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Abstract - The planning of new infrastructure corridors,
such as roads, is a complex process with profound
environmental, economic, and social consequences.
Traditional planning methods often fail to holistically
integrate geotechnical stability, environmental sensitivity,
and long-term material sustainability. This paper presents
a comprehensive review and proposes a novel geospatial
and Artificial Intelligence (Al)-based decision support
system (DSS) for planning sustainable infrastructure
corridors. The core of the proposed DSS is a robust
Geographic Information System (GIS) model that
leverages Machine Learning (ML) techniques, specifically
Frequency Ratio (FR) and Logistic Regression (LR), to
create a suitability map by analysing multiple conditioning
factors such as geology, slope, drainage density, land use,
and environmental protected areas. Uniquely, this
framework integrates material science by incorporating
the optimized use of local industrial and agricultural waste
(e.g., Fly Ash, Rice Husk Ash, Waste Glass Powder) in
construction materials, thereby reducing the carbon
footprint and promoting a circular economy.
Furthermore, the review synthesizes how modern
techniques, including geosynthetics for soil stabilization
and robotics for precision construction, can be embedded
within the planning process to enhance the resilience and
minimize the environmental impact of the identified
corridors. By synergizing advanced geospatial ML,
sustainable material engineering, and automated
construction technologies, this proposed DSS offers a
transformative, multi-disciplinary  methodology for
building the next generation of resilient and
environmentally responsible infrastructure.
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1. INTRODUCTION AND MOTIVATION

The global demand for new and upgraded infrastructure
corridors, particularly road networks, is incessant, driven by
economic development, urbanization, and social connectivity.
However, the conventional approach to corridor planning has
often been linear and myopic, focusing predominantly on
minimizing initial capital costs and often overlooking long-
term sustainability, environmental resilience, and life-cycle
impacts [1], [3]. This has led to significant environmental
degradation, including deforestation, soil erosion, habitat
fragmentation, and increased carbon emissions from both
construction activities and material production, notably
cement and asphalt [2], [8].

The challenge is twofold. First, the site selection
process itself is inherently complex, requiring the
simultaneous consideration of a multitude of often conflicting
factors from topographical and geotechnical constraints to
ecological and socio-economic  sensitivities.  Second,
the construction methodology and materials used have a
monumental environmental footprint. The cement industry
alone is a top contributor to global CO, emissions, while the
extraction of natural aggregates leads to landscape scarring
and resource depletion [6], [8].

Recent advancements in three distinct fields offer a pathway to
a solution:

1. Geospatial Data & Machine Learning: The
proliferation of Remote Sensing (RS) data and the power
of GIS, combined with sophisticated ML models like
Frequency Ratio (FR), Logistic Regression (LR), and
Acrtificial Neural Networks (ANN), enable a data-driven,
guantitative assessment of terrain suitability and hazard
susceptibility [3], [5], [25].

2. Sustainable Material Science: Extensive research has
demonstrated the viability of using industrial and
agricultural wastesuch as Fly Ash (FA), Rice Husk Ash
(RHA), Sugarcane Bagasse Ash (SCBA), and Waste
Glass Powder (WGP)as partial replacements for cement
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and aggregates in concrete and asphalt mixes [2], [4], [6],

[14]. This not only reduces waste but also lowers the
embodied carbon of infrastructure.

3. Modern Construction Technologies: The use of
geosynthetics for soil reinforcement [3], [12], [15] and
the adoption of robotics and automation for precise,
efficient, and safer construction [9] are revolutionizing
civil engineering practices.

While these domains have largely evolved in parallel,
their integration holds the key to transformative infrastructure
planning. This paper reviews the state-of-the-art in each of
these fields and synthesizes them into a novel, holistic
decision support framework. The proposed system moves
beyond mere corridor alignment to encompass a full life-cycle
approach, from identifying the most resilient route using Al to
specifying the most sustainable construction materials and
methods for its realization.

Il. THE GEOSPATIAL AND ML CORE: SITE
SUITABILITY MODELING

The foundational module of the DSS is a geospatial
model designed to map the suitability of a region for
infrastructure development. This involves a multi-step process
integrating various data sources and ML algorithms.

A. Data Acquisition and Conditioning Factor Selection

The first step is to compile a geospatial database. Remote
Sensing satellites (e.g., Landsat, Sentinel, ASTER) provide a
wealth of information. Key conditioning factors, derived from
the literature on slope stability and land-use planning [3], [7],
[26], include:

e Topographical Factors: Slope (from Digital Elevation
Models - DEMS), aspect, curvature, and elevation.
Steeper slopes are generally less suitable due to higher
cut-and-fill requirements and erosion risks.

e Geological & Soil Factors: Lithology, soil type, and soil
thickness. These directly influence bearing capacity and
slope stability [23], [26].

e Hydrological Factors: Distance from rivers, drainage
density, and rainfall intensity. Proximity to water bodies
increases flood and erosion risks [19].

e Environmental & Land Use Factors: Land use/Land
cover (LULC), proximity to environmentally sensitive
areas (forests, wetlands), and normalized difference
vegetation index (NDVI). The system aims to minimize
impact on pristine ecosystems [5], [16].

e Ancillary Data: Distance to existing roads, population
centers, and quarries for material sourcing, optimizing
for connectivity and logistics [13].
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B. Machine Learning Algorithms for Susceptibility
Mapping

The relationship between these conditioning factors and
known stable/unstable zones (the training data) is modeled
using ML algorithms.

