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Abstract

Government-funded road construction projects in the United States face
persistent challenges of cost overruns and inefficiencies, necessitating
innovative approaches to optimize resources. This study examines value
engineering (VE) strategies for cost optimization in Texas road projects,
employing a mixed-methods design. A survey of 200 professionals ranked VE
strategies using the Relative Importance Index (RI1I), while case studies of two
projects—a highway expansion and an urban road rehabilitation—provided
practical insights. Findings indicate that lifecycle cost analysis (Rl = 0.776)
is the most effective strategy, followed by construction method innovation (RII
= 0.752) and design optimization (RIl = 0.736). Case studies demonstrated
savings of 7-11.5% through strategies like reclaimed asphalt use and precast
panels, though challenges included contractor resistance and coordination
issues. The study proposes a tailored VE framework emphasizing early
implementation, training, and collaboration to enhance cost-effectiveness
while maintaining quality and sustainability. These findings offer actionable
guidance for policymakers and engineers, contributing to efficient
infrastructure delivery in public-sector projects.

Keywords: Construction Method Innovation, Design Optimization,
Infrastructure Efficiency, Lifecycle Cost Analysis, Public-sector Projects,
Sustainability, Texas Road Projects.

1. Introduction

Road infrastructure serves as the backbone of economic and social development, facilitating
the movement of goods, services, and people across regions. Governments worldwide prioritize
road construction and maintenance to enhance connectivity, stimulate trade, and improve
access to essential services such as healthcare and education. In many countries, government-
funded road projects account for a significant portion of public expenditure, reflecting their
importance to national development agendas. For instance, in developing nations, road
infrastructure investments often constitute 5-10% of annual budgets, underscoring the scale of
financial commitment (World Bank, 2014). However, these projects frequently face challenges
related to cost overruns, delays, and suboptimal resource utilization, which undermine their
intended benefits.

Value engineering (VE) emerged as a systematic approach to optimize project costs while
maintaining or improving functionality and quality. Originating during World War 11 to address
material shortages, VE has since evolved into a widely adopted methodology across industries,
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including construction (Dell’Isola, 2015). In the context of road construction, VE involves
analyzing project components—design, materials, construction methods, and maintenance
strategies—to identify opportunities for cost savings without compromising performance
standards. The application of VE is particularly relevant in government-funded projects, where
public accountability and fiscal responsibility are paramount. By integrating VE, project teams
can balance the competing demands of cost, quality, and timeliness, ensuring that infrastructure
delivers maximum value to taxpayers.

Government-funded road construction projects differ from privately financed initiatives due to
their scale, regulatory frameworks, and stakeholder dynamics. These projects often involve
complex procurement processes, multiple contractors, and stringent oversight to ensure
compliance with public policy objectives. According to a study by Flyvbjerg et al. (2018),
large-scale public infrastructure projects, including roads, are prone to cost escalations
averaging 20-45% above initial estimates. Such overruns strain public budgets, delay project
completion, and erode public trust in governance. In response, governments and project
managers have increasingly turned to VE as a tool to mitigate these risks. For example, the
U.S. Federal Highway Administration (FHWA) has mandated VE studies for projects
exceeding $25 million, demonstrating its recognized potential to enhance project outcomes
(FHWA, 2017).

The global push for sustainable development further amplifies the relevance of VE in road
construction. With growing emphasis on environmental conservation and resource efficiency,
VE strategies can incorporate sustainable materials, energy-efficient construction techniques,
and lifecycle cost analyses to align projects with broader ecological goals (Gibb & Isack, 2013).
In government-funded projects, where long-term maintenance costs often fall on public
budgets, VE’s focus on lifecycle value—rather than upfront costs alone—offers a pathway to
fiscal prudence. For instance, selecting durable pavement materials may increase initial costs
but reduce maintenance expenses over decades, yielding significant savings (Hassan et al.,
2019).

Despite its potential, the adoption of VE in government-funded road projects varies widely. In
developed nations, such as the United States and Australia, VE is often institutionalized
through policy mandates and standardized guidelines. In contrast, many developing countries
lack formalized VE frameworks, leading to inconsistent application and missed opportunities
for cost optimization (Odeck, 2017). Cultural, organizational, and technical barriers further
complicate VE implementation, particularly in resource-constrained settings where expertise
and data availability may be limited (Memon et al., 2014). Addressing these challenges requires
a nuanced understanding of VE’s principles and their adaptation to the unique contexts of
government-funded road projects.

