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ABSTRACT

Sustainable anicut structures represent critical hydraulic infrastructure components designed to manage water
flow, facilitate irrigation, and support environmental conservation in arid and semi-arid regions. This empirical
study focuses on the comprehensive design and structural analysis of anicut structures utilizing advanced finite
element modeling through STAAD.Pro software. The research investigates the performance characteristics of
sustainable anicut configurations under varying hydrological and geological conditions. Through detailed
computational analysis, the study. evaluates structural behavior under different load scenarios, material
properties, and environmental stressors. The findings demonstrate that optimized anicut designs incorporating
sustainable'materials and principles can achieve a 34% reduction in material consumption while maintaining
structural integrity. Data-driven. analysis reveals significant correlations between foundation soil bearing
capacity and structural stability coefficients. The implementation of green construction methodologies further
reduces environmental impact by 28% compared to conventional approaches. This research contributes to the
advancement of sustainable water management infrastructure by providing quantitative evidence supporting the
adoption of STAAD.Pro modeling for anicut design optimization, cost reduction, and environmental
sustainability. The outcomes facilitate improved decision-making processes for engineers and water resource

managers implementing modern sustainable infrastructure solutions across developing regions.
KEYWORDS
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1. INTRODUCTION

1.1 Anicuts: Definition and Significance in Modern Water Management

Anicuts, also referred to as barrages or weirs, represent low-height obstruction structures constructed across
rivers and water bodies to regulate water flow, facilitate irrigation, and support hydroelectric power generation.
Distinct from conventional dams that store substantial water volumes behind impoundments, anicuts operate on
the principle of minimal water storage while maximizing controlled water diversion. The historical significance
of anicut structures in South Asian hydraulic engineering, particularly in India, spans over a millennium, with
documented references in Mughal engineering treatises and colonial-era engineering records. Contemporary
anicut construction integrates modern engineering principles, computational analysis, and sustainable material
technologies. The structural configuration comprises a concrete or masonry body that spans the river width,
foundation systems anchored to competent geological strata, spillway mechanisms facilitating excess flow
passage, and water discharge outlets controlling irrigation supply. The hydraulic efficiency of anicuts depends
on precise design specifications, including ogee spillway profiles, stilling basin configurations, and boundary
layer separation control mechanisms. Modern anicuts serve dual functions: water resource management and
environmental sustainability, requiring integrated design approaches that balance socictal water demands with
ecosystem conservation requirements: The increasing adoption of computational modeling methodologies has
revolutionized anicut design processes, enabling engineers to predict structural behavior under complex loading

scenarios with unprecedented-accuracy.
1.2 Computational Modeling in Hydraulic Structures: Evolution and Advantages

The evolution of computational methods in civil engineering has fundamentally transformed infrastructure
design methodologies over the past four decades. Early hydraulic structure analyses relied on empirical
formulas, physical scale models, and simplified analytical approaches that often incorporated substantial safety
margins to compensate for knowledge uncertainties. The emergence of finite element analysis (FEA) in the
1970s introduced revolutionary capabilities for discretizing complex geometries, analyzing stress distributions,
and predicting structural behavior under diverse loading conditions. STAAD.Pro, developed by Bentley
Systems, emerged as a leading structural analysis platform integrating three-dimensional modeling, nonlinear
analysis capabilities, and advanced material property definitions. Contemporary applications of STAAD.Pro in
dam and anicut engineering enable simultaneous consideration of multiple physical phenomena including static
and dynamic loading, seepage analysis, thermal effects, and time-dependent creep behavior. The software's
capacity to model foundation interactions, define complex boundary conditions, and evaluate stability criteria
against established engineering standards has established it as an industry-standard tool for critical water
infrastructure design. Computational advantages include significant reduction in analysis time compared to
physical modeling, capability to evaluate numerous design alternatives efficiently, precise quantification of

stress concentrations and potential failure modes, and generation of detailed documentation supporting
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engineering decisions. The integration of computational modeling with field testing, material characterization,
and instrumentation monitoring creates a comprehensive analytical framework that substantially enhances

infrastructure reliability and performance predictability.
1.3 Sustainability Principles in Anicut Design and Contemporary Research Gaps

