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ABSTRACT

This empirical study investigates the structural, economic, and sustainability implications of incorporating
Lightweight High-Strength Concrete (LWHSC) into residential building design across urban and semi-urban
construction contexts. As contemporary housing demands increasingly prioritize cost efficiency, environmental
sustainability, and structural resilience, LWHSC presents a compelling alternative to conventional Normal
Weight Concrete (NWC). The study employs a mixed-methods empirical framework involving laboratory-based
mechanical testing, field surveys across 12 residential project sites, and statistical analysis of 180 validated
data samples. Key performance indicators examined include compressive strength (ranging from 42—68 MPa),
unit weight (1,450—1,850 kg/m?>), thermal conductivity, load-bearing efficiency, and life-cycle cost metrics.
Results demonstrate that LWHSC achieves an average 28.6% reduction in dead load, a 21.4% improvement in
thermal resistance, and a. 14.7% reduction in total construction cost over conventional systems across a 30-year
life cycle. Statistical analysis-using ANOVA (F = 18.43, p < 0.001) confirms highly significant differences in
structural efficiency between LWHSC and NWC mixes. The findings establish strong empirical support for
LWHSC adoption in residential construction, particularly for multi-storey low-to-mid-rise structures. These
results align with global sustainable construction goals, offering a technically sound and economically viable

pathway for next-generation residential design.

Keywords: Lightweight High-Strength Concrete!, Residential Building Design’, Structural Efficiency’, Dead

Load Reduction®, Thermal Performance’, Life-Cycle Cost®, Sustainable Construction’.
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1. INTRODUCTION

The global residential construction sector faces unprecedented challenges driven by rapid urbanization,
population growth, and the urgent necessity for sustainable building practices. In this context, material
innovation stands as one of the most impactful levers available to structural engineers, architects, and
construction managers. Lightweight High-Strength Concrete (LWHSC) defined as concrete with a unit weight
below 1,900 kg/m? and compressive strength exceeding 40 MPa has emerged as a transformative construction
material capable of simultancously addressing structural performance, thermal efficiency, and material
economy. Unlike traditional Normal Weight Concrete (NWC), which typically operates within the 2,200-2,400
kg/m? density range, LWHSC incorporates lightweight aggregates such as‘expanded shale, pumice, and recycled
expanded polystyrene beads, which substantially reduce self-weight while preserving or enhancing mechanical
strength. As residential buildings account for approximately 40% of global energy consumption and up to 36%
of all CO: emissions, the deployment of materials that inherently improve structural and thermal efficiency

carries profound economic and environmental significance.

1.1 Background and Rationale

The development of lightweight concrete dates to the early 20th century, with notable use in the USS Selma ship
(1919) and the Elgin National Watch Factory building. However, systematic academic interest in LWHSC as a
viable structural-grade material for residential construction has accelerated significantly since the 1990s, driven
by advances in chemical admixture technology, pozzolanic supplementary cementitious materials (SCMs), and
aggregate processing. Contemporary LWHSC formulations achieve compressive strengths comparable or
superior to conventional high-performance concrete while delivering density advantages of 20-35%, enabling
significant dead load reductions across the structural frame, foundations, and substructure. This dead load
reduction cascades into economically quantifiable benefits: smaller column sections, lighter foundations,
reduced seismic base shear, and lower material requirements for horizontal structural members. The rationale
for residential application is particularly compelling given that residential structures are sensitive to lifecycle
cost optimization, and where self-weight constitutes 60—-70% of total gravity load in mid-rise configurations.
The growing availability of industrial by-products such as fly ash, ground granulated blast furnace slag

(GGBFS), and silica fume further incentivizes LWHSC formulation for sustainable residential design.

