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1. Abstract
AHP by Saaty and Super Decisions decided on eight criteria for five alternative building materials in Bew 
Capital Nusantara. It is designed to facilitate decision-making processes using multi-criteria decision 
analysis (MCDA) methods. MCDA methods are used when decisions involve multiple criteria or factors. 
Weighting by these two tools has been able to explain to construction actors that for a housing project 
location which is 99km from Samarinda to IKN by land, about 1,343 km from Surabaya by land, and 74.6 
km from Balikpapan, which can be reached by land. Selection through weighting on both tools, AHP and 
Super Decision, ensuring that a total of 11,880 housing units with a total budget of IDR 45.2 trillion use 
materials that meet the requirements for cost, easy-to-work-with, performance, and physical properties.
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2. Introduction
In the 1970s, there was a framework 
formed by Thomas L. Saaty based on deci-
sion-making with the name Analytic Hier-
archy Process (AHP)  (Saaty, 1977). It is a 
structured method used to analyze complex 
decisions involving multiple criteria or factors.

2.1. Analytic Hierarchy Process (AHP) 
2.1.1.	Definition	
The Analytic Hierarchy Process (AHP) is a 
mathematical and systematic approach that 
helps individuals or groups make decisions by 
structuring and quantifying the relative im-
portance of various criteria and alternatives.

2.1.2. Main Characteristics:
1. Hierarchical Structure:
AHP breaks down complex decisions into a hier-
archical structure composed of criteria, sub-crite-
ria, and alternatives. This hierarchical structure 
allows decision-makers to analyze and com-
pare elements at different levels of importance.

2. Subjective Judgment:
AHP acknowledges that decision-mak-
ing involves subjective judgment. It al-
lows decision-makers to express their 
preferences and judgments based on their ex-
pertise and knowledge of the problem domain.

3. Mathematical Model:
AHP employs a mathematical model to cal-
culate priority weights for criteria and alter-
natives based on pairwise comparison judg-
ments. This model helps in synthesizing the 
subjective judgments into a coherent decision.

2.1.3.	Classification	
Analytic Hierarchy Process (AHP) falls under the 
broader category of MCDM methods. Used when 
decisions need to be made considering multiple 
criteria or factors. AHP is specifically designed 
to handle decision problems with a hierarchical 
structure, making it suitable for complex decision 
scenarios. It is widely applied in various fields, 
including business, engineering, project manage-
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ment, and policy-making, to aid in decision-mak-
ing processes where multiple factors need to be 
considered and prioritized (Kar & Jha, 2022).

2.2. SuperDecisions Software
SuperDecisions is a decision support soft-
ware developed by the Creative Decisions 
Foundation. It is designed to facilitate de-
cision-making processes using multi-crite-
ria decision analysis (MCDA) methods. MCDA 
methods are utilized when decisions involve 
multiple criteria or factors (Kar & Jha, 2022).

2.2.1.	Definition
SuperDecisions is decision support software that 
provides a platform for implementing and con-
ducting multi-criteria decision analysis. It aims 
to assist decision-makers in structuring complex 
decision problems, analyzing criteria and alter-
natives, and making informed choices based on 
quantitative assessments (Altaie & Dishar, 2024).

2.2.2. Main Characteristics:
1. Multi-Criteria Decision Analysis (MCDA):
SuperDecisions focuses on MCDA. It provides a 
structured framework for systematically assessing 
and comparing alternatives (Altaie & Dishar, 2024).

2. Hierarchy-based Approach:
Similar to other decision support systems, Su-
perDecisions employs a hierarchical structure 
to break down complex decisions into man-
ageable components. It allows users to de-
fine criteria, sub-criteria, and alternatives, es-
tablishing a clear hierarchy for evaluation.

3. Pairwise Comparisons:
SuperDecisions incorporates pairwise compari-
sons to capture the relative importance or prefer-
ence of criteria and alternatives. Decision-makers 
provide judgments on pairwise comparisons, en-
abling the software to calculate priority weights 
for elements in the hierarchy (Alkharasani, 2023).