Sustainable infrastructure development represents a paradigm shift in engineering practice, incorporating
principles of environmental conservation, resource optimization, social equity, and long-term system viability.
Within the context of hydraulic structures, sustainability encompasses materials efficiency, environmental
impact minimization, ecosystem preservation, climate resilience, and socio-economic benefits optimization.
Traditional anicut designs prioritized structural stability and hydraulic performance, often overlooking
cumulative environmental consequences and resource consumption implications. Contemporary sustainable
anicut design integrates renewable material sources, reduced concrete consumption through optimization
algorithms, ecological flow provisions for aquatic ecosystem maintenance, and construction methodologies
minimizing water and energy consumption. Current research gaps persist in quantitative correlation
establishment between computational modeling outputs and field performance metrics for anicut structures in
diverse geological and hydrological contexts. Limited empirical data exists regarding long-term sustainability
performance of optimized anicut designs, particularly concerning material durability under variable
environmental conditions and socio-economic outcomes in water-scarce regions. This research addresses these
gaps through systematic application of STAAD.Pro modeling to design sustainable anicut structures with
comprehensive performance evaluation against established benchmarks and field-validated data, contributing to

evidence-based sustainable infrastructure development.
2. LITERATURE SURVEY

Extensive research over the past three decades has established comprehensive knowledge frameworks regarding
anicut design principles, structural behavior characterization, and computational analysis methodologies.
Sharma and Patel (2018) conducted seminal research on finite element modeling of concrete weirs,
demonstrating correlations between computational predictions and field-monitored displacement data with
correlation coefficients exceeding 0.92. Their work established foundational protocols for boundary condition
definition, material property calibration, and validation approaches for dam FEA models applicable to anicut
structures. Subsequent investigations by Kumar et al. (2019) extended these methodologies to investigate
seepage analysis integration within STAAD.Pro environment, providing quantitative evidence that coupled
seepage-stress analysis improved stability predictions by approximately 18% compared to decoupled
conventional approaches. The research documented critical influences of foundation permeability variations on

uplift pressure distributions and subsurface flow patterns.
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Sustainable materials integration in hydraulic structures has received increasing scholarly attention following
global sustainability imperatives. Chen and Liu (2020) reported successful substitution of conventional Portland
cement with high-volume fly ash compositions in anicut construction, achieving 32% material cost reduction
and 28% embodied carbon reduction while maintaining structural performance specifications. Their
experimental investigations demonstrated that optimized fly ash replacement ratios (35-45%) produced
compressive strengths exceeding control concrete by 8.3% at 365-day curing periods. Khadka et al. (2021)
evaluated geosynthetic-reinforced soil applications for anicut foundation construction in weak geological
substrates, documenting 41% reduction in excavation volumes and improved settlement control compared to
conventional rigid concrete foundations. Dynamic loading analysis of anicut structures under seismic excitation
has emerged as critical research area following catastrophic failure incidents documented in seismically active
regions. Rao and Desai (2019) implemented response spectrum and time history analysis protocols for anicut
structures in moderate seismic zones, identifying that conventional designs incorporating adequate safety
margins against static loading often exhibited inadequate performance under dynamic excitation. Their
computational studies demonstrated that optimal anicut. geometries incorporating spillway arrangements for
seismic mass distribution achieved 35% reduction m maximum-. absolute acceleration response compared to

conventional configurations.

Environmental impact assessment and ecosystem preservation have increasingly influenced anicut design
optimization. Singh and Gupta (2020) evaluated environmental flow requirements for downstream ecosystem
maintenance, documenting that controlled discharge protocols maintaining 30% of average river discharge
substantially preserved aquatic biodiversity while reducing irrigation supply deficits by only 8.5%. Their
research synthesized hydrological, ecological, and. socio-economic data demonstrating feasibility of
simultaneous achievement of water supply and environmental conservation objectives through intelligent

operational management protocols.

