© May 2020 | IJIRT | Volume 6 Issue 12 | ISSN: 2349-6002

Design and Construction of Diaphragm Wall in Urban

Areas

Aman Kumar Balhara!
M. Tech Scholar, University Institute of Technology, MDU, Rohtak

Abstract—As cities expand vertically and space becomes
increasingly scarce; safe and sustainable deep excavation
methods are essential for wurban construction.
Diaphragm walls have emerged as a key solution in
geotechnical engineering due to their dual role as both
excavation support and permanent retaining structures.
This study investigates the design, analysis, and
construction of diaphragm walls, drawing insights from
the ABC Commercial Project commercial development
in Gurugram, India. Integrating traditional and modern
technologies—from slurry-supported trenches to
reinforced concrete systems with high-strength steel and
real-time  monitoring—this  research  highlights
challenges like high groundwater levels, soft soils, and
spatial constraints. Using an empirical field study
approach that includes geotechnical investigations,
laboratory testing, and structural modeling (STAAD
Pro), the diaphragm wall system was evaluated under
complex loading scenarios including seismic forces and
high lateral pressures. Despite challenging site
conditions, sustainable practices like slurry recycling
and water-resistant additives enhanced project success.
The study concludes that well-designed diaphragm walls
offer robust, long-lasting solutions for modern urban
foundations, with future prospects including IoT
monitoring, climate resilience, and digital twin
integration.

Index Terms—Diaphragm walls, deep excavation, urban
construction, geotechnical engineering, sustainability,
STAAD.Pro, seismic design, groundwater control, digital
twin.To ensure the confidentiality of the project details
from the site study used in this work, the actual name of
the site has been replaced with ‘ABC Commercial
Project’.

L INTRODUCTION

Urban construction presents unique challenges,
particularly in densely populated areas where land is
limited and soil conditions are often less than ideal. As
cities grow vertically, the demand for reliable and
space-efficient foundation systems has increased
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significantly. Diaphragm walls have become essential
in modern geotechnical engineering, serving as both
excavation support and permanent retaining
structures. Their adaptability to challenging soil
conditions and high-water tables makes them
especially valuable in urban construction projects.
Traditional foundation methods often fall short in soft
or unstable soils, whereas diaphragm walls provide
superior lateral stability, minimize ground movement,
and control groundwater ingress. Their contribution to
optimizing land use is particularly beneficial in high-
density urban plots, supporting vertical excavations
without extensive sloped cuts or large footprints. A
thorough literature review highlights the evolution of
diaphragm walls and their application in urban
environments, identifying both their benefits and
challenges, such as high initial costs and the need for
specialized skills. This study focuses on the ABC
Commercial Project in Gurugram, India, using an
empirical field study that integrates geotechnical
investigations, laboratory tests, and structural
modeling to assess performance under complex
loading conditions. The aim is to bridge theoretical
engineering principles with real-world construction
practices, offering valuable guidance for future urban
developments.

II. LITERATURE REVIEW

Diaphragm walls have evolved significantly since
their introduction as a method for deep excavations
and groundwater control (Coyle & Reese, 1966). Early
methods using bentonite slurry and grab buckets laid
the foundation but were limited by issues like
misalignment and leakage. Subsequent advances in
trench stability, including hydromill cutters and
improvements in slurry viscosity and filter cake
thickness (Jansen & Terwindt, 1980), enhanced wall
alignment and excavation depth.
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Analytical and numerical modeling techniques, such
as finite element analysis incorporating anisotropic
soil models (Yuan et al.,, 2024), now enable more
accurate predictions of wall behavior, including
horizontal displacements and lateral earth pressures.
Centrifuge tests (Jain & Mehta, 2023) and 2D/3D
simulations (Oliveira & Fernandes, 2022) have further
refined design envelopes, highlighting the importance
of toe extensions and embedment ratios for controlling
basal heave and ground settlement.