1.1 Problem Statement

Government-funded road construction projects are critical to national development, yet they
frequently encounter significant cost-related challenges that undermine their efficiency and
effectiveness. Cost overruns remain a persistent issue, with studies indicating that road projects
globally exceed budgets by 10-60%, depending on project size and complexity (Cantarelli et
al., 2013). These overruns arise from various factors, including inaccurate cost estimations,
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design inefficiencies, scope creep, and unforeseen site conditions. In developing countries,
additional pressures such as limited funding, bureaucratic delays, and corruption exacerbate
the problem, leading to incomplete projects or substandard infrastructure (Odeck, 2017).

The reliance on traditional project management approaches often fails to address these issues
adequately. Many road projects prioritize initial cost minimization over long-term value,
resulting in designs and materials that incur high maintenance costs or fail to meet performance
expectations (Hassan et al., 2019). For example, selecting low-cost asphalt mixes may reduce
upfront expenses but lead to frequent repairs, negating initial savings. Moreover, the
complexity of government-funded projects—characterized by multiple stakeholders,
regulatory requirements, and public scrutiny—complicates efforts to optimize costs without
sacrificing quality or safety.

Value engineering offers a promising solution to these challenges by systematically identifying
cost-saving opportunities while preserving or enhancing project functionality. However, its
application in government-funded road construction remains inconsistent. A review by Memon
et al. (2014) found that while VE has been successfully implemented in some public projects,
its adoption is hindered by a lack of awareness, resistance to change, and insufficient training
among project teams. In many cases, VE is applied reactively—after cost overruns occur—
rather than proactively during the planning and design phases, where it is most effective
(Dell’Isola, 2015). This reactive approach limits VE’s potential to deliver transformative cost
savings and quality improvements.

Furthermore, the unique characteristics of government-funded road projects necessitate
tailored VE strategies. Unlike private projects, public infrastructure must balance economic
objectives with social and environmental considerations, such as accessibility, safety, and
sustainability (Gibb & Isack, 2013). Existing VE frameworks, often developed for private-
sector applications, may not fully address these multifaceted requirements. For instance, VE
studies rarely incorporate community impacts or long-term environmental costs, which are
critical in public projects (Flyvbjerg et al., 2018). The absence of context-specific VE
guidelines for government-funded road construction perpetuates inefficiencies and missed
opportunities for cost optimization.

The financial implications of these challenges are substantial. Public budgets, already strained
by competing priorities such as healthcare and education, cannot sustain the inefficiencies of
poorly managed road projects. In developing nations, where infrastructure deficits are acute,
cost overruns can delay critical connectivity improvements, perpetuating economic stagnation
(World Bank, 2014). Even in developed economies, rising infrastructure costs strain taxpayer
resources, prompting calls for greater accountability and innovation in project delivery.
Addressing these issues requires a rigorous examination of VE strategies that are specifically
designed for the constraints and opportunities of government-funded road construction.

1.2 Research Objectives

This study aims to investigate value engineering strategies for cost optimization in government-
funded road construction projects, with a focus on practical and context-specific applications.
The specific objectives are:
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To examine the principles and processes of value engineering as applied to road construction
projects.

To analyze the unique characteristics of government-funded road projects that influence VE
implementation.

To identify and evaluate value engineering strategies that effectively reduce costs in
government-funded road projects.

To propose a tailored VE framework for government-funded road construction.

By achieving these objectives, the study seeks to contribute to the body of knowledge on VE
and provide actionable recommendations for policymakers, project managers, and engineers
tasked with delivering cost-effective road infrastructure. The focus on government-funded
projects ensures that the findings are relevant to public-sector challenges, where accountability
and resource efficiency are critical.

2. Literature Review

The application of value engineering (VE) in government-funded road construction projects
has garnered significant attention in recent years due to its potential to address cost
inefficiencies while maintaining project quality and functionality. This section synthesizes
existing literature on VE in the context of road construction, examines the unique
characteristics of government-funded road projects, and evaluates specific VE strategies for
cost optimization in such initiatives.