4. Decision Visualization:
SuperDecisions offers visualization tools to 
aid decision-makers in understanding and in-
terpreting the results. It provides graphical 
representations, such as decision trees, bar 
charts, and sensitivity analysis, to help users 

gain insights into the decision-making process.

2.2.3.	Classification
SuperDecisions can be classified as decision sup-
port software within the field of multi-criteria 
decision analysis (MCDA). MCDA methods are 
commonly used in various domains, including busi-
ness, engineering, public policy, and environmen-
tal management (Cardona-Trujillo et al., 2023). 
SuperDecisions specifically focuses on facilitating 
the application of MCDA techniques by providing a 
user-friendly interface and analytical tools for de-
cision-making processes (Altaie & Dishar, 2024).

In determining a mass construction proj-
ect in a remote location, architects and civil en-
gineers must consider construction costs, ease of 
construction, material performance, and physical 
property.  Of these four criteria, as shown in Fig-
ure 1, each main criterion has a second derivative 
criterion, namely, cost consisting of material cost 
and shipment cost. The easy-to-work-with criteri-
on consists of 2 derivative criteria, namely, ‘heavy 
equipment to install’ and construction period. The 
performance criterion consists of 2 derivative cri-
teria, namely, lifetime and comfortable or comfort 
to live in due to surface heat propagation. The 
physical property criterion consists of 2 deriva-
tive criteria, namely, density and weight of wall 
element per house, which will have an impact on 
the size of the foundation (Altaie & Dishar, 2024).

Housing development in the capital of the 
archipelago, IKN; Penajam Paser, East Kaliman-
tan, is considered very urgent. This multi-time 
building project requires measurable studies, both 
qualitative and quantitative, so that the main types 
of materials for residential building structures 
can be determined (Afzali Borujeni et al., 2024). 
“A total of 2,585 units are proposed to be 
built using the state budget with an estimat-
ed cost of IDR 9.4 trillion. Then 9,295 units are 
planned to be built through the PPP scheme 
(Government Cooperation with Business En-
tities with an estimated cost of IDR 35.8 tril-
lion,” a statement on the official website of the 
Ministry of PUPR quoted Friday (31/3/2023).
Five thousand one hundred ten units of flats are 
also needed to be held through private investment 
schemes/housing developers with an estimated 
cost of IDR 6.2 trillion. (Emir Yanwardhana, 2023). 
This number does not include staff and employees 
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of private institutions. There are 8 criteria and 5 
alternative types of materials that have been ver-
ified by the Center for Building and Settlement 

Research - Department of Public Works, Republic 
of Indonesia (Puslitbangkim – PUPR) to be cal-
culated using AHP and SuperDecision software.
Shipment Cost is a significant value because 
there is no nearby building materials indus-
try in IKN. Density refers to density; specif-
ic gravity will also affect the ease of imple-
mentation, mobilization and demobilization 
(mob-demob) tools used, and wages. Total 
weight will affect the design of the foundation 
and the type of material fittings or connectors.
The five alternative materials are materials 
that have passed the Center for Building and 
Settlement Research - Department of Pub-
lic Works, Republic of Indonesia (Puslitbangkim 
-PUPR), have been used in many projects, and 
can be accepted by users with or without cer-
tain conditions (Afzali Borujeni et al., 2024).

Shipment cost is calculated on a port-to-door ba-
sis from Surabaya, Java island, to IKN, Kaliman-
tan island. The ‘shipment cost’ of ‘wall concrete 
precast’ is calculated from the ‘batching plant’ lo-

cated in Samarinda or Balikpapan, which is almost 
the same distance to IKN, sent by inland transpor-
tation (Afzali Borujeni et al., 2024). The types of 

materials shown in Figure 2 have different char-
acteristics, performance, and physical properties.

