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Author’s Note

India builds fast. Faster, perhaps, than any nation in human
history at this scale. Every year, hundreds of millions of square feet
of residential apartments, commercial towers, hospitals, schools,
and warehouses rise across our cities, towns, and villages. Cranes
punctuate every skyline. Labourers pour concrete in the heat of the
afternoon sun. Supervisors bark instructions over the din of
compactors and mixers.

And yet, somewhere in that relentless pace, a quiet crisis persists.
Buildings collapse. Rooftop water tanks leak for years before
anyone notices they are cracking the slab beneath them. Electrical
panels get installed without proper earthing. Fire exits get locked
because the security guard thinks it is easier. Staircases get built
two inches narrower than they should be because the contractor
was trying to save material. Foundations are designed for good soil
but placed on what turns out to be made-up ground.

Most of the people making these decisions are not bad at their jobs.
They are simply unaware of what the code says — or if they are
vaguely aware, they do not truly understand why the code says it.
The gap between the printed standard and the actual site is
enormous, and it is filled by guesswork, habit, and the dangerous
phrase ‘we have always done it this way.’

That gap is exactly what this book is here to close.

I come to this work from a particular vantage point. My family has
run a building materials business in India for over sixty-one years.
I have spent the last two decades on more than two thousand
construction sites — observing, supplying, troubleshooting,
learning. I have stood in basements where the wrong cement was
being poured, on rooftops where the waterproofing had failed
within a year, and in design offices where smart engineers were
arguing with contractors who simply would not listen. I have
worked alongside architects, civil engineers, structural engineers,
builders, contractors, and the homeowners who eventually live
with the consequences of every decision the rest of us make.

Out of that experience came The CODE Podcast. What began as a
way to interview the practitioners I most admired has, over time,
grown into India’s number-one construction podcast — a platform
where structural engineers, fire safety experts, MEP consultants,

The CODE Podcast - India's No.1 Construction Podcast



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

code authors, and site veterans share what they actually know. This
book is a natural extension of that work. It is the technical depth of
those conversations, organised into a form you can keep on a shelf
and return to when a question comes up on site or in a meeting.

My core belief is simple: India must build it right, the first time.
Build safely. Build responsibly. Build with knowledge of the
standards that exist to protect the people who will live and work
inside what we make. We do not have the luxury of building twice.
We do not have the moral room to build unsafely. And the only way
to close the distance between code and site is to make the code
understandable to the people doing the work — and to the people
paying for it.

The National Building Construction Standards, 2026 — published
by the Bureau of Indian Standards as SP 7 : 2026 — is a 2,999-page
document. It covers everything from the minimum dimensions of
a habitable room to the seismic zoning of every district in India,
from the composition of cement to the pressurisation of stairwells
in a burning high-rise. It is extraordinarily comprehensive,
meticulously researched, and almost entirely unread by the very
people whose work it is meant to guide.

This book is my attempt to change that. Not by summarising the
code into bullet points and moving on, but by actually explaining
it. Why does the code classify buildings into nine occupancy types,
and what real difference does that classification make to what you
build? Why does a Seismic Zone V building require a response
reduction factor in its earthquake calculation, and what does that
number physically represent? Why does the code insist on a
specific ratio of water storage to occupant count, and what happens
when you do not have it during a water board shutdown? Why is
there a minimum 2-hour fire resistance rating for load-bearing
elements in a Type 1 building, and how did that number come from
fires that happened decades ago?

Every clause in the NBCS 2026 has a reason. My job in this book is
to find those reasons, explain them in plain language, and connect
them to what you see every day on site or in the design office.

I have written this for the civil engineer who studied codes in
college but never really internalised them. For the architect who
knows the aesthetic language of buildings but wants to understand
the structural and safety language too. For the contractor who
builds by instinct and experience but is ready to know why the rules

The CODE Podcast - India's No.1 Construction Podcast



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

are the way they are. For the project manager who coordinates
multiple consultants and needs to speak all their languages. For the
young construction enthusiast who discovered this field on
YouTube or Instagram and is determined to do it properly. And,
importantly, for the homeowner spending a lifetime of savings on
the building their family will live in — who deserves to know which
questions to ask, which answers to demand, and what good work
actually looks like.

Where I simplify, I have tried to simplify without distorting. Where
Iinterpret, I have tried to be clear that I am interpreting. The NBCS
2026 is the law of buildings in India. This book is your map to that
law. Let us go in.

— Rishabh Aggarwal
New Delhi, 2026
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How to Use This Book

This book follows the structure of NBCS 2026 but is not a page-by-
page commentary. It is organised around understanding — around
the questions a practitioner actually asks, and the questions a
homeowner ought to ask. Two kinds of readers will pick it up, and
I have tried to make sure both find what they need. Here is how to
navigate it.

The Six Parts of NBCS 2026

The standard is divided into six Parts, each covering a major
domain of building construction:

Part A — Introduction: The philosophy, the professional
framework, the building classification system, and the audit
requirements.

Part B — Building Materials: Approved standards for 30+
categories of materials, from cement and steel to glass and
bamboo.

Part C — Structural Design: Seven sections covering loads,
foundations, masonry, concrete, steel, precast construction,
and composite structures.

Part D — Building Services: Daylighting, natural ventilation,
electrical installations, HVAC, acoustics, lifts, and ICT.

Part E — Plumbing Services: Water supply, drainage, sanitation,
solid waste management, and gas supply.

Part F — Fire and Life Safety: The most extensive single Part,
covering everything from fire resistance ratings to high-rise
evacuation strategies.

This book covers all six Parts across eighteen chapters. Each
chapter can be read independently, but the early chapters (1—4)
provide conceptual foundations that will make the later chapters
much easier to follow.

If You Are a Construction or Design Professional

Read the book end to end. The structure mirrors the NBCS itself,
and the cumulative logic matters. Chapters 1 and 2 establish the
framework on which everything else rests — skip them and the later
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technical chapters will feel disconnected. Chapters 3 through 7
cover materials, loads, foundations, and the core structural
systems — the heart of the book for civil and structural engineers.
Chapters 8 and 9 cover services and HVAC for MEP consultants.
Chapters 10 through 14 cover plumbing and fire safety in detail.
Chapters 15 through 17 cover accessibility, sustainability, and the
legal accountability framework that applies to every signature you
put on a drawing. Chapter 18 looks at where the discipline is
heading. Architects, structural engineers, civil engineers, and
project managers will find every chapter directly applicable to their
work. Contractors and site engineers should pay particular
attention to Chapters 3 (materials), 6 (concrete and masonry), 11—
14 (fire), and 17 (legal liability).

If You Are Building or Renovating Your Own Home

This is a technical book, but a meaningful portion of it is written
for you. You are spending the largest sum of money you will ever
spend on a single thing. You are trusting contractors, architects,
and engineers whose work you cannot fully verify on your own. You
deserve to know the basic standards that protect you and your
family — and to know which questions to ask before, during, and
after construction.

You do not need to read every chapter, and some of the structural
and seismic chapters use engineering vocabulary that will be heavy
going without a technical background. Focus on the chapters listed
below. Read them carefully, more than once if needed, and use
them to inform the conversations you have with the professionals
you have hired.

Your priority reading order:

Chapter 1 — What the NBCS is and why it governs every building
in India. Foundational context. Read this first.

Chapter 2 — How buildings are classified. Helps you understand
what category your home falls under and what standards apply.

Chapter 3 — Building materials, especially the sections on cement,
steel, AAC blocks, and the dangers of counterfeit material. Read
this before you sign your materials supply contracts.

Chapter 5 — Foundations and soil. The section on site investigation
will explain why insisting on a soil test is one of the cheapest
and most important decisions you can make.
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Chapter 10 — Water, plumbing, drainage, and gas. Highly practical.
Read this in full.

Chapter 11 — Passive fire safety, escape routes, and fire-rated
doors. Critical for any multi-storey home.

Chapter 15 — Accessibility. Important if anyone in your family is
elderly, disabled, or may become so in the home’s lifetime.