1. Bivariate Statistical Models:

o Frequency Ratio (FR):FR is a simple yet
powerful bivariate method where the ratio of the
area where a phenomenon (e.g., past landslide)
occurred in a factor class to the total area of that
class is calculated [26]. A FR >1 indicates a high
correlation and higher susceptibility. This provides
an intuitive, preliminary susceptibility map and is
excellent for feature selection.

o Information Value (IV) & Weight of Evidence
(WOE): WoE is a log-linear form of bivariate
analysis that measures the strength of association
between a conditioning factor class and the
presence or absence of the phenomenon [22]. The
IV, calculated by summing the WOE, provides a
single measure of a factor's overall predictive
power. This helps in ranking the importance of
factors like slope or lithology for the final model.

2. Multivariate Statistical and Advanced ML Models:

o Logistic Regression (LR): LR is a powerful
multivariate technique that defines the relationship
between a dependent binary variable (suitable/not
suitable) and multiple independent conditioning
factors [19]. Its key advantage is its ability to
determine the relative contribution of each factor
while accounting for interactions between them.
The output is a probability map (0 to 1) of
suitability, providing a robust, statistically sound
basis for decision-making.

o Artificial Neural Networks (ANN): For capturing
highly complex, non-linear relationships that LR
might miss, ANNs are exceptionally capable [5],
[23]. An ANN can be trained on the same dataset,
with the conditioning factors as input neurons and
the suitability classification as the output. Once
trained, the network can predict suitability for any
location within the study area, offering a potentially
higher predictive accuracy.

The integration of these methods creates a robust
validation chain. The FR and WoE models can be used to pre-
select the most significant factors, which are then fed into the
LR and ANN models for final, high-fidelity suitability

mapping.
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I11. INTEGRATING SUSTAINABLE MATERIAL
SCIENCE INTO THE FRAMEWORK

Identifying an optimal corridor is only half the solution.
The construction phase must be sustainable. The proposed
DSS integrates a material optimization module that leverages
local waste streams.

A. Waste Streams for Construction

A vast body of research confirms the technical viability of
various waste materials:

e Fly Ash (FA) and Other Pozzolans: FA is a well-
established supplementary cementitious material (SCM).
[8] demonstrated its effective use in M30 grade concrete,
enhancing long-term strength. Similarly, RHA and
SCBA, with their high amorphous silica content, have
been shown to be excellent pozzolans [4], [6], [10].
Replacing 15-25% of cement with these materials
significantly reduces the carbon footprint.

e Waste Glass Powder (WGP): When ground to a fine
powder, WGP exhibits pozzolanic properties. Reviews
and studies by [2] [14] indicate that WGP can replace 10-
20% of cement, effectively addressing the problem of
glass waste while improving concrete durability.

e Combined Use and Performance: Studies [4], [7] [19],
[21] have investigated the synergistic use of wastes like
SCBA, WPSA, and RHA, finding that optimal blends
can achieve mechanical properties comparable to or even
superior to conventional concrete.

B. The GIS-Material Science Interface

The DSS creates a critical link between the geospatial
and material domains:

1. Spatial Inventory of Waste: Using GIS, the locations
and estimated annual production of waste materials (e.g.,
thermal power plants for FA, sugar mills for SCBA, rice
mills for RHA, urban centers for WGP) are mapped [13],
[24].

2. Logistics Optimization: For a proposed corridor, the
system calculates the transportation distance from these
waste sources to various potential points along the route
(e.g., batching plants). This allows for the selection of
the most economically and environmentally feasible
SCMs, minimizing the "last-mile" carbon cost of
material transport.

3. Material Specification: Based on the specific
geotechnical and climatic conditions of the aligned
corridor (e.g., high sulfate content in soil, freeze-thaw
cycles), the DSS can recommend optimal SCM types and
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replacement percentages, drawing from a curated
database of mix design performance [4], [8], [19].

IV. INCORPORATING MODERN CONSTRUCTION
TECHNOLOGIES

To ensure the constructed corridor is resilient and built
with minimal environmental disturbance, the framework
advocates for the planned use of modern techniques.

A. Geosynthetics for Enhanced Resilience

Geosynthetics  (geogrids, geotextiles) are polymer
materials used in civil engineering for reinforcement,
separation, filtration, and drainage. Their integration is crucial
for building on weak subgrades, which the suitability model
may have identified as "moderately suitable™ but economically
necessary.

o Application in Road Construction: [3] [15] provide
comprehensive reviews on the use of geogrids in base
course reinforcement, which reduces rutting and extends
pavement life. Geotextiles are used for separation
between subgrade and aggregate layers, preventing
mixing and maintaining drainage.

e Synergy with Waste Materials: Research on improving
asphalt mixtures through waste fibers and geosynthetics
[12], [17] shows promise. The DSS can specify the use
of fiber-reinforced asphalt or concrete, where fibers from
plastic waste [24] or other sources are incorporated,
further enhancing durability and utilizing additional
waste streams.

