
Chapter 21: Case Studies and Implementation

21.1 Introduction
The theoretical principles of accessibility and universal design must be supported 
by practical examples that demonstrate successful implementation. This chapter 
provides a deep insight into real-world case studies where accessibility and 
universal design principles have been applied in the built environment. By 
examining these cases, students of civil engineering can understand the practical 
challenges, innovative solutions, and policy implications of implementing inclusive 
design.

Case studies span a range of infrastructure types including transportation 
systems, public buildings, urban spaces, and housing. Emphasis is placed on both 
retrofitting existing structures and incorporating universal design in new 
construction.

21.2 Case Study 1: Delhi Metro Rail Corporation (DMRC)
21.2.1 Background

The Delhi Metro Rail Corporation is one of the most inclusive and accessible 
transportation systems in India. It has received recognition for incorporating 
universal design features in stations, trains, and ticketing systems.

21.2.2 Accessibility Features
 Elevators and Escalators: All metro stations are equipped with elevators 

having Braille buttons and audio assistance for the visually impaired.
 Ramps and Tactile Flooring: Ramps with proper gradient and tactile paving 

guide visually impaired users from entry to platform.
 Auditory Signals: Audible announcements inside coaches and platforms aid 

users with visual impairments.
 Wheelchair Accessibility: Coaches have designated areas for wheelchair 

users with restraint belts and easy access through wider doors.
 Ticketing Machines: Automated ticket vending machines with voice 

prompts and Braille labels.



21.2.3 Lessons Learned
 Early integration of accessibility during planning significantly reduces 

cost and increases usability.
 Maintenance of features like tactile tiles and elevators is essential to 

sustain accessibility over time.

21.3 Case Study 2: Indian Institute of Technology (IIT) 
Hyderabad Campus
21.3.1 Background

The new IIT Hyderabad campus was designed with the concept of universal design 
from the outset, aimed at fostering inclusivity for students and staff with 
disabilities.

21.3.2 Key Universal Design Features
 Barrier-free Hostels and Classrooms: Every block has at least one 

universally accessible room per floor, and classrooms have ramped entries 
and space allocation for wheelchair users.

 Wayfinding Aids: Color-coded signage, Braille maps at key points, and 
tactile paths across the campus.

 Assistive Technologies: Computer labs equipped with screen readers, 
hearing loops in auditoriums.

 Accessible Restrooms: Gender-inclusive, accessible toilets with grab bars 
and enough maneuvering space.

21.3.3 Implementation Strategy
 Stakeholder Consultation: Students with disabilities were consulted during 

the planning process.
 Interdisciplinary Collaboration: Architects, engineers, disability 

consultants, and users worked together.
 Policy Alignment: Compliant with RPwD Act 2016 and National Building 

Code guidelines.



21.4 Case Study 3: Smart Cities Mission – Bhopal
21.4.1 Background

Under India’s Smart Cities Mission, Bhopal has emerged as a pioneer in integrating 
accessibility into urban design.

21.4.2 Accessibility Interventions
 Inclusive Pedestrian Infrastructure: Footpaths were redesigned with 

uniform width, tactile tiles, ramped crossings, and bollard-free entries.
 Digital Kiosks: Accessible interfaces for city service portals with text-to-

speech functions.
 Public Transport: Bus stops redesigned with ramps, seating with armrests, 

and information boards in Braille.

21.4.3 Monitoring and Community Engagement
 Audit Teams: Periodic audits by local NGOs and disabled persons’ 

organizations.
 Feedback Mechanisms: App-based complaint and feedback system for 

reporting accessibility barriers.

21.5 Case Study 4: Aranya Housing Project, Indore (by Ar. 
B.V. Doshi)
21.5.1 Overview

The Aranya Housing Project is a notable example of low-cost housing designed 
with flexibility for future modifications and basic principles of accessibility.

21.5.2 Design Highlights
 Modular Housing Units: Adaptable layouts that residents could expand 

based on needs, including for disabled family members.
 Open Community Spaces: Central courtyards and wide pedestrian streets 

to foster social inclusion.
 Level Entries and Handrails: Housing units designed without level 

differences at entrances; handrails were provided at critical locations.