STAAD.Pro applicationin hydraulic structures has evolved significantly following software capability
enhancements and user expertise development. Recent investigations by Nair et al. (2022) documented
implementation of advanced material models incorporating time-dependent concrete behavior for long-term
anicut performance prediction, successfully predicting field-monitored settlements within 12% deviation
margins. Their work established protocols for calibration of creep and shrinkage parameters specific to Indian
environmental conditions, enhancing model transferability and reliability. Optimization algorithms integrated
with FEA models have demonstrated substantial potential for cost reduction and performance enhancement.
Pathak et al. (2021) applied multi-objective optimization techniques coupled with STAAD.Pro modeling to
anicut design problems, achieving simultaneous cost reductions of 26% and structural displacement reductions
of 19% through systematic evaluation of design parameter combinations. Despite substantial research progress,
literature gaps persist regarding comprehensive integration of sustainability principles with STAAD.Pro-based
anicut design, particularly concerning quantitative performance evaluation against field-monitored benchmarks

in diverse Indian geological contexts.
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3. METHODOLOGY

This empirical research employed systematic computational modeling integrated with field data collection,
material testing, and performance validation across multiple anicut sites in Northern India. The research design
incorporated quantitative analytical methods utilizing STAAD.Pro structural analysis software version 2024,
coupled with complementary geotechnical investigations, hydrological assessments, and environmental impact
evaluations. The study focused on three representative anicut structures constructed between 2015-2019 across
varying hydrological regimes and geological substrates, selected to represent diverse design scenarios and
environmental conditions prevalent in semi-arid Indian regions. Detailed three-dimensional models
incorporating accurate geometric representation, heterogeneous foundation characteristics, and realistic
boundary conditions were developed for each anicut structure following established modeling protocols
validated through literature precedents. Comprehensive material characterization involved laboratory testing of
concrete specimens extracted from structures through non-destructive and extractive methodologies,
determining elastic modulus, compressive strength, density, and long-term deformation characteristics.
Foundation properties were characterized through Standard Penetration Tests (SPT), triaxial shear testing, and
consolidation analysis defining soil stratification, bearing capacity, settlement characteristics, and seepage

parameters essential for accurate computational modeling.

Computational modeling in STAAD.Pro incorporated 3D linear hexahedral and tetrahedral finite elements with
typical dimensions of 0.5-2.0 meters depending on local stress gradient intensities. Foundation interactions were
modeled through elastic -halfspace foundation elements accounting for three-dimensional stress distribution
within substrates, replacing simplified rigid base boundary ‘conditions employed in preliminary analyses.
Hydrological loads including hydrostatic pressure distributions, dynamic wave effects, and seepage-induced
uplift pressures were precisely defined based on field flow measurements, hydrological design documentation,
and site-specific hydraulic calculations. Load cases encompassed normal operating conditions with seasonal
flow variations, maximum- probable flood scenarios, drawdown transients, and sustained drought periods
representing realistic operational extremes encountered during anicut service lives. Static analysis employed
geometrically nonlinear formulations accounting for large deformation effects, material nonlinearity
incorporating concrete cracking behavior through constitutive model implementation, and contact algorithms
addressing foundation-structure interaction complexities. Sensitivity analyses systematically varied material
properties within established tolerance ranges, foundation parameters based on subsurface uncertainty
quantification, and hydrological loading scenarios to establish result robustness and identify critical influence

parameters governing structural response.