Thus, 8 variable criteria were obtained to be 
compared, namely, ‘material cost,’ ‘shipment 
cost,’ ‘heavy equipment,’ ‘construction period,’ 
‘lifetime,’ ‘comfortable,’ ‘density, and ‘weight of 
wall element’ for one house. These eight crite-
rion variables are calculated to determine the 

GGOOAALL CCRRIITTEERRIIAA AALLTTEERRNNAATTIIVVEESS
Selected Material Material Cost Concrete Precast

Shipment Cost LBW
Heavy Equipment AAC Panel
Construction Period EPS Panel
Life Time Sandwich Panel
Comfortable
Density
Total Weight

 
 

Material 
cost 

(IDR/sqm)
Shipment 
cost (IDR)

Heavy 
equipment 
to install

Construction 
period 

(week/s)
Life time 
(year/s) Comfortable

Density 
(Kg/cum)

 Weight 0f 
Wall 

Element per 
house (Kg) 

Wall concrete precast 364.000   77.760.000 yes 8 30 no 2400 364.000    

Load Bearing Wall AAC 75.000   50.176.800 no 4 30 yes 500 75.000    

Wall Panel AAC 250.000   72.254.592 no 3 30 yes 800 250.000    

EPS Panels (Expanded Polystyrene) 113.333   5.017.680  no 2 10 yes 50 113.333    

Calcium Silicate-EPS-Cement Panels 97.000   80.282.880 no 3 10 yes 500-1000 97.000    

Cost Easy-to-work-with Performance Physical property

Figure 1. 
Material criteria and alternatives

Figure 2. 
Alternative Materials
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right type of main material. It is known that 
the cost per m2 (IDR/m2) is based on the spe-
cific gravity (Kg/m3) of each material select-
ed; ‘wall concrete precast,’ Load Bearing Wall 
AAC,’ Wall Panel AAC,’ EPS Panel, and EPS-Ce-
ment Panel; is as described in Figure 3 below.

While the cost of material delivery per unit of type 
36 house;  AAC Load Bearing Wall’, AAC Wall Pan-
el,’ EPS Panel, and EPS-Cement Panel; from the 
nearest  industry, namely Surabaya, and the ship-
ping cost of wall concrete precast from the near-
est batching plant, Samarinda, is shipped by in-
land transportation as described in figure 4 below:

3. Research Method
The determination of the main material to be 
selected is calculated through the AHP (An-
alytical Hierarchy Process) method. The pro-
cess is carried out in the following order:

3.1. Proses Analytical Hierarchy Process 
(AHP) 
Compiling pairwise comparisons is the first step 
in determining the priority scale against the cri-
teria that have been arranged; in each sub-hier-
archical system, comparisons are carried out in 
the value of criteria into the form of pairs as a 
whole (Afzali Borujeni et al., 2024). For its nu-

merical analysis, a comparative transformation 
into matrix form is carried out (Hsino & Jasiczak, 
2023). The value used for all comparisons is 
obtained based on the value of the compari-
son scale between values 1 to 9 (Saaty Scale)

3.2. Consistency Test 
In the Analytical Hierarchy Process (AHP) mod-
el, consistency testing is one of the main anal-
yses in.  The maximum eigenvalue is the basis 
of consistency testing in the comparison matrix. 
The comparison matrix can be minimized through 
maximum eigenvalues by considering the incon-

sistencies in the results of the answers that have 
been given (Alamdari et al., 2023). The breakdown 
of the consistency index formula is as follows: 

After that, the value of the results of the respon-
dent consistency test in filling out the question-

AAnnaallyyttiiccaall HHiieerraarrcchhyy PPrroocceessss aanndd SSuuppeerrddeecciissiioonnss ttoo SSeelleecctt BBuuiillddiinngg MMaatteerriiaall
ffoorr HHoouussiinngg CCoonnssttrruuccttiioonn aatt NNeeww CCaappiittaall NNuussaannttaarraa,, EEaasstt KKaalliimmaannttaann,, IInnddoonneessiiaa

7

Figure 3. 
Material Cost per m2

Figure 4. 
The cost of delivery of materials per unit of the house
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Calculating the 
Eigenvector and 

determining the ranking 
of the alternatives 

Provides a pairwise 
comparison assessment 

(paired comparison) 

Check consistency for 
each pairwise 
comparison 

Setting goals 
Determine respondents 
/ experts whose role is 
to provide input to AHP 

determining 
alternatives, criteria, 

and hierarchical 
structure in the 

selection 

Figure 5. 
AHP process

Figure 6. 
Pairwise comparison matrix

Figure 7. 
Prof. Scale Thomas Lorie Saaty
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naire was measured (Alamdari et al., 2023). 
Measurement of the value of the results of the 
consistency test aims to obtain the value of 
the inconsistency of the results of the answers 
that respondents have given. The CR value al-
lowed by Prof. Thomas Lorie S. is CR < 0.1.

