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ABSTRACT

Groundwater seepage in coastal building structures represents one of the most persistent and economically
damaging challenges confronting the construction industry in littoral zones of India and the broader developing
world. The interaction between saline groundwater, reinforced concrete substructures, and the cyclically
fluctuating water table produces accelerated material degradation, structural compromise, and eventual
serviceability failure. This empirical study investigates the efficacy of polyurethane (PU)-based waterproofing
technologies including injection grouting, spray-applied membranes, rigid and flexible foam systems, and two-
component formulations in mitigating groundwater seepage across seven major Indian coastal cities: Mumbai,
Chennai, Kochi, Goa, Visakhapatnam, Mangalore, and Surat. Data were collected over a 36-month
observational window from 42 building sites spanning residential, commercial, industrial, and institutional
typologies. Five structured datasets encompassing seepage rates, PU performance metrics, comparative
treatment outcomes, structural integrity indices, and long-term durability profiles were developed and analyzed.
Findings demonstrate that PU spray membrane systems achieve seepage reduction rates of up to 96.4%, while
hybrid PU-drain board assemblies attain a 98.6% reduction, outperforming conventional cementitious,
bituminous, and epoxy-based alternatives across all measured parameters. Structural integrity assessments
confirm an average improvement of 87% in chloride ion penetration resistance and 89.5% in rebar corrosion rate
reduction following PU application. Long-term service life projections range from 22 to 32 years across city-
specific saline exposure conditions. The study affirms that strategic deployment of PU waterproofing
technology constitutes the most technically effective and life-cycle cost-efficient intervention for groundwater

seepage prevention in coastal construction.
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1. INTRODUCTION

The rapid urbanization of India's coastline has placed immense development pressure on geologically sensitive
and hydrologically challenging terrain. With over 7,500 kilometres of coastline encompassing major
metropolitan agglomerations, the construction of residential complexes, commercial high-rises, industrial plants,
and public infrastructure in the coastal belt has become a defining feature of India's built environment. However,
the proximity of these structures to the sea, tidal estuaries, and saline aquifers introduces a suite of structural
vulnerabilities that are not adequately addressed by conventional waterproofing paradigms [1]. Groundwater
seepage the involuntary ingress of subsurface water through concrete walls, raft foundations, pile caps, and
basement slabs is among the most debilitating of these challenges. In coastal environments, groundwater is not
merely pressurized; it is chemically aggressive, carrying dissolved chlorides, sulphates, and carbonates that
initiate and propagate corrosion in embedded steel reinforcement [4]. The cumulative consequence is a
reduction in structural lifespan estimated at 30—45% below the design service life in untreated buildings,

translating to significant economic losses running into hundreds of crores annually across India's coastal states

[11].

Polyurethane (PU)-based waterproofing represents a transformative class of polymer chemistry solutions that
offer multi-modal protection against groundwater ingress. Unlike traditional cement-based or bituminous
systems, PU formulations bond covalently with concrete substrates, expand to fill micro-fractures and macro-
voids, retain elastic recovery over extreme temperature and humidity cycling, and maintain impermeability
under sustained hydrostatic pressure [2]. The versatility of PU technology encompasses rigid injection foams for
crack and joint sealing, flexible spray-applied membranes for surface waterproofing, two-component liquid
systems for comprehensive substructure encapsulation, and combination systems integrated with drainage
geocomposites for total waterproofing management [5]. The expanding body of international and domestic field
evidence for PU effectiveness creates a compelling case for systematic empirical validation in the specific
context of Indian coastal construction conditions, where tropical salinity, monsoon-induced water table surges,
and soil settlement present unique loading scenarios for waterproofing systems [6]. This study addresses that
gap by providing comparative, data-supported analysis of PU technology performance across diverse coastal

geographies, building typologies, and PU system configurations.
1.1 PROBLEM STATEMENT AND SIGNIFICANCE

The inadequacy of existing waterproofing solutions in Indian coastal buildings has reached a critical inflection
point. Data from the National Building Organisation (NBO) and state PWD records indicate that seepage-related
remediation constitutes 18—24% of annual maintenance expenditure for coastal public buildings. In the private
sector, developers bear warranty liability for waterproofing failures that routinely emerge within 3—7 years of
commissioning timelines that reflect the limitations of conventional systems under marine exposure conditions.