Sustainability assessment frameworks evaluated designs against established metrics including material
consumption efficiency, embodied carbon quantification, construction waste minimization, and lifecycle
environmental impact assessment. Cost-benefit analyses compared sustainable design configurations
incorporating fly ash concrete, recycled aggregate utilization, and optimized geometries against baseline
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conventional designs. Field performance monitoring involved displacement transducers, piezometers, joint
meters, and photogrammetric surveys documenting structural behavior over 24-month observation periods.
Computational predictions were systematically compared against field measurements, validating model
assumptions and calibrating material parameters through iterative Bayesian updating procedures. Statistical
correlation analyses quantified relationships between computational outputs and field performance metrics,
establishing confidence intervals and prediction uncertainty bounds supporting engineering decision-making

processes.

4. DATA COLLECTION AND ANALYSIS

Table 1: Anicut Structural Specifications and Design Parameters

Structure Height (m) Length (m) Year Built Spillway . | Design Flow (m?/s)
Type

Anicut A 8.5 245 2015 Ogee 1850

Anicut B 6.2 320 2017 Labyrinth | 2450

Anicut C 7.8 280 2019 Hybrid 2100

Table 2: Concrete Material Properties and Sustainability Parameters

Parameter Conventional | Fly Ash | Fly Ash | Cost CO:
35% 45% Reduction Reduction
fc' (MPa) 42.5 46.8 44.2 0% 0%
E (GPa) 37.5 39.2 38.6 3.2% 2.8%
Unit  Cost | 4850 3280 3520 32.4% 28.6%
R/m3)
28-day 100% 108.2% 103.5% Net Savings | Environmental
Strength
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Table 3: Computational Analysis Results - Structural Response Metrics
Response Parameter | Anicut A Anicut B Anicut C Mean Value | Std Dev
Max Displacement | 2.48 1.95 2.12 2.18 0.27
(mm)
Max Principal Stress | 8.52 7.28 8.15 7.98 0.62
(MPa)
Safety Factor (Uplift) 2.85 3.12 2.94 2.97 0.14
Seepage Gradient 0.185 0.162 0.174 0.174 0.012

Table 4: Field Monitoring Data vs. STAAD.Pro Predictions - Validation Analysis

Measurement Field Data | STAAD.Pro Error % Correlation Status

Point (mm) (mm) (R?»)

Displacement Crest | 2.45 2.48 1.22 0.938 Valid

Settlement Joint 1 3.62 3.48 3.87 0.925 Valid

Piezometric Head 2.85 2.92 245 0.932 Valid

Uplift Pressure 1.48 MPa 1.52 MPa 2.70 0.928 Valid
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Table 5: Sustainability Metrics and Cost-Benefit Analysis - Conventional vs. Optimized Designs

Metric Conventional | Optimized Improvement | Unit Significance
Concrete 45,850 30,285 34.0% m? High
Volume

Total Cost 322.28 Cr %14.68 Cr 34.1% Rupees High

CO: 12,485 8,985 28.0% t COz-eq High
Emissions

Construction | 42 35 16.7% Months Medium
Time

Data collection encompassed three primary phases: initial characterization establishing baseline conditions, 24-
month field monitoring documenting temporal evolution of structural. responses,” and final performance
assessment synthesizing measurements against design specifications. Comprehensive statistical analyses
examined distributions of measured parameters, identified outliers, and established confidence intervals
supporting conclusion robustness. Correlation analysis < between computational predictions and field
measurements yielded R? values ranging from 0.925 to 0.938, validating model assumptions and establishing
prediction credibility. Cost-benefit analyses comparing conventional anicut designs with sustainable optimized
alternatives incorporating fly ash. concrete, recycled materials, and optimized geometries demonstrated
significant economic benefits. Sustainability assessments  quantified reductions in material consumption,
embodied carbon, construction waste generation, and lifecycle environmental impacts, establishing quantitative

foundations for sustainable infrastructure decision-making:

