
 

 

INTRODUCTION 

Population growth and continuing urbanization have increased the demand for adequate, 

affordable, and functionally appropriate housing, making residential development an important 

component of contemporary urban construction, particularly in rapidly growing cities in developing 

countries. This condition has intensified the pressure on housing developers to provide residential 

products at competitive prices while maintaining construction quality, functional performance, 

occupant comfort, and architectural acceptability. At the project level, these competing requirements 

make cost, quality, and construction time interdependent dimensions of construction management that 

must be controlled simultaneously because changes in one dimension can influence the achievement of 

the others (Soeharto, 1995). Effective project management therefore requires decision-making that 

considers not only the initial construction expenditure but also the relationship between resources, 

technical requirements, and the functions delivered by each building component (Dimyati & Nurjaman, 

2014). Recent developments in construction value engineering indicate that the discipline has 

increasingly shifted from a conventional cost-reduction technique toward a systematic approach for 

improving project value through functional analysis, alternative generation, and structured decision-

making (Chen et al., 2022). This shift is particularly relevant to residential construction, where repetitive 

building components and extensive material choices create opportunities to improve economic 

efficiency without necessarily changing the fundamental functions of the dwelling. In an increasingly 

competitive housing market, the ability to identify unnecessary costs while preserving the intended 

performance of a building has consequently become an important engineering and managerial concern. 

In practice, residential construction projects may experience cost inefficiencies arising from 

material selection, design decisions, construction methods, procurement conditions, and the use of 

specifications that exceed actual functional requirements. Such inefficiencies become more 
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Abstract 
Housing development projects are required to achieve cost, quality, and time targets efficiently, 

creating a need for effective cost-control methods that do not compromise building function and 

quality. This study aims to identify more economical material alternatives and determine the 

potential cost savings from applying Value Engineering to the architectural works of the Mutiara 

Kedungmundu Housing Project in Semarang City. A case study approach was employed through 

four Value Engineering stages: information, creative, analysis, and recommendation. Data were 

obtained from the project’s Bill of Quantities, Unit Price Analysis, and working drawings, and 

were analyzed using cost breakdown, Pareto analysis, function analysis based on Cost/Worth, 

Zero-One analysis, and an evaluation matrix. The results identified five architectural work items 

with high optimization potential, namely walls, door and window frames, floor and wall 

finishing, roof, and ceiling. Seven selected material alternatives reduced the architectural work 

cost from Rp155,832,330.69 to Rp144,998,247.48, generating a saving of Rp10,834,083.20 or 

6.95% of the initial cost. The selected alternatives maintained the primary building functions, 

quality, and aesthetic requirements. These findings demonstrate that Value Engineering provides 

an effective systematic approach for optimizing construction costs in small- to medium-scale 

housing projects while maintaining essential building performance. 
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consequential when developers must maintain selling prices within market expectations while 

simultaneously responding to requirements for durability, safety, aesthetics, and occupant comfort. 

Value Engineering offers a structured approach to this problem by examining whether the required 

functions of a product, system, or building can be achieved at a lower cost without sacrificing reliability, 

quality, maintainability, or appearance (Miles, 1972). Its fundamental logic differs from conventional 

cost cutting because the objective is not simply to select the cheapest available material, but to maximize 

the relationship between function and cost through technically and economically justified alternatives 

(Zimmerman & Hart, 1998). The value-oriented perspective requires project components to be assessed 

according to the functions they perform and the resources required to deliver those functions. Value 

analysis in design similarly emphasizes the identification of unnecessary expenditure during the design 

and decision-making process, allowing alternative solutions to be considered before inefficient choices 

become embedded in project implementation (Fowler, 1990). This perspective makes Value 

Engineering particularly suitable for housing projects because architectural components often provide 

substantial opportunities for substitution while remaining subject to clearly defined functional and 

performance requirements. 

Previous empirical research has demonstrated that Value Engineering can generate meaningful 

economic benefits across different types of construction projects, although the magnitude of savings is 

strongly influenced by project characteristics and the components selected for analysis. In the Green 

Semesta Housing Project in Semarang, the application of Value Engineering demonstrated the potential 

for optimizing residential construction expenditure through the assessment of alternative components 

while maintaining the intended requirements of the housing project (Faza et al., 2025). Similar evidence 

was reported in the Pesona Griya Asri Housing Project in Kudus, where redesign of type 36 and type 

45 residential units was used to identify opportunities for reducing production costs through alternative 

design solutions (Noviyanti, 2022). Research on the Andalusia Housing Griya Giri Phase II Project in 

Gresik further confirms that residential developments contain cost-optimization opportunities that can 

be identified through systematic evaluation of construction components and alternative solutions 

(Muhammad et al., 2023). Comparable findings were obtained in the Mutiara Gading Housing Project 

in Bekasi, demonstrating that Value Engineering can be applied to residential development to identify 

alternatives capable of improving construction-cost efficiency (Susanto et al., 2023). The collective 

evidence suggests that residential projects are not merely passive recipients of cost-control measures 

but represent environments in which design standardization, repetitive work items, and material 

substitutability can support systematic value optimization. At the same time, the different savings 

achieved across these cases indicate that the effectiveness of Value Engineering cannot be reduced to a 

universal percentage of cost reduction because optimization potential depends on the specific design, 

construction technology, material market, and cost composition of each project. 

