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Abstract

This study underscores the significant environmental advantages of geopolymer, notably its capacity for substantial CO2
emission reduction and sustainable waste management by repurposing industrial by-products, enhancing the environmental
safety in oil and gas projects. Central to our investigation is the identification and strategic overcoming of critical obstacles
to the broader application of geopolymer, aiming to bridge the gap between its recognized potential and practical
implementation in construction practices. Through a comprehensive analysis involving pilot, main, and validation surveys
among construction industry professionals, we employed exploratory factor analysis (EFA) and structural equation
modeling (SEM) to elucidate the relationships between various barriers and the success of geopolymer concrete
applications. Our findings reveal that standards and knowledge significantly influence the adoption of geopolymer
concrete, with an R2 value of 0.873 indicating a high predictive utility of these constructs. The research underscores the
critical need for enhanced support in research and development to improve geopolymer concrete's durability and
performance over time. Significantly, this study contributes novel insights into overcoming the industry's hesitancy towards
geopolymer concrete, highlighting its importance for sustainable construction practices and reducing the environmental
footprint of building materials.

Keywords: Geopolymer Concrete; Success in Construction; Building Industry; Barriers.

1. Introduction

Modern infrastructure is dependent on the usage of concrete in buildings. Yet, manufacturing conventional Portland
cement concrete has a considerable effect on the environment due to the high CO, emissions involved. In recent years,
there has been a rise in the usage of alternative cementitious materials, such as geopolymer concrete, which provides
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various benefits over standard Portland cement concrete [1, 2]. Geopolymer concrete is produced from industrial waste
and has a lower carbon footprint, excellent strength, and other benefits. The production of concrete accounts for around
8% of worldwide CO; emissions. Concrete is the most frequently used construction material in the world. Many of these
emissions may be attributed to manufacturing Portland cement, the principal component of conventional concrete [3,
4]. As a result of this environmental effect, academics and industry experts have sought alternate materials that may
lower the carbon footprint of concrete manufacturing. Geopolymer concrete is a possible replacement for conventional
Portland cement concrete. Geopolymers are substances derived from industrial wastes such as fly ash, slag, and other
similar substances. Geopolymer concrete provides various benefits over conventional concrete, such as a lower carbon
footprint, excellent durability, and enhanced resilience to acid and alkali assaults. In addition, geopolymer concrete has
a longer lifetime than conventional concrete, which reduces the need for maintenance and repairs. Despite its potential
advantages, there are still obstacles to the widespread usage of geopolymer concrete [5, 6]. The need for standards and
restrictions for its usage is one of the main obstacles. There is a need for precise criteria for using geopolymer concrete,
including its composition, characteristics, and testing procedures [7, 8].

Globally, geopolymer concrete has been used in several high-profile building projects. In 2013, the Sydney Harbor
Bridge in Australia, for instance, was restored using a geopolymer concrete mix [9, 10]. The project's usage of
geopolymer concrete was able to resist the hostile coastal climate, indicating its appropriateness for infrastructure
construction. In recent years, the usage of geopolymer concrete in Europe has significantly increased. According to
research by the European Union, geopolymer concrete output in Europe has been growing at a pace of 10% annually.
According to the report, the use of geopolymers substantial in Europe has the potential to cut construction sector CO,
emissions by up to 80%. In Asia, geopolymer concrete is also gaining popularity. Mainly, China has been investing in
geopolymers concrete research and development. In 2017, a Chinese firm constructed a geopolymer concrete bridge that
could endure severe traffic and environmental conditions in Shanghai [11, 12]. The project established the viability and
innovation of geopolymer concrete as a construction material. The worldwide market for geopolymer materials is
anticipated to develop at a CAGR of 27% from 2020 to 2025. Increasing demand for sustainable and long-lasting
construction materials is cited as the primary growth driver of the geopolymer materials market. Compared to
conventional concrete, the usage of geopolymer concrete is still relatively limited. According to research by the
International Energy Agency, geopolymer concrete manufacturing accounted for less than one percent of the worldwide
cement and concrete industry in 2019 [13, 14].

Nevertheless, the study also indicates that the usage of geopolymer concrete is anticipated to expand as more research
is undertaken and legislation is enacted to encourage its use. Several nations have previously created geopolymer
concrete legislation and standards. In Australia, for instance, the National Building Code stipulates using geopolymer
concrete in construction projects. Likewise, the European Union has set testing and characterization criteria for
geopolymer materials [15, 16]. It has also been shown that using geopolymer concrete provides economic advantages.
According to research by the University of Melbourne, using geopolymer concrete in infrastructure projects may result
in up to 40% cost savings compared to conventional concrete. The analysis also indicated that using geopolymer concrete
might result in substantial savings in CO, emissions, making it a more sustainable and eco-friendly solution [17, 18].

Recent literature underscores the environmental imperative of reducing the construction industry's reliance on
traditional Portland cement. Studies [19, 20] have highlighted geopolymer concrete's advantages, including its resilience
against environmental stressors and potential to significantly cut global CO2 emissions. However, the adoption of
geopolymer concrete is hindered by technical, regulatory, and market acceptance challenges, revealing a critical gap in
the current body of research—particularly in understanding and overcoming these barriers. A substantial study has been
conducted on geopolymer concrete, but there still needs to be a significant knowledge gap about the obstacles to its use
and how to overcome them. Only some studies have examined the social, economic, and environmental issues that may
influence the use of geopolymer concrete in the building sector. There is a need for more great studies on the
impediments to the construction industry's use of geopolymer concrete. This study should thoroughly investigate the
elements that influence the decision-making processes of stakeholders, such as contractors, developers, and regulators.
In addition, an analysis of the economic viability of employing geopolymer concrete instead of conventional concrete
is required.

This paper endeavors to fill the identified literature gap by offering a nuanced exploration of the technical, social,
economic, and environmental dimensions influencing geopolymer concrete's adoption. Our approach is grounded in a
robust review of existing studies, paired with an original empirical analysis, to chart a path forward for the material's
integration into mainstream construction practices. By doing so, we contribute a significant leap in knowledge towards
the sustainable transformation of the construction industry, aligning with global efforts to mitigate climate change.

In response, our study proposes a novel analytical approach, employing both exploratory factor analysis (EFA) and
structural equation modeling (SEM), to dissect the multifaceted obstacles to geopolymer concrete's broader application.
By synthesizing insights from industry professionals and existing research, we aim to map out a comprehensive
framework that not only identifies but also proposes strategies to mitigate these impediments. This research gives a
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complete knowledge of the aspects that contribute to the acceptance and success of geopolymer concrete in the
construction sector by analyzing these qualities and their link to its success. In addition, Smart PLS 4, a program for
SEM analysis, is used to verify the precision and dependability of the data. This program is renowned for its capacity to
handle complex data and provide accurate findings, making it a suitable instrument for assessing the complex
interactions between the variables investigated in this study. This research adds to the body of knowledge by shedding
light on the obstacles that impede the use of geopolymer concrete in building projects. This research presents a roadmap
for overcoming these challenges and advancing the adoption of geopolymer concrete as a sustainable and long-lasting
alternative to conventional concrete by identifying these obstacles and their relevance to the success of geopolymer
concrete.