Thermal and durability considerations have also
advanced. Studies on hydration heat and thermal
cracking (Singh & Tripathi, 2022) have led to staged
casting and cooling strategies to enhance structural
continuity. Research on construction joints and
permeability (Huang et al., 2022) has emphasized the
need for precision trenching and high-performance
joint sealing compounds to maintain waterproofing.
Hybrid systems, including secant piles and jet
grouting, have been introduced to improve excavation
stability and reduce material consumption (Cuellar et
al., 2002). These techniques are essential in soft or
heterogeneous soils where traditional methods may be
insufficient. Additionally, vibration monitoring during
construction (Anwar & Khalid, 2020) ensures minimal
disturbance to adjacent structures, a crucial
consideration in dense urban environments.
Sustainability has become a priority, with efforts to
integrate recycled materials and closed-loop slurry
systems (Chen et al., 2023), thereby reducing
environmental impact and aligning with modern green
construction mandates. The use of alkali-activated
binders and fiber-reinforced concrete has further
demonstrated the potential for reducing carbon
emissions while maintaining structural integrity (Chen
& Zhang, 2020; Garcia et al., 2023).

Advanced monitoring systems using IoT and fiber-
optic sensors (Patel & Desai, 2023) provide real-time
data on wall deformations and water table fluctuations,
enabling adaptive construction strategies. Seismic
resilience studies (Dutta & Basu, 2022) highlight the
need for optimized wall inertia, damping collars, and
base fixity to withstand dynamic urban loads.

Overall, the literature converges on the necessity of
integrating  construction  techniques, analytical
modeling, sustainable materials, and real-time
monitoring to ensure the safe and efficient
performance of diaphragm walls in urban geotechnical
engineering. This integrated approach supports the
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design of robust, adaptable, and environmentally
friendly deep excavation systems essential for modern
city development.

III. RESEARCH METHODOLOGY

This study employs a mixed-methods research design
to comprehensively analyze the design, construction,
and performance of diaphragm walls in urban
environments, focusing on the ABC Commercial
Project in Gurugram, India. The methodology
integrates quantitative analysis, using STAAD.Pro
structural modeling and geotechnical parameters from
extensive field and laboratory tests (SPT, CPTu,
CHST)—with qualitative insights from on-site
observations and semi-structured interviews with
project stakeholders. This combination ensures both
rigorous numerical evaluation and practical, real-
world perspectives.

An empirical field study approach was chosen,
supported by project-based investigation, to capture
the complex interplay between design principles and
construction practices under site-specific conditions.
Geotechnical data, including soil stratigraphy, shear
strength, and dynamic properties, were analyzed and
applied in design modeling, while document reviews
of design reports and technical specifications provided
a foundational context.

On-site  investigations  covered  construction
techniques, equipment usage, safety protocols, and
quality control measures, revealing the operational
realities of diaphragm wall execution in a high-density
urban setting. Interviews with engineers and managers
highlighted the benefits of diaphragm walls, such as
safe excavation and accelerated timelines, as well as
challenges like higher costs and complex cut-outs.
The analytical framework utilized Coulomb’s Earth
Pressure Theory alongside stratified shear parameter
analysis, working stress design, and seismic
considerations, ensuring compliance with IS and BS
codes. Anchors were designed using BS 8081
standards. To enhance validity and reliability, the
study triangulated quantitative data (geotechnical
testing and structural analysis), qualitative insights,
and on-site performance data, ensuring that design
assumptions aligned with actual construction
outcomes.

Overall, this integrated methodology bridges the gap
between theoretical engineering and practical
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construction, offering a holistic perspective on
diaphragm wall technology in complex urban projects.

IV. RESULTS AND ANALYSIS

The ABC Commercial Project site is situated in a
dense urban environment, requiring a robust design
approach to address geotechnical complexities,
adjacent structures, and limited construction space.
Diaphragm walls were selected for their effectiveness
in deep excavations and groundwater control. The D2
wall was designed using STAAD.Pro, following IS
456:2000 standards and Coulomb’s earth pressure
theory. The design incorporated a 16.125 m deep
diaphragm wall supported by prestressed anchors as
per BS 8081:1989, with reinforcement and concrete
details optimized to resist earth pressures and
surcharge loads.