3.3. Multi-Participant Comparison Assess-
ment
There are n  answers in each pair generat-
ed by geometric mean theory, which explains 
if there are respondents who perform pair-
wise comparative analysis. All values must be 
multiplied by one another; this aims to pro-
duce a certain value, and then the appoint-
ment is done by 1/n. So that the following for-
mula describes the mathematical calculation: 

Whereas:
Adj = paired comparison value between Ai and Aj 
criteria for n respondents.
Zi = the pairwise comparison value between the 
criteria of Ai and Aj for respondents i, with i is 
1,2,3, ..... n.
n = respondent’s number. 

4. Result and Discussion
4.1. Criterion Weight Calculation
To choose the most suitable type of materi-

al for IKN,SELECTED; with 8 criteria;‘material 
cost,’ ‘shipment cost,’‘heavy equipment,’‘con-
struction period,’ ‘lifetime,’‘comfortable,’‘density,’ 
and total weight’;to choose one of five types of 
materials that meet PUPR requirements;‘pre-
cast concrete,’Load Bearing Wall,’AAC Wall Pan-
el,’ EPS Panel,and Sandwich Panel EPS Cement; 
From the Pairwise comparison method: The ratio 
matrix is created by involving pairwise compari-
sons for each criterion and alternative. The scale 
is used to make comparisons in pairs and then 
calculate the weights (Alamdari et al., 2023).
Then, it is calculated according to the calcu-
lation procedure in Figure 9 below.Further-
more, weighting is made according to Fig-
ure 10 and Figure 11 to determine the Eigen 
Vector or the weight of each criterion as fol-
lows: From the weighting results above, then 
we need to check the consistency as follows:

Since a CR of < 0.1 means that the preference 
obtained is consistent.

4.2.  Calculation of Evaluation Factors for All 
Criteria
Next, we test each type of material, precast concrete, 
AAC load-bearing wall, AAC wall panel, EPS panel, 
and EPS-cement panel, against each of the criteria.
Conclusion of weighting calculation using the AHP 
method; Analytical Hierarchy Process; as follows:
i      The most important variable is the ‘comfort-
able’ criterion, the value is 0.1856 or 18.56%;
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Figure 8. 
Salty’s 1-9 Scale of pairwise comparisons
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ii    The second most important variable is the 
criterion ‘lifetime,’ which refers to strength or ‘du-
rability’; the weight is 0.175 or 17.5%;
iii    The criterion of ‘material cost’ weight is 0.047 

or 4.7%
iv    The criterion of ‘shipment cost’ weights 0.051 
or 5.1%
v  The criterion of ‘heavy equipment’ weighs 
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Calculating the weight of 
the criteria

• Pairwise comparison 
matrix for each 
criterion.

• Normalize the
resulting matrix

• The average value in 
each row to determine 
the weight of the 
criteria

• Calculate and check 
the value of the 
consistency ratio

Calculating the weight of 
each alternative on each 
criterion

• Pairwise comparison 
matrices for each 
alternative on each 
criterion.

• Normalize the
resulting matrix.

• Average the values in 
each row to get 
alternative weights.

• Calculate and check 
the consistency value.

Calculate the weighted 
average ranking for each 
decision alternative

• Choose the alternative
with the highest 
weighted value

Figure 9. 
Calculation procedure

Figure 10. 
Calculation of the weight of the hierarchy criteria

PAIRWISE COMPARISON
Material 

cost 
Shipment 

cost 

Heavy 
equipment 
to install

Construction 
period Life time Comfortable Density 

 Weight 0f 
Wall 

Element per 
house  

Material cost 1 1,00 0,33 0,33 0,25 0,25 0,33 0,50
Shipment cost 1 1 0,50 0,33 0,33 0,33 0,50 0,25

Heavy equipment to install 3 2 1 0,33 0,33 0,33 1,00 1,00
Construction period 3 3 3 1 0,33 0,33 0,25 0,25