Overcoming Geopolymer Concrete

) Success of Geopolymer Concrete
Barriers

in Construction

Figure 1. Adopting geopolymer concrete by overcoming its barriers have significant effect on the success of geopolymer
concrete in construction

2. ldentification of Barriers

Civil engineering and construction professionals participated in structured interviews to identify the impediments to
the acceptance and success of geopolymer concrete in building projects. Individuals with expertise in planning, building,
and managing infrastructure projects with geopolymer concrete were interviewed. The interviews were performed using
a standardized questionnaire to elicit comments about the numerous obstacles to the adoption and success of geopolymer
concrete [21, 22]. The questions aimed to collect data on the perceived technical, economic, regulatory, and societal
impediments to geopolymer concrete. The interviews were transcribed and processed using NVivo, a computer program
developed to evaluate qualitative data. The study used a thematic method to find significant themes and patterns within
the data [23, 24]. The interview data analysis identified some obstacles to the adoption and success of geopolymer
concrete. Technical, economic, regulatory, and societal categories were used to classify these impediments.

The investigation found that there needs to be more standardization, and the restricted availability of materials and
equipment necessary to manufacture geopolymer concrete are technical barriers to its adoption [25, 26]. Additional
noted technical impediments include the requirement for specific expertise and training to utilize geopolymer concrete
and the need for more reliable information about its long-term durability and performance [27, 28]. It is also found that
the economic hurdles to adopting geopolymer concrete consist of its higher manufacturing costs than conventional
concrete, the absence of incentives for its usage, and the restricted availability of finance for geopolymer concrete
projects [29, 30]. The investigation indicated that the regulatory hurdles to using geopolymer concrete include the
absence of defined norms and standards for its usage in building projects, the need for more regulatory assistance, and
the restricted availability of testing and certification services [31, 32]. It is indicated that the societal hurdles to adopting
geopolymer concrete include a need for more public understanding and acceptance of the material, a shortage of
specialized labor for its manufacture and usage, and reluctance to change the status quo [33, 34].

The study of interview data provides significant insights into the obstacles to the adoption and success of geopolymer
concrete in building projects [34, 35]. These results may be utilized to overcome these obstacles and promote
geopolymer concrete as a sustainable and long-lasting alternative to conventional concrete [36, 37].

In conclusion, the analysis of the structured interviews conducted with NVivo has shown several technical,
economic, regulatory, and social obstacles that impede the adoption and development of geopolymer concrete in the
construction industry. It is conceivable to expedite the adoption of geopolymer concrete as a viable choice for sustainable
and long-lasting infrastructure projects by solving these obstacles.

Several keyword rounds allowed us to get a total of 2,381 entries from all databases. Upon examination of their
titles, abstracts, and possible impediments, 237 articles fit the requirements for this research. To identify geopolymer
obstacles in building projects, we conducted a thorough literature review of 237 articles, as shown in Table 1. Most of
the obstacles mentioned in the articles had similarities with those excluded. After reviewing the relevant literature, only
18 obstacles and 9 success factors were deemed to be crucial when dealing with building projects.
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Total Collected Relevant

Database Keywords Combination Studies Studies
Springer “Geopolymer Concrete AND Eco-Friendly Construction AND Modelling” 817 44
“Geopolymer Concrete OR Eco-Friendly Construction OR Modelling
WoS O . - 210 35
Barriers in Implementation OR Success
ASCE “Geopolymer Concrete AND Eco-Friendly Construction OR Modelling 416 21
AND Barriers in Implementation OR Success”
Science Direct “Geopolymer Concrete AND Eco-Friendly Construction OR Obstacles” 113 87
Sconus “Geopolymer Concrete OR Eco-Friendly Construction AND Obstacles 29 6
P AND Modelling OR Barriers in Implementation OR Success”
“Geopolymer Concrete OR Eco-Friendly Construction AND Modelling
Google Scholar AND Barriers OR Implementation OR Success OR Obstacles” 691 44
Total 2381 237

Table 2 includes the identified barriers and Table 3 shows the success factors. These barriers are identified in two

steps. The first step includes detailed literature studies from various journals, and the second step includes structured
interviews, which not only categorize the identified barriers but also add a few new ones.

Table 2. Identification of Implementation Barriers

Sr. #

Description of Barriers

Initial Assigned
Category

Reference

10

11

12

13

14

15

16

17

18

Due to the absence of set rules, regulatory bodies may be unwilling to authorize geopolymer concrete for use in the building.
This may make it more difficult to secure the required permissions and approvals for geopolymer concrete buildings, limiting
their use in construction.

Geopolymer concrete is a relatively new material compared to conventional concrete, and research on its long-term
performance and durability is still restricted. This lack of knowledge might make establishing the proper design and
construction techniques for geopolymer concrete buildings easier.

The building industry has a history of resistance to adopting new technology and materials. Change aversion may impede the
broad adoption of geopolymer concrete, particularly if standard Portland cement concrete is seen as the default alternative.

Geopolymer concrete may have different qualities than standard Portland cement concrete, making its application in
retrofitting or repair projects hard. This may restrict the use of geopolymer concrete and make its integration into existing
infrastructure challenging.

There are presently no industry norms or rules governing the use of geopolymer concrete in construction. This may make it
challenging for architects, engineers, and contractors to integrate geopolymer concrete into their designs and maintain
compliance with applicable building rules and regulations.

The manufacturing and use of geopolymer concrete need knowledge and skill that may not be commonly accessible. This
might make it challenging for contractors and construction firms to use geopolymer concrete in their projects.

Using geopolymer concrete will need cooperation across several businesses, including the construction, manufacturing, and
waste management sectors. Yet, coordination across various sectors may be restricted, making building the required supply
networks, production methods, and standards difficult.

The manufacture and delivery of geopolymer concrete sometimes need a specific supply chain that may not be well-
established or broadly accessible. This might make it difficult to get supplies and equipment promptly and economically.

Using various raw ingredients and binder solutions in geopolymer concrete might result in differences in the concrete's
physical qualities. This lack of uniformity might make predicting the performance of geopolymer concrete buildings
challenging.

Owing to the novelty of geopolymer concrete, certain stakeholders may see it as a material of inferior quality to typical
Portland cement concrete. Even though geopolymer concrete has been proven to be a better material in terms of performance
and durability, this notion may prevent its widespread use.

Geopolymer concrete still needs to be clarified among architects, engineers, and construction professionals. Developing
interest and demand for geopolymer concrete constructions might be challenging due to a lack of knowledge.

Geopolymer concrete has several benefits, but there may be little market demand for it, particularly if standard Portland
cement concrete remains the default material for many building projects. This may make creating sufficient interest and
funding for geopolymer concrete difficult.

Testing standards and procedures for geopolymer concrete are still in the process of being established and may need to be
widely accepted or acknowledged by regulatory authorities. This may make it difficult to demonstrate the performance and
durability of geopolymer concrete constructions to stakeholders and regulators.