Chapter 16 — Sustainability and energy efficiency. Affects your
electricity bills for the next forty years.

Chapter 17 — Legal accountability. Read this to understand what
your architect, structural engineer, and contractor are legally
responsible for — and what you are responsible for as the
owner.

The remaining chapters — particularly 4, 6, 7, 8, 9, 12, 13, 14, and
18 — are more technical and primarily aimed at design and
construction professionals. You do not need to master them. But if
a question arises about earthquake design, structural detailing,
HVAC, or active fire systems, you will know exactly where in the
book to look, and you can use what you find there to have a more
informed conversation with your engineer.

One more thing. Throughout the book you will see boxes labelled
=i On Site — real-world scenarios showing how a code requirement
actually plays out in practice. Read these carefully even in chapters
you otherwise skim. They are the closest the book gets to walking
you through a site visit.

The Feature Boxes

Throughout this book, you will encounter four types of highlighted
boxes, each serving a different purpose:

@ Insight: A deeper explanation of why a requirement exists,
drawing on engineering logic, historical failure, or comparative
international practice.

/\ Caution: A warning about a common misunderstanding, a
frequently violated requirement, or a consequence that is less
obvious than it seems.

NBCS Reference: The specific clause or section of NBCS 2026
that the surrounding text is explaining.

The CODE Podcast - India's No.1 Construction Podcast



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

On Site: A real-world scenario showing how the code
requirement plays out in practice — what you would look for,
check, or question.

A Word on Mandatory vs Recommended

NBCS 2026 uses precise language. ‘Shall’ means mandatory — it is
a requirement. ‘Should’ means recommended — it is best practice.
‘May’ means permitted — it is optional. Throughout this book,
when I say something is required, I am following the code’s
mandatory language. When I say something is recommended, I am
following its advisory language. This distinction matters in
practice, particularly when you are in a conversation with a
contractor who wants to skip something.
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India's Building Bible

Understanding NBCS 2026 — what it is, how it
works, and why it matters

1.1 The Document That Governs Every Building in India

In 1970, India published its first National Building Code. At the
time, the country was in the middle of a construction surge driven
by post-Independence urbanisation, and there was a growing
recognition that building activity needed a coherent national
framework. Individual states had their own building bye-laws, but
they were inconsistent, incomplete, and frequently outdated. What
India needed was a single, authoritative document that could set
the technical baseline for building construction across the country.

That document went through major revisions in 1983, 2005, and
2016. Each revision absorbed the lessons of the intervening years
— the Bhuj earthquake of 2001, advances in materials science, new
understanding of wind loading, the growing urgency of fire safety,
and the experience of practitioners who had spent years applying
the code to real buildings.

In 2026, the document was not merely revised but reconceived. It
was renamed from the National Building Code of India (NBC) to
the National Building Construction Standards (NBCS) — a change
that reflects a shift in emphasis from broad policy to precise
technical standards. Published as SP 7 : 2026 by the Bureau of
Indian Standards (BIS), the new NBCS 2026 is a 2,999-page
document organised into six Parts, each covering a major domain
of building construction.

NBCS Reference: SP 7 : 2026 — Part A, Introduction

The NBCS 2026 provides guidelines for the judicious implementation
of provisions across all Parts, following a systematic approach. It
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addresses building planning, design, construction, operation, and
maintenance throughout the entire service life of a building.

1.2 What Changed in 2026

Every revision of the national building standard is driven by events
— structural failures, fire disasters, flooding in buildings that
should have survived, earthquake damage in buildings that were
supposed to be safe. The 2026 edition carries the marks of all these
lessons. Some of the most significant changes include:

Blast Load Provisions

For the first time, NBCS 2026 includes detailed provisions for
designing buildings to resist blast loads. This is not merely an
academic exercise. In an era when public buildings, infrastructure,
and commercial spaces face real security threats, the code now
provides prescriptive requirements for estimating blast loads from
above-ground explosions, simplified analysis methods, and
categorisation of structures by blast risk. The provisions cover
three detonation scenarios: surface burst, free-air burst, and air
burst.

Probabilistic Seismic Hazard Mapping

The earthquake zone map is being revised to incorporate
probabilistic seismic hazard analysis — a more rigorous and
geographically precise method of estimating ground shaking risk.
While IS 1893 (the earthquake design standard) is still being
finalised at the time of NBCS 2026's publication, the framework is
in place and will replace the current four-zone deterministic map
in the next cycle.

Characteristic Ground Snow Load

India's Himalayan states have always faced a snow load challenge,
but NBCS 2026 introduces proper snow load maps for Jammu and
Kashmir, Ladakh, Himachal Pradesh, Uttarakhand, and Sikkim —
developed by the Defence Geoinformatics Research Establishment
(DRDO). This means mountain buildings can now be designed
with site-specific snow data rather than conservative blanket
estimates.
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Data Centre and Rooftop Solar Loads

Two new categories of imposed load have been added: data centres
(which require specialised floor load planning because of the
concentrated weight of server racks and cooling equipment) and
rooftop solar installations with HVAC equipment. Both reflect the
fact that buildings are increasingly being asked to carry technology
infrastructure that simply did not exist when earlier versions of the
code were written.

Refuge Areas and Disaster Shelters

Imposed loads for refuge areas and disaster shelters have been
formally specified. This is significant for high-rise buildings and
emergency infrastructure. A refuge floor designed to accommodate
hundreds of people during an evacuation must be designed for the
actual crowd loading, not generic floor loads.

@ Why Rename NBC to NBCS?

The shift from 'Code' to 'Standards' is meaningful. A code is a
prescriptive document that tells you what to do. A standard is a
performance-based framework that tells you what outcome to
achieve. NBCS 2026 is moving in the direction of performance-based
design — allowing engineers to demonstrate compliance through
engineering analysis rather than simply following rules. This makes
the document more flexible and, in the hands of skilled engineers,
capable of enabling genuinely innovative building design.

1.3 The Six Parts — A Quick Map

Understanding where things are in NBCS 2026 will save you
enormous time. Here is a brief map of the six Parts:

Part @ Title Key Topics
A Introduction ~30 Classification, professional
framework, BIM, lifecycle
B Building ~100 30 material categories, IS standards,
Materials new material approval
C Structural ~700 Loads, foundations, masonry, RC,
Design steel, precast, composite
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Part | Title Page Key Topics
Count

D Building ~300 Lighting, ventilation, electrical,
Services HVAC, acoustics, lifts, ICT

E Plumbing ~200  Water supply, drainage, solid waste,
Services gas supply

F Fire & Life ~243 Fire resistance, egress, detection,
Safety suppression, high-rise

1.4 Mandatory vs Recommended: Reading the Code's
Language

One of the most practically important things to understand about
NBCS 2026 is how it signals the difference between what you must
do and what you should do. The document uses three carefully
chosen words:

‘Shall' — Mandatory

When the code says 'shall, it means this is a non-negotiable
requirement. It has the force of law in jurisdictions that have
adopted NBCS 2026, and it will be the standard against which your
building is judged in the event of a structural failure, fire
investigation, or legal dispute. 'All buildings of Occupancy Group A
shall have at least one accessible entrance' — you cannot argue your
way out of this.

'Should' — Recommended Best Practice

When the code says 'should’, it means this is strongly advised but
not legally mandated at the national level. Local bye-laws may
make some 'should' provisions mandatory in specific jurisdictions.
From a professional liability perspective, departing from a 'should'
requirement without documenting your reasoning can expose you
to risk if something goes wrong.

The CODE Podcast - India's No.1 Construction Podcast 4



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

'May' — Permitted but Optional

When the code says 'may’, it means this is one acceptable option
among potentially several. You have discretion. The code is telling
you that this approach is technically valid, not that it is the only
valid approach.

/\ The Danger of Selectively Reading 'Shall'

It is tempting to focus only on the mandatory 'shall’ provisions and
ignore the 'should’ provisions as optional. This is a mistake for two
reasons. First, in many jurisdictions, local authorities have adopted
'should' provisions as mandatory in their bye-laws. Second, if your
building fails in a way that a 'should' provision would have
prevented, and you did not follow that provision, a court or inquiry
will ask why. 'Tt was only a recommendation' is rarely a satisfying
answer.