Life time 4 3 3 3 1 1,00 0,50 1,00
Comfortable 4 3 3 3 1 1 1,00 1,00

Density 3 2 1 4 2 1 1 1,00
 Weight 0f Wall Element per house  2 4 1 4 1 1 1 1

21,0 19,0 12,8 16,0 6,3 5,3 5,6 6,0

MATRIX NORMALISATION
Material

cost
Shipment

cost

Heavy 
equipment
to install

Construction
period Life time Comfortable Density

 Weight 0f
Wall 

Element per
house

EIGENVECTOR
(criterion
weight)

Material cost 0,05 0,05 0,03 0,02 0,04 0,05 0,06 0,08 0,047
Shipment cost 0,05 0,05 0,04 0,02 0,05 0,06 0,09 0,04 0,051

Heavy equipment to install 0,14 0,11 0,08 0,02 0,05 0,06 0,17 0,17 0,101
Construction period 0,14 0,16 0,23 0,07 0,05 0,06 0,09 0,04 0,106

Life time 0,19 0,16 0,23 0,21 0,16 0,19 0,09 0,17 0,175
Comfortable 0,19 0,16 0,23 0,21 0,16 0,19 0,17 0,17 0,186

Density 0,14 0,11 0,08 0,14 0,32 0,19 0,17 0,17 0,165
 Weight 0f Wall Element per house  0,10 0,21 0,08 0,29 0,16 0,19 0,17 0,17 0,170

1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
Conclusion: the most important comfortable variable, the second is life time variable
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0.101 or 1.01%
vi   The criterion of ‘construction period’ weights 
0.106 or 1.06%
vii  The criterion of ‘density’ weighs 0.165 or 

1.65%
viii   The criterion of ‘weight of wall element per 
house’ weighs 0.170 or 1.7%
Then, we calculate the weighting for alternative 
types of building materials as follows:

Conclusion of weighting material types according 
to AHP;  Analytical Hierarchy Process; are as fol-
lows: The material that has the greatest weight 
to choose from is ‘wall concrete precast,’ with a 

value of 0.303;
i The criterion with the greatest weight is 
the ‘comfortable’ criterion, with a value of 0.2639. 
The second criterion is the ‘weight of wall ele-
ment,’ with a value of 0.2361;
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ii 2 types of materials and structural systems 
are widely chosen, namely ‘wall concrete precast’ 
and ‘EPS Panels (Expanded Polystyrene),’ The 
material ‘precast concrete’ meets the criteria of 

‘material cost,’ construction period,’ ‘lifetime,’ and 
‘density.’ The material ‘EPS panel’ meets the cri-
teria of ‘shipment cost,’ heavy equipment,’ com-
fort,’ and total wall weight (Alkharasani, 2023).
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The weighting conclusions according to SuperDe-
cisions
are as follows:

Conclusion
Analytic Hierarchy Process (AHP) Pros:IStruc-
tured Decision-Making: AHP provides a system-
atic and structured approach to decision-making 
by breaking down complex problems into a hi-
erarchical structure of criteria, sub-criteria, and 
alternatives.
i Flexibility: AHP allows decision-makers 
to incorporate subjective judgments and prefer-
ences into the decision-making process, accom-
modating a wide range of decision scenarios and 
problem domains.

ii Prioritization of Criteria: AHP enables de

cision-makers to prioritize criteria and alterna-
tives by assigning numerical values to their rela-
tive importance. This helps in focusing attention 
on the most critical factors in the decision.
iii Mathematical Model: AHP utilizes a math-
ematical model to calculate priority weights based 
on pairwise comparisons, which adds rigor and 
consistency to the decision-making process.