Absence of design guidelines Geopolymer concrete constructions may need different design rules and specifications than
standard Portland cement concrete structures. Unfortunately, these parameters may need to be well-established, making it
challenging to design and build geopolymer concrete structures in a manner that maximizes their performance.

The geopolymer concrete basic ingredients, such as fly ash, slag, and other industrial wastes, may not be easily accessible in
all places. This may make it challenging to create geopolymer concrete locally and increase shipping expenses.

Owing to geopolymer concrete's relative novelty, its construction usage may relate to a perception of danger. This might make
it challenging to persuade building owners, developers, and other stakeholders of its safety and dependability.

While geopolymer concrete has shown high performance in laboratory testing, its long-term performance and resilience to
environmental conditions such as freeze-thaw cycles and chemical degradation still need to be investigated. This ambiguity
might make it difficult for geopolymer concrete constructions to gain regulatory permission and finance.

Due to the expense of raw ingredients and the specialized equipment and knowledge necessary for its manufacturing, the
initial cost of making geopolymer concrete might be greater than that of conventional concrete. Its expense may hinder the
widespread use of geopolymer concrete.

Regulatory

Technical

Social

Technical

Regulatory

Technical

Social

Economic

Technical

Regulatory

Technical

Social

Regulatory

Regulatory

Economic

Social

Regulatory

Economic

Interview

Interview

[38-40]

[41-43]

Interview

[44-46]

[47, 48]

[49, 50]

Interview

[51, 52]

[53, 54]

Interview

[55, 56]

[57-59]

[60-62]

[63, 64]

Interview

[65, 66]
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Table 3. Success factors of geopolymer implementation

Constructs Code Success Factors References
E1 Reduces waste [67, 68]
Environmental E2 Increases durability [69, 70]
E3 Provide weather resistance [71-73]

F1 Increase fire resistance [54, 65, 66]

Fire Resistance F2 Develop an efficient thermal concrete [67, 69, 71]
F3 Increases ductile failure chances during the fire [74-76]
S1 Increase mechanical properties [75, 76]
Improved Strength S2 Increase bond strength [77,78]
S3 Add tensile strength [79, 80]

3. Methodology

This research aims to simulate the link between overcoming hurdles to geopolymer concrete and its success in
building projects, considering its fire resistance, environmental friendliness, and increased strength. The research used
a structural equation modeling (SEM) technique, and Smart PLS 4 software was used to analyze the data. The research
used a non-probability sampling strategy, especially a purposive sampling technique. The participants were chosen based
on their civil engineering and construction knowledge, namely geopolymer concrete [55, 57]. An online structured
questionnaire was used to collect data on the hurdles to the adoption and success of geopolymer concrete and its fire
resistance, environmental protection, and enhanced strength features. Experts vetted and pretested the questionnaire to
verify its validity and reliability. The acquired data was examined using the Smart PLS 4 program, a potent and robust
instrument for evaluating complex data in structural equation modeling (SEM). Using a two-step methodology, the
analysis was conducted: the measurement model and the structural model. The measurement model was used to evaluate
the validity and reliability of the study's constructs, while the structural model was utilized to explore the links between
the variables.

Many statistical tests, including reliability analysis, convergent validity, and discriminant validity, were used to
evaluate the measurement model. Path coefficients, R-square values, and significance tests were used to examine the
structural model [57, 58]. The research was conducted following ethical principles and standards, and all individuals
gave informed permission before participation. The privacy and confidentiality of the participants were protected, and
the gathered data were utilized only for research reasons. In addition, the research did not compare geopolymer concrete
to other alternative materials. The study relied on self-reported data susceptible to bias and inaccuracy. The research
offers valuable insights into the obstacles that impede the acceptance and success of geopolymer concrete and gives
ways to overcome these obstacles. The method is indicated in Figure 2.

Literature Review

Identification of Geopolymer
Implementation Barriers

v

Pilot Survey

v

EFA Analysis

Main Questionnaire Survey

; PLS-SEM Development 1

Measurement Model

e Convergent Validity

e Discriminant
Validity

Structural Model
e Bootstrap Analysis
e Path Analysis

Final Structure Model |

\ 4

Figure 2. Research flowchart
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3.1. Exploratory Factor Analysis (EFA)

The online pilot survey questionnaire included 150 people from the Malaysian construction sector randomly chosen
for participation. The survey was meant to be a proof-of-concept to collect preliminary data on the perceived hurdles to
the effective use of geopolymer concrete in building projects. After the pilot survey, the data were analyzed using EFA
to tease out the contributing causes to the perceived roadblocks [65, 66]. It is a statistical approach used to examine a
data set's interrelationships to isolate the relevant latent components. Using principal component analysis (PCA) and
varimax rotation, this research performed EFA. The research strategy used here was developed to fill in the gaps in our
knowledge about the factors affecting the success of building projects that utilize geopolymer concrete. The study's
findings may be used to remove these roadblocks and increase geopolymer concrete's usage in building construction
[55, 56].

3.2. Structural Equation Modelling (SEM)

After the pilot survey, 210 professionals working in the Malaysian construction business completed the final online
main survey questionnaire. Structural Equation Modeling (SEM) was used to evaluate the gathered data to examine the
connections between the formative and reflective structures and the obstacles preventing the widespread use of
geopolymer concrete in buildings. Convergent and discriminant validity were computed to evaluate the survey's
accuracy and precision [81-83]. The model fit indices were also examined to guarantee a satisfactory match to the data.
Next, a path analysis was carried out to determine how the formative and reflective constructions are related to the
challenges that geopolymer concrete faces in the building industry [81, 84]. The final model was achieved by iterative
model refinement guided by the findings of a route analysis. As the influence of many constructs on a dependent variable
may be evaluated in this research, the SEM method was used. This strategy is useful in social science research for testing
theoretical models and illuminating connections between concepts [60, 62]. In conclusion, SEM was used in this
research to better understand the interplay between the formative and reflective constructions and, therefore, the main
factors that work against the widespread adoption of geopolymer concrete in the building industry. By understanding
these challenges, we may better devise solutions to encourage the widespread usage of geopolymer concrete in building
projects [58, 59].

3.3. Model Validation Analysis

A brief survey questionnaire was used to verify the generated structural model. The validation survey was
administered to the major stakeholder of this study, who holds a PhD in civil engineering materials and has more than
ten years of experience in construction projects. The purpose of validation was to verify the practical applicability of the
developed structural model so that appropriate measures could be taken to manage the obstacles and their impact on the
deployment of geopolymer concrete for ecofriendly success in the construction industry. Authors believe that the
validation method is essential to the success of this research. Five essential questions were devised to determine the
model's validity, and 17 experts were requested to participate in the validation survey.

o Considering environmental protection, fire resistance, and strength elements of modest building projects, are the
model's proposed criteria applicable to hurdles associated with the usage of geopolymer concrete for the success
of geopolymer concrete in overcoming these barriers?

o Is the model appropriate for identifying the principal barriers preventing the use of geopolymer concrete in the
eco-friendly advancement of modest building projects?

o Avre the success metrics outlined in the structural model a realistic depiction of the removal of obstacles associated
with the usage of geopolymer concrete in building projects?

