials, the application for infrastructure is more promising than for housing. This evaluation 

due to some reasons. First in term of capacity, road application can accommodate optimum 
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capacity due to the demand for road is higher than for housing. Second in terms of hygiene of 

materials, the materials in this study need to elaborate more. Due to the dirties that embedded 

in the waste may influence to indoor quality of housing. In contrast with roads or pedestrian 

where it is placed outdoors, the hygiene may not give too significant an impact for people. And 

last, in term of workability in construction, materials for building is harder to placed due to 

different design or  

Table 74. Evaluation on application on building and infrastructure 

Application on 

building/infrastructure 

Element of 

building/infrastructure 

Scenario 

design/area 

Estimated amount 

of waste 

Building    

Single house Beam, column, wall, and 

floors 

36 m2 1,73 m3 

Low-rise building Beam, column, wall, and 

floors 

36 m2 per unit of 

15 units, 

maximum 3 floors 

4,23 m3 of 3 units 

vertically 

Mid-rise building wall, and floors 36 m2 per unit 1,62 m3 

High-rise wall, and floors 36 m2 per unit 1,62 m3 

Infrastructures    

Road pavement Pedestrian/road with 

low load bearing 

capacity 

- Width = 120 cm 

- Length =1000 m 

- depth of layer = 

25 cm 

- total 2500 m3 

215,75 m3 

Others Others infrastructure 

element with low load 

bearing capacity 

Depends on 

utilization with 

optimum strength 

of 20 MPa 

Optimum 10% up 

to 27% to replace 

the sand 

As a result, the findings on application were then elaborated in a real construction system. In 

this study the construction system is proposed prefabrication method. The primary difference 

between prefabricated and conventional construction is the way in how building components 

are assembled.  Traditional construction only assembles and constructs the building on-site 

using building components. On the construction site, foundations, walls, and roofs are 

constructed, among other components. In prefabricated construction, building components 

(also known as "modules") are assembled in a factory under strict quality and safety controls 

before being transported to the construction site. Interior and exterior finishes can be 

constructed using modules. The components are then transported to the construction site, 

secured to the existing foundation, and assembled on schedule. It is well known that modular 

construction is a more environmentally friendly construction method than conventional 

construction. Using sustainable modules, prefabricated construction reduces a building's 
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carbon footprint. Compared to conventional construction, modules utilize materials more 

efficiently, are more cost-effective, and produce less waste. 

Table 75. Observation on construction time and costs by prefabrication method 

Construction time and costs by prefabrication 

method 

Observation 

1 module of frame (3 x 3 m) 7 days 

Total modules of frame for 36 m2 30 days 

1 panel until ready to install 24 hours in dry weather, 48 hours in wet 

weather 

Installment all elements (36 m2) 28 days (8 working hours) 

Labors 3 people 

Estimation construction time for 36 m2 2 months 

Limitation of construction cost - The cost is limited to ready materials, 

not including the processing. 

- The cost of diapers treatment such as 

collecting, washing, and shredding is 

also not included 

 

As it observed in Table 75, the housing prototype in this study can be constructed in 2 months 

from the preparation of materials until finishing. Also, for construction cost, the price of 

housing can accommodate price for low-costs housing which means the housing prototype is 

affordable for low-income households. However, it should be noted that the cost is limited to 

ready materials, not including the processing of diapers treatment such as collecting, washing, 

and shredding. It means that the cost could be similar or higher depending on the cost of diapers 

treatments. In this study the treatment of waste is cost zero due to all the process is conducted 

individually by author and research teams. 