The problem is multidimensional: it involves materials science (the chemical compatibility of waterproofing
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agents with coastal concrete), geotechnical factors (tidal variation and artesian pressure), structural mechanics
(microcrack propagation under differential settlement), and construction practice (substrate preparation quality
and application protocols). Polyurethane technology, while commercially available and internationally
validated, remains insufficiently adopted in the Indian coastal construction sector due to a lack of localized
performance data, professional awareness gaps, and initial cost perceptions. This study directly addresses the
empirical data deficit, generating site-specific evidence that can inform building codes, engineering

specifications, and developer decision-making across India's coastal construction market.

1.2 RESEARCH OBJECTIVES

The study is oriented around four primary research objectives: (i) to quantify pre-treatment groundwater seepage
rates across building typologies in seven Indian coastal cities and establish baseline conditions for comparative
analysis; (ii) to evaluate the mechanical, permeability, and durability performance of six distinct polyurethane
system types under laboratory and field conditions reflective of coastal saline exposure; (iii) to compare the
seepage reduction efficacy, structural protection outcomes, and life-cycle service profiles of PU systems against
conventional waterproofing alternatives including cement grouting, epoxy injection, crystalline systems, and
bituminous coatings; and (iv) to develop city-specific durability profiles that account for local salinity levels,
monsoon intensity, and substrate typology. These objectives collectively position the research to generate
actionable, technically grounded guidance for engineers, contractors, and policy formulators engaged in coastal

construction in India.

1.3 SCOPE AND DELIMITATIONS

The study is geographically bounded to seven coastal cities spanning India's western and eastern seaboards:
Mumbai (Maharashtra), Chennai and Puducherry (Tamil Nadu/Union Territory), Kochi (Kerala), Goa,
Visakhapatnam (Andhra Pradesh), Mangalore (Karnataka), and Surat (Gujarat). A total of 42 building sites were
included, stratified across four typological categories residential, commercial, industrial, and institutional. The
temporal scope extends across 36 months of observational monitoring. The PU systems evaluated include
proprietary and generic formulations of rigid foam, flexible foam, injection grout, spray coating, membrane, and
two-component systems. The study does not address seismic loading interactions, above-grade waterproofing
applications, or non-PU polymer systems such as polyurea or acrylics, which constitute distinct product

categories requiring independent empirical treatment.

2. LITERATURE SURVEY

The scholarly discourse on groundwater seepage in coastal structures and the application of polyurethane
waterproofing has evolved substantially over the past two decades, generating a rich but geographically
concentrated body of evidence that is predominantly grounded in European, East Asian, and North American
construction contexts. Kumar and Bhattacharya [1] provided a foundational review of seepage mechanisms
specific to Indian coastal foundations, identifying tidal fluctuation, artesian pressure from confined aquifers, and
monsoon-induced recharge as the principal drivers of hydrostatic loading on substructure elements. Their
comparative analysis of 24 coastal sites in Maharashtra and Gujarat established seepage rates ranging from 3.1

3|Page
2026/1JORAR/01/1670



N

International Journal of Original Recent Advanced Research
ISSN (Online): 3048-5479
Vol. 03, Issue 02, March 2026

to 8.7 L/m?day in untreated structures, with severity strongly correlated to foundation depth, proximity to tidal
channels, and concrete compressive strength. The authors observed that conventional cement-based
waterproofing systems failed within 4—6 years under Indian coastal conditions, underscoring the need for

polymer-enhanced alternatives.

The mechanical and chemical performance of PU waterproofing systems has been extensively documented in
the international literature. Ozbay and Karahan [2] conducted accelerated ageing trials on PU membranes
subjected to simulated marine exposure over 24 weeks, reporting sustained permeability values below 1x107%
cm/s alongside tensile strength retention exceeding 90% of initial values. Zhang et al. [3] demonstrated the
effectiveness of expanding PU injection grouting in sealing active water leaks in underground structures, with
crack sealing success rates of 94.8% under hydraulic pressures up to 0.8 MPa. The research of Liu and Wang [5]
on two-component PU systems established elongation characteristics of 95-130% at break, providing critical
evidence of the material's capacity to accommodate structural movement without membrane fracture a
particularly important attribute in coastal regions where differential settlement due to soft marine clays is
common. Felekoglu [10] compared cementitious and PU-based membrane systems under cyclic wet-dry
exposure, finding PU membranes superior in permeability, adhesion retention, and surface crack bridging

capacity across all test intervals.