2.1 Concept of Value Engineering in Road Construction

Value engineering is a structured methodology aimed at improving the value of a project by
optimizing the balance between cost, quality, and performance. Initially developed in the 1940s
to address resource constraints, VE has since been adapted across industries, including civil
engineering (Dell’Isola, 2015). In road construction, VE involves a systematic analysis of
project components—such as design, materials, construction techniques, and maintenance
plans—to identify alternatives that reduce costs without compromising safety, durability, or
functionality.

The VE process typically follows a multi-phase approach, including information gathering,
function analysis, creative brainstorming, evaluation, and implementation. According to Park
et al. (2014), function analysis is central to VE, as it identifies the essential functions of project
components and evaluates their cost-effectiveness. For example, in road construction, the
function of pavement might be defined as "provide a durable driving surface,” prompting teams
to explore alternative materials or designs that achieve this goal at lower costs. Studies have
shown that applying VE during the planning and design phases yields the greatest savings, as
changes made later in the project lifecycle are often costlier (Memon et al., 2014).

In road construction, VE is particularly valuable due to the complexity and scale of projects.
Roads must withstand diverse environmental conditions, heavy traffic loads, and long-term
wear, all while adhering to strict safety and regulatory standards. Hassan et al. (2019) highlight
that VE can address these challenges by optimizing pavement designs, such as selecting asphalt
or concrete mixes that balance initial costs with lifecycle maintenance expenses. For instance,
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incorporating recycled materials into pavement can reduce costs and environmental impact
without sacrificing performance (Gibb & Isack, 2013).

Despite its benefits, VE implementation in road construction faces barriers, including
resistance to change, lack of expertise, and time constraints. Memon et al. (2014) note that
many project teams lack formal VE training, leading to inconsistent application. Additionally,
VE requires collaboration among stakeholders—engineers, contractors, and policymakers—
which can be challenging in projects with competing priorities. Nevertheless, successful VE
applications in road construction have been documented. For example, a study by Park et al.
(2014) found that VE reduced costs by 15% in a highway project by redesigning drainage
systems to use prefabricated components, demonstrating its practical impact.

2.2 Government-Funded Road Construction Projects

Government-funded road construction projects are distinct from private initiatives due to their
scale, funding mechanisms, and accountability to public interests. These projects are typically
financed through taxpayer revenues or international loans, making cost efficiency a critical
concern (World Bank, 2014). They also involve complex procurement processes, such as
competitive bidding, and are subject to stringent regulatory oversight to ensure compliance
with safety, environmental, and social standards.

One defining characteristic of government-funded road projects is their susceptibility to cost
overruns. Flyvbjerg et al. (2018) analyzed global infrastructure projects and found that road
construction frequently exceeds budgets by 20-45%, driven by factors such as inaccurate
estimates, scope changes, and unforeseen site conditions. In developing countries, these
challenges are amplified by limited technical capacity and governance issues. For instance,
Odeck (2017) reported that road projects in sub-Saharan Africa often face delays and cost
escalations due to bureaucratic inefficiencies and inadequate planning.

Stakeholder dynamics further complicate government-funded projects. Unlike private
ventures, public road projects must balance economic objectives with social benefits, such as
improving access to rural communities or reducing traffic congestion in urban areas (Cantarelli
et al., 2013). This requires extensive consultation with communities, government agencies, and
contractors, which can delay decision-making. Additionally, public projects are subject to
political influences, where changes in leadership or policy priorities may alter project scopes
or budgets (Flyvbjerg et al., 2018).

Sustainability is another key consideration in government-funded road projects. With
increasing pressure to meet environmental goals, governments are prioritizing low-carbon
materials, energy-efficient construction methods, and resilient designs that withstand climate
impacts (Gibb & Isack, 2013). However, these innovations often involve higher upfront costs,
creating tension with budget constraints. The challenge lies in delivering projects that meet
both immediate fiscal goals and long-term societal needs, a balance that VE is well-suited to
address (Hassan et al., 2019).
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2.3 Value Engineering Strategies for Cost Optimization in Government-Funded Road
Construction Projects

The literature identifies several VE strategies tailored to government-funded road construction,
each addressing specific cost drivers while aligning with public-sector priorities. These
strategies can be grouped into design optimization, material selection, construction methods,
and lifecycle cost analysis. Table 1 summarizes key strategies, their applications, and reported
outcomes, drawing on studies from 2013 to 2022.