Bending moment analyses at different wall levels
confirmed that the provided steel reinforcement
(Fe550) met or exceeded the required areas for
flexural and shear capacities. For example, at the first
level, a maximum bending moment of 298 kNm was
resisted with adequate steel and no additional shear
reinforcement was needed; at subsequent levels,
additional shear reinforcement was provided where
required, ensuring compliance with IS 456:2000.
Construction of the diaphragm wall followed a
sequential panel system: guide wall construction,
trench excavation with bentonite slurry support,
reinforcement cage installation, and tremie concrete
placement.  Site-specific  challenges  included
managing groundwater, ensuring verticality, and
coordinating  reinforcement and anchorage
installation. The system was augmented with
advanced monitoring, including inclinometers and
settlement markers, to track deflections and
settlements. Observed deflections ranged from 12-18
mm, well within design predictions (15-20 mm), and
settlements from 8—15 mm, within the allowable 20
mm limit, confirming the system’s effectiveness.

Key construction challenges included space
constraints, variable soil profiles, and seismic
considerations (Zone IV). Quality control measures—
such as cube strength tests, steel bar inspections, and
slurry parameter checks—ensured structural integrity
and adherence to specifications. Despite challenges
from heavy rainfall impacting guide wall stability,
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timely remedial measures-maintained construction
safety and continuity.

In conclusion, the diaphragm wall D2 system
demonstrated satisfactory performance, effectively
managing earth pressures, groundwater ingress, and
structural loads. The combination of rigorous design
analysis, careful construction practices, and
continuous monitoring  validated the design
assumptions and ensured safety and durability in a
complex urban environment.

V. DISCUSSION

The ABC Commercial Project diaphragm wall project
effectively demonstrated the feasibility of constructing
stable deep excavation support systems in dense urban
environments. Despite challenges such as limited
working space, high groundwater tables, and adverse
weather, the diaphragm wall (D2) met both structural
and geotechnical performance requirements under
static and seismic conditions. The design—validated
through IS codes and STAAD.Pro modeling—ensured
safe performance by accounting for soil stratigraphy,
bending, shear, and anchor forces.

The project’s use of bentonite slurry, staged
excavation, and real-time monitoring (e.g.,
inclinometers) aligned with best practices in the
literature (Basu & Murty, 2017; Zhou et al., 2023).
The research integrated finite element methods and
soil behavior modeling to address site-specific
challenges, bridging gaps between theory and practice.
The study also emphasized the importance of quality
control, adaptive construction, and monitoring
systems, aligning with recommendations from
industry experts (Patel & Desai, 2023).

Importantly, this research filled a key gap by
combining design verification, field monitoring, and
stakeholder feedback in a holistic empirical
framework. This comprehensive approach provided a
more nuanced understanding of diaphragm wall
performance in complex urban contexts, setting a
precedent for future projects.

VI. CONCLUSION AND RECOMMENDATIONS

This study confirmed the effectiveness of diaphragm
walls in urban commercial projects, particularly in
managing deep excavations, groundwater, and
complex soil conditions. The ABC Commercial
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Project project’s diaphragm wall system demonstrated

reliable  structural integrity, meeting design

requirements under static and seismic loads. Real-time
monitoring validated design assumptions, with
deflections and settlements within acceptable limits.

The study recommends:

e Enhanced Monitoring Systems: Incorporating
IoT-based tools for real-time tracking of
deflections, settlements, and groundwater
conditions.

e Advanced Modeling: Using 3D finite element
analyses for layered soils and dynamic effects.

e Sustainable Practices:  Prioritizing  slurry
recycling and eco-friendly materials in
construction.

e Collaborative Planning: Engaging geotechnical
and structural teams early to mitigate site risks.

e Adaptive Construction: Developing flexible plans
to handle unexpected site conditions effectively.

Future research should explore long-term diaphragm
wall performance, comparative studies with
alternative excavation support systems, digital twin
integration, climate-resilient design, and hybrid
reinforcement systems.
In summary, the ABC Commercial Project project
showcases how rigorous design, advanced monitoring,
and adaptive construction can successfully implement
diaphragm walls in dense urban settings. The findings
contribute significantly to bridging the gap between
theoretical design and real-world implementation.
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