21.5.3 Relevance to Universal Design

Though not entirely barrier-free, the project demonstrated how flexibility, 
adaptability, and social integration can support inclusive living in economically 
constrained environments.

21.6 Case Study 5: Jawahar Kala Kendra, Jaipur 
(Retrofitting Approach)
21.6.1 Background

Jawahar Kala Kendra is a cultural center designed by architect Charles Correa. 
Retrofitting was carried out to enhance its accessibility without compromising the 
architectural integrity.

21.6.2 Retrofitting Measures
 Ramps and Railings: Discreetly integrated into pathways and entrances.
 Lift Installation: A compact lift was introduced at a strategic point to 

provide access to the upper floor.
 Auditory and Visual Enhancements: Signboards, induction loops, and 

tactile signage introduced.

21.6.3 Challenges Faced
 Balancing aesthetic preservation with accessibility demands.
 Space constraints in older buildings limiting certain interventions.

21.7 Key Implementation Strategies
21.7.1 Inclusive Policy Framework

 National Building Code (NBC) 2016 provisions.
 Rights of Persons with Disabilities (RPwD) Act 2016 mandates inclusive 

infrastructure.
 Accessible India Campaign (Sugamya Bharat Abhiyan) guidelines.

21.7.2 Universal Design Integration in Civil Engineering
 Design Phase: Accessibility should be an intrinsic part of design briefs and 

site layout planning.



 Construction Phase: Proper supervision to ensure compliance with 
gradient, material texture, signage installation, and circulation space.

 Post-Occupancy Evaluation: Feedback from end-users is crucial for refining 
design in future projects.

21.7.3 Retrofitting Guidelines
 Assessment Tools: Use of access audit tools and checklists.
 Prioritization: Entry points, sanitary facilities, and major circulation routes 

must be prioritized.
 Material Compatibility: Use materials that integrate well with existing 

structures.

21.8 International Best Practices
Though the focus is on Indian case studies, drawing inspiration from global 
examples helps broaden perspectives:

 Centre for Inclusive Design, Australia: Promotes co-design with disabled 
users.

 Stockholm Metro Stations, Sweden: Feature integrated art and sensory 
maps for the blind.

 UN Headquarters, New York: Retrofitted historic structures with advanced 
accessible technologies.

21.10 Accessibility Audits: Tools and Techniques
An accessibility audit is a systematic process used to evaluate how well a building 
or environment meets the accessibility standards for persons with disabilities. This 
forms a critical part of project planning and post-construction review.

21.10.1 Types of Accessibility Audits
1. Pre-Construction Audits:

o Focus on blueprints and site plans to ensure universal design 
integration.

o Verify space allocations, slope gradients, signage plans, and material 
choices.

2. Post-Occupancy Audits:



o Performed after construction or renovation to verify on-ground 
compliance.

o Measure clear width of paths, ramp slope, signage visibility, door 
handle heights, etc.

3. User Feedback-Based Audits:

o Real-time user experiences are collected via surveys and interviews.
o Useful in identifying usability gaps that may not be visible in technical 

inspections.

21.10.2 Common Tools and Instruments
 Digital Slope Meter: Measures the angle of ramps.
 Lux Meter: Checks lighting levels in corridors, stairs, and signage.
 Sound Level Meter: Measures ambient noise around audio 

announcements.
 Ultrasound Distance Meter: Checks turning radii, wheelchair clearances.
 Smartphone Accessibility Audit Apps: Include geo-tagging and 

photographic documentation.

21.11 Materials and Construction Techniques for Universal 
Design
Selection of materials plays a pivotal role in ensuring accessibility. Here are some 
materials and construction methods used for accessible infrastructure:

21.11.1 Surface Materials
 Anti-Slip Flooring: Rubber tiles, grooved cement, and anti-skid ceramic tiles.
 Tactile Tiles: Often made from polyurethane or cement, with standardized 

dot and strip patterns for directional guidance.
 Color Contrast Paints: Used for stairs, railings, and signage for persons 

with low vision.