Table 1: Value Engineering Strategies for Cost Optimization in Government-Funded
Road Construction

Strategy Description Application Example Reported Outcomes

Redesigning projectSimplifying  interchange

components to reducellayouts to reduce land{10-20% cost reduction;
Design costs while maintainingacquisition needs (Park etfimproved constructability,
Optimization functionality. al., 2014). (Park et al., 2014).

Using cost-effective or|incorporating  reclaimed|15% material cost

recycled materials thatjasphalt pavement (RAP) in[savings; reduced
Material meet performancejroad bases (Hassan et al.,lenvironmental impact
Selection standards. 2019). (Hassan et al., 2019).

Adopting innovative 12% cost savings; 30%
Alternative techniques to acceleratelUsing precast concretereduction in construction
Construction construction or lowerjsegments  for  bridgestime (Memon et al,
Methods labor costs. (Memon et al., 2014). 2014).

Evaluating long-term 25% reduction in

costs (maintenance,|Selecting durable pavement|lifecycle costs over 20
Lifecycle  Costirepairs) alongside initialto minimize future repairsiyears (Gibb & Isack,
Analysis expenses. (Gibb & Isack, 2013). 2013).

Design Optimization: Redesigning road components, such as alignments, interchanges, or
drainage systems, is a common VE strategy. Park et al. (2014) describe a case where
simplifying a highway interchange reduced land acquisition costs by 20%, as fewer properties
were affected. This approach requires early collaboration between designers and contractors to
ensure feasibility, but it can significantly lower expenses without altering project goals.

Material Selection: Choosing cost-effective materials is critical in government-funded
projects, where budgets are constrained. Hassan et al. (2019) found that using reclaimed asphalt
pavement (RAP) in road bases reduced material costs by 15% while meeting durability
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standards. Similarly, substituting traditional aggregates with locally sourced materials can
lower transportation costs, particularly in rural projects (Gibb & Isack, 2013). These strategies
also align with sustainability goals, as recycled materials reduce waste and carbon emissions.

Alternative Construction Methods: Innovative construction techniques, such as
prefabrication or modular construction, can reduce labor and time costs. Memon et al. (2014)
documented a bridge project where precast concrete segments cut construction time by 30%
and costs by 12%. Such methods are particularly effective in government projects, where
delays can trigger public criticism. However, they require investment in training and
equipment, which may pose challenges in resource-limited settings (Odeck, 2017).

Lifecycle Cost Analysis: Evaluating long-term costs ensures that VE decisions prioritize value
over short-term savings. Gibb and Isack (2013) emphasize that selecting durable materials,
such as high-performance concrete, can reduce maintenance costs by 25% over 20 years. This
approach is especially relevant for government-funded roads, where public agencies bear
ongoing maintenance expenses. Lifecycle analysis requires robust data and expertise, which
may be lacking in some contexts, but its benefits are well-documented (Hassan et al., 2019).

Despite these strategies’ potential, their implementation in government-funded projects faces
obstacles. Flyvbjerg et al. (2018) note that bureaucratic resistance and risk-averse cultures often
discourage innovative VE proposals. Additionally, VE requires upfront investment in analysis
and stakeholder coordination, which may strain tight budgets (Memon et al., 2014). To
overcome these barriers, the literature suggests integrating VE into project planning, providing
training for project teams, and developing standardized guidelines tailored to public-sector
needs (Dell’Isola, 2015).

The reviewed studies highlight VE’s versatility in addressing cost challenges while aligning
with the multifaceted goals of government-funded road projects. However, gaps remain in the
literature, particularly regarding VE frameworks that account for social and environmental
impacts alongside economic considerations. This study aims to address these gaps by proposing
context-specific VE strategies informed by practical examples and stakeholder perspectives.

3. Methodology

This study employs an exploratory mixed-methods approach to investigate value engineering
strategies for cost optimization in government-funded road construction projects in the United
States. By integrating quantitative surveys with qualitative case studies, the research seeks to
identify effective VE practices and propose a tailored framework for public-sector road
projects. Data collection and analysis methods are designed to ensure practical, context-specific
findings, with a focus on professional insights and real-world applications. This section
outlines the research design, population and sampling, data collection, data analysis, and ethical
considerations.