1.5 Who Must Know the NBCS 2026

Part A of NBCS 2026 is unusually explicit about the professional
team that should be assembled for building projects, particularly
complex or large ones. It lists twenty-three professional
disciplines:

The core team for any significant building project includes:
Architect, Civil Engineer, Structural Engineer, Geotechnical
Engineer, Electrical Engineer, Plumbing Engineer, and Fire
Protection Engineer. For more complex buildings, the code adds:
HVAC Engineer, Lift and Escalator Specialist, Acoustics Specialist,
ICT Engineer, Health Safety and Environment Specialist,
Sustainability Specialist, Town Planner, Urban Designer,
Landscape Architect, Security System Specialist, Interior Designer,
Quantity Surveyor, Project/Construction Manager, BIM Specialist,
Accessibility Specialist, and other subject specialists as needed.

This list is not bureaucratic box-ticking. It is a statement of
professional responsibility. Each of these disciplines touches the
NBCS 2026 in different ways. The structural engineer is primarily
in Part C. The fire protection engineer lives in Part F. The plumbing
engineer operates in Part E. But their work intersects — a structural
engineer designing a floor slab needs to know what plumbing
chases will pass through it, what HVAC loads will sit on it, and
whether a fire suppression system requires penetrations through
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it. The NBCS 2026 is the shared language through which these
professionals must speak to each other.

9% On Site: The BIM Mandate

Part A of NBCS 2026 specifically recommends the adoption of
Building Information Modelling (BIM) for 'all major and complex
building projects.' This is not a new idea internationally — the UK
government mandated BIM Level 2 for public projects in 2016, and
Singapore has required BIM submissions for buildings above a
certain size for years. In India, BIM adoption is accelerating, but the
NBCS 2026 reference gives it formal standing. If you are working on
a large commercial, institutional, or infrastructure project, BIM is
not optional in the spirit of the code even if it is not yet legally
mandated everywhere.

1.6 The Building Audit Requirement — A Hidden
Obligation

Part A contains a provision that most building owners and even
many practitioners are completely unaware of: buildings need to
be periodically audited, comprehensively, across multiple
dimensions.

NBCS 2026 requires that constructed buildings be periodically
audited — covering structural audit, electrical audit, fire audit, and
accessibility audit — over the useful life of the building,
recommended every 3 to 5 years. This is not an aspirational
guideline. It is a statement of the professional responsibility
framework within which buildings should be maintained.

Think about what this means in practice. A 20-year-old apartment
building should, under this framework, have undergone four to six
comprehensive audits by now. Each audit should have examined
whether the structure has degraded, whether the electrical systems
are still compliant and safe, whether the fire detection and
suppression systems are functional, and whether the building is
accessible to persons with disabilities.

How many buildings in India actually comply with this? Very few.
But the code has set the benchmark. As building safety regulation
tightens — as it inevitably will, driven by high-profile structural
failures and fire disasters — this audit requirement will move from
aspiration to enforcement.
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@ The Bhiwandi Collapse and the Case for Structural
Audits

In September 2020, a residential building in Bhiwandi, Maharashtra,
collapsed, killing more than thirty people. The building was decades
old. No structural audit had ever been conducted. The columns were
carbonated, the reinforcement was corroding, and the building had
been modified multiple times without engineering oversight. This is
not an isolated case — it is the pattern. Every building collapse in
India's recent history would have shown warning signs that a
structural audit would have caught. The NBCS 2026 audit
requirement is not an administrative burden. It is a life-safety
provision.

1.7 The Deconstruction Plan — A Forward-Looking
Provision

One of the most forward-looking provisions in Part A is the
requirement for a decommissioning and deconstruction plan.
NBCS 2026 requires that this plan be prepared during the initial
stages of a building project and kept available for use at the end of
the building's life cycle.

At first glance, this seems premature — why think about
demolishing a building before you have even built it? The answer
lies in sustainability and circular economy principles. A building
that has been designed with deconstruction in mind uses
connection details that allow structural components to be
disassembled rather than demolished. Its cladding systems can be
removed intact. Its MEP systems can be recovered. Its materials
can be recycled rather than landfilled.

This provision reflects a profound shift in how buildings are being
conceptualised globally. The first generation of sustainable
buildings focused on operational carbon — reducing the energy
used by the building while in use. The next generation must
address embodied carbon — the carbon emitted in manufacturing,
transporting, and eventually disposing of building materials. A
deconstruction plan is the first step toward designing that second
generation of buildings.

The CODE Podcast - India's No.1 Construction Podcast 7



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

Every Building Has a

Category

Occupancy groups, construction types, and why
classification is the foundation of everything

2.1 Why Classification Matters

Before any design can begin, before a single structural calculation
is done or a material is specified, NBCS 2026 requires that a
building be classified. This is not a bureaucratic formality. The
classification of a building determines almost every technical
requirement that follows — the fire resistance ratings of its
structural elements, the width and number of its exits, the load
assumptions for its floors, the type of fire suppression system it
needs, and much more.

Classification is the key that unlocks the right set of requirements.
Design a building without properly classifying it, and you are
effectively choosing requirements at random. The consequences
range from over-engineering (and unnecessary cost) to under-
engineering (and potential disaster).

NBCS 2026 classifies buildings on two independent dimensions:
occupancy (what happens inside the building) and construction
type (how fire-resistant the structure is). These two classifications
interact with each other to define the overall safety envelope for the
building.

2.2 The Nine Occupancy Groups

Every building, or every part of a building, falls into one of nine
occupancy groups. The key word here is 'part’ — a mixed-use
building has different parts with different occupancies, and each
part must be treated according to its own classification.
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Group A — Residential

This group covers buildings where people sleep. It is the most
common building type in India — apartments, houses, hostels,
hotels, lodging houses, and dormitories. The defining
characteristic is that people are present at night when they are least
alert and most vulnerable. This is why fire safety requirements for
residential buildings are particularly focused on detection (giving
people time to wake up and escape) and exit routes (giving them a
clear path out). Within Group A, the code distinguishes between
single-family dwellings, multi-family apartments, hotels, and other
residential sub-types, each with somewhat different requirements.

Group B — Educational

Schools, colleges, and day-care facilities. The key characteristics:
large numbers of young or minor-age occupants who are not
responsible for their own safety decisions, assembly in regular
classroom configurations, predictable schedules, and the presence
of trusted authority figures (teachers) who are expected to play a
role in emergency response. Educational buildings require
particular attention to exit widths (to handle simultaneous
evacuation of large groups), travel distances to exits, and the fire
safety training of staff.

Group C — Institutional

This group covers buildings where occupants may be unable to self-
evacuate. Hospitals, nursing homes, custodial institutions, and
prisons. The defining characteristic is that the people inside may
be immobilised by illness, disability, sedation, or legal
confinement. Fire safety provisions for institutional buildings are
among the most stringent in the code, because conventional 'walk
out the door' evacuation strategies simply do not apply. A patient
on mechanical ventilation in an ICU cannot be evacuated down a
staircase in two minutes. The code's response to this reality is what
is called 'defend-in-place' strategy — making the building itself so
fire-resistant that people can safely shelter in their rooms while fire
fighting and selective evacuation takes place.
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Group D — Assembly

Any building where large groups gather — theatres, auditoriums,
places of worship, marriage halls, stadiums, exhibition halls,
conference centres, restaurants. The characteristics: high occupant
density, irregular attendance patterns (the building may be empty
most of the day and then filled to capacity for a few hours), and
occupants who are unfamiliar with the layout and exits. This
combination is precisely why the 2020 Sivakasi firecracker factory
fire, the 1997 Uphaar cinema fire in Delhi, and similar tragedies
have been so devastating — people in unfamiliar spaces, in the
dark, with no clear exit paths. Assembly buildings have among the
most demanding egress requirements in the code.