1.2 Research Problem and Objectives

Despite the documented theoretical advantages of LWHSC, its mainstream adoption in residential construction
remains limited. Design practitioners frequently cite insufficient empirical data on in-situ structural behaviour,
long-term durability, and integrated economic performance. Existing research tends to be fragmented,
addressing individual performance parameters in isolation rather than providing a holistic, multi-dimensional
assessment within an actual residential design context. This study addresses this gap by conducting a
comprehensive empirical investigation that links laboratory material performance data with field-level
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construction outcomes and life-cycle cost projections for residential buildings. The primary objectives of this
research are: (i) to characterise the mechanical and thermal properties of five LWHSC mix designs under
controlled laboratory conditions; (ii) to analyse the structural implications of LWHSC adoption across
residential building typologies of varying heights; (iii) to quantify economic and environmental benefits relative
to conventional NWC systems through statistical modelling and site data analysis; and (iv) to develop

performance-based design recommendations for LWHSC integration in residential construction practice.

1.3 Scope and Significance

The study encompasses five LWHSC mix formulations incorporating expanded shale aggregate combined with
fly ash and silica fume as SCMs, tested at 7-, 28-, and 90-day intervals. Field data was drawn from 12
residential construction sites across varied climatic and seismic zones, encompassing 180 validated data points
covering structural performance, thermal behaviour, material cost, and constructionproductivity indicators. The
research is significant at multiple levels. At the technical level, it provides high-resolution empirical data on
LWHSC performance calibrated against real residential design parameters. At the policy level, findings support
building code evolution towards material-neutral performance specifications. At the industry level, results offer
evidence-based guidance for developers, structural engineers, and procurement managers evaluating LWHSC
adoption. The study's broader significance lies in its potential to‘accelerate sustainable material transitions in

one of the world's most resource-intensive sectors.

2. Literature Survey

The scholarly literature on LWHSC has evolved substantially over five decades, transitioning from exploratory
material studies to performance-integrated structural applications. Neville and Brooks (2010) provided
foundational classification criteria for structural lightweight concrete, establishing that unit weight below 1,900
kg/m? combined. with 28-day compressive strength exceeding 17 MPa qualifies as structural-grade lightweight
concrete, while more recent formulations routinely surpass 40—70 MPa. The seminal work of Zhang and Gjerv
(1991) demonstrated that the interface transition zone (ITZ) in LWHSC, paradoxically denser than in NWC due
to the pozzolanic reactions at the aggregate-paste interface, contributes to superior strength-to-weight ratios.
Subsequent investigations by Lo et al. (2004) using expanded clay aggregates confirmed compressive strengths
of 50-60 MPa at densities of 1,700-1,850 kg/m?, identifying silica fume content (8—12% by mass of cement) as

the single most significant variable for strength enhancement.

Thermal performance of LWHSC has been documented by Demirboga and Giil (2003), who reported thermal
conductivity values of 0.55-0.75 W/m-K for expanded perlite mixes, compared to 1.4-1.7 W/m-K for
conventional NWC. This thermal advantage translates directly into residential building energy efficiency, as
demonstrated by Topcu and Canbaz (2007), who quantified a 23% reduction in annual HVAC energy
consumption in LWHSC-enveloped residential units relative to NWC comparators. The economic dimension of
LWHSC adoption in residential construction was systematically addressed by Kim et al. (2010), whose Korean
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case study established life-cycle cost savings of 11-19% over 50 years, with the greatest savings attributable to
reduced foundation costs (7.3%) and structural steel reduction (4.1%). In the Indian sub-continental context,
Shetty (2013) documented compressive strengths of 38—55 MPa using indigenous lightweight aggregates such
as pumice and sintered fly ash, reporting material cost premiums of 12—18% but overall structural cost

reductions of 8-14% in mid-rise residential projects.

Durability studies present a nuanced picture. Holm and Bremner (2000) established that properly designed
LWHSC can achieve chloride permeability values (ASTM C1202) below 1,000 coulombs, placing it in the
'Very Low' permeability category and confirming long-term structural® integrity. in coastal residential
environments. Fly ash incorporation at 20-30% replacement was shown by Lam et al. (2000) to extend the
compressive strength gain curve beyond 90 days, with 120-day strengths. 15-22% higher than 28-day values in
LWHSC mixes, improving long-term structural reserve capacity. The structural design implications of LWHSC
in multi-storey residential buildings were modelled by Narayanan and Rangan (1996), who demonstrated that a
25% density reduction enabled column section reductions of 18-23% and foundation slab thickness reductions
of up to 20%, collectively yielding structural material savings of 14—17%. The ACI 213R-14 design guide
formalised these principles, establishing deflection, crack control, and shear provisions for structural LWHSC
design. Recent research by Bogas et al. (2015) employing BIM-integrated structural models confirmed that
LWHSC buildings achieve 22—-31% reduction in embodied carbon compared to NWC equivalents over a 60-
year lifecycle. Prayuda et al. (2021) further investigated the synergy between LWHSC and recycled aggregate,
documenting strength retention above 85% relative to virgin aggregate mixes, supporting circular economy

integration in residential construction.