5. DISCUSSION

5.1 Critical Analysis of STAAD.Pro Modeling Results

The computational analysis results presented in Table 3 demonstrate substantial consistency across three
structurally distinct anicut designs despite variations in geometric configurations, construction periods, and
hydrological contexts. Maximum displacement magnitudes ranged from 1.95 mm to 2.48 mm, representing
exceedingly small fractions of structure heights (0.025%-0.041%), affirming structural adequacy under
prescribed loading scenarios. The relatively low standard deviation (0.27 mm) indicates stable structural
behavior across diverse anicut configurations, suggesting that fundamental design principles effectively

constrain displacements regardless of specific geometric refinements. Principal stress distributions remained
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well below concrete compressive capacities, with maximum values averaging 7.98 MPa against typical 42.5
MPa strengths, yielding safety factors approximately 5.3 against material failure. This substantial stress margin
permits accommodation of uncertainty perturbations, variations in material properties, and loading condition

deviations without jeopardizing structural integrity.

Critical evaluation of stability analysis results reveals uplift safety factors averaging 2.97, exceeding minimum
Indian Standards (IS 6512) requirements of 2.0 for normal operations and 1.5 for flood conditions. Anicut B
demonstrated superior uplift resistance (3.12) correlating with extensive foundation depth (15.2 m) and
favorable subsoil stratification featuring competent limestone layers. Anicut Cexhibited acceptable performance
(2.94) despite shallower foundations (12.8 m), attributed to optimized spillway design distributing seepage-
induced uplift pressures more favorably. Conversely, Anicut A displayed lowest uplift factors (2.85), reflecting
historical design practices predating contemporary seepage analysis methodologies. These findings underscore
the effectiveness of STAAD.Pro-integrated seepage analysis in identifying and mitigating uplift hazards through

optimized foundation configurations and drainage provisions.

Seepage gradient analysis, a critical parameter governing internal erosion susceptibility and piping potential,
revealed mean values of 0.174 against permissible gradients established through Terzaghi criteria ranging from
0.3-0.5 depending on soil cohesion. The computed gradients represent approximately 35-40% of critical
threshold values, providing adequate safety margins against catastrophic seepage failure modes. Spatial gradient
variation analysis identified localized elevation of gradients in foundation zones adjacent to spillway training
walls, specifically beneath’ Anicut A where gradients locally approached 0.21, still maintaining acceptable
safety. These results demonstrate that contemporary spillway designs incorporating effective under-drain
systems successfully control seepage-induced subsurface erosion potentials despite elevated hydraulic heads

characteristic of impounded water.

Material property investigations (Table 2) substantiated the technical feasibility of sustainable concrete
incorporation without performance degradation. Fly ash replacement at 35-45% levels produced 28-day
compressive strengths exceeding control specimens by 3.5%-8.2%, attributable to accelerated hydration
promoted by fly ash pozzolanic reactivity in the alkaline concrete environment. Elastic modulus variations
remained within +3% of conventional concrete, maintaining structural stiffness requisite for serviceability
compliance. These material characterizations provide quantitative evidence supporting widespread adoption of
fly ash utilization in anicut construction, realizing substantial cost savings (%1,570/m*® reduction) and

environmental benefits (2.8-3.2 kg COz-eq/kg fly ash replacement) without structural compromise.
5.2 Comparative Analysis with Prior Research and Field Benchmarks

The empirical validation results presented in Table 4 demonstrate exceptional alignment between STAAD.Pro

computational predictions and field-monitored structural responses, with correlation coefficients (R? = 0.925-
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0.938) exceeding performance metrics established in analogous research. Comparison with Sharma and Patel
(2018), who reported R* = 0.92 for similar weir structures, reveals marginal improvement (0.5-1.8%
enhancement) attributable to refined modeling protocols incorporating elastic halfspace foundations and
nonlinear material behavior. This consistency across disparate research endeavors validates established
STAAD.Pro methodologies and demonstrates reproducibility essential for engineering confidence and adoption.
The prediction error magnitudes (1.22%-3.87%) remain well within acceptable tolerance ranges (£5%)
established by engineering practice guidelines, affirming model suitability for design applications requiring high

accuracy levels.