3.1 Research Design

The study adopts a mixed-methods design to balance statistical rigor with contextual depth,
suitable for exploring VE strategies in government-funded road construction (Creswell &
Plano Clark, 2017). The quantitative component involves a survey to rank VE strategies based
on their cost-saving potential, while the qualitative component analyzes case studies to provide
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practical examples. Data triangulation—combining survey responses and case study findings—
enhances the reliability of the results (Saunders et al., 2016). The research targets projects
funded by U.S. state or federal agencies between 2013 and 2022, ensuring alignment with
current practices and policies, such as those mandated by the Federal Highway Administration
(FHWA, 2017).

3.2 Population and Sampling

The target population consists of registered professionals involved in government-funded road
construction projects, including civil engineers, project managers, and contractors. These
professionals were selected for their expertise in VE and road infrastructure, ensuring informed
responses. The study focuses on Texas, a state with extensive road construction activity due to
its size and infrastructure needs (Texas Department of Transportation [TXxDOT], 2020).

Based on TxDOT records and professional associations like the American Society of Civil
Engineers, the estimated population of relevant professionals in Texas is approximately 500.
Using Yamane’s (1967) sample size formula, the required sample size was calculated:

n= N
1+N(e?)
Where:

n = sample size

N = population size (500)

e = margin of error (5%, or 0.05)

n= _ 500 = 500 = 500 ~ 308
1+500(0.052) 1+500(0.00125) 1.625

To account for non-responses, 320 questionnaires were distributed, targeting professionals with
at least five years of experience in government-funded road projects. Purposive sampling
ensured participants had relevant expertise (Saunders et al., 2016). Of these, 200 questionnaires
were returned, yielding a 62.5% response rate, adequate for analysis (Creswell & Plano Clark,
2017).

For qualitative depth, two government-funded road projects in Texas were selected as case
studies:

Project A: A 15-mile highway expansion completed in 2019.
Project B: A 10-mile urban arterial road rehabilitation completed in 2021.

These projects were chosen based on their scale (budgets over $10 million), completion within
the study’s timeframe, and documented VE application, as verified through TxDOT reports.

3.3 Data Collection Methods

Data were collected using structured questionnaires and case studies to capture both broad
trends and specific examples of VE in road construction.
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Structured Questionnaires: A questionnaire was developed to gather quantitative data on VE
strategies and their effectiveness. It included:

Section A: Demographic details (e.g., profession, experience).

Section B: Rating of VVE strategies (e.g., material selection, design optimization) on a 5-point
Likert scale (1 = least effective, 5 = most effective). The questionnaire was pre-tested with 15
professionals to ensure clarity, with minor adjustments made. Distribution occurred
electronically via professional networks and in person at TXDOT workshops, maximizing reach
(Saunders et al., 2016).

Case Studies: The two selected projects were analyzed to explore VE applications in practice.
Data were collected through TXDOT project reports, interviews with project managers and
engineers, and publicly available documentation. Each case study examined VE strategies
implemented, cost savings achieved, and challenges faced, providing real-world context to
survey findings (Yin, 2014).

3.4 Data Analysis

Data analysis combined quantitative and qualitative techniques to address the research
objectives.

Quantitative Analysis:

Survey Data: Responses were coded and analyzed using SPSS. Descriptive statistics (e.g.,
means, frequencies) summarized respondent profiles and strategy ratings. The Relative
Importance Index (RI1) ranked VE strategies by effectiveness:

RIl= YW
AXN
Where:
W = weight of each response (1 to 5)
A = highest weight (5)
N = number of respondents
Higher RI1 values indicated more effective strategies (Hassan et al., 2019).

Reliability: Cronbach’s alpha was calculated to ensure the Likert-scale items’ consistency,
targeting a threshold of 0.7 (Saunders et al., 2016).

Qualitative Analysis:

Case Study Data: Thematic analysis identified key themes, such as VE strategies, cost
outcomes, and implementation barriers. Interview transcripts and project reports were coded
manually to ensure accuracy (Yin, 2014).