In addition, by comparing the construction method in Table 76, proposing prefabrication 

method is promising in term of to cut the price of construction, time and labours. Also the 

construction process is completed off-site in a controlled indoor environment to avoid outdoor 

risks. In contrast with conventional methods where various building components, labor time, 

labor shortages, weather conditions, and other unknown variables can lead to rising costs and 

the quality of materials hard to determine, depending on labors experience. By design the walls 

and floors in panel system, it is also confirming previous studies that precast sandwich panel 

system faster than conventional method of construction [329]. However, it also offers some 

limitation such as there are design restrictions associated with modules and high initial cost for 

machine and tools. Which means that prefabrication method may offers high or low cost, it 

argued that in some cases the cost of prefabricated construction projects is greater than that of 
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conventional construction projects, primarily as a result of stricter code requirements for 

prefabricated construction projects, which result in a higher input level of resources, higher 

consumption, and a greater cost of construction materials and precast concrete components 

[330]. 
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Table 76. Evaluation on construction method by conventional and prefabrication method 

Construction Method Conventional Conventional with diapers 

materials 

Prefabrication Prefabrication with diapers 

materials 

Housing Area 36 m2 36 m2 36 m2 36 m2 

Average Price (IDR)* 130,000,000 143,000,000** 120,047,728 132,052,500** 

Time (months) 4 5 2 3 

Labors (people) 4 5 3 4 

Advantage - Adaptable to custom 

design because on-site 

construction is utilized. 

- No need initial cost for 

advanced machine and 

tools 

- Similar to conventional 

method 

- The additional of 

environmental value on 

recycling disposable 

diaper 

- 90% of the construction 

process is completed off-site 

in a controlled indoor 

environment to avoid 

outdoor risks. 

- reduce construction time and 

labors 

- Similar with 

prefabrication method 

- The additional of 

environmental value on 

recycling disposable 

diaper 

Limitations - The quality of materials 

hard to determine, 

depends on labors 

experience. 

- Various building 

components, labor time, 

labor shortages, weather 

conditions, and other 

unknown variables can 

lead to rising costs. 

- Similar to conventional 

method 

- The additional limitation 

is cost, time and labors on 

processing the materials 

- There are design restrictions 

associated with modules. 

- High initial cost for machine 

and tools 

 

- Similar with 

conventional method 

The additional limitation 

is cost, time and labors 

on processing the 

materials 

Notes: 

- *Average price for low-cost housing in Bandung in 2018, others area may different 

- *Price in Indonesian Rupiahs (IDR) 

- ** Additional cost on processing the disposable diaper is estimated to 10% from the cost of construction 
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Chapter 8 

 

Conclusion and Recommendation 

8.1 Conclusion of the Study 

1. In analyzing the mechanical properties of concrete and mortar consist of disposable diapers, it 

concluded that: 

1) In terms of mechanical properties, the utilization of disposable diaper as part of concrete 

and mortar is visible for certain proportion. By replacing the sand, the disposable diaper 

can be used for concrete component up to 10% for structural elements of building for 

highest compressive strength and no more than 27% for the lowest compressive strength. 

For mortar as structural element is up to 9% replacement sand and no more than 40% for 

non-structural element. The replacement of sand both for concrete and mortar shall be no 

more that 40% for non-structural element. More than 40% is not recommended in using 

for building materials. 

2) The density of materials for both concrete and mortar consist of disposable diaper is lower 

than the normal material. For concrete from 25,8% replacement sand, can be considered 

as lightweight concrete. 

3) To enhance the workability of concrete, water addition is needed in mix design. By 

replacing sand with disposable diaper, 1% replacement demand for 7% additional of water. 
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It also means that, in slum test, concrete with disposable diaper has lower value of slum 

with similar water-cement ratio. 

4) To prevent the demand of water in mix design, addition of rice husk ash-based plasticizer 

significantly increase its slump value nearly by double for each addition of disposable 

diaper to concrete without significantly reduce compressive strength. In addition, by 

boiling or soaking the diapers, it also can prevent the addition water in mix design. 

2. In analyzing the environment impact by comparing to common waste treatment and similar 

materials, it concluded that: 

1) In terms of waste treatment, recycling disposable diapers has the lowest carbon emission 

and eco-costs compared to land filling, co-firing and incineration. 