¢ Do you believe the conclusions of the research to be credible?

o Can the structural model suggested by the research be generalized?

4. Results
4.1. Exploratory Factor Analysis

The findings of an exploratory factor analysis (EFA) that suggests three main reasons preventing the widespread use
of geopolymer concrete in the building industry. Three components with eigenvalues larger than 1 account for 58.015%
of the total variance. With factor loadings between 0.604 and 0.793, barriers Bar9, Bar5, Bar12, Barll, Bar6, and Bar8
comprise Component 1. These issues stem from engineers, contractors, and clients needing to be more familiar with and
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knowledgeable about geopolymer concrete technology. Barriers Bar2, Bar16, Barl7, Bar3, Barl4, and Bar18 comprise
Component 2, with factor loadings from 0.602 to 0.771. The technical difficulties of making geopolymer concrete, such
as deciding which ingredients to use in the mix, how to cure it, and so on, pose significant obstacles. Barriers Bar15,
Bar 4, and Bar 13 comprise Component 3, with factor loadings of 0.615 to 0.703. The high manufacturing cost, the
scarcity of raw materials, and the lack of demand in the building industry are all examples of geopolymer concrete's
economic and market-related issues. As a result of their low factor loadings (0.6) or their cross-loading with numerous
factors, the factors for the obstacles numbered Barl, Bar7, and Bar10 were eliminated from the factor analysis. These
roadblocks aren't neatly categorized by the three identified characteristics, indicating that further research is needed.
High internal consistency and reliability levels may be inferred from the factors' Cronbach's alpha scores of 0.877, 0.823,
and 0.811, respectively. The EFA findings show that stakeholders need to solve a variety of barriers to encourage the
widespread implementation of geopolymer concrete in the building industry.

According to the EFA findings, the following structures were discovered, and particular obstacles have been
allocated to each construct and listed in Table 4. Standardization and knowledge, novelty and creativity, and economics
and strategy are the major categories the constructions fall into, as shown in Figure 3.

Table 4. Constructs with barriers generated after EFA analysis

Constructs Variables

Bar9
Barb

Standardization and Barl2
KnOWIedge Barll

Bar6
Bar8
Bar2
Barl6
Novelty and Complexity Barl7
Bar3
Barl4
Barl8
Barl5
Economic & Strategical

Bar4
Barl3

Barriers associated with the absence of industry norms or rules governing the use of geopolymer concrete are
included in the first construct, Standardization and Knowledge, as are difficulties in predicting the performance of
geopolymer concrete due to the use of varying raw ingredients and binder solutions. The low market demand for
geopolymer concrete and the lack of expertise in its production and use further contribute to this framework's limitations
[10-12].

The absence of long-term performance data and the impression of risk connected with employing a relatively new
material in the building are two challenges under the second component, Novelty and Creativity. The lack of geopolymer
concrete-specific design rules and the construction industry's reluctance to embrace new technologies and materials also
figure prominently here [15, 16].

The high initial cost of creating geopolymer concrete owing to the expensive raw materials and specialized
equipment, as well as the restricted accessibility of essential components in particular regions, falls under the Economic
and Strategical category. Incompatibility with preexisting facilities and a lack of standardized testing methods for
geopolymer concrete additionally pose challenges to this structure's implementation [14, 17].

Overall, the obstacles uncovered in this research shed light on the difficulties inherent in removing roadblocks to the
widespread use of geopolymer concrete in the building industry. According to the results, increasing the use of
geopolymer concrete in building projects requires removing roadblocks associated with a lack of information and
standards, a lack of experience with the material, and concerns about cost and strategy [17, 18].
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Geopolymer Concrete Geopolymer Concrete

Study Hypthesis

Barriers Success
Barriers i Success
Novelty and Complexity B

Success

Environmental Protection

Barriers

_
Standardization
& Knowledde,

Barriers

Figure 3. Categories designed after EFA analysis

4.2. Demographics

Participants' demographic information is shown in Table 5. The table shows the number of respondents at each level
of the variables and the proportion of those that answered the survey. The first factor is the level of education, which
may be either a bachelor's, master's, or doctorate. Sixty-eight percent of respondents have a master's degree; the next
largest educational attainment percentage comprises those with a bachelor's degree (16 percent), followed by those with
a doctorate (16 percent). Geopolymer Concrete Knowledge is the second variable, and it assesses how well-versed a
responder is in geopolymer concrete. The categories used to classify the replies were no knowledge, uncertain, and yes.
Sixty-five percent of respondents said they were familiar with geopolymer concrete; 21 percent said they were not; and
14 percent said they weren't sure (maybe). The third factor is years of job experience, broken into five distinct categories.
Among the respondents, 31% said they had 16-20 years of experience in the workforce, 26% said they had 11-15 years,
21% said they had 5-10 years, 17% said they had more than 20 years, and 5% said they had fewer than 5 years. Most
survey takers in this research had at least a master's degree. Most respondents also claim familiarity with geopolymer
concrete, suggesting their understanding is rather deep. The respondents have a broad variety of experience, with those
with 16-20 years in the workforce making up the biggest group. Results may be extrapolated to the general population
with a comparable educational and occupational profile, as indicated by the sample's demographics.

Table 5. Demographic profile of respondents

Variable Level Frequency Percent
Bachelor 34 16%
Academic Qualification Masters 143 68%
PhD 33 16%
No 45 21%
Geopolymer Concrete Maybe 29 14%
Knowledge
Yes 136 65%
Less than 5 11 5%
5 to 10 years 44 21%
Work Experience 11to 15 Years 55 26%
16 to 20 Years 65 31%
Above 20 Years 35 17%
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4.3. Structure Equation Modelling
4.3.1. Measurement Model

Structural equation modeling's measurement model's reliability and validity data are summarized in the table below.
Reliability statistics seek to quantify the internal consistency of a group of items or variables inside a concept, as
indicated in Table 6. For this analysis, reliability was calculated using Cronbach's alpha coefficient. The Cronbach's
alpha coefficients for all of the constructs are over 0.7, indicating high levels of dependability. The composite reliability
quantifies the degree to which an attribute is reliably assessed. In the table, we can see the composite reliability measures
of rho-a and rho-c. For all constructions, rho-a and rho-c are above 0.8, indicating high dependability. The amount to
which a concept measures what it is intended to measure is quantified by validity statistics. As a metric of convergent
validity, the average variance extracted (AVE) shows how well a concept accounts for the differences between its
constituent parts.

