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Abstract—The rapid urbanization and increasing
demand for healthcare services have necessitated the
development of super-specialty multi-story hospital
buildings that are structurally sound, functionally
efficient, and compliant with standard codes. This
research focuses on the design and structural analysis of
a high-rise hospital building using AutoCAD for
architectural planning and STAAD Pro for structural
analysis. The study integrates various Indian Standard
(IS) codes to ensure safety, stability, and serviceability
under different loading conditions.

Key design considerations include load distribution,
material selection, seismic resistance, and sustainability.
The structural framework is analysed using IS 875 (Part
1 & 2) for dead and live loads, IS 875 (Part 3) for wind
loads, and IS 1893:2016 for seismic loads. Concrete
structures are designed in compliance with IS 456:2000,
while steel reinforcement detailing follows 1S 13920:2016
for ductile detailing in seismic zones. Additionally,
foundation design is carried out as per 1S 1904:1986 and
IS 6403:1981, ensuring adequate soil-bearing capacity.
The study employs STAAD Pro for structural analysis,
evaluating stress distribution, beam-column interaction,
and lateral stability under various loading conditions.
The findings contribute to optimizing hospital
infrastructure by enhancing structural performance,
safety, and cost-effectiveness while adhering to
regulatory standards.

This research serves as a reference for engineers,
architects, and policymakers involved in the planning
and execution of high-rise healthcare facilities, ensuring
resilience and efficiency in  modern hospital
infrastructure.

[. INTRODUCTION

This report outlines the research, planning, and
development strategy for a hospital building designed
to meet the growing healthcare needs of the region.
The aim is to create a functional, efficient, and patient-
friendly healthcare facility that adheres to modern
medical and architectural standards.

Healthcare infrastructure is critical in addressing
public health challenges, and this project seeks to fill
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gaps in regional access by delivering a robust
multispecialty hospital.

II. LITERATURE REVIEW

The design and structural analysis of super-specialty
multi-story ~ hospital ~ buildings  require  an
interdisciplinary approach, integrating architectural
efficiency, structural stability, and compliance with
engineering standards. This section reviews relevant
studies and standard codes that guide the planning,
design, and analysis of high-rise healthcare
infrastructure.

1. Architectural Design and Planning of Hospitals
Hospital design is a complex process that balances
functionality, patient comfort, and operational
efficiency. Research by Ulrich et al. (2008)
emphasizes that evidence-based hospital design
improves patient recovery, reduces stress, and
enhances workflow efficiency. AutoCADis widely
used for precise 2D planning, ensuring efficient space
utilization for critical areas like emergency wards,
operation theatres, ICUs, and waiting areas. Studies
highlight the need for natural lighting, ventilation, and
optimized movement pathways to enhance the overall
efficiency of healthcare buildings (Ching, 2014).
SketchUp’s 3D modeling capabilities allow for better
visualization and spatial assessment, helping designers
create realistic hospital layouts before actual
construction. Research by Eastman et al. (2011) on
Building Information Modeling (BIM)suggests that
3D modeling tools help detect design clashes early,
reducing costly modifications during construction.

2. Structural Analysis and Load Considerations
High-rise hospital buildings must be designed to
withstand various loads, including dead, live, wind,
and seismic forces. Studies indicate that IS 875 (Part 1
& 2) provides guidelines for dead and live load
calculations, while IS 875 (Part 3) defines wind load
parameters based on building height and location
(Bureau of Indian Standards, 1987).
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Seismic safety is crucial for hospitals, as they must
remain operational during and after earthquakes.
Research by Chopra (2017) and compliance with IS
1893:2016emphasize the importance of ductile
detailing, proper base isolation techniques, andseismic
force calculations for ensuring earthquake-resistant
hospital structures. STAAD Pro is a widely used tool
for structural analysis, helping engineers analyze
stress  distribution, lateral displacement, and
reinforcement requirements in multi-story buildings.
3. Reinforced Concrete and Steel Design

Hospitals primarily use reinforced concrete and
structural steel due to their strength, durability, and
flexibility in design. IS 456:2000 provides guidelines
for reinforced concrete structures, detailing aspects
like beam-column interactions, shear reinforcement,
and durability considerations. IS 13920:2016 focuses
on ductile detailing of reinforced concrete structures,
ensuring better seismic performance.

Studies by Bhavikatti (2010) suggest that steel
reinforcement detailing is critical in high-rise
buildings to resist dynamic loads effectively. IS
800:2007 and IS 801:1975 provide standards for steel
structures, ensuring structural stability and load-
bearing capacity in composite designs.

4. Foundation Design and Soil Interaction

Foundation selection is crucial for multi-story
hospitals, considering varying soil conditions and load
distribution. Research by Bowles (1996) on
foundation engineering suggests that pile foundations
and raft foundations are commonly used for high-rise
buildings with heavy loads. IS 1904:1986 and IS
6403:1981 provide standard guidelines for soil-
bearing capacity assessment and foundation design,
ensuring long-term stability of the structure.