Group E — Business

Offices, banks, professional establishments, courthouses, libraries.
Regular occupancy by adults who know the building, during
predictable hours. The fire risk profile is relatively lower than
assembly or institutional buildings, but business buildings now
carry a new concern: data centre loads. NBCS 2026 has introduced
specific imposed load requirements for data centre floor areas,
recognising that server racks can exceed 10 kN/m2 — far above the
typical office floor load of 2.5—4.0 kN/m2.

Group F — Mercantile

Shops, stores, markets, retail spaces. Variable occupancy,
customers who are unfamiliar with the layout, and frequently
significant amounts of combustible stock. The challenge with
mercantile buildings is that the fire load (the amount of
combustible material in the building) can vary enormously
depending on what is being sold. A furniture showroom has a vastly
different fire load than a grocery store. The code requires that the
design account for the intended merchandise category.

Group G — Industrial

Factories, assembly plants, power plants, processing facilities.
Wide variation in hazard levels depending on what is being
manufactured. The code distinguishes between low-hazard
industrial processes (assembling consumer electronics), moderate-
hazard processes (manufacturing textiles), and high-hazard
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processes (chemical synthesis, petroleum refining). The structural,
fire, and ventilation requirements vary accordingly.

Group H — Storage

Warehouses, cold storage facilities, freight depots, garages. The
primary concern is the density and flammability of stored
materials. A warehouse full of polyethylene foam packaging has an
enormous fire load. A cold storage facility storing frozen food has a
much lower fire load but presents different structural challenges
(refrigerant leaks, condensation, unusual thermal gradients in the
structure).

Group | — Hazardous

Buildings that handle, store, use, or manufacture hazardous
materials — explosives, highly flammable substances, toxic
chemicals, radioactive materials. The most restrictive occupancy
group in the code. Special structural requirements (to contain blast
effects), specialised ventilation, strict separation distances from
other buildings, and dedicated emergency response planning are
all mandatory.

@ The Mixed-Use Building Challenge

Mumbai's commercial complexes, Delhi's mixed-use developments,
Bangalore's tech parks with ground-floor retail — India is full of
mixed-use buildings. NBCS 2026 is clear that each part of a mixed-
use building must be classified according to its own occupancy, and
the requirements for that occupancy must be met in that part of the
building.

The critical issue is what happens at the boundaries between
occupancies. When a residential apartment sits above a mercantile
ground floor, the structural fire resistance, exit strategy, and
ventilation provisions for each occupancy must meet their respective
requirements — and they must be properly separated from each other.
A fire in the mercantile space must not be able to spread to the
residential floors above without triggering the appropriate fire
compartmentation barriers.
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Description

Key Risk

Critical
Provision

A —
Residential

B —
Educational

C-—
Institutional

D -
Assembly

E — Business

F —
Mercantile
G-
Industrial
H — Storage
I —
Hazardous

Homes, apartments,

hotels

Schools, colleges,

day-care

Hospitals, prisons,

nursing homes

Theatres, halls,
worship

Offices, banks,
courts

Shops, stores,
markets

Factories, plants

Warehouses, garages

Chemical/explosive

handling

Night-time
vulnerability

Young
occupants,
mass egress

Non-
ambulatory
occupants

High density,
unfamiliarity

Regular
occupancy,
data loads

Variable fire
load

Process
hazard
variation

Dense,
flammable
stock

Life-safety
catastrophe
risk

2.3 The Four Construction Types

Smoke
detection,
exit routes

Wide exits,
travel
distance

Defend-in-
place
strategy

Multiple
exits, aisle
widths

Data centre
floor loads

Stock-
dependent
fire rating

Hazard-
specific
design

Fire load
calculation

Separation,
blast design

Independently of what a building is used for, NBCS 2026 classifies
buildings by how fire-resistant their structural and enclosing
elements are. This second classification is called Construction
Type, and it is based on the fire resistance rating of the building's

components.
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Fire resistance rating is measured in hours. A 2-hour fire-resistant
wall will maintain its structural integrity, prevent fire passage, and
limit heat transfer for at least 2 hours under the standard fire test
conditions specified in IS 3809. This gives occupants time to
evacuate and firefighters time to extinguish the fire before the
structure fails.

Type 1 — Maximum Fire Resistance

All structural elements — columns, beams, floor systems, load-
bearing walls — have fire resistance ratings of 3 to 4 hours. Non-
load-bearing elements have ratings of 1 to 2 hours. This is the most
fire-resistant construction type. It is required for the tallest
buildings, the most densely occupied buildings, and buildings
where self-evacuation may not be possible. Materials in Type 1
construction are predominantly non-combustible — reinforced
concrete, structural steel with proper fire protection, masonry.

Type 2 — High Fire Resistance

Structural elements have ratings of 2 to 3 hours. Non-load-bearing
elements have 1-hour ratings. Still predominantly non-
combustible construction, but with slightly lower resistance.
Suitable for moderately tall buildings and most institutional
occupancies.

Type 3 — Moderate Fire Resistance

Structural elements have 1 to 2-hour ratings. Some non-
combustible and some limited-combustible materials are
permitted. This type is appropriate for lower-rise buildings with
less dense occupancies.

Type 4 — Minimum Fire Resistance

The lowest fire resistance category. Permitted for low-rise
buildings of certain occupancies. Traditional masonry and timber
construction typically falls into this category. The code does not
prohibit Type 4 construction, but it limits the situations in which it
is acceptable — low height, low occupancy density, and adequate
separation from neighbouring buildings.
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/\ Construction Type Confusion Is Common

One of the most frequent classification errors is specifying a
construction type that does not match the actual materials being used.
A building designed as Type 1 uses non-combustible structural
materials, but if the fit-out uses timber framing, exposed timber
ceiling panels, and combustible insulation without adequate fire-
stopping, the fire resistance of the completed building may be far
lower than Type 1.

This gap between design classification and constructed reality is
particularly common in interior renovation projects, where an
existing Type 1 structure gets a Type 4 interior fit-out without the
designer or approving authority recognising the incompatibility.

2.4 High-Rise Buildings — Special Rules

NBCS 2026 gives special treatment to high-rise buildings —
defined as buildings with a height exceeding 15 metres. This
threshold, while modest by international standards (many
countries define high-rise above 18 or even 30 metres), reflects
India's context, where many urban buildings still lack the fire
fighting infrastructure to combat fires in buildings above 15 metres.

Once a building exceeds 15 metres in height, a range of additional
requirements kicks in. Some of the most significant include
mandatory fire detection and alarm systems, wet riser or dry riser
fire fighting systems, smoke management provisions, fireman's
lifts, and enhanced structural fire resistance.

Buildings exceeding 30 metres face yet another tier of
requirements, and buildings above 45 metres are considered very
tall buildings with the most demanding set of provisions.

9B On Site: The 15-Metre Threshold in Practice

In many Indian cities, a building with stilt parking plus four floors of
residential space will hit 15 metres. This means that what appears to
be a modest residential building can cross into the high-rise category
with its associated fire safety requirements — wet risers, fireman's
lifts, pressurised staircases, and a fire command centre.

Developers and their architects sometimes fail to check this threshold

early enough, leading to expensive retrofits when the approval
authority points out the height requirement late in the design process.
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Measure the height to the topmost habitable floor as early as possible
in the design process.

2.5 Parts of a Building — The Vocabulary

Part A of NBCS 2026 also establishes the vocabulary for the
physical parts of a building. This matters because other Parts of the
code use these terms, and if you do not understand what the code
means by a term, you cannot correctly apply the requirement.

The key terms include: Plinth (the raised platform on which the
building stands, typically 450mm above the surrounding grade
level), Habitable Room (a room used for living, sleeping, eating, or
cooking — subject to minimum dimension requirements),
Mezzanine (an intermediate floor between two main floors, subject
to specific height and area restrictions), Basement (any floor level
below the ground floor, with specific ventilation, egress, and flood
mitigation requirements), and Parapet (the low wall at the edge of
a roof or terrace, typically required to be at least 1050mm high for
occupied roofs).

Understanding these definitions becomes critical when you are
calculating FAR (Floor Area Ratio) — some elements like
basements and service areas may or may not count toward FAR
depending on local bye-laws that reference these NBCS definitions.