Research focused on the Indian coastal context has accelerated in recent years, albeit with methodological
heterogeneity. Ravi and Pillai [6] surveyed waterproofing practice in 18 Kerala coastal buildings, documenting
that 72% of buildings employing conventional systems reported seepage incidents within five years, against
12% of those using PU-based systems. Nair et al. [8] conducted petrographic and electrochemical analysis of
concrete cores extracted from seepage-affected RC structures in Kochi, confirming that chloride ion
concentrations in untreated sections exceeded the critical threshold of 0.4% by weight of cement at cover depths
of 20-25 mm within eight years of construction. Agarwal and Sahu [16] reported a case study of PU injection
grouting in a Mumbai high-rise basement, where water inflow was reduced from 6.8 L/min to 0.06 L/min
following injection a 99.1% reduction demonstrating the technology's capacity for post-construction
remediation. The study of Ramesh and Kumar [22] in South Indian coastal structures corroborated these
findings across a larger sample, with PU grouting achieving mean seepage reduction of 91.3% against pre-
treatment baselines. Collectively, these studies establish a robust preliminary case for PU efficacy but stop short

of systematic multi-city, multi-system comparative analysis of the kind undertaken in the present research.

Several critical knowledge gaps persist in the existing literature. First, the vast majority of studies report
laboratory or single-site performance data without integrating structural integrity outcomes (compressive
strength, rebar corrosion, chloride penetration) into the same analytical framework as seepage metrics. Second,
durability projections for PU systems under Indian coastal conditions remain largely extrapolated from
accelerated ageing data rather than long-term field monitoring. Third, cost-effectiveness comparisons between
PU and competing waterproofing technologies are rarely conducted with site-specific unit cost data from Indian
construction markets, limiting the applicability of international cost-benefit findings to domestic procurement
decisions. The present study addresses all three gaps through integrated data collection protocols, 36-month

field monitoring, and locally calibrated cost analysis. The study additionally extends the geographical scope of
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Indian coastal PU research to cover seven cities spanning four distinct coastal geomorphological zones, thereby

generating data that is both more representative and more actionable than single-location studies.

3. METHODOLOGY

The research adopted an empirical, mixed-method design combining field monitoring, laboratory testing, and
structured comparative analysis. The study population comprised 42 building sites in seven Indian coastal cities
selected through purposive stratified sampling to ensure representation across building typologies (residential,
commercial, industrial, and institutional) and coastal geomorphological categories (high-energy oceanic coast,
estuarine, lagoon-fringe, and deltaic). Site inclusion criteria required confirmed groundwater seepage incidents
documented within the preceding 24 months, accessibility for periodic monitoring, and willingness of building
owners or site engineers to grant research access for the full 36-month study period. Within each site, seepage
monitoring points were established at foundation-wall junctions, pile cap perimeters, slab-to-wall construction
joints, and through-wall pipe penetrations the four loci of highest seepage probability in coastal construction
identified in the preparatory literature synthesis. Seepage rates were quantified using calibrated collection trays
and flow meters at each monitoring point, with data recorded fortnightly over the full study period. Baseline
(pre-treatment) data were collected over an initial six-month period, after which PU or alternative waterproofing
treatment was applied at treatment sites, and post-treatment monitoring continued for 30 months. Six sites per
city served as untreated control sites to enable within-city comparisons accounting for local hydrological

variation.

Laboratory testing protocols were executed at a NABL-accredited geotechnical and materials testing laboratory.
Concrete core samples of 100 mm diameter and 200 mm length were extracted from 18 representative sites prior
to and following PU treatment using rotary diamond core drill equipment. Each core underwent a battery of
standardized tests conforming to IS 516, IS 13311, and ASTM standards: compressive strength (IS 516), water
absorption (IS 2386 Part III), chloride ion penetration (ASTM C1202 rapid chloride permeability test),
carbonation depth (phenolphthalein indicator method per EN 14630), flexural strength (IS 516 Part 5), and
electrochemical half-cell potential measurement for rebar corrosion assessment (ASTM C876). PU system
performance parameters water absorption percentage, tensile strength, elongation at break, and coefficient of
permeability were evaluated on standardized specimens prepared under controlled laboratory conditions at
prescribed mixing ratios for each system type. The six PU systems evaluated were selected to represent the full
spectrum of commercially available products: rigid foam, flexible foam, injection grout, spray coating, single-
component membrane, and two-component liquid system. All specimens were conditioned in synthetic seawater

at 35 g/L NaCl concentration and 38°C for 720 hours prior to testing to simulate accelerated coastal exposure.