5. Integration of MEP Systems in Hospital Buildings
Mechanical, Electrical, and Plumbing (MEP) services
are essential for hospital functionality, impacting
HVAC (Heating, Ventilation, and Air Conditioning),
electrical safety, and water supply. Studies by Bansal
(2012) emphasize the need for efficient MEP
integration in hospital buildings to ensure energy
efficiency, fire safety, and uninterrupted power supply
for critical healthcare equipment. SketchUp’s MEP
modeling capabilities help visualize these systems and
ensure efficient coordination with architectural and
structural elements.

6. Conclusion
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The reviewed literature highlights the importance of
combining architectural planning, structural stability,
and modern analysis tools for  hospital
design.AutoCAD ensures precise 2D planning,
SketchUp provides 3D visualization, and STAAD Pro
enables accurate structural analysis. Compliance with
Indian Standard codes (IS 456:2000, IS 1893:2016, IS
875, IS 800:2007, and IS 1904:1986) ensures safety
and longevity. Future research should focus on
advanced construction materials, smart hospital
technology, and energy-efficient designs to further
optimize hospital infrastructure.

III. PROJECT OVERVIEW

e  Type: Multispecialty Hospital

e Capacity: 100 beds

e Location: Urban

e Target Population: General public, with emphasis
on underserved communities

o Key Features: 24/7 emergency care, state-of-the-
art diagnostics, modular operation theaters, and
outpatient services

The hospital will function as a referral and primary

care unit, bridging the urban-rural healthcare divide.

IV. OBJECTIVES

e Provide quality healthcare services to all
socioeconomic groups

e Incorporate modern technologies and digital
health records

e Optimize space and resources through efficient
architectural planning

e Emphasize sustainable and environmentally
conscious building practices

Secondary goals include promoting medical

education, research, and preventive healthcare.

V. DESIGN

Site Selection

e  Accessible by road and public transport

e Availability of key utilities (water, power,
sewage)

e Strategically located near urban and suburban
population clusters

Zoning and Layout
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e Dedicated wings for OPD, IPD, Diagnostics,
Emergency, and administrative services

e  Patient flow designed for minimal congestion and
efficiency

Space Planning

e Modular design for phased expansion

e  Vertical zoning to optimize land use (basement for
services, upper floors for wards and OTs)

e Universal accessibility features

Sustainability Features

e  Use of daylight and natural ventilation

e Solar energy panels for power backup

e Rainwater harvesting and wastewater recycling

e  Energy-efficient HVAC and LED systems

Functional Areas

e Outpatient Department (OPD): Registration,
consultation rooms, diagnostics, and pharmacy

o Inpatient Department (IPD): General wards,
private rooms, maternity ward, pediatric unit, ICU

e Emergency Services: Casualty room, trauma care,
ambulance bay, resuscitation zone

e Diagnostics: Radiology (X-ray, CT, MRI),
Pathology lab, Ultrasound

e Surgical Units: 3 Modular Operation Theatres,
CSSD (Central Sterile Supply Department)

e Support Services: Kitchen, laundry, waste
management, mortuary, and security

Public areas such as waiting zones and cafeterias are

integrated for comfort and functionality.

Infrastructure and Ultilities

e HVAC: Zonal air conditioning for infection
control

e Water Supply: Dual source (borewell -+
municipal) with filtration and storage systems

o Electricity: Dedicated transformer, diesel
generators, UPS for critical equipment

e Fire Safety: Compliant with NFPA standards —
smoke detectors, sprinklers, evacuation maps

e IT Infrastructure: Hospital Information System
(HIS), Electronic Medical Records (EMR),
CCTV

Cost Estimates (Indicative)

e Land and Site Development: 20% of total budget
e  Construction (Civil and Interiors): 50%
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e Medical Equipment and Furniture: 15%

e Electrical, Plumbing, HVAC Installations: 10%

e Contingency and Legal Fees: 5%

Estimated overall cost: INR 50-70 crores (subject to
location and technology choices)

VI. STAFFING AND OPERATIONS

e Medical Team: Physicians, surgeons, nurses,
anaesthetists, radiologists

e Technical Staff: Lab technicians, radiographers,
biomedical engineers

e Administrative and IT Staff: Reception, billing,
HR, IT support

e Support Staff: Housekeeping, kitchen, laundry,
ambulance drivers, security

Staffing to be phased in sync with hospital

commissioning, with provisions for future scalability.

Training & Development:

e Regular workshops on infection control, patient
care, digital tools

e Emergency drills and disaster preparedness
sessions

Compliance and Accreditation

e Regulatory Bodies: NABH (hospital
accreditation), NABL (laboratories), pollution
control board approvals

e Standards Followed:

o Biomedical Waste (Management and Handling)
Rules

o National Building Code for hospital structures

o Fire and Life Safety Regulations

Documentation, SOPs, and audits will be maintained

for transparency and legal compliance.

e Maximum

VII. CONCLUSION

This hospital building project is designed to be a
benchmark in patient-centered healthcare
infrastructure. From architecture and sustainability to
medical technology and staffing, every element is
planned with long-term viability and community
welfare in mind.

A phased, well-funded, and professionally managed
rollout will ensure that the hospital not only meets but
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exceeds the health needs of its population, making it a
cornerstone in the region’s public health system.
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