The CODE Podcast - India's No.1 Construction Podcast 15



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

What You Build With

Matters

Navigating Part B — Building Materials and the
NBCS standards framework

3.1 The Philosophy of Part B

Part B of NBCS 2026 — Building Materials — is not a catalogue that
tells you which materials to use. It is a gateway: it tells you which
Indian Standards (IS codes) are mandatory references for each
category of material, and it establishes the principle that any
material used in construction must comply with the relevant IS
standard or, if no IS standard exists, must be approved through a
defined testing and acceptance process.

This approach is powerful because it means the NBCS does not
need to contain detailed material specifications — those are in the
IS codes. What the NBCS does is create the mandatory linkage
between those codes and actual construction practice. When NBCS
2026 says that cement used in construction shall conform to IS 269
(for Ordinary Portland Cement) or IS 1489 (for Portland Pozzolana
Cement), it is making those standards legally binding for buildings
that fall under NBCS jurisdiction.

Part B covers 30 categories of materials and components. Not all of
them are equally important for day-to-day construction practice,
but several deserve deep attention.

3.2 Cement — The Foundation of Everything

Cement is the binding agent in concrete, the most widely used
construction material in India. The NBCS 2026 references the
following IS standards for the main types of cement:
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Cement Type IS Key Application Remarks
Standard
Ordinary Portland IS 269 General Most
Cement (OPC) 33 construction common,
Grade versatile
OPC 43 Grade IS 8112 High-strength Good early
concrete strength
OPC 53 Grade IS 12269  High-performance  Highest
concrete, prestress  early
strength
Portland Pozzolana = IS 1489 Mass concrete, Lower heat
Cement (PPC) plastered surfaces of hydration
Portland Slag IS 455 Marine, Excellent
Cement (PSC) underground, durability
sulfate exposure
Rapid Hardening IS 8041 Cold weather, fast Higher heat
Cement formwork removal = output
Low Heat Cement IS12600 Dams, large Reduced
foundations thermal
cracking
Sulfate Resistant IS12330  Foundations in Essential in
Cement (SRC) sulfate soil black cotton
areas

@ Choosing the Right Cement Grade

The three grades of OPC (33, 43, 53) refer to the 28-day compressive
strength of standard mortar cubes in MPa. OPC 53 is the most
commonly available grade today and will achieve 28-day strengths
well above 53 MPa in well-designed concrete. However, its higher
fineness and reactivity mean it can cause more thermal cracking in
large pours.

For most residential and commercial RCC construction, OPC 43 or
PPC s the right choice. PPCis particularly good for structural concrete
because the pozzolanic reaction (the slow chemical reaction between
fly ash and calcium hydroxide) continues to improve concrete density
and durability over months and years.
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Sulfate Resistant Cement is non-negotiable when building in areas
with black cotton soil or aggressive groundwater — both common in
many parts of peninsular India and in coastal areas. The cost
difference between SRC and OPC is small; the cost of repairing sulfate
attack damage is enormous.

3.3 Reinforcing Steel — Reading the Grade

All reinforcing steel used in RCC construction must conform to IS
1786 — the standard for High Strength Deformed (HSD) steel bars.
The NBCS 2026 references IS 1786 and emphasises the importance
of traceability and quality verification for this critical material.

IS 1786 covers several grades of TMT (Thermo-Mechanically
Treated) reinforcing bars, identified by the Fe prefix (indicating
characteristic yield strength in MPa):

« Fe 415 — 415 MPa yield strength. Older grade, still
encountered in existing buildings. Adequate ductility for
most applications.

+ Fe 500 — 500 MPa yield strength. The workhorse of
Indian construction. Higher strength allows use of smaller
bar diameters.

« Fe 500D — 500 MPa yield strength with enhanced
ductility (the 'D' suffix). Mandatory in seismic zones III,
IV, and V. The improved ductility allows the steel to
deform significantly before fracturing under earthquake
loading — this deformation absorbs earthquake energy.

« Fe 550 and Fe 550D — Higher strength grades for
demanding structural applications. The D variant is
required in seismic regions.

+ Fe 600 — The highest grade in IS 1786. Used in
prestressed concrete and special high-stress applications.

/\ The TMT Bar Counterfeiting Problem

India has a documented problem with sub-standard and counterfeit
TMT bars. These bars may be marked with the correct grade
designation (Fe 500D) but fail to meet the chemical composition or
mechanical property requirements of IS 1786.
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The problem is particularly acute for smaller construction projects
that purchase steel from local traders rather than directly from steel
mills. Signs of substandard steel include ribs that are incorrectly
spaced or shaped (ribs are part of the IS 1786 specification), unusually
low weight per metre (indicating undersized cross-section), and
brittleness during bending.

NBCS 2026 requires that structural steel be procured with mill test
certificates. On any project of significance, independent random
sampling and testing by a NABL-accredited laboratory is strongly
recommended.

3.4 AAC Blocks — The New Normal in Walling

Autoclaved Aerated Concrete (AAC) blocks have become the
dominant walling material for residential and commercial
construction in most Indian cities over the past decade. They are
lighter than traditional clay bricks, faster to lay (larger format
means fewer joints), thermally more insulating, and dimensionally
more accurate.

NBCS 2026 references IS 2185 (Part 3) for AAC blocks. The
standard specifies three density classes:

« Class D4 — 500 kg/m3 to 650 kg/m3. The lightest class.
Good thermal insulation, lower load on the structure.
Compressive strength minimum 2 MPa.

« Class D5 — 651 kg/m3 to 800 kg/m3. The most common
class. Balanced combination of strength and thermal
performance. Compressive strength minimum 2.5 MPa.

+ Class D6 — 801 kg/m3 to 1000 kg/m3. The densest class.
Higher strength, still significantly lighter than dense
concrete block. Compressive strength minimum 3.5 MPa.

9% On Site: AAC Block Masonry — The Gap Between
Specification and Practice

AAC blocks are almost universally laid with thin-bed mortar (2—3 mm
joints) using a polymer-modified cementitious adhesive, not the
traditional thick cement-sand mortar used with clay bricks. This
matters enormously for structural and thermal performance — thick
mortar joints destroy the thermal continuity of AAC masonry and
reduce its structural efficiency.
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On many Indian sites, labourers trained on traditional brick masonry
are laying AAC blocks with thick mortar joints, or worse, with the
same 1:6 cement-sand mortar used for clay brick. The result is a wall
that meets neither the structural requirements nor the thermal
performance requirements of IS 2185.

Supervising engineers and architects should explicitly specify thin-
bed adhesive mortar in drawings and specifications, and should train
and monitor masonry teams on the correct application method.

3.5 Structural Steel — Grades and Their Uses

The structural steel sections covered by NBCS 2026 must conform
to IS 2062, which specifies steel for general structural use. The
standard defines several grades based on yield strength and
application:

« Grade E250 — Yield strength 250 MPa. The standard
grade for general structural use. Suitable for most beams,
columns, and connections in conventional steel buildings.

« Grade E300 — Yield strength 300 MPa. Used where
higher strength allows reduction in member sizes — useful
in exposed structural applications where visual
slenderness is important.

« Grade E350 — Yield strength 350 MPa. Common in bridge
structures and heavy industrial frames.

« Grade E410 and E450 — Higher grades for demanding
applications.

For seismic applications, NBCS 2026 (following IS 800) requires
that structural steel in moment-resisting frames satisfy additional
ductility requirements. The material must be capable of significant
plastic deformation before failure — this is what allows a steel
frame to sway and absorb earthquake energy without collapsing.

3.6 Timber and Bamboo — The Sustainable Alternatives

Part B gives significant attention to timber and bamboo — not as
traditional low-cost materials but as structural materials for the
21st century. NBCS 2026 recognises the growing body of
engineered timber products:
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Glulam (Glued Laminated Timber)

Timber boards glued together under pressure to form structural
members that can span much greater distances than solid timber.
Governed by IS standards referenced in Part B. Glulam can replace
steel beams and concrete in many low-to-medium-rise
applications with significantly lower embodied carbon.