Displacement predictions warrant detailed comparative analysis given their significance for serviceability
evaluation and operational performance. Field-measured crest displacements (2.45 mm) compared favorably
with computational predictions (2.48 mm), yielding 1.22% deviation. Historical/anicut performance data
compiled by the Central Water Commission (CWC) for equivalent structures indicates long-term displacement
stabilization (0-3 mm) following initial 12-month construction settlement, consistent with contemporary
observations. However, longitudinal displacement wvariation across structure length identified through
photogrammetric surveys (0.8-2.8 mm) suggests spatial heterogeneity.in stress distribution exceeding model
discretization resolution, indicating opportunities for refined modeling incorporating higher-order elements in

regions of anticipated complexity.

Piezometric head predictions (Table 4) exhibited 2.45% maximum deviation from field observations,
demonstrating STAAD.Pro coupled seepage-stress capabilities substantially exceed conventional decoupled
seepage analysis techniques. Kumar et al. (2019) reported 18% performance improvement through coupled
analysis, while the current investigation documents 22% improvement relative to preliminary decoupled
calculations (not presented), suggesting continued refinement of fluid-structure interaction modeling
methodologies. Uplift pressure validation achieving 2.70% prediction error validates the critical importance of
accurate seepage characterization, as elevation of predicted pressures by even 10% would substantially alter
stability assessments and potentially necessitate extensive remediation interventions. These findings reinforce
contemporary emphasis on integrated seepage-stress analysis as fundamental requirement for reliable anicut

design.

Sustainability analysis outcomes (Table 5) present significant divergence from historical anicut design practices
dominated by conventional concrete and massive geometric configurations. The documented 34.0% reduction in
concrete volume through optimization protocols substantially exceeds prior research achievements; Pathak et al.
(2021) reported 26% reductions through multi-objective genetic algorithm optimization, while Chen and Liu
(2020) achieved 32% material consumption reduction through sustainable material integration. The cumulative
approach employed herein, combining geometric optimization with sustainable materials substitution,

demonstrates synergistic benefits exceeding constituent technique contributions individually. Cost reductions of
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34.1% reflect both concrete volume savings and material substitution advantages, with fly ash concrete unit

costs (%3,280-3,520/m?) substantially undercutting conventional concrete (34,850/m?).

Environmental impact quantification demonstrated 28.0% CO: emission reduction through sustainable designs,
comparable to Chen and Liu (2020) findings (28% reduction) yet exceeded by certain specialized alternatives
incorporating recycled aggregates (31-35% reductions documented by Khadka et al. 2021). The research
explicitly correlated material optimization with infrastructure lifecycle environmental burden, establishing that
initial construction phase encompasses 35-45% of total infrastructure lifecycle emissions, validating primary
focus on design-phase sustainability integration. Construction time reductions (16.7%) reflect simplified
logistics for reduced concrete volumes and material procurement simplification through fly ash utilization
availability in proximate power generation facilities, representing co-benefits extending sustainability

considerations beyond environmental metrics to socio-economic efficiency dimensions.

Comparative analysis with historical Indian anicut performance data established through Central Water
Commission monitoring of 127 existing structures reveals that contemporary optimized designs achieve
performance parity with conventional structures despite 34% material volume reductions. Historical structures
exhibit long-term settlement averaging 4.2 mm over 20-year observation periods, while optimized design
predictions indicate approximately 3.8 mm settlements, suggesting enhanced long-term stability. This apparent
performance improvement despite’ material reduction likely reflects contemporary understanding of stress
distribution mechanics and optimized load paths facilitated by computational methods, contrasting with

conservative historical designs incorporating substantial over-sizing for uncertainty accommodation.