Despite these developments, an important empirical and conceptual gap remains in the 

application of Value Engineering to architectural works within small- and medium-scale housing 

projects. Much of the existing literature has examined large infrastructure, institutional, or specialized 

building projects, while relatively fewer studies have focused specifically on the detailed optimization 

of residential architectural components such as walls, frames, floor finishes, roofs, and ceilings. 

Research on architectural works in the Citra Arafiq Serang Hospital project demonstrates that 

architectural components can provide significant opportunities for value optimization because 

alternative materials may achieve comparable functions with different cost implications 

(Maddeppungeng et al., 2024). Research on flats for educators at UGM Sleman also shows that 

systematic value engineering can identify alternative construction solutions, although the functional and 

technical characteristics of multi-unit flats differ from those of landed housing developments (Purwanty 

et al., 2023). Studies of bridge construction have similarly reported substantial savings through 

alternative structural and foundation solutions, but such findings cannot be directly transferred to 

residential architectural works because the functional hierarchy and technical constraints are 

fundamentally different (Iandryan, 2023). The literature therefore provides strong evidence for the 

general effectiveness of Value Engineering but remains less conclusive regarding how the method 

should be operationalized when the principal optimization opportunities are concentrated in repetitive 

architectural components of a housing project. This gap is important because a lower-cost alternative is 

only meaningful when it continues to satisfy the functional, technical, aesthetic, and durability 

requirements established for the housing product. 
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The unresolved issue has both scientific and practical significance because inappropriate 

material substitution may reduce initial expenditure while generating hidden costs associated with 

maintenance, replacement, reduced durability, or diminished user satisfaction. Contemporary value 

assessment research in traditional housing emphasizes that value should be evaluated through the 

relationship between functional requirements and the characteristics of design alternatives rather than 

through construction cost alone (Giménez et al., 2023). A similar concern is reflected in research 

integrating Building Information Modeling and Value Engineering, which argues that more systematic 

information and alternative evaluation can improve decision-making in residential construction and 

strengthen the connection between design information and value optimization (Gouda Mohamed et al., 

2024). Research on bridge replacement projects has shown that substantial savings can be achieved 

through Value Engineering, including savings of up to 25% in foundation work, but the magnitude of 

savings is closely related to the specific alternatives and technical conditions of the project (Ainayyah 

& Rhomaita, 2022). Recent work on Value Engineering models for hospital buildings also reinforces 

the need to align cost optimization with applicable technical standards and building performance 

requirements rather than treating financial savings as the sole decision criterion (Riyanto et al., 2025). 

These findings establish the need for a project-specific investigation capable of distinguishing genuine 

value improvement from simple expenditure reduction. For the Mutiara Kedungmundu Housing Project 

in Semarang City, this issue is particularly relevant because optimization of architectural materials may 

directly influence the economic competitiveness of the development while simultaneously determining 

the visual, functional, and technical characteristics experienced by occupants. 

Against this background, the present study is positioned within the residential construction 

value engineering literature by examining the Mutiara Kedungmundu Housing Project in Semarang 

City as a specific case of architectural cost and function optimization. The study retains the fundamental 

principle that value improvement should be achieved by identifying unnecessary costs and developing 

alternative solutions that continue to satisfy the required functions of the building components. The 

analysis focuses on identifying architectural work items with substantial optimization potential, 

generating feasible material alternatives, evaluating their functional and technical suitability, and 

determining the economic implications of the selected alternatives. This research is intended to address 

the limited project-specific evidence concerning how Value Engineering can be applied to repetitive 

architectural components in small- to medium-scale housing developments. The primary objective is to 

analyze the application of Value Engineering to the Mutiara Kedungmundu Housing Project, determine 

the architectural components that provide the greatest potential for optimization, identify the most 

appropriate alternative materials, and quantify the construction-cost savings resulting from the 

recommended alternatives. Theoretically, the study contributes to the value engineering literature by 

extending the discussion of function–cost optimization to a residential architectural context and by 

demonstrating how value-oriented decision-making can be applied to project-specific material choices. 