2) In terms of similar materials, concrete with disposable diapers has the lowest carbon 

emission and eco-costs compared to regular concrete, concrete with PET and concrete with 

sawdust. However, concrete with diapers has higher embodied energy compared to regular 

concrete and concrete with sawdust, but lower than concrete with PET. 

3) In calculating embodied energy, carbon emission and eco-costs, several databases could be 

used as main data such as ICE Bath, IDEMAT and Eco-Invent. Those databases basically 

are derived from the European standard that may the calculation for this case study is 

uncertainty. The limitation in calculating environmental impact should be considered as a 

part of the calculation scenario. The limitation is for example in transportation, fuel 

extraction and disposal process. Although the method includes uncertainty, this is useful 

when case-specific data is unavailable, such as in countries where the data inventory is not 

available.  

3. In analyzing the influence factors on source of disposable diapers, it concluded that: 

1) Parameters to calculate waste capacity for disposable diapers is age population of 0-4 years, 

frequency of changing diaper and mass of diaper. 

2) Parameters to be considered for replacement of concrete component by waste materials, 

especially disposable diapers is density of materials, mass of materials and percentage of 

replacement. 

4. In estimating the utilization of materials for construction industry, it concludes that: 

1) The application of the results in this study can be implemented as building materials and 

infrastructure. For building materials, the single housing can accommodate all the 

applications such as for beam, column, walls, and floors. For low-rise buildings up to 3 

floors, the materials can be implemented to beam, column, walls and floors depending on 
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the structural analysis in each floor. Thus, for mid to high-rise is only applicable for 

architectural and non-structural element such as walls and floors. For infrastructure 

materials, it can be implemented for pedestrians or roads with low load bearing capacity. 

2) The proposed construction system by prefabrication reveals that the method is promising 

in terms of time and cost compared to conventional method. Also, the price of housing 

construction is similar to low-cost housing which means it is affordable for low-income 

people to adopt. However, the limitation on initial cost in providing machines and tools to 

produce the materials is excluded in the calculation. 

8.2 Recommendation for Future Studies 

1. The mixing process of concrete using diapers is important to make the compound well 

distributed. The recommendation to mix is sand, gravels and Portland cement put all together 

then mix them. After the compound blends well, add the disposable diaper to the first compound 

and mix them. Then after all the ingredients are blended well, add the water, and mix it. 

Additional of water for the compound need to consider at the mixing design to ensure the water-

cement ratio.  

2. The particle size of disposable diaper was not uniform distributed due to the shredding/cutting 

process using manual, so it’s hard to cut in similar size. It may influence the distribution of 

materials in concrete components. The need for machines to shred the waste is also crucial to 

produce on a large scale, due to low technology only being able to approach small-scale of 

materials production. The innovation of shred machines for such materials can be challenging 

to solve and invent.  

3. Waste treatment for disposable diapers is important in terms of hygiene and the healthy factor 

of materials. Future study needs to address this limitation to ensure that the materials are visible 

to produce in large scale. 

4. Due to the existing various building rules and regulations only limited to conventional building 

materials, the role of government in regulating such materials needs to be opened. The 

involvement of stakeholders and waste treatment mechanisms need to be explored more to fill 

the gap.  

5. The materials need to be evaluated in more detail in terms of technical construction, cost, and 

housing price. This evaluation is proof to propose the materials in the financial mechanism of 

housing. 

6. In calculating environmental impacts, regional or local database is better to use to ensure the 

significant result.  
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Appendix Table 1. Mud content test for fine aggregates 

 

 

Appendix Table 2. Specific gravity and water absorption for fine aggregates 

 

 

 

 

 

 

1 2

Cup weight 10,21 10,15 g

Sand before washing (oven dried) (A) 100 100 g

Sand before washing  (oven dried)(B) 95,81 94,78 g

Mud content   4,19  5,22 %

Average Mud content %

Conclusion Passed (mud content < 5 % )

Sample

Indonesian Concrete Standar 1971 (PBI NI-2-1971).