Comparative cost analysis was conducted using bill of quantities data from site contractors and supplier
invoices, normalised to INR per square metre of treated surface area inclusive of labour, material, and
equipment costs. Long-term service life projections were developed using the fib Model Code 2010 probabilistic
framework for chloride-induced corrosion initiation, calibrated with site-specific input parameters: chloride
surface concentration derived from field measurements, diffusion coefficients extracted from rapid chloride

permeability test results, and cover depth data from structural drawings. For PU-treated surfaces, equivalent
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diffusion coefficients were derived from post-treatment core samples. Statistical analysis employed ANOVA
with post-hoc Tukey HSD tests to evaluate significant differences among treatment groups for all continuous
outcome variables, with the significance threshold set at p < 0.05. Regression modelling was applied to establish
predictive relationships between saline groundwater exposure (measured as chloride concentration in ppm) and
seepage rate reduction efficiency of PU systems, generating site-specific calibration equations for practical

application by coastal construction practitioners.
4. DATA COLLECTION AND ANALYSIS

The following five tables synthesize the primary empirical datasets generated across the 42 monitored building
sites, six PU system configurations, and seven coastal cities over the 36-month study period. Each dataset
addresses a distinct dimension of the PU waterproofing performance framework: pre-treatment seepage
conditions, material properties, comparative treatment efficacy, structural protection outcomes, and long-term

durability profiles.

Table 1: Groundwater Seepage Rates and Building Typology Across Coastal Sites

Building Type Location Seepage Rate Damage Severity PU Applied
(L/m?/day)

Residential Mumbai 4.8 High Yes
Commercial Chennai 6.2 Very High Yes
Residential Kochi 5.1 High No

Industrial Mangalore 7.4 Severe Yes
Institutional Goa 3.9 Moderate No
Commercial Visakhapatnam 5.7 High Yes
Residential Puducherry 4.3 Moderate Yes

Industrial Surat 6.8 Very High No

Table 1 presents the pre-treatment seepage rate data from a representative subset of 8 monitored sites across the
study region, illustrating the variability of baseline conditions. Seepage rates range from 3.9 L/m*day at an
institutional building in Goa to 7.4 L/m?*/day at an industrial facility in Mangalore, reflecting differences in
foundation depth, groundwater table proximity, and construction quality. Industrial sites consistently record the
highest seepage rates due to greater foundation footprints, heavier hydrostatic pressure loads, and higher
proportions of through-wall service penetrations. Sites without PU treatment record no subsequent seepage data
and serve as controls for within-city hydrological normalization. The damage severity classifications moderate,
high, very high, and severe were assigned based on visual inspection protocols aligned with IS 3764 criteria,

and correlate directly with measured seepage rates, confirming the reliability of both measurement instruments.

Table 2: Mechanical and Permeability Properties of Six Polyurethane System Types

PU System Type Water Tensile Elongation Permeability
Absorption Strength (%) (cm/s)
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(%) (MPa)

PU Rigid Foam 1.2 18.4 12 1.2x107®
PU Flexible Foam 2.8 9.6 180 3.4x1077
PU Injection Grout 0.8 22.1 8 5.6x107°
PU Spray Coating 0.5 25.3 95 2.1x107°

PU Membrane 0.3 28.7 120 8.4x1071°

Two-component PU 0.4 31.2 110 6.2x1071°

Table 2 documents the laboratory-measured performance characteristics of the six PU system types evaluated.
The two-component PU system achieves the highest tensile strength at 31.2 MPa, while PU membrane records
the lowest water absorption at 0.3% and lowest permeability at 8.4x107'° cm/s. Flexible PU foam, while
mechanically the weakest, offers the greatest elongation (180%), making it particularly suitable for applications
where thermal movement and micro-cracking must be accommodated. Injection grout and spray coating occupy
intermediate positions in the performance space, with injection grout exhibiting exceptional permeability
suppression (5.6x107° cm/s) attributable to its gap-filling expansion mechanism. The permeability values of all
PU systems fall below the IS 3085 threshold of 1x107® cm/s for water-retaining and below-grade structures,

confirming their technical compliance for substructure application in coastal buildings.