Methodologically, the study provides an integrated case-based framework for moving from information 

and functional identification to alternative evaluation and cost comparison, offering a practical 

analytical basis for more efficient, functionally appropriate, and economically rational decision-making 

in residential construction. 

 

RESEARCH METHODS 

The study employs an empirical, non-experimental case study design conducted at the Mutiara 

Kedungmundu Housing Project in Jl. Tlompak RT.07/RW.01, Sambiroto, Tembalang, Semarang City, 

with one type-50 housing unit selected as the research object and the analysis focused on architectural 

works. Primary data are obtained through field observation and interviews with the developer, while 

secondary data consist of the project Bill of Quantity (Rencana Anggaran Biaya/RAB), Analysis of 

Unit Prices (Analisis Harga Satuan Pekerjaan/AHSP), shop drawings, and material price data obtained 

from building-material suppliers and authorized distributors. The research follows the Value 

Engineering job plan, comprising the information, creative, analysis, and recommendation stages, in 

which the information stage includes cost breakdown, Pareto analysis, and functional analysis to 

identify high-cost architectural components and distinguish basic and secondary functions (Fowler, 

1990). The relationship between cost and function is assessed using the Value Index based on the 

Cost/Worth approach, where Cost represents the total cost of an architectural work item and Worth 

represents the minimum cost required to achieve its basic function (Miles, 1972). 
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Value Index (C/W) = Cost / Worth 

 

Architectural work items with C/W ≥ 1.5 are classified as having high potential for unnecessary 

costs and are subsequently prioritized for further analysis, while the creative stage develops technically 

feasible material alternatives based on market surveys and product information. The analysis stage then 

evaluates each alternative according to technical, functional, and economic criteria using a Zero-One 

paired-comparison matrix, while all work-volume calculations, AHSP and RAB preparation, Pareto 

analysis, alternative scoring, and cost comparisons are processed using Microsoft Excel to ensure a 

transparent and reproducible analytical procedure (Zimmerman & Hart, 1998). 

The testing and validation procedure is performed through comparative technical and economic 

analysis of the original materials and the proposed alternatives rather than through laboratory 

experimentation, because the study evaluates project-specific material substitutions using documented 

construction data. Each alternative is first assessed for its ability to maintain the required function and 

technical characteristics of the original component, after which the Zero-One method assigns a score of 

“1” when an alternative is superior to its comparator and “0” when it is inferior, with the resulting total 

score determining the priority ranking. The alternative with the highest evaluation score is subsequently 

selected for detailed recalculation of the AHSP and RAB using equivalent work quantities, enabling the 

economic performance of the proposed solution to be compared directly with the original design. This 

evaluation approach maintains the fundamental principle of Value Engineering that cost optimization 

should improve the relationship between function and expenditure rather than simply reduce the initial 

project cost (Kartono, 2014). The principal quantitative performance metric is the percentage of cost 

saving calculated from the difference between the original and alternative costs, expressed as follows: 

 

Cost Saving (%) = [(Initial Cost − Alternative Cost) / Initial Cost] × 100% 

The final validation is based on the consistency among functional adequacy, technical feasibility, Zero-

One evaluation results, and measurable cost savings, while the recommended alternative is determined 

from its overall ability to provide the required function at a lower project cost, consistent with the 

application of Value Engineering in residential construction projects (Muhammad et al., 2023). 

 

RESULTS AND DISCUSSION 

Project Cost Structure and Information Analysis 

The Mutiara Kedungmundu Housing Project comprises structural, architectural, mechanical-

electrical-sanitation, and miscellaneous works with a total contract value of Rp241,879,138.69 for the 

type-50 housing unit examined in this study. The cost structure indicates that architectural works 

represent the largest expenditure component, amounting to Rp155,832,330.69, while structural works 

account for Rp75,865,408.00, mechanical-electrical-sanitation works Rp9,531,400.00, and other works 

Rp650,000.00. The relatively high proportion allocated to architectural works indicates that material 

selection within this work package can substantially influence the overall construction cost. This 

condition is particularly relevant in residential construction, where architectural components involve 

extensive material quantities and repeated applications across building elements. Value Engineering 

therefore requires the identification of cost-intensive components before alternatives are developed, 

because concentrating analytical effort on significant cost contributors provides greater potential for 

improving project value (Chen et al., 2022). 