4,71

Identifcation

Mud Content Test for Fine Aggregates

%100x
A

BA −

SNI 03-1970-1990

Specific Gravity and Water Absorption Testing of Fine Aggregate

1 2

Weight of saturated surface dry (SSD) 500 500 g

Weight of oven dry test (Bk) 486,14 481,84 g

Weight of pycnometer filled with water 25°C (B) 681,00 670,60 g

Weight of pycnometer  + specimen in SSD + Water 25°C (Bt) 995,28 982,86 g

Bulk specific gravity 2,62 2,57

Saturated surface dry specific gravity 2,69 2,66

Apparent specific gravity 2,83 2,84

Absorption 2,85 3,77 %

Average 3,31 %

Specimen
Identifcation
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Appendix Table 3. Specific gravity and water absorption for coarse aggregates 

 

 

Appendix Table 4. Sieve analysis for fine aggregates Sample 1 

 

SNI 03-1970-1990

1 2

Weight of saturated surface dry (Bj) 5270 4970 g

Weight of oven dry test  (Bk) 4960 4670 g

Weight of specimen in the water (Ba) 3060 2860 g

Bulk specific gravity 2,24 2,21

Saturated surface dry specific gravity 2,38 2,36

Apparent specific gravity 2,61 2,58

Absorption 6,25 6,42 %

Average 6,34 %

Specimen
Identification

Specific Gravity and Water Absorption Testing of Coarse Aggregate

Sieve Analysis of Fine Aggregate Sample 1

No
Sieve Size 

(mm)

Weight retained 

(gr)

Weight retained 

(%)

Weight retained 

cumulative(gr)

Passing 

cumulative (%)

1 12,5 0 0 0 100

2 9,5 69,86 1,37 1,37 98,63

3 4,75 258,39 5,06 6,42 93,58

4 2,36 484,12 9,47 15,90 84,10

5 1,18 636,62 12,46 28,36 71,64

6 0,6 762,68 14,93 43,28 56,72

7 0,3 865,71 16,94 60,22 39,78

8 0,15 951,08 18,61 78,84 21,16

9 0,075 983,12 19,24 98,08 1,92

Pan 426,48 8,35 106,42 0,00

5109,81 324,68

3,25

Total

Finess Modulus
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Appendix Graph  1. Gradation zones for fine aggregates Sample 1 

 

Appendix Table 5. Sieve analysis for fine aggregates Sample 2 

 

 

Sieve Analysis of Fine Aggregate Sample 2

No
Sieve Sieze 

(mm)

Weight retained 

(gr)

Weight retained 

(%)

Weight retained 

cumulative(gr)

Passing 

cumulative (%)

1 12,5 0 0,00 0 100,00

2 9,5 40,02 0,80 0,80 99,20

3 4,75 183,1 3,67 4,47 95,53

4 2,36 400,14 8,02 12,49 87,51

5 1,18 566,24 11,35 23,83 76,17

6 0,6 730,33 14,63 38,47 61,53

7 0,3 889,55 17,82 56,29 43,71

8 0,15 980,67 19,65 75,94 24,06

9 0,075 997,62 19,99 95,93 4,07

Pan 426,48 8,54

4991,03 302,94

3,03

Total

Finess Modulus
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Appendix Graph  2. Gradation zones for fine aggregates Sample 2 

 

Appendix Table 6. Sieve analysis for fine aggregates Sample 3 

 

 

Sieve Analysis of Fine Aggregate Sample 3

No
Sieve Size 

(mm)

Weight retained 

(gr)

Weight retained 

(%)

Weight retained 

cumulative(gr)

Passing 

cumulative (%)