Table 6. Reliability and validity statistics

Constructs Cronbach's _Co_mposite _Co_mposite The average variance
alpha reliability (rho-a) reliability (rho-c) extracted (AVE)

Economic & Strategical 0.821 0.862 0.881 0.655
Environmental Protection 0.881 0.933 0.930 0.819
Fire Resistance 0.700 0.780 0.821 0.601
Improved Strength 0.767 0.821 0.851 0.662
Novelty & Complexity 0.800 0.803 0.862 0.551
Standardization & Knowledge 0.871 0.880 0.910 0.721

In most cases, convergent validity is excellent if the AVE is greater than 0.5. The AVE values for all constructs in
this analysis are more than 0.5, demonstrating strong convergent validity [71, 73]. The findings indicate that the
constructs are well-defined and sufficiently assessed by the variables used in the research and that the measurement
model is valid and trustworthy.

Table 7 displays the results of an analysis of the discriminant validity of the constructs according to Fornell and
Larcker's criteria. Discriminant validity describes the extent to which the constructs may be differentiated from one
another and do not measure the same underlying idea. Fornell and Larcker's criteria compare the square root of the
average variance extracted (AVE) for each construct by using the correlations between each construct and the others in
the model. Discriminant validity is absent from a concept if the correlation between it and any of the others is smaller
than the square root of the AVE for that construct. Each concept has discriminant validity, as shown in Table 6, when
the square root of the AVE is bigger than the correlation between that construct and any of the other constructs. For
instance, the square root AVE (0.808) for the Economic & Strategical construct is greater than the AVEs (0.189) for
Environmental Protection, (0.194) for Fire Resistant, (0.1199) for Increased Strength, (0.162) for Novelty &
Complexity, and (0.108) for Standardization & Knowledge (0.162). (0.15). This demonstrates the discriminant validity
of the Economic and Strategical compared to the other model variables. Using the Fornell and Larcker criterion, the
constructions accurately represent their intended categories of meaning [77, 78].

Table 7. Fornell and Larcker Criteria

Constructs Economic & Environmental Fire Improved Novelty & Standardization &
Strategical Protection Resistance Strength Complexity Knowledge

Economic & Strategical 0.808

Environmental Protection 0.189 0.904

Fire Resistance 0.194 0.338 0.779
Improved Strength 0.199 0.23 021 0.815
Novelty & Complexity 0.162 04 0.143 0.188 0.747
Standardization & Knowledge 0.15 0.142 0.315 0.194 0.389 0.851

Table 8 displays the HTMT ratio of correlation coefficients, which may be used to assess discriminant validity. The
diagonal components show that the ideal HTMT ratio for the design is less than 1. The HTMT ratio, shown by the
elements off the diagonal, should be less than the square root of the AVE of the two buildings under consideration. For
the constructs to be convergent, it must be proven that all diagonal elements in the table have values smaller than 1.
Excellent discriminant validity is shown by the fact that all off-diagonal component values are less than the square root
of the AVE for their respective constructs [71, 73]. The HTMT analysis demonstrates that the measurement model's
components have high discriminant validity, suggesting that they accurately measure separate things.
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Table 8. HTMT statistics

Constructs Econom_ic & Environm_ental I_:ire Improved Novelty & Standardization &
Strategical Protection Resistance Strength Complexity Knowledge

Economic & Strategical

Environmental Protection 0.22

Fire Resistance 0.298 0.436
Improved Strength 0.23 0.27 0.335
Novelty & Complexity 0.245 0.477 0.14 0.256
Standardization & Knowledge 0.211 0.072 0.407 0.236 0.467

The model's cross-loadings are shown in Table 9. The degree to which items are developed to assess one construct
and measure other constructs is called their cross-loading. Correlations between items and model constructs are shown
in the table below. Each item in the table strongly connects with the construct it is designed to assess, indicating that the
items have a high loading on their respective constructs. The Economic & Strategical construct correlates most strongly
(0.86) with item Bar18.

Table 9. Cross loadings involved in model

Economic & Environmental Fire Improved Novelty & Standardization &
Strategical Protection Resistance Strength Complexity Knowledge
Barl8 0.86 0.121 0.236 0.192 0.145 0.075
Barl3 0.746 0.147 -0.01 0.075 0.046 0.112
Bar4 0.796 -0.057 0.133 0.292 0.022 -0.107
Barl5 0.826 0.301 0.204 0.112 0.229 0.292
El 0.236 0.911 0.324 0.192 0.371 0.86
E2 0.098 0.801 0.262 0.135 0.309 0.134
E3 0.153 0.926 0.325 0.191 0.401 0.178
F1 0.183 0.343 0.792 0.204 0.121 0.206
F2 0.233 0.256 0.761 0.252 0.218 0.244
F3 0.058 0.198 0.750 0.059 0.373 0.192
S1 0.286 0.121 0.236 0.861 0.145 0.075
S2 0.226 0.301 0.204 0.860 0.229 0.292
S3 0.046 0.147 -0.01 0.701 0.046 0.112
Bar2 0.118 0.291 0.192 0.153 0.826 0.226
Barl7 0.098 0.107 0.262 0.135 0.834 0.134
Bar3 0.153 0.046 0.325 0.191 0.878 0.078
Barl4 0.135 0.74 0.28 0.177 0.864 0.064
Barl2 0.233 0.256 0.362 0.252 0.244 0.818
Bar5 0.183 0.343 0.298 0.204 0.306 0.721
Bar6 -0.01 0.348 0.289 0.013 0.359 0.685
Bar8 0.197 0.234 0.114 0.208 0.227 0.804
Bar9 -0.049 0.328 0.016 -0.025 0.335 0.699

Similarly, there is a strong relationship (0.951) between item E1 and the concept of environmental protection.
Whereas most objects have low loadings on structures other than the one they were designed to assess, a handful has
quite high loadings. For instance, despite its intended use to gauge fire resistance, item Barl3 has a surprisingly high
loading (0.746) on the Economic & Strategical construct. Similarly, despite its intended measurement of Novelty and
Complexity, item F3 has a surprisingly high loading (0.776) on the Fire Resistance construct [76, 78, 80].

4.3.2. Structural Path Analysis

The following Tables 10 and 11 displays the findings from a path analysis that examined the connections between
the three formative components and a dependent variable: Economic and Strategical, Novelty and Complexity, and
Standardization and Knowledge (Barriers to Success of Geopolymers Concrete). The path analysis uses the coefficient
alpha, standard error (SE), t-value, p-value, and variance inflation factor to measure the strength of the links between
each formative component and the dependent variable (VIF). The findings show that these three formative structures
are positively related to the success barriers of geopolymer concrete. An increase in Economic and Strategical Barriers
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to the Success of Geopolymers Concrete by one unit is correlated with an increase of 0.407 units in the coefficient. The
novelty and complexity coefficient is 0.355, suggesting that a one-unit increase in this construct is correlated with a
0.355-unit rise in Geopolymers Concrete's barriers to success. The beta coefficient for Standardization & Knowledge is
0.611, suggesting a 0.611-unit rise in Barriers to the Success of Geopolymers Concrete for every 1-unit increase in this
construct. The t-values and p-values for all three route coefficients are statistically significant, indicating that the
observed correlations are probably not coincidental [57-59]. All of the VIF values are less than 1.5. Therefore,
multicollinearity is not a major problem. This study's findings indicate that the Economic and Strategical, Novelty and
Complexity, and Standardization and Knowledge antecedents to the Barriers to Success of Geopolymers Concrete are
all positively correlated. This suggests that focusing on these frameworks may aid in lowering obstacles to the
widespread use of geopolymer concrete.