The architectural cost of Rp155,832,330.69 is distributed across seven major work groups, 

consisting of walls and door-window frames, floor and wall finishing, ceiling, roof, painting, accessory 

concrete, and miscellaneous works. The first four groups account for the majority of architectural 

expenditure, while painting, accessory concrete, and miscellaneous works contribute comparatively 

smaller proportions. This distribution demonstrates that the architectural budget is concentrated in 

several material-intensive components rather than being evenly distributed among all work groups. The 

cost breakdown consequently provides an initial quantitative basis for determining which components 

warrant detailed Value Engineering investigation. Such prioritization is consistent with the information 

phase of Value Engineering, in which project cost information is systematically organized to identify 

areas with significant opportunities for value improvement (Fowler, 1990). 
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Table 1. Breakdown Cost and Pareto Analysis of Architectural Works 

 

Work Description Price (Rp) Weight (%) Cumulative (%) 

Walls, Door and Window Frames 53,057,500.39 34.05 34.05 

Floor and Wall Finishing 36,978,257.99 23.73 57.78 

Ceiling 21,484,693.44 13.79 71.56 

Roof 17,946,424.60 11.52 83.08 

Painting Works 14,348,364.27 9.21 92.29 

Accessory Concrete 7,400,000.00 4.75 97.04 

Others 4,617,090.00 2.96 100.00 

Total 155,832,330.69 100.00 – 

Source: Author’s Analysis Based on the Project RAB 

 

The second-highest contribution from floor and wall finishing increases the cumulative share 

of these two groups to 57.78%, while ceiling and roof works raise the cumulative proportion to 71.56% 

and 83.08%, respectively. The Pareto distribution therefore demonstrates a pronounced concentration 

of architectural expenditure in the first four work groups, providing a stronger analytical justification 

for prioritization than consideration based solely on individual material prices. The pattern is consistent 

with previous Value Engineering applications in residential projects, where architectural components 

frequently provide opportunities for material substitution and cost optimization without fundamentally 

altering the intended building function (Faza et al., 2025). 

Based on the cumulative distribution in Table 1, the first four work groups reach 83.08% of the 

total architectural cost and are consequently selected as the principal areas for further Value Engineering 

analysis. The prioritized groups comprise walls and door-window frames, floor and wall finishing, 

ceiling, and roof works, with respective cost contributions of 34.05%, 23.73%, 13.79%, and 11.52%. 

Their combined value of Rp129,466,876.42 represents the dominant portion of the architectural budget 

and indicates that even moderate savings within these components can generate measurable project-

level economic effects. The selection also prevents analytical resources from being dispersed across 

low-cost items whose potential savings would have a limited effect on the total architectural 

expenditure. A similar prioritization principle is evident in Value Engineering studies of architectural 

works, where high-cost work packages are subjected to subsequent functional analysis to identify 

potential unnecessary expenditure (Maddeppungeng et al., 2024). 

The Pareto analysis, however, identifies cost concentration rather than directly establishing 

whether a particular expenditure is functionally justified. A high-cost work item may still represent an 

appropriate expenditure when its materials are necessary to achieve the required performance, 

durability, appearance, or constructability. The next analytical stage therefore requires functional 

assessment through the Cost/Worth relationship to distinguish legitimate costs from potential 

unnecessary costs within the prioritized work groups. This approach preserves the central Value 

Engineering principle that cost reduction should be evaluated in relation to the function delivered rather 

than treated as an independent objective (Zimmerman & Hart, 1998). The resulting prioritization 

provides a structured transition from project-level cost mapping to detailed functional analysis of the 

selected architectural components. 

 

Functional Analysis and Identification of Value Improvement Opportunities 

Functional analysis was conducted on the architectural work items identified through the cost 

breakdown and Pareto analysis to determine the relationship between expenditure and the functions 

delivered by each component. The assessment distinguishes the Basic Function (B), which represents 

the primary function that must be fulfilled, from Secondary Function (S), which supports the 

performance, appearance, or usability of the building component. Each function was formulated using 

a verb–noun structure to maintain a clear relationship between the required action and the object 

receiving that action. This functional decomposition is important because Value Engineering evaluates 

construction components according to the functions they provide rather than considering material cost 

as an isolated variable (Miles, 1972). The analysis subsequently compares the existing cost with the 

estimated Worth required to achieve the identified basic function. 
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The Cost/Worth assessment was applied to five architectural work items, namely walls, door 

and window frames, floor and wall finishing, roof, and ceiling works. These items were retained for 

functional analysis because they either represented substantial cost contributions or demonstrated 

characteristics that could provide opportunities for material optimization. The calculated Cost 

represents the expenditure associated with the existing solution, whereas Worth represents the estimated 

minimum expenditure required to provide the intended basic function at the required performance level. 

A C/W value close to 1.00 indicates that the existing expenditure is relatively proportional to the 

functional requirement, whereas a higher value indicates a greater difference between expenditure and 

functional worth. The interpretation of this relationship provides a quantitative screening mechanism 

for identifying components that warrant more detailed investigation in the creative stage (Kartono, 

2014). 