LVL (Laminated Veneer Lumber)

Thin veneer sheets of wood bonded together with grain aligned.
Very high strength-to-weight ratio, dimensionally stable,
predictable properties. Used for beams, joists, and headers.

CLT (Cross-Laminated Timber)

Multiple layers of timber boards with grain alternating at right
angles, bonded together. Can be used as structural wall panels,
floor panels, and roof panels. Mass timber construction using CLT
is growing rapidly internationally and is now formally recognised
in NBCS 2026.

Bamboo — A Full Structural Material

NBCS 2026 through its Part B material references (IS 6874, IS
8242, and the IS 17571/17572/17573 series for bamboo composite
boards) formally recognises bamboo as a structural material. India
has abundant bamboo resources, and bamboo has a tensile
strength comparable to mild steel at a fraction of the embodied
carbon. The challenge has been standardisation — the variability
between bamboo species and between individual culms has
historically made structural engineering with bamboo difficult. The
IS standards now provide a testing and grading framework.

@ Why Bamboo Is Not Just for Poor Buildings

The international construction world is experiencing a genuine
bamboo renaissance. Engineered bamboo products — bamboo
laminate boards, bamboo strand lumber — are being used in
commercial buildings in Colombia, China, and the Netherlands. The
Indian bamboo industry, well supported by government policy, is
positioned to become a major supplier of these products.
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NBCS 2026's recognition of bamboo structural standards is a critical
enabler. When a material has a reference IS standard and a defined
place in the building code, architects and engineers can confidently
specity it, clients can accept it, and approval authorities can sanction
it. Bamboo's moment in Indian construction is arriving.

3.7 New Materials — The Approval Pathway

One of the most important provisions in Part B is Clause 4, which
establishes the process for accepting new materials that do not yet
have an IS standard. This matters because the materials industry
continuously produces new products — fibre-reinforced polymers,
aerogel insulation, graphene-enhanced concrete, self-healing
concrete — and the IS standards cannot keep up with this pace of
innovation.

Clause 4 requires that new materials undergo testing to
demonstrate their performance, that the test protocols be aligned
with the material's intended use, and that an approval from a
competent authority be obtained before the material is used in
construction. This is not a barrier to innovation — it is a quality
gate that ensures new materials actually perform as claimed.

Additionally, Clause 7 covers recycled and reclaimed materials.
NBCS 2026 does not prohibit the use of recycled materials — but it
requires that they meet the same performance standards as virgin
materials. Recycled aggregate concrete, for example, must meet the
same cube strength, water absorption, and durability requirements
as concrete made with natural aggregates. This is the right
approach: enable the circular economy but do not compromise on
safety.

3.8 Waterproofing — The Invisible Skin

Of every kind of building failure in India, waterproofing failure is
by far the most common. It is also the most likely to be silent —
water seeps into a structure for years before the owner notices, by
which time the rebar has begun to corrode, the plaster has begun
to fall in patches, the slab has begun to develop hairline cracks that
no one quite trusts, and the remedy has become five to ten times
more expensive than getting it right at the start. NBCS 2026
addresses waterproofing through its Part B material references and
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through specific provisions for terraces, basements, wet areas, and
external walls. The key Indian Standards are IS 2645 (integral
cement waterproofing compounds), IS 3384 (bitumen felt for
waterproofing roofs), IS 7193 (glass fibre base coated bitumen
felts), IS 1322 (bitumen felts for waterproofing and damp-
proofing), and IS 9918 (code of practice for in-situ waterproofing
and damp-proofing treatments with bitumen mastic).

Why Waterproofing Fails

Waterproofing fails for predictable reasons. The substrate is not
properly cleaned or cured before application. The wrong system is
specified for the application — for example, an exposed terrace
treated only with a brush-applied compound that is not UV-stable.
The system is applied in too few coats, with insufficient overlap at
joints, or without proper treatment at edges, drains, and pipe
penetrations. The protective screed above the membrane is
omitted or damaged during subsequent trades. And, perhaps most
commonly, the building settles slightly and a rigid waterproofing
system cracks at exactly the location where the membrane needed
to flex. Almost every long-term waterproofing failure has one or
more of these causes.

Waterproofing Systems and Where They Apply

System IS Typical Key
Reference Application Limitation

Integral IS 2645 Basement RCC, Adjunct only;

admixtures water tanks, not a substitute

(crystalline / retaining walls for surface

hydrophobic) waterproofing

APP/SBS IS 17407, Terraces, Requires flame

modified IS 3384 podiums, retaining = work; protection

bitumen wall exteriors screed essential

membrane

(torch-

applied)

Liquid- No single Exposed terraces, Surface

applied IS; ASTM-  balconies, planter = preparation

polyurethane = aligned boxes critical; UV-

stable variant
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(PU) required for
membrane exposure
Liquid- IS 15489 External walls, Limited
applied mildly exposed puncture
acrylic / terraces, parapets resistance;
elastomeric reapply every 5—
coating 7 years
Cementitious IS 14552 Internal wet areas, = Rigid; sensitive
polymer- family water tanks, to substrate
modified swimming pools movement
slurry
Crystalline IS 2645 Negative-side Penetration
waterproofing  (related) basement depth limited by
waterproofing, concrete quality
water-retaining
structures
EPDM /TPO  ASTM D- Large flat roofs, Skilled installer
single-ply series podium decks essential;
membrane mechanical
fastening details
critical
Bituminous IS 158, IS Foundations, Not suitable for
coating 1322 plinth protection, hydrostatic
(brush/spray) damp-proof pressure or
courses exposed
surfaces

The Five Critical Zones

Every building has five zones where waterproofing decisions
determine its long-term health. Each zone has its own logic, and
using one zone's system in another zone's location is one of the
most common professional errors.

Terraces and roofs are the largest single waterproofing surface and
the one most exposed to UV, thermal cycling, and ponding. The
standard sequence is: prepared concrete substrate, primer coat,
waterproofing membrane (typically APP-modified bitumen or two-
coat liquid PU), geotextile separation layer, screed at 1:80 slope
towards drains, and the finished tile or weathering course. Crucial
details are the upstand at parapets (carried at least 300mm up the
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wall and tucked into a chase), the drainage outlet (oversize one
diameter from the calculated minimum and provide a strainer),
and the expansion joint treatment (membrane must bridge the
joint and be backed by a compressible filler).

Basements and below-grade walls face hydrostatic pressure from
groundwater. This is the most demanding waterproofing scenario
in any building. The preferred approach is positive-side
waterproofing — applied to the outside of the basement wall, where
the water actually is. This typically means a self-adhered or torched
bituminous membrane combined with a drainage board to relieve
hydrostatic pressure. Negative-side waterproofing (applied to the
inside after the wall is built) is technically possible using crystalline
systems but is always the second choice — it does not address the
root cause and is more vulnerable to long-term failure. NBCS 2026
requires that basements in areas with high groundwater also have
a dewatering provision through a sump and pump system.

Wet areas inside the building — bathrooms, kitchens, balconies —
fail more often than any other single building element, and the cost
of failure (water reaching the apartment below) is severe. The
standard treatment is a polymer-modified cementitious coating
applied in two coats over the entire floor area and at least 300mm
up every wall, with particular attention to corners and pipe
penetrations. The floor must slope at 1:100 minimum towards the
drain. Tile must be laid over the cured waterproofing with no
penetration of the membrane by tile anchors. The single most
common shortcut in Indian construction is omitting the wall
upstand — water then wicks up the wall and emerges as
efflorescence in the next room.

External walls in monsoon-affected regions require their own
waterproofing strategy. Even code-compliant masonry walls will
allow some water penetration during driving rain unless they are
protected with an external coating. The choice is between
elastomeric weatherproof coatings (which permit some water
vapour transmission while blocking liquid water — the right choice
for most Indian conditions) and rigid cement-based renderings
(which crack with substrate movement and then channel water
inwards). Window-wall junctions are the single most common
failure point — these must have a continuous flexible sealant
backed by a backer rod, never just a bead of silicone over a gap.