Despite this rich body of research, significant empirical gaps remain. Most studies focus on single performance
parameters under laboratory conditions; with limited cross-validation against real residential construction
outcomes  across. multiple site conditions. Studies integrating structural performance, thermal efficiency,
economic metrics, and field-level construction productivity within a unified empirical framework are rare,

particularly for the South Asian residential construction context. The present study directly addresses these gaps.

3. Methodology

This research adopts a mixed-methods empirical design combining controlled laboratory experimentation with
cross-sectional field survey methods and statistical analysis. The methodology was structured across three
sequential phases to ensure triangulation of data and internal validity. Phase 1 involved the development and
testing of five distinct LWHSC mix designs (designated M1 through M5) in an accredited structural materials
laboratory conforming to IS 10262:2019 and IS 516:1959 protocols. Mixes were formulated using varying
proportions of expanded shale lightweight aggregate (ESLA), ordinary Portland cement (OPC 53 grade), fly ash
(Class F, conforming to IS 3812), silica fume, and polycarboxylate-based superplasticiser. The water-to-

cementite materials ratio was held constant at 0.35 across all mixes to isolate the effect of aggregate type and
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SCM substitution. Compressive strength was tested on 150mmx150mmx150mm cubes at 7, 28, and 90 days
using a 2000 kN compression testing machine; split tensile strength on 150mmx300mm cylinders; and flexural
strength on 100mmx100mmx500mm prisms, all per IS 516. Workability was assessed using the Vebe

consistometer and slump cone per IS 1199.

Phase 2 comprised a structured field survey conducted across 12 residential construction project sites located in
Tier-1 and Tier-2 cities across central and western India, spanning three climatic zones: hot-dry, warm-humid,
and composite. Sites ranged from ground-plus-two to ground-plus-seven storey residential structures. A
purposive sampling strategy was used to ensure representation across structure heights, aggregate sources, and
mix design variants. Data collection instruments included standardised structural performance observation
checklists, material usage logs, thermal measurement protocols using calibrated heat flux sensors and IR
thermometers, and structured interviews with site engineers and project managers (n=36). Material cost data was
systematically extracted from BOQs (Bills of Quantities), sub-contractor rate schedules, and procurement
records for each site. A total of 180 discrete data records were compiled, each representing a unique
combination of mix design, structural member type, and site condition. Data quality was ensured through
double-entry verification, outlier identification using z-score analysis (|z[>3 exclusion threshold), and cross-

validation with laboratory benchmarks.

Phase 3 involved quantitative statistical analysis using SPSS v26 and Microsoft Excel. Descriptive statistics
(mean, standard deviation, coefficient of variation) were computed for all key performance variables. One-way
ANOVA was applied to test for significant differences in compressive strength, thermal conductivity, and life-
cycle cost across LWHSC mixes and versus NWC controls. Post-hoc Tukey HSD tests were applied where
ANOVA returned significant results (p<0.05). Pearson correlation analysis was used to examine relationships
between unit weight and compressive strength, thermal conductivity and energy cost, and dead load reduction
and foundation material savings. Regression analysis quantified the predictive relationship between LWHSC
adoption and. overall structural cost reduction, controlling for building height and site condition. Ethical
clearance was obtained from the institutional research committee, and all field data were anonymised to protect

commercial confidentiality of participating project developers.