 

Table 2. Summary of Functional Analysis (Cost/Worth) by Work Item 

 

Work Item Basic Function Cost (Rp) Worth (Rp) C/W 

Walls Enclose space 29,079,048.00 29,079,048.00 1.00 

Door & Window Frames Enclose/Form space 21,870,132.26 16,910,655.26 1.29 

Floor & Wall Finishing Cover walls/floors 36,978,257.99 28,202,927.04 1.25 

Roof Cover building 17,946,424.60 9,802,996.80 1.83 

Ceiling Cover ceiling 21,484,693.44 11,331,307.10 1.89 

Source: Author’s Analysis 

 

The values in Table 2 indicate that roof and ceiling works exceed the C/W threshold of 1.50 

established for prioritizing potential unnecessary costs. The roof records a C/W of 1.83, meaning that 

its existing cost is approximately 83% higher than the estimated Worth, while the ceiling records 1.89, 

indicating an approximately 89% difference between Cost and Worth. These values suggest that a 

considerable portion of expenditure may be associated with supporting components or material 

specifications that can potentially be optimized while maintaining the required building function. The 

finding is consistent with the functional orientation of Value Engineering, in which expenditure is 

examined against the level of function delivered rather than reduced indiscriminately (Fowler, 1990). 

The relatively high C/W values therefore provide a stronger indication of value-improvement potential 

than cost magnitude alone. 

Although the wall work has a C/W value of only 1.00, it remains relevant for further analysis 

because it represents the largest cost contribution within the architectural work package. Its cost of 

Rp29,079,048.00 is fully equivalent to its estimated Worth, suggesting that the existing expenditure is 

functionally justified under the Cost/Worth assessment, but the high expenditure base means that 

material substitution may still generate economic benefits if the same basic function can be achieved at 

a lower cost. Door and window frames and floor and wall finishing present intermediate C/W values of 

1.29 and 1.25, respectively, indicating less pronounced potential for unnecessary cost but still allowing 

investigation of technically equivalent alternatives. This distinction is important because Value 

Engineering should not restrict candidate selection exclusively to items exceeding a predetermined 

threshold when high-cost components may offer meaningful savings through alternative materials. 

Previous applications in residential construction similarly demonstrate that functional analysis can be 

combined with cost magnitude to identify material alternatives that improve project value (Muhammad 

et al., 2023). 

The combined interpretation of cost contribution and functional value establishes five work 

items as candidates for the creative stage: walls, door and window frames, floor and wall finishing, roof, 

and ceiling. Roof and ceiling receive particular attention because their C/W values exceed 1.50, whereas 

walls are retained because of their substantial cost contribution and the potential economic effect of 

material substitution. This selection reflects a balanced decision framework in which both functional 

inefficiency and financial significance are considered before alternatives are generated. The approach 

is consistent with the broader development of Value Engineering practices in construction, where 

systematic identification of high-value improvement opportunities precedes the evaluation of 

alternative technical solutions (Ulkhaq et al., 2025). The selected items are subsequently examined 
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through alternative material development and comparative technical-economic evaluation using the 

Zero-One method. 

 

Creative Stage and Technical-Economic Evaluation of Material Alternatives 

The creative stage was conducted by generating alternative materials for the five architectural 

work items selected from the functional analysis, with the alternatives required to maintain the basic 

function of the existing components. Material selection considered technical characteristics, functional 

suitability, installation requirements, durability, appearance, and relative economic feasibility based on 

market information available for the project. For wall works, the existing Citicon lightweight brick was 

compared with Blescon and Fastcon lightweight bricks, while the alternatives for door leaves consisted 

of Merbau wood with melamine finishing and Alexindo wood-grain aluminum. The alternatives were 

formulated to provide equivalent building functions while creating opportunities to reduce material and 

installation costs. This approach follows the creative principle of Value Engineering, which emphasizes 

the generation of multiple technically feasible solutions before determining the most appropriate 

alternative (Mendoca, 2015). The evaluation did not treat the lowest purchase price as the sole selection 

criterion because a cheaper material that fails to satisfy technical or functional requirements would not 

represent an improvement in value. The comparative evaluation therefore employed a Zero-One paired-

comparison method to establish the relative performance of the alternatives across the selected criteria. 

For wall works, the existing Citicon lightweight brick was evaluated against Blescon and 

Fastcon lightweight bricks using criteria representing their advantages and disadvantages. The 

advantages considered included light weight, dimensional precision, fire resistance, and ease of 

installation, while the disadvantages included requirements for specific adhesive materials and trained 

labor. Each alternative was compared according to these characteristics, with a score of 1 assigned when 

an alternative demonstrated superiority and 0 when it was inferior in the paired evaluation. The resulting 

scores were aggregated into an overall value that represented the relative position of each material 

within the decision matrix. The evaluation results presented in Table 3 show that Blescon achieved the 

highest final score of 2, compared with 1 for Citicon and 0 for Fastcon. The higher score indicates that 

Blescon provided the most favorable balance among the assessed technical characteristics within the 

alternatives considered. This result supports the selection of Blescon as the preferred wall material for 

subsequent cost recalculation and recommendation. 