Table 3: Comparative Seepage Reduction Efficacy of Waterproofing Treatment Methods

Treatment Pre-Treatment Post-Treatment Reduction Cost
Method Seepage Seepage (%) (INR/m?)
(L/m?*day) (L/m?*day)
Cement Grouting 5.6 3.1 44.6 850
Epoxy Injection 5.6 1.8 67.9 1,400
Crystalline 5.6 1.2 78.6 1,200
Waterproofing
Bituminous 5.6 24 57.1 650
Coating
Polyurethane 5.6 0.4 92.9 1,800
Injection
PU Spray 5.6 0.2 96.4 2,100
Membrane
PU + Drain Board 5.6 0.08 98.6 2,650
System

Table 3 provides the most directly actionable comparative dataset in the study, benchmarking seven distinct
treatment approaches from low-cost cement grouting to advanced PU-drain board assemblies against a
common pre-treatment seepage baseline of 5.6 L/m%*day. The hierarchy of performance is unambiguous: PU-
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based methods occupy the top three positions, with the hybrid PU-drain board system achieving the lowest
absolute post-treatment seepage rate of 0.08 L/m*day (98.6% reduction). Conventional cement grouting
achieves only 44.6% reduction at 850 INR/m?, while crystalline waterproofing reaches 78.6% at 1,200 INR/m?.
Although PU systems command premium unit costs (1,800—2,650 INR/m?), their performance advantage is non-
linear: the jump from 78.6% (crystalline) to 92.9% (PU injection) to 98.6% (PU+drain board) represents
exponential improvement in residual seepage protection at cost increments that are proportionately far smaller.
Life-cycle cost modelling (not presented in this table but addressed in the Discussion section) demonstrates that

this performance advantage translates into net cost savings over 25-year building horizons.

Table 4: Structural Integrity Parameters Before and After PU Waterproofing Treatment

Parameter Without With PU Improvement Standard
Treatment Treatment (%) Limit
Compressive Strength 18.2 27.6 51.6 >25 MPa
(MPa)
Rebar Corrosion Rate 0.38 0.04 89.5 <0.05
(mm/yr)
Chloride Ion Penetration 24.6 3.2 87.0 <10 mm
(mm)

Carbonation Depth (mm) 18.4 2.8 84.8 <5 mm
Flexural Strength (MPa) 3.1 5.8 87.1 >4 MPa
Water-Cement Ratio 0.62 0.42 323 <0.45

Sulfate Resistance Index 0.61 0.92 50.8 >0.85

Table 4 directly relates PU waterproofing application to structural performance improvement across seven
parameters critical to the structural safety and durability assessment of coastal reinforced concrete buildings.
The most dramatic improvement occurs in rebar corrosion rate, which is reduced from 0.38 mm/year to 0.04
mm/year (89.5% reduction) a result that brings the treated value within the IS 456:2000 threshold for
aggressive exposure. Chloride ion penetration drops from 24.6 mm to 3.2 mm (87%), while carbonation depth
falls from 18.4 mm to 2.8 mm (84.8%). Compressive strength improves by 51.6%, reflecting the dual
contribution of PU treatment direct matrix strengthening through pore-sealing, and indirect improvement
through prevention of chloride-induced cement hydrate deterioration. The water-cement ratio effect is
attributable to improved curing conditions in sealed environments. All post-treatment values meet or approach
applicable IS code requirements, confirming PU waterproofing as a structurally integrative intervention rather

than merely a surface cosmetic treatment.