B. Robotics and Automation for Precision Construction

The adoption of robotics addresses issues of safety,
efficiency, and quality control.

e Automated Surveying and Earthwork: Unmanned
Aerial Vehicles (UAVs or drones) can conduct high-
resolution surveys of the aligned corridor, providing data
for precise digital terrain models. Autonomous or semi-
autonomous bulldozers and excavators can then execute
cut-and-fill operations with centimeter-level accuracy,
minimizing excess earthwork and vegetation clearance

[9].

e Additive Manufacturing and Advanced
Placement: While still emerging, 3D printing of
concrete structures and robotic placement of pavers or
geosynthetic rolls represent the future of construction.
These technologies ensure that the design specifications,
including the use of optimized sustainable mixes, are
executed with high fidelity, reducing material waste and
human error [9].
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V. THE PROPOSED INTEGRATED DECISION
SUPPORT SYSTEM (DSS)

The synthesis of the above modules results in the
proposed DSS, a dynamic, multi-layered platform.

1. Data Ingestion and Preprocessing: The system ingests
RS and GIS data for the target region. Known areas of
geohazards (landslides, floods) and stable zones are
digitized to form the training dataset.

2. Suitability Modeling: The FR, WoE, LR, and ANN
models are run. Their results are compared and validated,
culminating in a final aggregated Suitability Probability
Map.

3. Corridor Alignment Optimization: Using least-cost
path algorithms within the GIS environment, multiple
potential corridor alignments are generated. The "cost" is
a function of the suitability probability, with lower-
probability areas assigned a higher cost.

4. Material and Technique Selection: For the top
candidate alignments, the system queries its spatial
database of waste materials and recommends optimal
SCMs and potential suppliers based on proximity.
Concurrently, it suggests the use of geosynthetics in
segments identified with weak subgrades.

5. Life-Cycle Assessment (LCA) and Reporting: The
DSS generates a comparative LCA for the different
alignment options, factoring in the reduced carbon
footprint from using SCMs, the environmental cost of the
corridor's footprint, and the economic costs of
construction and long-term  maintenance.  This
comprehensive report empowers decision-makers to
select the most sustainable and resilient option.

VI. CHALLENGES AND FUTURE DIRECTIONS

The implementation of this integrated framework faces
several challenges that also define future research trajectories:

1. Data Availability and Standardization: The model's
accuracy is contingent on the availability of high-
resolution, reliable geospatial and material data. Creating
standardized, open-access databases for both geohazards
and material properties is crucial.

2. Model Interpretability and Uncertainty: While ANN
models are powerful, they are often "black boxes."
Integrating Explainable Al (XAl) techniques will be vital
for building trust among engineers and planners.
Furthermore, quantifying and propagating uncertainty
from the input data through to the final suitability map is
an essential step for robust decision-making.

3. Dynamic Modeling: Current models are largely static.
Future iterations should incorporate time-series RS data
to model dynamic processes like seasonal vegetation
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change, soil moisture, and the impacts of climate change
on hazard susceptibility [25].

4. Advanced Optimization Algorithms: The integration
of multi-objective optimization algorithms, such as Non-
dominated Sorting Genetic Algorithm Il (NSGA-II), can
better handle the trade-offs between economic cost,
environmental impact, and social benefit during the
alignment phase.

5. Digital Twin Integration: The ultimate evolution of this
DSS would be to create a "Digital Twin" of the planned
corridor. This dynamic, virtual model would be
continuously updated with sensor data during and after
construction, allowing for real-time performance
monitoring, predictive maintenance, and validation of the
Al models' predictions.

VII. CONCLUSION

This review has articulated a compelling vision for the
future of infrastructure corridor planning—a future that is
intelligent, sustainable, and resilient. The proposed geospatial
and Al-based DSS represents a paradigm shift from
fragmented, sequential planning to a holistic, integrated, and
data-driven approach. By synergistically combining the
predictive power of ML models (FR, LR, ANN) for site
suitability analysis with the environmental benefits of waste-
derived construction materials and the enhanced performance
of geosynthetics and robotics, this framework addresses the
full lifecycle of infrastructure development.

It demonstrates that the path to sustainable development
lies not in incremental improvements within isolated
disciplines, but in the deliberate and intelligent integration of
cross-domain knowledge. The result is a powerful decision-
support tool that can guide planners and engineers in
navigating the complex trade-offs of modern infrastructure
projects, ultimately leading to corridors that serve societal
needs while actively preserving and restoring the natural
environment. The implementation of such systems is not
merely an academic exercise but a practical imperative for
building a sustainable and resilient global infrastructure
network.
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