1 12,5 0 0 0 100

2 9,5 190,86 5,46 5,46 94,54

3 4,75 10,39 0,30 5,76 94,24

4 2,36 50,66 1,45 7,21 92,79

5 1,18 30,52 0,87 8,08 91,92

6 0,6 525,24 15,03 23,11 76,89

7 0,3 1736,56 49,69 72,80 27,20

8 0,15 585,23 16,74 89,54 10,46

9 0,075 140,31 4,01 93,56 6,44

Pan 426,48 12,20 105,76 0,00

3495 294,29

2,94Finess Modulus

Total
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Appendix Graph  3. Gradation zones for fine aggregates Sample 3 

 

Appendix Table 7. Sieve analysis for coarse aggregates Sample 1 

 

Sieve Analysis of Coarse Aggregate Sample 1

No
Sieve Size 

(mm)

Weight retained 

(gr)

Weight 

retained (%)

Weight retained 

cumulative(gr)

Passing cumulative 

(%)

1 40 152,85 2,86 2,86 97,14

2 20 1512,15 28,26 31,12 68,88

3 9,5 2005,65 37,49 68,61 31,39

4 4,75 938,87 17,55 86,16 13,84

5 2,36 395,48 7,39 93,55 6,45

6 1,18 337,97 6,32 99,87 0,13

7 0,6 0,00 0,00 99,87 0,13

8 0,3 0,00 0,00 99,87 0,13

Pan 7,03 0,13 100,00 0,00

Total 5350 581,91

5,82Finess Modulus
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Appendix Graph  4. Gradation zones for fine aggregates Sample 1 

 

Appendix Table 8. Sieve analysis for coarse aggregates Sample 2 

 

  

Appendix Graph  5. Gradation zones for fine aggregates Sample 2 

 

 

Sieve Analysis of Coarse Aggregate Sample 2

No
Sieve Size 

(mm)

Weight retained 

(gr)

Weight 

retained (%)

Weight retained 

cumulative(gr)

Passing cumulative 

(%)

1 19,1 298,93 5,52 5,52 94,48

2 12,5 846,97 15,65 21,17 78,83

3 9,5 1012,66 18,71 39,89 60,11

4 4,75 1080,69 19,97 59,86 40,14

5 2,36 1082,64 20,01 79,86 20,14

6 1,18 1082,86 20,01 99,87 0,13

7 0,6 0,00 0,00 99,87 0,13

8 0,3 0,00 0,00 99,87 0,13

Pan 7,03 0,13 100,00 0,00

Total 5411,78 505,91

5,06Finess Modulus
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Appendix Table 9. Sieve analysis for coarse aggregates Sample 3 

 

  

Appendix Graph  6. Gradation zones for fine aggregates Sample 3 

 

 

 

 

Sieve Analysis of Coarse Aggregate Sample 3

No
Sieve Size 

(mm)

Weight retained 

(gr)

Weight 

retained (%)

Weight retained 

cumulative(gr)

Passing cumulative 

(%)

1 19,1 211,25 4,27 4,27 95,73

2 12,5 748,78 15,14 19,41 80,59

3 9,5 949,83 19,21 38,62 61,38

4 4,75 1008,00 20,38 59,00 41,00

5 2,36 1010,07 20,42 79,43 20,57

6 1,18 1010,33 20,43 99,86 0,14

7 0,6 0,00 0,00 99,86 0,14

8 0,3 0,00 0,00 99,86 0,14

Pan 7,03 0,14 100,00 0,00

Total 4945,29 500,31

5,00Finess Modulus
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Detail Engineering Drawing for Panel Molding  

 

Appendix Figure 1. Plans and sections for panel moulding 
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Appendix Figure 2. Axonometric 1 and sections for panel moulding 

 

Appendix Figure 3. Axonometric 2 and sections for panel moulding 

 

Appendix Figure 4. Exploded axonometric for panel moulding 
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Detail Engineering Drawing for Frames of Housing 

 

Appendix Figure 5. Top-bottom and front-back elevations and sections for frames 
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Appendix Figure 6. Side elevations and sections for frames 
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Appendix Figure 7. Details of joints for frames 