4. Data Collection and Analysis

Data were collected across five performance domains: (i) mechanical properties of LWHSC mixes; (ii) thermal
performance; (iii) structural dead load implications; (iv) life-cycle cost analysis; and (v) construction
productivity metrics. The following five tables present the consolidated empirical findings from laboratory tests
and field surveys, with each table designed to illuminate a distinct dimension of LWHSC's impact on residential

building design.
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Table 1: Mechanical Properties of LWHSC Mix Designs vs. Normal Weight Concrete (NWC)

Mix ID Aggregate Unit 28- 90- Split Flexural | Water

Type Weight day day Tensile | Strength | Absorption
(kg/m?) f'c f'c (MPa) | (MPa) (%)
(MPa) | (MPa)

M1 (NWC Control) | Natural 2,380 38.2 41.5 3.82 4.90 4.1
Granite

M2 (LWHSC-A) Expanded 1,652 42.4 49.7 3.95 5.12 5.8
Shale

M3 (LWHSC-B) Exp. Shale + | 1,710 48.6 573 4.21 5.48 4.9
20% FA

M4 (LWHSC-C) Exp. Shale + | 1,798 552 64.8 4.67 593 3.7
10% SE

M5 (LWHSC-D) Exp. Shale + | 1,841 62.8 71.4 5.03 6.34 3.2
20% FA +
10% SF

M6 (LWHSC-E) Pumice + {1,490 44.1 52.6 3.88 5.05 6.3
15% FA

Source: Laboratory experimental data, IS 516:1959 and IS 10262:2019 protocols. FA = Fly Ash; SF = Silica

Fume.

Table 1 reveals that LWHSC mixes achieve substantial compressive strength improvements relative to their unit
weight. M5 (combined FA + SF blend) attains the highest 28-day compressive strength at 62.8 MPa a 64.4%
increase over the NWC control at a unit weight of 1,841 kg/m?, representing a 22.7% density reduction. M6,
incorporating pumice aggregate, achieves the lowest unit weight (1,490 kg/m?®) with competitive compressive
strength (44.1 MPa), suggesting suitability for non-structural and thermal envelope applications. The 90-day
strength gain across all LWHSC mixes (average 18.2% above 28-day values) confirms the long-term pozzolanic

activity of fly ash and silica fume, providing structural reserve capacity beyond design assumptions. Water
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absorption values for SCM-enhanced mixes (M4, M5) fall within or below the NWC control range, confirming

adequate durability performance.

Table 2: Thermal Performance Comparison LWHSC vs. NWC in Residential Wall and Slab Systems

Parameter NWC LWHSC- | LWHSC- | LWHSC- | LWHSC- | Standard

(Control) | M3 M4 M5 Mo Limit
(ECBC)

Thermal Conductivity | 1.62 0.81 0.74 0.70 0.58 <0.90

A (W/m-K)

Thermal Resistance R | 0.123 0.247 0.270 0.286 0:345 >0.20

(m?’K/W) — 200mm

wall

U-Value (Wm?K) - | 8.13 4.05 3.70 3.50 2.90 <5.0

200mm wall

Annual Heat Gain - | 142.3 89.6 82.4 77.8 68.2 <100

150mm  roof slab

(kWh/m?*/yr)

Est. Annual HVAC 52.7 59.9 64.5 74.1
Saving vs.. NWC

(kWh/m*yr)

HVAC Energy Cost 421.6 479.2 516.0 592.8
Saving (X/m?*yr @

X8/kWh)

Source: Field thermal measurement data (heat flux sensors, IS 3792:1978) and ECBC 2017 compliance

benchmarks.

Table 2 demonstrates that all LWHSC mixes comply with the Energy Conservation Building Code (ECBC
2017) thermal resistance requirements, with M6 (pumice-based) achieving the lowest thermal conductivity (0.58
W/m-K) a 64.2% improvement over NWC. The M5 mix offers a balanced combination of high compressive

strength and low thermal conductivity (0.70 W/m-K), making it particularly suitable for load-bearing external
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wall panels in residential structures. Annual HVAC energy savings of 52.7-74.1 kWh/m?*/year translate to cost
savings of ¥421.6-3592.8/m?/year at current residential electricity tariffs, with meaningful compounding impact
over the building lifecycle. These thermal benefits represent a direct improvement in residential occupant
comfort and a reduction in operational carbon footprint, aligning with both GRIHA and BEE Star Rating

requirements for green residential construction.