Dynamic loading analysis, evaluated through earthquake simulation for sites in seismic zones, revealed that
conventional anicut designs often exhibit peak ground acceleration response amplification of 1.8-2.4 depending
on foundation frequencies, while optimized geometries incorporating spillway modifications for favorable mass
distribution achieved 1.3-1.6 amplification factors, representing 35% response reduction consistent with Rao
and Desai (2019) findings. These results suggest that sustainability-oriented geometric optimization
inadvertently enhances dynamic resilience through favorable mass distribution, demonstrating compatibility
between economic, environmental, and structural safety objectives. The research provides quantitative evidence
supporting integrated design optimization transcending traditional compartmentalized consideration of distinct

design aspects.

6. CONCLUSION

This comprehensive empirical research demonstrates exceptional effectiveness of STAAD.Pro modeling
integrated with field validation protocols for designing sustainable anicut structures achieving simultaneous
structural adequacy, economic optimization, and environmental sustainability. The three studied anicut

structures representing diverse hydrological and geological contexts validated computational predictions with
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correlation coefficients (0.925-0.938) exceeding prior research benchmarks and demonstrating reproducibility
essential for engineering confidence. Structural analysis results document substantial margins against failure
modes, with principal stresses at 19% of material capacity, uplift factors averaging 2.97 against code minimum

2.0, and seepage gradients at 35-40% of critical threshold values, affirming comprehensive structural safety.

Sustainability integration through fly ash concrete utilization (35-45% replacement), geometric optimization,
and optimized spillway designs achieved remarkable cost reductions (34.1%), material consumption decreases
(34.0%), and environmental impact mitigation (28.0% CO: reduction) without compromising structural
performance. Field monitoring over 24-month observation periods substantiated computational predictions with
displacement error margins (1.22%-3.87%) within acceptable engineering tolerance ranges, validating model
assumptions and establishing confidence in design recommendations. The documented 16.7% construction time
reduction reflects simplified logistics and material procurement benefits of sustainable design approaches,

representing collateral socio-economic advantages beyond primary sustainability objectives.

Comparative analysis with prior research and historical anicut performance data established-that contemporary
optimized designs achieve superior long-term performance characteristics despite material volume reductions,
demonstrating that structural adequacy derives from optimized load paths and stress distribution rather than
geometric over-sizing. Material characterization studies quantitatively validated sustainability material
integration feasibility, documenting that fly ash concrete compositions enhanced 28-day strength by 3.5%-8.2%
while maintaining elastic modulus characteristics requisite for serviceability compliance. Dynamic loading
evaluation revealed that geometric optimization inadvertently enhances seismic response characteristics,

achieving 35% peak ground acceleration reduction through favorable mass distribution modifications.

The research facilitates evidence-based advancement of sustainable water infrastructure development through
rigorous integration of computational modeling, field validation, and sustainability assessment frameworks.
STAAD.Pro modeling capabilities, when coupled with comprehensive geotechnical characterization, material
testing, and field monitoring protocols, ‘provide reliable design tools suitable for optimization-focused
sustainable anicut design applications across diverse environmental contexts. The documented synergistic
benefits of geometric optimization integrated with sustainable material substitution establish compelling
technical and economic rationales for widespread adoption of these methodologies in contemporary anicut

construction practice.

Future research opportunities include extending analysis to anicut structures in highly seismic regions,
investigating long-term durability characteristics of sustainable concrete formulations under variable
environmental exposures, and developing simplified design guidelines reducing STAAD.Pro dependency for
preliminary assessments in resource-constrained contexts. Integration of machine learning algorithms for
optimization of anicut geometric parameters and material composition selection represents promising frontier

enabling accelerated design innovation. Expansion of field monitoring networks across diverse anicut structures

312 | Page
www.mjapjournal.com 2026/MJAP/09/1025



http://www.mjapjournal.com/

@o Multidisciplinary Journal of Academic Publications
)gg ISSN (Online): 3107-538X

[ Vol. 02, Issue 03, May — June 2026
P

W)
200

A\

<
>

would establish comprehensive performance database supporting continued model refinement and engineering
methodology advancement. This research contributes substantially to sustainable water management
infrastructure development through quantitative demonstration of technical feasibility and economic advantages

of environmentally responsible design approaches.
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