SuperDecisions Software Pros: 
User-Friendly Interface: SuperDecisions provides 
a user-friendly interface that simplifies the im-
plementation of multi-criteria decision analysis. 
It offers intuitive tools and visualizations to assist 
decision-makers in understanding and interpret-
ing the results. Decision Visualization: SuperDe-
cisions software offers graphical representations 
and visualization tools that help decision-makers 
visualize the decision hierarchy, compare alter
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Concrete
precast LBW AAC panel EPS panel

Sandwich 
panel

S1 S2 S3 S4 S5
Material cost A1 0,4063 0,9129
Shipment cost A2 0,4973 0,0514
Heavy equipment to install A3 0,5091 0,0583
Construction period A4 0,4298 0,0858
Life time A5 0,3187 0,0905
Comfortable A6 0,0416 0,5582
Density A7 0,5561 0,0483
Weight 0f Wall Element per house A8 0,6450 0,0405

the highest the lowest
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natives, and understand the impact of different 
criteria on the final decision.
i Data Management: SuperDecisions pro-
vides a platform for managing and organizing 
decision-related data, making it easier to store 
and retrieve information. This can be particularly 
helpful when dealing with complex decision prob-
lems involving numerous criteria and alterna-
tives.

Analytic Hierarchy Process (AHP) Cons: Subjec-
tive Judgments: AHP heavily relies on subjective 
judgments and pairwise comparisons provided 
by decision-makers. This reliance on individual 
opinions can introduce bias or inconsistency if the 
judgments are not well-informed or properly cal-
ibrated.
i Complexity: AHP, especially for larger and 
more complex decision problems, can become 
time-consuming and challenging to implement. 
The process of constructing the hierarchy, per-
forming pairwise comparisons, and synthesizing 
results can be intricate and demanding.

SuperDecisions Software Cons:
i Learning Curve: Like any software, Super-
Decisions may have a learning curve, particular-
ly for users who need to become more familiar 
with multi-criteria decision analysis or decision 
support systems. It may require some initial time 
and effort to understand and utilize the software 
effectively.
ii Limited Customization: The capabilities 
and features of SuperDecisions may be limited to 
the functionality provided by the software. Users 

may encounter limitations in customizing certain 
aspects of the decision-making process to suit 
their specific needs or preferences.
It’s important to note that the pros and cons list-
ed here are general considerations and may vary 
depending on specific use cases and individual 
preferences. Users should evaluate their specif-
ic requirements and consider the suitability of 
AHP and SuperDecisions software in their deci-
sion-making processes. Within certain cases, de-
cision-makers delivered data that is not complet-
ed, and numerous reasons are present related to 
this; these are  (Harker, 1987): 

(1) Lease amount of time for making a decision 
(2) Reluctance to show the opinion 
(3) Opinion’s Uncertainty

Furthermore, the results of the AHP and Super 
Decisions calculation above are as follows:
i Material cost is ex-factory material price, 
the highest price of ‘concrete precast,’ lowest 
price of sandwich panel;
ii Shipment Cost is the cost of shipping from 
the nearest building materials industry to IKN. 
Highest cost EPS Panel, lowest cost sandwich 
panel;
iii Heavy equipment is the level of heavy 
equipment requirements, both for erections and 
for mob demos. The material that most needs 
heavy equipment assistance is ‘concrete precast.’ 
While the least necessary heavy equipment for 
mob-demob is the ‘sandwich panel’;
iv The longest construction period is con-
crete precast, 8 weeks per housing unit. The fast-
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est is the ‘sandwich panel,’ which is 2 weeks per 
housing unit.
v Lifetime, the longest building area is con-
crete precast, 40 years. The shortest building life 
is EPS panel, 10 years;
vi Comfortable: The most comfortable place 
to live is the sandwich panel. The most uncom-
fortable is precast concrete;
vii The highest density is precast concrete, 
and the lowest one is sandwich panel. The densi-
ty value refers to durability;
viii The total weight of the building is precast 
concrete; the lowest total weight of the building 
is sandwich panel;

5. Thank you note
The new capital of the archipelago (IKN = Capital 
of the Archipelago) is both an opportunity and a 
challenge. The opportunity to create a new cen-
ter for Indonesia’s economic growth while at the 
same time offering a construction challenge that 
must be realized in the near future, with very 
limited local resources. These building materi-
al choices can be determined through AHP and 
SuperDecision. I would like to thank A.A. Bagus 
Dinariyana Putranto for enabling the above ob-
jectives to be answered through the Quantita-
tive Methods course at Ten November Institute of 
Technology, Surabaya. Thus, choosing the right 
building materials can save costs, shorten the 
construction period, and create thousands of du-
rable, comfortable house constructions to live in.
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