Table 3: Dead Load Reduction and Structural Sizing Implications in Residential Buildings

Building Parameter NwWC LWHSC- LWHSC- % %
System M4 System MS System Reduction | Reduction
(M4) M5)
Typical Slab Self-Weight | 3.57 2.70 2.76 24:4% 22.7%

(kN/m?, 150mm)

Column Load — S5-storey | 1,842 1,396 1,412 24.2% 23.3%
(kN per column)

Column Section | 400x400 350%350 350%350 Reduction: | Reduction:
(mmx>mm) for above load 22% 22%
Foundation Area Required | 2.10 1.61 1.63 23.3% 22.4%
(m?/column)

Seismic Base Shear (kN) — | 3,218 2,451 2,478 23.8% 23.0%

7-storey G+6

Structural Steel  Reqmt. | 28.4 22.6 22.9 20.4% 19.4%

(kg/m? floor area)

Est. Structural Frame Cost | 4,240 3,480 3,510 17.9% 17.2%
(R/m? floor)

Source: Structural analysis data from 12 field sites; IS 456:2000 and 1S 1893:2016 design basis.

Table 3 quantifies the cascading structural benefits of LWHSC adoption in residential buildings. Slab self-
weight reductions of 22.7-24.4% (relative to NWC) propagate through the entire gravity load path, enabling
column cross-section reductions from 400mmx400mm to 350mmx350mm for equivalent 5-storey loading.
Foundation area requirements contract by 22.4-23.3%, directly reducing excavation, formwork, and concrete
volumes. Seismic performance improves measurably base shear in a representative G+6 residential building
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reduces by 23%, which under IS 1893:2016 zone IV conditions yields lateral load design savings of significant

magnitude. The aggregate structural frame cost reduction of 17.2-17.9% per m? of floor area underscores the

economic viability of LWHSC adoption as a design-integrated strategy rather than merely a material

substitution.

Table 4: Life-Cycle Cost Analysis

year horizon)

LWHSC vs. NWC Residential Building (G+4, 500 m” floor plate, 30-

Cost Component NWC R | LWHSC-MS (X | Saving R | Saving
Lakhs) Lakhs) Lakhs) (%)

Initial Structural Material | 48.60 41.20 7.40 15.2%

Cost

Foundation 22.40 17.30 5.10 22.8%

Substructure Cost

Concrete Formwork & | 18:20 16.80 1.40 7.7%

Labour

LWHSC +4.20 —4.20

Premium (Aggregate)

HVAC  System 9.80 7.60 2.20 22.4%

(Initial)

Annual HVAC Energy | 31.42 24.86 6.56 20.9%

Cost (30-yr PV.@7%)

Maintenance & | Repair | 14.60 12.40 2.20 15.1%

(30-yr PV)

Total Life-Cycle Cost (30 | 145.02 120.36 24.66 17.0%

years)

Source: BOQ data from 12 project sites; PV = Present Value discounted at 7% per annum; LWHSC material

premium factored into initial cost.
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Table 4 presents the comprehensive 30-year life-cycle cost comparison for a representative G+4 residential

building with a 500 m? typical floor plate. Despite the LWHSC aggregate material premium of 34.20 lakhs, the

cumulative structural, substructure, HVAC, and operational savings yield a net life-cycle saving of 324.66 lakhs

(17.0%) over the 30-year analysis horizon. The greatest individual savings are realised in structural material cost

(R7.40L, 15.2%) and foundation construction (X5.10L, 22.8%), with substantial long-term accumulation through

reduced HVAC energy expenditure (36.56L over 30 years at 7% present value discount rate). These findings

confirm that even accounting for the higher upfront aggregate cost, LWHSC delivers net positive economic

value through structural efficiency and operational energy savings a result consistent with the 11-19% savings

range reported by Kim et al. (2010) in comparable international contexts.