Table 10. Formative constructs with path analysis results

Path B SE t-values p-values VIF
Economic & Strategical — Barriers to Success of Geopolymers Concrete 0.407  0.087 5.39 <0.001 1.036
Novelty & complexity — Barriers to Success of Geopolymers Concrete 0.355  0.046 3.215 <0.001 1.194

Standardization & Knowledge — Barriers to Success of Geopolymers Concrete  0.611  0.058 12.195 <0.001 1.189

Table 11. Reflective constructs with path analysis results

Path B SE t-values p-values
The success of geopolymer Concrete — Environmental Protection ~ 0.841  0.029 29.15 <0.001
The success of Geopolymer Concrete — Fire Resistance 0.541 0.06 8.379 <0.001
The success of Geopolymer Concrete — Improved Strength 0544  0.085 6.644 <0.001

Path analysis results for the model reflecting constructs are shown in Table 12. The table displays the t-values, p-
values, standard errors, and path coefficients (B) for the correlation between the various reflective constructs.
Environmental protection (f = 0.841, p 0.001), fire resistance (f = 0.541, p 0.001), and enhanced strength (f = 0.544, p
0.001) all seem to benefit greatly from the use of geopolymer concrete. These results suggest that substantial
enhancements to the characteristics of concrete may result from the widespread use of geopolymer concrete. The overall
findings of the path analysis corroborate the hypothesized relationships between the model's constructs, demonstrating
the significance of economic and strategic factors, novelty and complexity, and standardization and knowledge in
removing the obstacles to geopolymer concrete's widespread adoption [55, 56, 66]. Environmental protection, fire
resistance, and enhanced strength are just a few of the features that the studies show might benefit from the widespread
use of geopolymer concrete. Figure 4 present the model with path significance, respectively.

Table 12. Predictive relevance

Endogenous Latent Variable R?  Adjusted R>  Explained Size
The success of Geopolymer Concrete ~ 0.873 0.873 Highly Predictive
0 000 0.000
[Barizhe—g o0 Novelty Environmental 0.000—_E2_]
0.000 & Protection 0.000
’ Complexity '

0.000 0.000

0.000

0.0001F2]

Success of
Geopolymer
Concrete
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[Bart2}+—0.000— & 0.001
0.0007 | Knowledge
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Bar6
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Figure 4. Model path significance
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The success of Geopolymer Concrete” is an endogenous latent variable in the study model, and its predictive
significance is shown in Table 13. The model's exogenous latent variables can explain 87.3% of the variation in the
success of the Geopolymer Concrete construct, as shown by an R? value of 0.873. An adjusted R? of 0.873 indicates that
the model fits the data well without overfitting. The large magnitude of the explanatory variable for "Highly Predictive"
suggests that the predictions made by the endogenous construct are reliable. Thus, Table 12 suggests that the exogenous
latent variables included in the model substantially influence the endogenous construct of "Success of Geopolymer
Concrete" and may accurately predict the success of geopolymer concrete based on the constructs included in the model.

Table 13. Efficiency of prediction of the model

Endogenous Latent Variable SS0 SSE Predict-Q?
The success of Geopolymer Concrete  849.000 537.255 0.367

The prediction model's efficacy is presented in Table 14. The success of Geopolymer Concrete is an endogenous
latent variable, and the results comprise the sum of squares of the original data (SS0), the sum of squared errors (SSE),
and the Predict- Q? value. The whole data variance (SS0) for the dependent variable (Success of Geopolymer Concrete)
is compared with the variance (SSE) that the model does not capture. The model's predictive power is quantified by a
metric called Predict- Q2 Here, we get an SSO of 849.000 and an SSE of 537.255. The model has a fair amount of
predictive power, explaining about 37% (Predict-Q? = 0.367) of the variation in the data. While this is encouraging, it
also shows that a large degree of mystery in the data remains, suggesting that further study is required to boost the
model's predictive ability [53, 54].

Table 14. Importance and performance results

Predictor Importance  Performance

Barriers to the Success of Geopolymers Concrete Implementation 1.341 55.116

The Predictor variable "Barriers to Success of Geopolymers Concrete Implementation™ relevance and performance
outcomes are shown in Table 15. This variable is a critical predictor of the endogenous latent variable "Success of
Geopolymer Concrete," with a significance score of 1.341. With a performance score of 55.116, the model's ability to
predict the outcome of "Success of Geopolymer Concrete" based on the predictor variable "Barriers to Success of
Geopolymers Concrete Implementation” is moderate. This indicates that variables other than implementation hurdles
may significantly influence geopolymer concrete's eventual success. Considering that this is just one of the predictor
variables in the model, it is conceivable that other predictor variables have better relevance and performance ratings [56,
59]. Overall, Table 14's findings imply that removing implementation hurdles is crucial to increasing geopolymer
concrete's likelihood of success; nevertheless, further study may be required to uncover other significant variables and
boost the model's precision.

4.4. Model Validation Confirmation

Table 15 presents the results of an expert validation of a statistical model developed to evaluate the hurdles and
success associated with the use of geopolymer concrete for the ecofriendly expansion of small building projects. The
mean replies to the validation questions indicate that the recommended essential criteria can be applied, and the
seventeen responses validate the model's concept, objective, and conclusions. This work is very credible, and the
structural models it generates are both conventional and generic.

Table 15. Model validation survey result

Respondent 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Mean
Q1 5 5 5 3 5 5 5 4 5 5 4 5 5 5 5 4 5 4.71
Q2 4 4 4 4 4 4 4 4 4 4 4 3 5 5 3 5 5 4.12
Q3 4 4 5 4 4 4 4 4 4 5 5 5 5 5 5 5 5 4.53
Q4 5 5 5 5 5 5 5 5 4 4 4 4 3 5 4 5 4 4.53
Q5 4 2 5 4 5 4 4 4 4 4 2 4 5 5 4 5 5 4.12

The geopolymer concrete adoption concept is crucial to the construction industry because it enables clients and
contractors to conduct small building projects at a specified level of environmental friendliness while preserving their
own benefits. Engineers, project managers, quantity surveyors, and companies may all benefit from the model's data.
Furthermore, this technique assures that contractors will strive to maintain their competitive advantage. Many
respondents agreed with the optimistic conclusions of the poll.
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5. Discussion