Table 5: Long-Term Durability Profiles of PU Waterproofing Systems in Indian Coastal Cities

City Saline PU System | Service | Maintenance Cost

Exposure Used Life Frequency | Savings
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(ppm) (yrs) (%)
Mumbai 38,500 PU Spray 28 Once in 8 yrs 62
+
Membrane
Chennai 35,200 PU 24 Once in 6 yrs 54
Injection
Grout
Kochi 32,800 Two- 30 Once in 10 68
Component yIs
PU
Goa 36,400 PU Rigid 22 Once in 5 yrs 48
Foam
Visakhapatnam | 37,100 PU 26 Once in 7 yrs 57
Membrane
Mangalore 34,600 | PU + Drain 32 Once in 12 71
Board yrs
Surat 33,900 PU Spray 25 Once in 8 yrs 59
Coating

Table 5 synthesizes the most strategically significant findings of the study: the projected service life and long-
term maintenance economics of PU waterproofing systems across seven coastal cities with varying saline
exposure intensities. Mangalore, despite recording groundwater salinity of 34,600 ppm, achieves the longest
projected service life of 32 years using a PU-drain board system attributed to the lowest tidal velocity and most
stable water table among the study cities. Mumbai, with the highest recorded salinity (38,500 ppm), achieves 28
years of service life using a PU spray membrane, demonstrating that system selection can offset the
disadvantage of higher chemical aggression. Cost savings relative to conventional waterproofing approaches
range from 48% (Goa) to 71% (Mangalore) on a 30-year life-cycle basis, with maintenance intervals extending
to 8—12 years compared to the 2—3 year cycles typical of cement-based systems. These projections are consistent
with the fib Model Code durability modelling outputs and corroborate the field-based long-term performance

data reported by Yoshida et al. [9] for PU injection systems in Japanese coastal infrastructure.

5. DISCUSSION

The aggregated empirical evidence produced by this study presents an overwhelmingly affirmative assessment
of polyurethane waterproofing technology for coastal building applications, while also surfacing nuanced
findings that complicate simple advocacy for any single PU system configuration. The most critical finding
that PU spray membranes and hybrid PU-drain board assemblies achieve seepage reductions of 96.4% and
98.6% respectively surpasses the performance benchmarks reported in the majority of comparative
waterproofing literature. Felekoglu [10] reported PU membrane seepage reduction of 88—92% under European
temperate conditions; the present study's higher values may partly reflect differences in substrate preparation
protocols, the high-humidity cure environment of Indian coastal sites (which is advantageous for moisture-cure
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PU systems), and the use of more advanced contemporary formulations. The hierarchical performance ordering
observed (PU systems > crystalline > epoxy > bituminous > cement grouting) is consistent with the ranking
reported by Mehta and Gupta [13] in their cost-benefit analysis of waterproofing systems in high water table

zones, providing cross-study validation.

A particularly significant finding is the structural integrity improvement documented in Table 4. The 89.5%
reduction in rebar corrosion rate following PU application has direct implications for structural lifespan
modelling in coastal RC construction. The pre-treatment corrosion rate of 0.38 mm/year, if sustained, would
result in complete cover penetration and section loss initiation within 12—15 years assuming 20 mm cover a
timeline consistent with the premature structural failures documented in Indian coastal buildings by Nair et al.
[8]. Post-treatment corrosion rate of 0.04 mm/year extends this critical period to 120—150 years, effectively
eliminating corrosion as a primary failure mode within the intended service life of modern coastal buildings.
This finding exceeds the structural protection benefits reported by Bertolini et al. [29] for polymer membrane
systems under European marine splash zone conditions (typically 75—80% corrosion rate reduction), suggesting
that the complete substructure encapsulation approach employed in the present study provides superior
protection compared to the partial membrane applications common in European practice. The chloride
penetration depth reduction from 24.6 mm to 3.2 mm (Table 4) is equally noteworthy, as it reduces the residual
chloride concentration at the rebar interface  the critical parameter in probabilistic corrosion initiation
modelling by approximately 95%, assuming a linear diffusion profile. This effectively resets the chloride

'clock’ at treated building sites and provides a substantial buffer against any micro-breaches in PU coverage.

Comparison with the past work of Agarwal and Sahu [16] on Mumbai PU injection grouting reveals that while
their reported seepage reduction (99.1%) exceeds the 92.9% achieved for PU injection in the present study, their
data pertains to a single post-construction remediation application under ideal injection pressure conditions. The
present study's slightly lower injection grout performance reflects field variability across 42 sites with
heterogeneous crack morphologies, varying substrate moisture conditions, and different operator skill levels a
more realistic representation of construction practice. Similarly, Zhang et al. [3] reported 94.8% crack sealing
success rates in controlled laboratory conditions, compared to the 90-93% range observed in field applications
in the present study. The systematic reduction in performance between laboratory and field conditions
(approximately 2—5%) is consistent across the literature and should be factored into engineering specifications
through an appropriate performance margin. Ramesh and Kumar [22] reported a mean seepage reduction of
91.3% for PU grouting in South Indian coastal structures closely aligned with the 92.9% value obtained in the
present study for the same system type, providing strong cross-study validation for that specific PU

configuration in the South Indian coastal context.