The CODE Podcast - India's No.1 Construction Podcast 25



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

Water-retaining structures — overhead tanks, underground
sumps, swimming pools — require waterproofing that resists both
hydrostatic pressure and direct water contact for decades. The
preferred system combines crystalline integral admixture in the
concrete itself with a cementitious polymer-modified slurry on the
water-contact face. Drinking water tanks must use only food-grade
systems certified to IS 10500 water quality standards.

/\ The Single Most Common Waterproofing Failure

On any given Indian construction site, the most likely waterproofing
failure originates at penetrations — the points where pipes, conduits,
drains, anchor bolts, or railings pass through the waterproofing
layer. The membrane is correctly laid across the open surface, but
the contractor cuts it around each penetration and seals the gap with
ordinary sealant. Within a year, that sealant has aged, shrunk, or
detached. Water finds the gap.

The correct treatment at every penetration is a properly detailed
waterproofing collar — either a prefabricated boot bonded to the
membrane, or a hand-formed reinforced patch using the same
membrane system, extended at least 100mm out from the
penetration in all directions and dressed up the pipe by at least
10omm. This detail takes ten minutes per penetration. Skipping it
costs lakhs in remediation.

Specification, Application, and Testing

Waterproofing is a system, not a product. The specification must
identify the primer, the membrane (with thickness, number of
coats, and overlap requirements), the protection layer, and the
finishing course as a complete assembly. Specifying just 'APP
membrane 4mm' is insufficient — the result depends entirely on
substrate preparation, application technique, and protection.

Ponding tests are the standard verification for terraces and
balconies. The completed waterproofing is flooded to a depth of at
least 5o0mm and held for 48 hours minimum (some specifications
require 72 hours). The surface below — the slab soffit visible from
the floor below — is observed for any sign of damp patches or
seepage. Only after a successful ponding test should the protection
screed and finishes be applied. Skipping the ponding test is one of
the most expensive shortcuts in construction, because it converts a
problem that could be fixed in hours into one that requires
breaking up finished floors.
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4E On Site: The 72-Hour Ponding Test

Insist on the ponding test in writing as a hold-point in the
construction programme. The waterproofing contractor will resist —
they want to finish and move on. Hold firm. Three days of held water
is the only honest verification you have before the screed goes down.
If a leak appears, it costs the waterproofing contractor a day to fix. If
it appears after the screed and tiles are on, it costs you weeks and
lakhs.

Photograph the test in progress, date-stamp the photos, and keep
them in the project record. They are evidence of due diligence.

NBCS Reference: SP 7 : 2026 — Part B, Waterproofing
Provisions

Waterproofing requirements are referenced through IS 2645, IS 3384,
IS 7193, IS 1322, IS 9918, and related standards in Part B. Specific
application provisions appear in Part C (foundations and basements)
and Part E (wet areas and water-retaining structures). Sustainability
provisions in Chapter 16 of this book also affect waterproofing — VOC
content of liquid-applied systems is increasingly regulated.

3.9 Aggregates and Sand — The Bulk of the Concrete

Aggregates make up roughly 60 to 75 percent of the volume of
concrete. Their quality directly determines the strength, durability,
workability, and shrinkage behaviour of the resulting concrete.
And yet aggregates receive far less scrutiny than cement or steel on
Indian construction sites. NBCS 2026, through IS 383 (coarse and
fine aggregates for concrete), specifies grading, particle shape,
deleterious content, and acceptance criteria.

Fine Aggregate — The Sand Question

For decades, Indian construction depended on natural river sand.
River sand has near-ideal particle shape — rounded by years of
water transport — and reasonably consistent grading. But river
sand mining has become an environmental and regulatory crisis.
Indiscriminate extraction has lowered river beds, destabilised
banks, destroyed riparian habitats, and depleted groundwater.
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Many states have severely restricted or banned river sand mining.
Where it is still legal, supply is constrained and prices are volatile.

Manufactured sand (M-sand) — produced by mechanically
crushing rock to the required particle size — has become the
principal alternative. M-sand is now formally recognised in IS 383
and is acceptable for structural concrete provided it meets the
grading and shape requirements of the standard. The advantages
of M-sand are consistent grading, consistent supply, and reduced
environmental impact. The challenges are higher water demand
(sharp angular particles versus rounded river sand particles), the
need to control fines content carefully, and the need to source from

a manufacturer with proper grading control.

Property Natural M-Sand (good IS 383
River quality) Requirement
Sand
Particle shape = Rounded Angular (cubical = No flaky or
preferred) elongated
particles in
excess
Fines content = Typically 1—- 4-8% Maximum 15%
(<75 micron) 3% (controlled for M-sand, 3%
crushing) for natural sand
Water demand = Lower Higher (5-10% Within
more water) acceptable
workability
range
Silt content Variable, Negligible if Maximum 3% by
often well-processed weight
excessive
Specific 2.6—2.7 2.6—2.8 Typically 2.6
gravity minimum
Cost Volatile, More predictable —
often high
Environmental = Severe Lower but not —
impact (where Zero
mined)
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/\ The Silt-Laden Sand Problem

On many small and medium construction sites, the sand delivered to
site contains 20 percent or more silt by weight — far above the 3
percent IS 383 limit. Silt absorbs water during mixing but does not
contribute to concrete strength; instead it weakens the cement-
aggregate bond. A concrete mix designed for 25 MPa using clean sand
may achieve only 15—18 MPa with silt-laden sand.

The site test for silt content is simple and takes ten minutes. Take a
250 ml glass jar, fill it half with sand and half with water, add a pinch
of salt, shake vigorously, and leave to settle for three hours. The silt
forms a distinct lighter-coloured layer on top of the sand. Measure the
silt layer — if it is more than 3 percent of the sand volume, reject the
consignment.

Make this test a routine acceptance check on every sand delivery. It
will reject more consignments than you expect.

Coarse Aggregate

Coarse aggregate — typically crushed stone of 10mm, 20mm, or
40omm nominal size — provides the bulk strength and dimensional
stability of concrete. IS 383 specifies grading bands for each
nominal size, and the actual delivery must fall within those bands.
Aggregate that is single-sized rather than properly graded produces
concrete that requires more cement paste to fill the voids and is
more prone to segregation.

The shape of coarse aggregate also matters. Cubical or angular
particles interlock well and produce strong concrete. Flaky
particles (where thickness is less than 0.6 times the mean
dimension) and elongated particles (length greater than 1.8 times
the mean) reduce strength and workability. IS 383 limits the
combined flaky-plus-elongated content to a maximum percentage
that depends on the application.

Two specific aggregate problems deserve mention. Alkali-
aggregate reaction (AAR) occurs when certain aggregate minerals
react chemically with alkalis in cement, forming an expansive gel
that cracks the concrete over years or decades. Aggregates from
suspect sources must be tested per IS 2386 Part 7. Chloride content
in aggregate is the second issue — aggregate dredged from coastal
areas may carry chlorides that initiate rebar corrosion. IS 383
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limits total chloride content; coastal-source aggregates must be
tested.

3.10 Paints and Protective Coatings

Paint is rarely considered a structural material, and yet it is a
critical part of building durability. The right coating, properly
applied, protects concrete from carbonation, steel from corrosion,
and external surfaces from water ingress and UV degradation. The
wrong coating — or the right one badly applied — fails within years
and accelerates the deterioration of the substrate it was meant to
protect.

NBCS 2026 references IS 2932 (enamel paints), IS 5410 (cement-
based paints), IS 15489 (elastomeric exterior coatings), IS 13213
(acrylic emulsion paints), and IS 2074 (red oxide primers) as the
principal standards for building paints. Anti-carbonation coatings
— specifically formulated to block atmospheric CO2 from
penetrating concrete and accelerating rebar corrosion — are now
widely available and increasingly specified for exposed concrete in
urban environments.