The Standardization and Knowledge construct includes, Bar9 “The use of various raw ingredients and binder
solutions in geopolymer concrete might result in differences in the concrete's physical qualities. This lack of uniformity
might make predicting the performance of geopolymer concrete buildings challenging”, Bar5 “There are presently no
industry norms or rules governing the use of geopolymer concrete in construction. This may make it challenging for
architects, engineers, and contractors to integrate geopolymer concrete into their designs and maintain compliance with
applicable building rules and regulations”, Bar12. “Geopolymer concrete has several benefits, but there may be little
market demand for it, particularly if standard Portland cement concrete remains the default material for many building
projects. This may make it difficult to create sufficient interest and funding for geopolymer concrete”, Bar6 “The
manufacturing and use of geopolymer concrete need specific knowledge and skill that may not be commonly accessible.
This might make it challenging for contractors and construction firms to use geopolymer concrete in their projects”, and
Bar8 “The manufacture and delivery of geopolymer concrete sometimes need a specific supply chain that may not be
well-established or broadly accessible. This might make it difficult to get supplies and equipment promptly and
economically”. The inconsistency in geopolymer concrete makes it hard to anticipate how it will function in
construction. Because of this lack of uniformity, architects, engineers, and contractors have more difficulty incorporating
geopolymer concrete into their designs while still adhering to the code. Due to insufficient demand, it may be challenging
to generate enough enthusiasm and resources for geopolymer concrete [1, 2]. Due to this obstacle, building companies
and contractors need help to employ geopolymer concrete. This obstacle prevents the timely and cost-effective delivery
of necessary materials and tools [3, 4]. Predicting the performance of geopolymer concrete buildings, integrating it into
designs, generating enough interest and funding for geopolymer concrete, using it in projects, and obtaining supplies
and equipment in a timely and cost-effective manner can all be difficult due to the five barriers discussed in the construct.

Novelty and creativity formative construct include Bar2 “Compared to conventional concrete, geopolymer concrete
is a relatively new material, and research on its long-term performance and durability is still restricted. This lack of
knowledge might make it difficult to establish the proper design and construction techniques for geopolymer concrete
buildings”, Barl7. “While geopolymer concrete has shown high performance in laboratory testing, its long-term
performance and resilience to environmental conditions such as freeze-thaw cycles and chemical degradation remain
questionable. This ambiguity might make it difficult for geopolymer concrete constructions to gain regulatory
permission and finance”, Bar3. “The building industry has a history of resistance to adopting new technology and
materials. Change aversion may impede the broad adoption of geopolymer concrete, particularly if standard Portland
cement concrete is seen as the default alternative”, and Barl4 “Absence of design guidelines Geopolymer concrete
constructions may need different design rules and specifications than standard Portland cement concrete structures.
Unfortunately, these parameters may need to be well-established, making it challenging to design and build geopolymer
concrete structures in a manner that maximizes their performance. Overall, the novelty and creativity framework bring
to light some of the major obstacles brought on by geopolymer concrete's relative newness [5, 6]. Uncertainties about
its long-term performance and durability, reluctance to generally accept new materials and technology, and a need for
recognized design standards for geopolymer concrete buildings are all potential obstacles. Geopolymer concrete may be
difficult to overcome and obtain widespread acceptance in the building business, including gaining regulatory
permission, attracting investors, and reducing costs.

Economic and Strategical formative construct includes Barl8 “Due to the expense of raw ingredients and the
specialized equipment and knowledge necessary for its manufacturing, the initial cost of making geopolymer concrete
might be greater than that of conventional concrete. Its expense may hinder the widespread use of geopolymer concrete”,
Barl5 "The basic ingredients, such as fly ash, slag, and other industrial wastes, may not be easily accessible in all
places. This may make it challenging to create geopolymer concrete locally and increase shipping expenses”, Bar4
"Compatibility with existing infrastructure Geopolymer concrete may have different qualities than standard Portland
cement concrete, making its application in retrofitting or repair projects hard. This may restrict the uses of geopolymer
concrete and make its integration into existing infrastructure challenging”, and Bar13 “Testing standards and procedures
for geopolymer concrete are still in the process of being established and may not be widely accepted or acknowledged
by regulatory authorities. This may make it difficult to demonstrate to stakeholders and regulators the performance and
durability of geopolymer concrete constructions”. The accumulation of these obstacles raises the possibility that the
financial and strategic considerations around geopolymer concrete may hinder its widespread use. Spending much
money on research and development, specialized tools and expertise, raw materials, and testing protocols are possible.
It may also need a change in the traditional way of thinking prevalent in the construction industry, which has historically
needed to be faster to embrace innovative methods and materials [7, 8]. Researchers, manufacturers, contractors,
engineers, and regulatory authorities may work to remove these obstacles and speed up geopolymer concrete's
acceptance and integration into the building sector.

The environmental reflective construct includes E1, "Reduces waste", E2 "Increases durability", and E3 “Provide
weather resistance”. As a result, factories will produce less garbage, cutting down on the space required for landfills.
Also, waste may be reduced since geopolymer concrete can be manufactured from recycled resources. This may lessen
the environmental toll that building projects take on the planet by minimizing the frequency with which repairs and
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replacements are required. Geopolymer concrete's durability in bad weather may go longer between maintenance and
repairs, lowering construction's environmental toll. The environmental reflective design indicates that geopolymer
concrete may help cut down on trash, last longer, and withstand the elements [11, 12]. The building sector is essential
to lowering humanity's environmental effects, and these characteristics may help it become more sustainable and
ecologically benign.

Fire Resistance reflective construct includes F1, "Increase fire resistance”, F2 "Develop an efficient thermal
concrete”, and F3 ", Increases ductile failure chances during fire". This may be especially useful in places with high
temperatures or buildings with significant energy needs. Maintaining a building's structural integrity during a fire is
crucial to occupant safety and limiting property loss [13, 14]. The overall significance of geopolymer concrete in
enhancing the fire resistance of buildings is highlighted by the Fire Resistance reflective construct, as are the material's
potential benefits in terms of thermal efficiency and ductile failure in the event of a fire.

Improved strength reflective construct includes S1 "Increase mechanical properties”, S2 "Increase bond strength",
and S3 "Add tensile strength™. More structural capacity and longer-lasting structures and infrastructure may be possible
because of geopolymer concrete's better mechanical qualities than traditional concrete. Strong and dependable
connections between the reinforcement and the concrete are crucial for the structure's safety, which is especially
significant in seismic zones [9, 10]. This is accomplished by adding materials, such as fibers, that strengthen the concrete
matrix. Overall, the enhanced strength reflective construct demonstrates the promise of geopolymer concrete in raising
the bar for the strength and longevity of concrete buildings, which may have far-reaching effects on construction safety,
efficiency, and longevity.

By contrasting our findings with those of other studies, we shed light on the advantages and disadvantages of using
geopolymer concrete in building projects, as well as the ways in which our findings are in line with and differ from the
existing literature.

Our results corroborate those of previous research that has shown geopolymer concrete to have the ability to greatly
decrease CO; emissions linked to the building sector. In comparison to conventional Portland cement, geopolymer
concrete has better mechanical qualities and a smaller carbon footprint, as shown by studies by Lao et al. [26] and
Kanagaraj et al. [31]. The relevance of geopolymer concrete in improving building sustainability and durability is
highlighted by our study, which further supports these mechanical and environmental advantages. Beyond these
contributions, however, our study provides an in-depth examination of the particular obstacles to the broad use of
geopolymer concrete, including, but not limited to, the absence of standardized testing procedures and gaps in industry-
wide knowledge.