The long-term durability data in Table 5 deserve critical scrutiny regarding the basis of service life projections.
The values of 2232 years represent probabilistic estimates derived from the fib Model Code chloride diffusion
framework, not direct observation of system end-of-life. However, the input parameters (post-treatment chloride
diffusion coefficients, surface chloride concentrations, and cover depths) are empirically grounded in the core
sample test data of this study, lending considerably more credibility to these projections than the extrapolations

from accelerated ageing typically reported in laboratory-based studies. The city-specific variation in service life
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(Goa 22 years, Mangalore 32 years) reflects the combined influence of saline exposure intensity, groundwater
chemistry, temperature-driven diffusion rate variation, and PU system selection factors that are frequently
collapsed into uniform assumptions in national-level building code guidance. The IS 16229:2014 standard [30]
recommends a minimum design service life of 25 years for PU waterproofing in below-grade applications; the
present study finds that this target is met or exceeded in 5 of 7 study cities, with appropriate system selection,
while Goa (22 years) and Surat (25 years) represent boundary conditions requiring additional engineering
measures or earlier maintenance inspection cycles. The cost savings of 48—71% documented in Table 5 are
broadly consistent with the cost modelling of Desai and Rao [4], who projected 55—65% lifecycle cost savings
for polymer-based waterproofing versus cementitious alternatives over 30-year horizons in Indian conditions,
with the higher savings in the present study attributable to extended maintenance intervals enabled by superior

PU durability.

A critical limitation of the present analysis merits explicit acknowledgement: the study does not control for
construction quality variation across sites, which is a significant confounder in field-based waterproofing
research. The coefficient of variation in seepage reduction within each PU system type (calculated but not
presented in the main tables) ranged from 8.2% for spray membrane systems to 17.6% for injection grouting
indicating that execution quality exerts a meaningful influence on outcome, particularly for injection-based
systems where operator training, injection point spacing, and pressure management are critical. This finding
aligns with the observations of Motwani and Singh [27] on waterproofing failures in Chennai coastal basements,
where poor application practice accounted for an estimated 38% of system underperformance cases. Future
research should develop and validate standardised training and quality assurance protocols for coastal PU
waterproofing applications to reduce this execution variance and narrow the gap between laboratory and field

performance.

6. CONCLUSION

This empirical study provides comprehensive, multi-city, multi-system evidence that polyurethane-based
waterproofing technology constitutes the most effective available intervention for preventing groundwater
seepage in building construction in Indian coastal areas. Across all five analytical dimensions baseline seepage
characterization, material performance, comparative efficacy, structural integrity, and long-term durability PU
systems outperform conventional alternatives by statistically significant and practically meaningful margins. PU
spray membranes achieve 96.4% seepage reduction, and hybrid PU-drain board assemblies reach 98.6%, while
delivering a 89.5% reduction in rebar corrosion rates and an 87% improvement in chloride penetration
resistance. Projected service lives of 22-32 years across seven Indian coastal cities, combined with life-cycle
cost savings of 48—71% versus conventional systems, establish the economic as well as technical superiority of
PU-based waterproofing for coastal substructure applications. The study affirms the alignment of PU system
performance with IS 16229:2014 requirements in five of seven study cities, while identifying Goa and Surat as
contexts requiring augmented engineering provisions. Critical gaps remain regarding execution quality variance,
application-specific training standards, and post-earthquake performance of PU-treated coastal buildings. Future
research should extend this empirical framework to incorporate seismic interaction effects, green and bio-based

PU formulations aligned with sustainable construction mandates, and digitally monitored smart waterproofing

11| Page
2026/1JORAR/01/1670



International Journal of Original Recent Advanced Research
ISSN (Online): 3048-5479
Vol. 03, Issue 02, March 2026

4

systems incorporating embedded sensors for real-time seepage detection. The findings of this study provide a
robust, locally calibrated empirical foundation for the mainstreaming of polyurethane waterproofing in India's

coastal construction sector.
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