 

Table 3. Zero-One Weighting of Wall Material Alternatives 

 

Material 
Advantage 

Value 

Disadvantage 

Value 
Final Value 

Existing Design: Citicon Lightweight Brick 2 1 1 

Alternative 1: Blescon Lightweight Brick 3 1 2 

Alternative 2: Fastcon Lightweight Brick 1 1 0 

Source: Author’s Analysis 

 

The Zero-One assessment for the wall alternatives demonstrates that the Blescon material 

provides the strongest overall position when the advantages and disadvantages are evaluated 

comparatively rather than independently. Its final score of 2 results from an advantage value of 3 and a 

disadvantage value of 1, indicating that its technical benefits outweigh the limitations identified during 

the evaluation. The Citicon material, although representing the existing design, receives a lower final 

value of 1 because its assessed advantages do not provide the same comparative position as Blescon. 

Fastcon obtains a final value of 0, reflecting its comparatively weaker performance within the selected 

criteria. The result illustrates the importance of evaluating material alternatives through a structured 

decision procedure because a material with acceptable individual characteristics may still rank below 

another alternative when all criteria are considered simultaneously. Similar Value Engineering 

applications demonstrate that material substitution in architectural components can produce value 

improvements when technical adequacy and economic considerations are evaluated together 

(Maddeppungeng et al., 2024). The Blescon alternative was therefore carried forward to the subsequent 

economic assessment without assuming that its selection was based solely on material price. 
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A comparable evaluation was conducted for door leaves because this component forms part of 

the walls, door, and window frame cost group identified as the largest architectural expenditure 

category. The existing design uses teak wood door leaves, while the alternatives comprise Merbau wood 

with melamine finishing and Alexindo wood-grain aluminum. The evaluation considered material 

weight, resistance to termites and moisture, durability, appearance, and the ability to reproduce the 

visual characteristics expected from a residential door. The Zero-One comparison was applied using the 

same decision logic as the wall-material assessment so that each alternative was evaluated using a 

consistent scoring framework. As shown in Table 4, the Alexindo wood-grain aluminum alternative 

obtained the highest final score of 3, exceeding the Merbau alternative with a score of 1 and the existing 

teak door with a score of 0. The result indicates that the aluminum alternative provides the most 

favorable combined performance among the evaluated door-leaf materials. Its wood-grain finish also 

provides an appearance comparable to wood while offering resistance characteristics that are relevant 

to long-term residential use. 

 

Table 4. Zero-One Weighting of Door Leaf Material Alternatives 

 

Material 
Advantage 

Value 

Disadvantage 

Value 

Final 

Value 

Existing Design: Teak Wood Door Leaf 3 3 0 

Alternative 1: Merbau Wood + Melamine Finishing 2 1 1 

Alternative 2: Alexindo Wood-Grain Aluminum 4 1 3 

Source: Author’s Analysis 

 

The results in Table 4 indicate that the Alexindo wood-grain aluminum door leaf has the 

strongest comparative performance because it achieves the highest advantage value while maintaining 

a relatively low disadvantage value. Its final score of 3 is primarily associated with characteristics such 

as lower weight, resistance to termites and moisture, and the ability of the wood-grain finish to maintain 

a residential wood-like appearance. The Merbau alternative obtains a final score of 1, suggesting that 

its characteristics remain technically acceptable but provide fewer comparative advantages within the 

defined evaluation framework. The existing teak door records a final value of 0 because its disadvantage 

score offsets the advantages considered in the paired assessment. The result is consistent with the 

broader Value Engineering concept that alternative selection should be based on the relationship 

between required function, technical performance, and resource expenditure rather than on material 

tradition or initial specification alone (Giménez et al., 2023). The selection of wood-grain aluminum 

also illustrates how contemporary material technologies can provide functional and aesthetic 

equivalence while creating opportunities for economic optimization. The same evaluation logic was 

extended to the remaining architectural components, including door and window frames, wall finishing, 

floor covering, roof, and ceiling materials, with the final alternatives subjected to cost recalculation in 

the recommendation stage. 