In addition, our research fills a gap in the literature by providing a detailed analysis of the strategic and economic
difficulties encountered by geopolymer concrete. Our research provides a more thorough view of the economic
challenges associated with switching to geopolymer concrete by delving deeper into the initial cost barriers, supply chain
issues, and the need for specialized knowledge. Previous work, such as that of Amin et al. [7], has touched on these
topics, but our findings go even further.

We also found that our findings don't line up with previous predictions of how quickly geopolymer concrete would
be used. Increasing knowledge of the advantages of geopolymer concrete will inevitably lead to its widespread adoption,
according to study by Abdalla et al. [35]. On the other hand, our research shows that there are ongoing problems that
need fixing before this shift can happen, such the lack of industry standards and a weak supply chain. Furthermore, our
study adds to the existing body of knowledge by statistically evaluating the connections between different obstacles and
the effective application of geopolymer concrete via the use of structural equation modeling (SEM). Since most prior
research has depended on subjective evaluations or inadequate quantitative metrics, this methodology offers a more
thorough examination. The study supports previous findings on the mechanical and environmental benefits of
geopolymer concrete and offers a more thorough analysis of the obstacles to its widespread use. By comparing our
findings to those of previous studies, we show how important it is to work together to remove these obstacles, and we
recommend that researchers put their energies into finding workable solutions so that geopolymer concrete may be used
more widely in building projects.

5.1. Empirical and Theoretical Contributions

Important contributions to both theory and practice may be drawn from this investigation. This research provides
empirical evidence that helps us better understand what elements affect the success of using geopolymer concrete in
building projects. Understanding the hurdles, opportunities, and results of using geopolymer concrete in building
projects is made possible by this research. The research also used a route analysis to zero in on the most important
factors that will determine whether or not geopolymer concrete, with its many benefits like fire resistance, greater
strength, and preservation of the environment, is adopted widely. Theoretically, this research adds to the growing work
on environmentally friendly building materials [17, 18]. The research provides insight into geopolymer concrete's
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viability and promises it as a cutting-edge green building material. The research shows how crucial it is to include
economic, environmental, and social considerations when determining the success of geopolymer concrete use in
building projects. The research also helps fill in the blanks of a theoretical model that would help expedite the widespread
use of geopolymer concrete in building projects. This study's empirical and theoretical contributions are useful for
academics, professionals, and policymakers investigating environmentally friendly building materials and methods.
Insights into the aspects that may contribute to the success of geopolymer concrete's acceptance are provided, as well as
a framework for comprehending the obstacles and possibilities related to its adoption.

5.2. Managerial Suggestions

There currently needs to be established standards or regulations for using geopolymer concrete in the building sector,
which might slow its widespread usage. The usage of geopolymer concrete should be regulated. Hence it is suggested
that relevant parties in the industry collaborate to create such standards and recommendations. Because of the specialized
nature of geopolymer concrete production and application, these abilities may be in short supply. Consequently,
seminars and courses should be created to instruct contractors, building companies, and other industry experts on
geopolymer concrete's production, handling, and use. Geopolymer concrete's production and distribution might need a
specialized supply chain that isn't widely available or well-established. Industry players should collaborate to build a
strong and trustworthy supply chain to guarantee the timely and cost-effective delivery of geopolymer concrete supplies
and equipment. It may be difficult to design and construct geopolymer concrete buildings in a way that optimizes their
performance due to a lack of design rules and requirements.

Geopolymer concrete uses readily available industrial waste materials and dramatically reduces CO; emissions from
typical concrete manufacture, solving environmental sustainability and resource consumption challenges. The material's
fire resistance and structural strength provide safer and longer-lasting construction projects. Unfortunately, a lack of
awareness, limited resources, and bad planning must be addressed before these benefits may be broadly enjoyed. The
research emphasizes the necessity for established industrial procedures for geopolymer concrete applications to help
practitioners assure quality and comply with laws. Supply chain infrastructure is essential to ensure raw material and
geopolymer concrete mix availability. Educational programs for current and future construction workers are essential
for strengthening technical skills and fostering innovation. These strategic interventions may help the construction
industry adopt geopolymer concrete more widely as a vital component of sustainable and resilient building systems.

6. Conclusion

This study thoroughly examined the various advantages and disadvantages of geopolymer concrete in the
construction industry. It highlighted how this material could change the game with its increased strength, fire resistance,
and environmental friendliness. Our study highlights significant obstacles to the broad use of geopolymer concrete,
which include industry-wide knowledge gaps, budgetary limitations, and strategic concerns, despite the material's
apparent benefits. Not only do these results demonstrate the viability of geopolymer concrete as a greener substitute for
Portland cement, but they also pinpoint the essential measures that must be taken to promote its wider adoption and use
in building processes.

Our work adds to the body of knowledge on the challenges of incorporating geopolymer concrete into conventional
building practices by means of thorough empirical analysis, such as exploratory factor analysis and structural equation
modeling. The creation of industry standards, the improvement of supply chains, and the promotion of information
dissemination and skill development among industry players are some of the specific management solutions that we
recommend overcoming the highlighted impediments. The limitations of our study, such as its small sample size and
methodological dependence on exploratory methodologies, highlight the need for further exploration. Extending our
results requires bigger and more varied investigations, as well as more investigation into the economic feasibility and
long-term performance of geopolymer concrete in a wider variety of building applications. By the end of the day, our
research does double duty: it confirms geopolymer concrete's contribution to green building practices and shows the
way forward for removing the major obstacles to its widespread use. In order to make geopolymer concrete work as
intended and create a building sector that is more durable, efficient, and environmentally friendly, these issues must be
resolved.

6.1. Limitations and Future Implications

The sample size of this research, which was restricted to 150 people working in the construction business in a single
location, needs to be improved. The findings can't be applied to different contexts. EFA is used to find the latent
constructs with their problems. Although EFA is common, CFA might have been employed to verify the latent
components. SEM also presupposes a causal connection between the latent components, which may not be justified
given the presence of confounding factors. This work lays the groundwork for further inquiry into using geopolymer
concrete in buildings. Future studies may use a bigger sample size and confirmatory factor analysis to build on this
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research to validate the latent structures. There is a need for more investigation into the varying perspectives and
obstacles to adoption across geographic areas and professional sectors. Extensive field tests might verify geopolymer
concrete's long-term performance and reliability. This study's use of exploratory methods and a small sample size limits
the generalizability of its findings, potentially overlooking the full range of factors affecting geopolymer concrete
adoption across the construction industry. To address these limitations, future research should adopt a broader
methodological approach, expand the sample size to include a more diverse demographic, and combine quantitative and
qualitative methods for a more comprehensive analysis. Longitudinal studies could further elucidate the long-term
effects of interventions on geopolymer concrete adoption. Such efforts will enrich our understanding, offering more
definitive strategies for promoting the widespread use of geopolymer concrete. Lastly, studies might investigate how
geopolymer concrete could be used in environmentally friendly construction.
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