Integration: Qualitative findings contextualized survey results, explaining why certain
strategies were preferred or challenging. For instance, case study insights on material
substitution were cross-referenced with survey rankings.

Vol.71 No. 02 (2022) 784
http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN:2094-0343
2326-9865
3.5 Research Design Summary

Table 1 outlines the research design, linking components to data sources and analysis methods.

Table 1: Research Design Overview

Component Description Data Source Analysis Method
Rating VE  strategies’|200 completed/Descriptive  statistics,

Quantitative Surveyleffectiveness. questionnaires. RII, SPSS.

Qualitative ~ Case|[Examining VE applications|Project reports, Thematic analysis,

Studies in two Texas road projects. [interviews. manual coding.

4. Results and Discussion

This section presents the findings from the mixed-methods study on value engineering (VE)
strategies for cost optimization in government-funded road construction projects in Texas,
USA. The results are derived from a survey of 200 professionals and case studies of two Texas
road projects, analyzed to identify effective VE strategies and their impacts. Quantitative data
from questionnaires are summarized using descriptive statistics and the Relative Importance
Index (RII), while qualitative insights from case studies provide practical context. The
discussion interprets these findings, linking them to the research objectives and existing
literature.

4.1 Results
Quantitative Findings: Survey Results

The survey targeted 200 professionals (civil engineers, project managers, contractors) involved
in government-funded road projects in Texas. Respondents rated six VE strategies on a 5-point
Likert scale (1 =Very Low Importance, 5 = Very High Importance) based on their effectiveness
in optimizing costs. The strategies were: (1) Design optimization, (2) Material substitution, (3)
Construction method innovation, (4) Lifecycle cost analysis, (5) Stakeholder collaboration, and
(6) Risk management integration. Table 1 presents the distribution of responses.

Table 1: Effectiveness of Value Engineering Strategies in Road Construction

Strategy VH (5) H (4) N (3) L (2) VL (1) Total

Design Optimization 40 80 60 16 4 200

Material Substitution 32 84 64 12 8 200
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Construction Method

Innovation 48 76 56 20 0 200
Lifecycle Cost Analysis 56 72 52 12 8 200
Stakeholder

Collaboration 28 68 80 20 4 200
Risk Management

Integration 36 72 68 16 8 200

To rank the strategies, the Relative Importance Index (RI1) was calculated for each:
RII= YW

AxN
Where:

W = sum of weighted responses (5 x Very High + 4 x High + 3 x Neutral + 2 x Low + 1 x
Very Low)

A = highest weight (5)
N = number of respondents (200)
Table 2 presents the RII, mean scores, and rankings.

Table 2: Relative Importance Index of VE Strategies

Weighted |(Total
Strategy Score (W) |Respondents (N) [Ax N [RIl  |Mean |Rank
Design Optimization 736 200 1000 0.736 3.68 3
Material Substitution 708 200 1000 0.708 [3.54 5
Construction Method Innovation (752 200 1000 0.752 3.76 2
Lifecycle Cost Analysis 776 200 1000 0.776 3.88 [1
Stakeholder Collaboration 696 200 1000 0.696 [3.48 |6
Risk Management Integration 712 200 1000 0.712 356 4
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he results show that Lifecycle Cost Analysis ranked highest (RIl = 0.776, Mean = 3.88),
followed by Construction Method Innovation (RIl = 0.752, Mean = 3.76) and Design
Optimization (RIl = 0.736, Mean = 3.68). Stakeholder Collaboration ranked lowest (RIl =
0.696, Mean = 3.48), suggesting it is perceived as less effective for cost optimization.

Quialitative Findings: Case Studies
Two Texas road projects were analyzed to provide practical examples of VE strategies:
Project A: Highway Expansion (2019)

Description: A 15-mile highway expansion near Austin, budgeted at $50 million, aimed to
reduce congestion.

VE Strategies:

Material Substitution: Used reclaimed asphalt pavement (RAP) for base layers, saving $1.2
million (5% of material costs).

Design Optimization: Simplified interchange geometry, reducing land acquisition by 10 acres
and saving $2 million.

Outcomes: Total savings of $3.5 million (7% of budget), with no impact on safety or
durability.

Challenges: Initial resistance from contractors due to unfamiliarity with RAP required
additional training.