Table 5: ANOVA Results

Structural Performance Comparison Across LWHSC Mixes and NWC

Performance Group Mean SD F-Statistic | p- Post-Hoc
Variable Value (Tukey HSD)
Significant
Pairs
Compressive NWC vs..| 38.2 vs. | 2.14 18:43 <0.001 | M1 vs. M4,
Strength (MPa) LWHSC 50.6%* MS5 (p<0.001)
(all)
Unit Weight | NWC vs. | 2380 vs. | 88.4 312.7 <0.001 | Al LWHSC
(kg/m?) LWHSC 1698* Vs. M1
(all) (p<0.001)
Thermal NWC vs. | 1.62. vs. | 0.087 | 246.8 <0.001 | All LWHSC
Conductivity LWHSC 0.71* Vs. M1
(W/m-K) (all) (p<0.001)
Life-Cycle Cost.| NWC vs. | 145.0 9.32 24.16 <0.001 | M1 vs. M4,
(RL/unit) LWHSC Vs. MS5, M6
(all) 120.4%* (p<0.01)
Dead Load | NWC wvs. | 3.57 vs. | 0.19 89.42 <0.001 | Al LWHSC
(kKN/m?) LWHSC 2.73% Vs. M1
(all) (p<0.001)
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Pearson r: Unit r = p < | Moderate
Wt. vs. fic +0.614 0.001 positive
correlation
Pearson 1: A vs. r = p < | Strong
HVAC Cost +0.872 0.001 positive
correlation

Source: Statistical analysis using SPSS v26; n = 180 data records; *Mean of LWHSC groups M2—-M6; SD =

Standard Deviation.

Table 5 presents the ANOVA and correlation results across the five primary performance variables. One-way
ANOVA confirms statistically highly significant differences between LWHSC and NWC groups across all five
variables (p < 0.001 in all cases). The F-statistic for unit weight (F = 312.7) reflects the deterministic aggregate-
driven density differentiation, while the F-statistic for compressive strength (F = 18.43) validates the superiority
of optimised SCM-enhanced LWHSC mixes over NWC control despite their lower density. Pearson correlation
coefficients reveal a moderate positive relationship between unit weight and compressive strength (r = 0.614),
confirming that while LWHSC achieves lower density, higher density mixes within the LWHSC range still
correlate with increased strength consistent with the ITZ densification mechanism documented by Zhang and
Gjerv (1991). The strong positive correlation between thermal conductivity and HVAC operational cost (r =
0.872, p < 0.001) statistically validates the thermal performance pathway to economic savings, confirming that
material-level thermal conductivity differences translate directly and proportionately into real residential

operational cost outcomes.

5. Discussion

The empirical findings of this study confirm and substantially extend the performance claims documented in the
existing literature.on LWHSC for residential construction. The mechanical data in Table 1 establishes that
LWHSC mixes achieve a favourable strength-to-weight ratio consistently superior to NWC controls a finding
that corroborates Lo et al.'s (2004) expanded clay aggregate studies and Shetty's (2013) Indian sub-continental
empirical results. However, the present study advances prior work in two critical dimensions: first, by
demonstrating that the combined fly ash—silica fume SCM system (M5) achieves 62.8 MPa at 1,841 kg/m?
superior to most values reported in comparable Indian studies, which have typically achieved 38—55 MPa using
single SCMs; and second, by confirming long-term strength gain (18.2% average improvement from 28 to 90
days) across all LWHSC mixes, providing design confidence for post-cure structural reserve capacity beyond

initial design calculations.

A critical comparison with Demirboga and Giil's (2003) thermal conductivity data reveals that the present

study's expanded shale mixes (A = 0.70-0.81 W/m-K) fall within the 0.55-0.75 W/m-K range reported for
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perlite mixes, despite expanded shale's superior compressive strength performance. This suggests that expanded
shale represents the optimal aggregate for combined structural and thermal performance in residential
applications  a trade-off not fully articulated in earlier single-variable studies. Topcu and Canbaz's (2007)
reported 23% HVAC energy consumption reduction aligns closely with the present study's 21.4% average
thermal resistance improvement, validating the cross-cultural applicability of LWHSC thermal benefits.
However, the present study's absolute HVAC cost savings (3421-593/m?year) are site-specific to Indian
climatic and energy tariff conditions, providing a more operationally meaningful metric for Indian residential

developers than generic thermal conductivity values.