21.11.2 Doors and Fittings
 Automated Doors: Motion sensor or push-button operation to support 

touchless entry.
 Lever Handles vs. Knobs: Lever handles are easier for persons with limited 

hand strength or arthritis.



21.11.3 Elevators and Escalators
 Elevator Features:

o Voice announcements
o Braille and raised buttons
o Visual floor indicators

 Escalator Design:

o Handrails at multiple heights
o Audible and visual indicators at entry/exit points

21.12 Universal Design in Emergency Evacuation
Designing emergency evacuation systems that include persons with disabilities is a 
crucial but often overlooked aspect.

21.12.1 Core Principles
 Redundant Alert Systems: Visual strobes + auditory alarms for all alerts.
 Accessible Exits: At least one accessible route of evacuation must be 

provided from each area.
 Refuge Areas: Safe waiting zones equipped with intercoms and fire 

protection for wheelchair users.
 Evacuation Chairs: Installed in stairwells for vertical evacuation of mobility-

impaired users.

21.12.2 Civil Engineering Considerations
 Ensure corridors and exit pathways have turning radii and smooth 

transitions.
 Smoke extraction systems must not obstruct wheelchair users or block 

tactile paths.
 Use non-toxic, low-smoke materials for all exit signage and lighting 

systems.

21.13 Financing and Cost-Benefit Analysis
Inclusion of accessibility is often wrongly perceived as expensive. In reality, early-
stage integration is cost-effective and offers long-term benefits.



21.13.1 Initial Investment vs Lifecycle Cost
Cost Category Standard Building Accessible Building
Initial Capital Cost ₹ 100 lakh ₹ 110 lakh (+10%)
Maintenance Cost Moderate Moderate
Lifecycle Benefit Limited user base Inclusive user base, 

long-term usability
Compliance Risk High Low (RPwD Act 

compliant)

21.13.2 Sources of Funding
 Government Grants: Under the Accessible India Campaign (AIC), Smart City 

Mission.
 Corporate Social Responsibility (CSR): Many companies support public 

accessibility projects.
 PPP Models: Public-private partnerships used in infrastructure like 

accessible bus terminals, parks.

21.14 Implementation Challenges and Mitigation
Despite policies and awareness, accessibility implementation faces on-ground 
challenges.

21.14.1 Challenges
 Lack of Skilled Workforce: Engineers and contractors may lack training in 

accessible construction techniques.
 Design-Execution Gap: Inconsistencies between architectural drawings and 

execution on-site.
 Low Maintenance Priority: Tactile paths damaged, elevators out of order, 

signage missing.
 Resistance from Clients: Budget constraints and aesthetic concerns lead to 

resistance.

21.14.2 Mitigation Strategies
 Capacity Building: Regular training programs for civil engineers, architects, 

and site supervisors.
 Standardized Checklists: Use of government-issued accessibility checklists 

during inspections.



 Strong Penalties: Legal accountability for non-compliance under the RPwD 
Act.

 Awareness Campaigns: Involving end-users, especially persons with 
disabilities, in design validation.

21.15 Role of Civil Engineers in Promoting Universal 
Design
Civil engineers play a central role in not just technical implementation, but also in 
advocacy and interdisciplinary integration.

21.15.1 Key Responsibilities
 Inclusive Site Planning: Designing road networks, ramps, curb cuts, 

parking spaces.
 Sustainable Integration: Using green materials that are also accessible 

(e.g., porous, non-slip pavements).
 Interdisciplinary Coordination: Working with architects, disability experts, 

urban planners, and user groups.

21.15.2 Career Opportunities in Accessibility Design
 Access Auditor (Certified): Conducts audits for public and private projects.
 Accessibility Consultant: Works with government agencies and NGOs.
 Urban Accessibility Planner: Designs inclusive public spaces and transit 

systems.
 Research and Policy Development: For standards like NBC, ISO 21542, and 

local building codes.
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