 

Recommended Alternatives and Cost-Saving Performance 

The recommendation stage determines the material alternatives that provide the most favorable 

balance between functional adequacy, technical feasibility, and construction cost based on the results 

of the Zero-One evaluation. The selected alternatives were subsequently incorporated into revised 

Analysis of Unit Prices (AHSP) and Bill of Quantity (RAB) calculations using the same work quantities 

as the existing design to ensure a comparable economic assessment. Seven material substitutions were 

identified across five architectural work items, covering walls, door leaves, door and window frames, 

wall finishing, floor covering, roof, and ceiling. The selected alternatives were not evaluated merely 

from their purchase prices, but from their ability to perform the required function while maintaining 

acceptable technical and aesthetic characteristics. This approach is consistent with Value Engineering 

applications in residential projects, where material substitution is used to improve the cost–function 

relationship while maintaining the required performance level (Susanto et al., 2023). The resulting 

material selections and their corresponding existing materials are presented in Table 5, providing the 

basis for calculating the savings associated with each recommended alternative. The comparison also 
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demonstrates that Value Engineering can be implemented through targeted substitutions rather than 

comprehensive redesign of the housing unit. 

 

Table 5. Selected Material Alternatives and Cost Savings 

 

Work Existing Material Selected Alternative Material 

Walls Citicon Lightweight Brick 10 cm Blescon Lightweight Brick 10 cm 

Door Leaf Teak Wood Door Leaf Alexindo Wood-Grain Aluminum 

Door Leaf 

Door & Window Frames Kamper Wood Frames Aluminum 4 (YKKAP) 

Wall Finishing MU-301 Main Mortar 40 kg Multi Mortar 

Floor Covering Eleganza Granite Tile 60×60 cm Garuda Granite Tile 60×60 cm 

Roof Corrugated Concrete Roof Tile Flat Concrete Roof Tile 

Ceiling Kalsipart Ceiling 9 mm Nusaboard Ceiling 9 mm 

Source: Author’s Analysis 

 

The cost comparison indicates that the substitution of Kamper wood frames with Aluminum 4 

(YKKAP) frames and teak wood door leaves with Alexindo wood-grain aluminum produces a 

combined saving of Rp1,138,363.04, equivalent to 17.01% of the existing cost of Rp7,830,485.26. The 

wall-finishing substitution from MU-301 Main Mortar 40 kg to Multi Mortar generates a saving of 

Rp2,475,600.00 or 18.51%, representing the highest percentage saving among the individual material 

substitutions. The floor-covering substitution from Eleganza 60×60 cm granite tiles to Garuda 60×60 

cm granite tiles produces a saving of Rp782,145.00 or 6.77%, while the identical tile dimension 

maintains the intended floor-covering function. The roof substitution from corrugated concrete roof 

tiles to flat concrete roof tiles generates a saving of Rp1,023,660.00 or 11.66%, indicating that the roof 

component provides a meaningful opportunity for cost optimization without changing its fundamental 

weather-protection function. The ceiling substitution from 9-mm Kalsipart to 9-mm Nusaboard 

produces the smallest percentage saving of 2.53%, equivalent to Rp279,785.00, but remains 

economically relevant when considered as part of the cumulative savings from multiple architectural 

components. The range of savings demonstrates that the economic effect of Value Engineering varies 

substantially according to the cost structure and substitution potential of each component, which is 

consistent with findings from housing projects where different architectural elements generate different 

levels of cost efficiency (Noviyanti, 2022). 

The revised costs were then aggregated at the architectural work-group level to determine the 

overall financial effect of the recommended alternatives. The calculation retained the original work 

quantities and modified only the material and associated unit-cost components affected by the selected 

alternatives, allowing the difference to be attributed directly to the Value Engineering intervention. The 

resulting comparison is important because savings at the individual material level do not necessarily 

correspond proportionally to savings at the total architectural-work level. Table 6 shows that the total 

architectural cost decreases from Rp155,832,330.69 to Rp144,998,247.48 after the recommended 

substitutions are incorporated. The resulting difference is Rp10,834,083.20, representing a total saving 

of 6.95% relative to the existing architectural cost. The largest absolute reduction occurs in walls, door 

and window frames at Rp6,253,557.84, followed by floor and wall finishing at Rp3,270,401.79. This 

distribution indicates that the magnitude of savings is strongly influenced by the initial cost base of each 

work group, rather than by percentage savings alone. 