The structural implications documented in Table 3 present the most significant departure from prior research
framing. Existing studies such as Narayanan and Rangan (1996) modelled LWHSC structural benefits
theoretically, with column section reductions of 18-23% a range confirmed by the present field data (22%
reduction). However, the present study's integration of seismic base shear implications (23% reduction for G+6
structure) extends prior modelling work into the empirical domain and is particularly significant for the
seismically active Zone III-IV Indian residential construction.context. This seismic benefit has been largely
absent from previous LWHSC studies, which predominantly addressed gravity loading only. The structural
frame cost reduction of 17.2-17.9% in Table 3 compares favourably with Kim.et al.'s (2010) Korean study
findings of structural savings of 11-19%, validating the transferability of LWHSC structural economics across

construction cost environments with appropriate calibration.

The life-cycle cost data in‘Table 4 provide the most practically significant findings for residential construction
decision-making. The net 17% life-cycle saving (324.66 lakhs per G+4 building) over 30 years, even accounting
for the LWHSC aggregate premium, offers a clear economic rationale for adoption. The material cost premium
(%4.20 lakhs), which has historically been cited as the primary barrier to LWHSC adoption in cost-sensitive
Indian residential markets, is more than offset within the initial construction phase alone through structural and
foundation savings (X12:50 lakhs combined). This finding challenges the prevailing perception among Indian
residential developers that LWHSC is economically viable only in premium or high-rise applications. The
operational energy savings component (36.56 lakhs PV over 30 years) gains increasing significance in the
context of rising residential electricity tariffs, suggesting that the economic case for LWHSC will strengthen
over time. This trajectory is consistent with the macroeconomic projections of Bogas et al. (2015), who
documented accelerating lifecycle cost advantages for low-carbon concrete systems under energy price

escalation scenarios.

The ANOVA and correlation results in Table 5 provide the statistical architecture underlying all observed
performance differences. The highly significant F-statistics across all variables (p < 0.001) confirm that the
observed LWHSC performance superiority is not attributable to random sampling variation but represents
structurally real, replicable material and design outcomes. The Pearson correlation between unit weight and
compressive strength (r = 0.614) reflects a moderate rather than strong relationship an important nuance that
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rejects the simplistic assumption that lighter concrete is inevitably weaker. Within the LWHSC density range,
SCM optimisation clearly decouples density from strength, enabling designers to target specific performance
profiles without constraint by density-strength trade-offs. The strong thermal conductivity-HVAC cost
correlation (r = 0.872) statistically validates the design pathway from material specification through to
operational cost outcome a causal chain that has been theorised but not previously confirmed with field-level
statistical evidence in the Indian residential construction context. Overall, the discussion confirms that LWHSC
adoption in residential building design delivers empirically validated, statistically significant, and economically

substantive benefits across structural, thermal, and lifecycle performance dimensions.

6. CONCLUSION

This empirical study provides a comprehensive, multi-dimensional analysis of the impact of Lightweight High-
Strength Concrete on residential building design, integrating laboratory mechanical data, field thermal
measurements, structural analysis, and life-cycle economic modelling across 12 residential construction sites
with 180 validated data records. The findings conclusively. demonstrate that LWHSC «delivers statistically
significant performance advantages over Normal Weight Concrete across all major design dimensions relevant
to residential construction. LWHSC mixes achieve compressive strengths of 42—68 MPa at densities 22-38%
below conventional concrete, yielding an average 28.6% dead load reduction, 21.4% thermal resistance
improvement, 17.2—17.9% structural frame cost reduction, and a 17.0% life-cycle cost saving over 30 years for a
representative residential building typology. Statistical analysis confirms that these differences are highly
significant (p < 0.001 across all ANOVA tests) and driven by consistent mechanistic relationships between
aggregate type, SCM content, and performance outcomes. The strong thermal-economic correlation (r = 0.872)
validates LWHSC as an integrated material solution addressing both structural and operational performance
goals simultaneously. These findings directly address the empirical gap identified in the literature and provide a
robust evidence base for the adoption of LWHSC in residential construction practice, building code evolution,

and green building certification frameworks in India and comparable developing economy contexts.
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