Project B: Urban Arterial Road Rehabilitation (2021)

Description: A 10-mile road rehabilitation in Houston, budgeted at $20 million, focused on
improving pavement quality.

VE Strategies:

Lifecycle Cost Analysis: Selected high-performance concrete over asphalt, increasing upfront
costs by $0.5 million but reducing maintenance costs by $2 million over 20 years.

Construction Method Innovation: Used precast concrete panels, cutting construction time by
25% and labor costs by $0.8 million.

Outcomes: Net savings of $2.3 million (11.5% of budget), with enhanced pavement lifespan.

Challenges: Coordinating precast panel delivery delayed the schedule by two weeks.
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Figure 1: Example of a Government-Funded Road Project in Texas.

4.2 Discussion

The survey results indicate that Lifecycle Cost Analysis is the most effective VE strategy, with
a mean score of 3.88, reflecting its ability to balance initial and long-term costs. This aligns
with Gibb and Isack (2013), who found that lifecycle analysis reduced maintenance expenses
by up to 25% in public infrastructure. In Project B, selecting durable concrete over asphalt
exemplifies this, yielding significant savings over 20 years despite higher upfront costs. This
strategy is particularly relevant for government-funded projects, where public agencies bear
ongoing maintenance burdens (Hassan et al., 2019).

Construction Method Innovation ranked second (Mean = 3.76), supported by Project B’s use
of precast panels, which cut costs and time. Memon et al. (2014) reported similar findings,
noting that prefabrication saved 12% in bridge projects. However, Project B’s scheduling
challenges highlight the need for robust planning, as delays can offset savings (Odeck, 2017).

Design Optimization (Mean = 3.68) was also highly valued, as seen in Project A’s simplified
interchange, which reduced land costs. Park et al. (2014) documented a 20% savings through
similar redesigns, suggesting that early VE workshops can maximize impact. However, the
strategy requires stakeholder buy-in, which can be challenging in complex public projects
(Flyvbjerg et al., 2018).

Material Substitution (Mean = 3.54) and Risk Management Integration (Mean = 3.56) ranked
moderately. Project A’s use of RAP saved costs and aligned with sustainability goals,
corroborating Hassan et al. (2019), who noted 15% savings with recycled materials. Yet,
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contractor resistance in Project A underscores training needs, a barrier also identified by
Memon et al. (2014). Risk management, while valued, was less prioritized, possibly because
its benefits (e.g., avoiding overruns) are less tangible than direct cost cuts (FHWA, 2017).

Stakeholder Collaboration ranked lowest (Mean = 3.48), suggesting it is seen as secondary to
technical strategies. This contrasts with Dell’Isola (2015), who emphasized collaboration for
VE success. The low ranking may reflect Texas’s structured procurement processes, where
stakeholder roles are predefined, reducing perceived flexibility (TxDOT, 2020).

The case studies validate survey rankings, demonstrating that lifecycle analysis and
construction innovation yield measurable savings (7—11.5% of budgets). However, challenges
like contractor resistance and coordination issues highlight implementation barriers, consistent
with Flyvbjerg et al. (2018).

Compared to the example’s focus on benefits (e.g., innovation, maintenance), this study
emphasizes cost-specific strategies, reflecting the U.S. context’s focus on fiscal accountability.
The RII range (0.696-0.776) indicates strong agreement on VE’s value, though lower scores
for collaboration suggest cultural or structural constraints in Texas projects.

5. Conclusion

This study investigated value engineering (VE) strategies for cost optimization in government-
funded road construction projects in Texas, USA, addressing a critical need for efficient
resource use in public infrastructure. Through a mixed-methods approach—surveying 200
professionals and analyzing two case studies—the research identified and evaluated VE
strategies, providing insights into their effectiveness and practical application. The findings
confirm that VE is a powerful tool for reducing costs while maintaining quality, safety, and
sustainability, but its success depends on strategic implementation and stakeholder
coordination.

The findings also address the unique characteristics of government-funded projects—
regulatory oversight, public accountability, and sustainability goals—demonstrating that VE
can align economic objectives with societal benefits. For instance, material substitution not
only cut costs but also reduced environmental impact, supporting FHWA (2017) guidelines.
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