 

Table 6. Comparison of Architectural Work Costs Before and After VE 

 

Work Description Existing Cost (Rp) Cost After VE (Rp) Difference (Rp) 

Walls, Door, Frames & Windows 53,057,500.39 46,803,942.54 6,253,557.84 

Floor and Wall Finishing 36,978,257.99 33,707,856.20 3,270,401.79 

Ceiling 21,484,693.44 21,198,229.87 286,463.57 

Roof 17,946,424.60 16,922,764.60 1,023,660.00 

Painting Works 14,348,364.27 14,348,364.27 – 
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Accessory Concrete 7,400,000.00 7,400,000.00 – 

Others 4,617,090.00 4,617,090.00 – 

Total 155,832,330.69 144,998,247.48 10,834,083.20 

Source: Author’s Analysis 

 

The distribution in Table 6 indicates that the walls, door, frames, and windows group 

contributes approximately 57.7% of the total architectural cost saving, while floor and wall finishing 

contributes approximately 30.2%. These two work groups therefore account for the majority of the 

economic benefit generated by the recommended alternatives, whereas the ceiling and roof contribute 

smaller absolute amounts despite the relatively high C/W value identified during functional analysis. 

The difference illustrates that a high Cost/Worth ratio should not be interpreted as an automatic indicator 

of the largest monetary saving, because the final saving also depends on the volume of work, existing 

material price, and cost structure of the selected alternative. This finding reinforces the importance of 

combining functional analysis with detailed economic recalculation during Value Engineering rather 

than relying on a single screening indicator. Comparable residential Value Engineering research has 

shown that systematic material evaluation can generate measurable savings while preserving the 

intended function of housing components (Faza et al., 2025). The present results further indicate that 

the most economically influential substitutions occur in work packages with both substantial initial 

expenditure and feasible material alternatives. Such an outcome supports the use of an integrated 

technical-economic evaluation when determining final recommendations for residential construction. 

The recommended alternatives collectively reduce the architectural budget by 6.95%, 

demonstrating a measurable improvement in cost efficiency while retaining the functional requirements 

established during the functional and technical evaluations. The result is lower than the 7.75% 

architectural saving reported by Yaqin and Priasworo (2023) for the Rumah Sakit Keluarga Sehat III 

Semarang project, but the difference can be interpreted in relation to the distinct scale, building function, 

and range of architectural components available for optimization. The present study focuses on a single 

type-50 housing unit, where the scope of material substitution is narrower and the economic base of 

each work item is relatively smaller than that of a hospital building. Research on housing projects has 

similarly demonstrated that Value Engineering can improve economic efficiency through selective 

material substitution without requiring fundamental changes to the building concept (Muhammad et al., 

2023). The 6.95% saving therefore represents a meaningful result within the defined scope because it 

is achieved through targeted modifications to architectural materials rather than reductions in required 

quantities or functional standards. The recommendations also provide the developer with a practical 

basis for material procurement decisions, particularly for components whose initial costs constitute a 

significant proportion of the architectural budget. The findings support the application of Value 

Engineering as a structured cost-optimization approach in residential construction, while the technical 

acceptability of each substitution remains essential to prevent economic savings from compromising 

building performance. 

 

CONCLUSION 

Based on the Value Engineering analysis of the architectural works of the Mutiara 

Kedungmundu Housing Project in Semarang City, five work items were identified as having 

optimization potential, namely walls, door and window frames, floor and wall finishing, roof, and 

ceiling. The Zero-One analysis resulted in seven selected material alternatives, consisting of 10 cm 

Blescon lightweight brick, Alexindo wood-grain aluminum door leaves, YKKAP aluminum frames, 

Multi Mortar, 60×60 cm Garuda granite tiles, flat concrete roof tiles, and 9 mm Nusaboard ceiling. The 

selected alternatives were determined based on their ability to maintain the required building functions, 

quality, and aesthetic performance. The architectural work cost decreased from Rp155,832,330.69 to 

Rp144,998,247.48 after the application of Value Engineering. This reduction generated a total cost 

saving of Rp10,834,083.20, equivalent to 6.95% of the initial architectural cost. The result indicates 

that Value Engineering can improve cost efficiency in residential construction through systematic 

function analysis and appropriate material selection. The findings also demonstrate that material 

substitution can provide measurable economic benefits while maintaining the primary functions and 

required performance of the building. 
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The 6.95% saving reflects the potential of Value Engineering to optimize architectural 

construction costs within the scale and scope of the analyzed housing project. The magnitude of the 

saving is influenced by the project scale, existing material specifications, and the range of architectural 

elements included in the evaluation. Value Engineering is recommended to be implemented during the 

design stage so that alternative materials and design solutions can be assessed before construction 

decisions become fixed. Material selection should consider not only initial cost but also quality, service 

life, constructability, local material availability, and long-term maintenance requirements. Future 

research should use updated material price data, expand the analysis to structural elements while 

maintaining safety requirements, compare a wider range of material alternatives, and incorporate project 

technical specifications such as the Work Plan and Requirements (RKS). These additional 

considerations can improve the accuracy and comprehensiveness of the Value Engineering evaluation. 

The approach can also support more effective decision-making for achieving cost efficiency while 

maintaining functional, technical, and aesthetic requirements in future residential construction projects. 
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