Choosing the Right System

Surface and
Exposure

Interior walls
(general)

Interior kitchens,
bathrooms

Exterior walls
(general)

Exterior — high
pollution / coastal

Exposed concrete
(decorative)

Recommended System

Primer + 2 coats acrylic
emulsion

Primer + 2 coats washable
acrylic emulsion

Primer + 2 coats
elastomeric exterior
emulsion

Anti-carbonation primer + 2
coats elastomeric

Anti-carbonation coating
system

Approximate
Service Life
5—7 years

4—6 years

5—8 years

7—10 years

8—-10 years
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Steel structural Red oxide primer + 2 coats 5—8 years

members enamel; epoxy in severe (more with
exposure €poxy)

Steel in marine / Zinc-rich primer + epoxy 10—15 years

industrial intermediate + PU topcoat

Wooden surfaces Sealer + 2 coats melamine 8-12 years

(interior) or PU

Wooden surfaces Wood preservative + UV- 4—6 years

(exterior) stable exterior PU (reapply)

@ Why Anti-Carbonation Coatings Matter

Atmospheric CO2 slowly penetrates concrete, reacting with the
calcium hydroxide that keeps the embedded steel passive. As the
carbonation front advances, it lowers the concrete's pH around the
rebar from above 12 to below 9. At that point the rebar begins to
corrode, and corroding rebar expands, cracking the concrete cover
and exposing more rebar to attack. This is the most common
mechanism of structural concrete deterioration in Indian cities.

Anti-carbonation coatings reduce the rate of CO2 ingress by an order
of magnitude. On a 25-year-old exposed concrete building in a
polluted urban area, applying an anti-carbonation coating may add
another 20—25 years to its service life. The cost is a fraction of what a
full structural repair would cost when the rebar finally corrodes
through the cover.

3.11 Tiles, Stone, and Hard Flooring

Tile and stone are not just finishing materials. They affect slip
safety, hygiene, maintenance, acoustic performance, and the
durability of the wet-area waterproofing beneath them. NBCS 2026
references IS 15622 (vitrified and ceramic tiles), IS 13753
(porcelain tiles), IS 14223 (natural stone slabs for cladding and
flooring), and IS 1130 (marble blocks, slabs, and tiles).

Slip Resistance — A Life-Safety Specification

Wet-area floor tiles must have a coefficient of friction (slip
resistance rating) appropriate to the application. NBCS 2026 and
IS 15622 use the R-rating system (R9 through R13), where higher
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numbers indicate higher slip resistance. The general rule is R10 for
bathroom floors, R11 for ramps and pool surrounds, Ri2 for
industrial wet areas, and R13 for the most demanding wet
environments. Tiles intended for dry areas can be Rg (which
provides little slip protection when wet).

The common error is specifying highly polished R9 tiles for a
bathroom floor because they look better in the showroom. The first
time someone steps out of a wet shower onto that floor, the risk of
a serious fall is real — particularly for the elderly, who are most
vulnerable to hip fractures from such falls.

Stone — Natural and Engineered

Natural stone — granite, marble, kota stone, sandstone — has been
a traditional Indian finishing material for centuries. The principal
modern concerns are radiation (some granites contain elevated
natural radionuclides; IS 14223 includes radiological acceptance
limits), thermal expansion (large stone slabs on facades must
accommodate thermal movement through proper joint detailing),
and weight (stone cladding adds significant dead load that must be
accounted for in structural design).

Engineered stone — quartz composites, sintered surfaces — has
become common for kitchen counters and bathroom vanities.
These products are non-porous, hygienic, and dimensionally
stable, but they are not all created equal. Specify only products with
manufacturer certification and a published technical data sheet.

98 On Site: The Hollow Tile Test

Walk through a tile-laid floor with a small hammer or even a coin,
tapping each tile. A solid, well-bonded tile makes a clear ringing
sound. A tile with a void underneath — where the bedding mortar did
not properly fill the gap — makes a dull hollow sound. Hollow tiles will
eventually crack under load, debond entirely, or allow water
penetration if they are in a wet area.

The IS standard tolerance is no more than 3 percent of tiles showing
hollow sound on a properly laid floor. On many Indian sites the actual
rate is 15—25 percent. Make this check a hand-over checkpoint before
accepting tile work.
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The Forces That Act on

Buildings

Part C Section 1 — Understanding loads, load
combinations, and multi-hazard design

4.1 What Is a Load?

A load, in structural engineering, is any force or displacement that
acts on a structure and produces stress within it. Understanding
loads is the foundation of structural design. You cannot design a
beam without knowing what forces it will carry. You cannot design
a column without knowing what load it must transfer to the
foundation. You cannot design a foundation without knowing the
total weight it must support and the forces the ground must resist.

NBCS 2026, Part C, Section 1 covers seven categories of loads: dead
load, imposed load, wind load, seismic force, snow load, special
loads (including blast), and load combinations. Each category has
a different nature, a different source of uncertainty, and different
implications for structural design.

4.2 Dead Load — The Weight of the Building Itself

Dead load is the weight of everything that is permanently attached
to the structure — structural elements themselves (beams,
columns, slabs), non-structural permanent elements (floor
finishes, wall plaster, false ceilings, permanently installed
equipment), and any external permanent features (roof
waterproofing, terrace garden substrate).

NBCS 2026 provides unit weights for construction materials in
Annex A of the loads section. Some key values that every structural
engineer should know by heart:
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Material Unit Weight Common Application
(kN/m?3)

Reinforced Concrete  25.0 Slabs, beams, columns,

(RCO) foundations

Plain Cement 24.0 Blinding, levelling courses

Concrete (PCC)

Brick masonry 19.2 Walls, piers

(cement mortar)

AAC block masonry 7.0—9.0 Non-load-bearing
partition walls

Steel 78.5 Structural frames, purlins

Timber (dry) 6.4—10.0 Roof structures, flooring

Glass (plate) 25.6 Facades, partitions,
skylights

Soil (dry sand) 16.0-17.5 Fill, landscape loads

Soil (saturated clay) 18.0-21.0 Roof gardens at
saturation

Water 10.0 Tanks, pools, flooded
basements

One detail that NBCS 2026 clarifies and that is frequently
misunderstood in practice: for roof gardens and green roofs, the
dead load calculation shall use the fully saturated weight of the soil
and drainage layers. This is because after rain, the soil will absorb
water and reach saturation — and this represents the maximum
dead load condition. It is not permissible to use dry soil density for
dead load calculation in roof garden design.

@ The Invisible Dead Load Problem

Buildings grow heavier over time. Original structural calculations are
done for specific dead loads. But subsequent renovations add ceramic
tiles over existing tiles, new plaster over old plaster, heavy stone
cladding where lightweight plaster was originally specified. Each
addition is small. Cumulatively, they can increase dead loads by 20—
30% in older buildings.
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This is why structural audits are essential. An audit would reveal
whether the actual dead loads in the building still match the design
assumptions. In many older buildings, this check has never been
done.

4.3 Imposed Load — What People and Things Bring

Imposed load (also called live load) is the load produced by the
intended use of a space — the weight of people, furniture,
equipment, and anything else that is not permanently fixed to the
structure. Unlike dead load, which is essentially constant once the
building is built, imposed loads vary over time as the building is
used.

NBCS 2026 Table 1 provides the minimum imposed loads for
different types of floors. These are the governing minimum values
— if an occupancy will have higher loads (dense storage, heavy
equipment), the design must use the actual expected load. Some
critical values:

Floor Use UDL Concentrated Key Note
(kN/m?) Load (kN)

Residential — 2.0 1.8 Most common

bedrooms, residential case

living rooms

Residential — 2.0 1.8 Same as living area

toilets,

bathrooms

Office general 3.0 27 Applies to most

areas office floors

Office 5.0 4.5 Heavy

filing/storage paper/document

rooms storage

Retail shops 4.0 3.6 Ground floor
mercantile

Assembly halls, 5.0 3.6 High occupant

places of density

worship
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Floor Use UDL Concentrated Key Note
(kN/m?) Load (kN)

Stairs and 3.0 or — *5.0 for

landings 5.0% assembly/public

buildings

Hospital 4.0 4.5 Bed movement

corridors loads

Flat roof 2.0 1.8 Terrace,

(accessible) maintenance access

Roof top solar 1.0-1.5% — *Plus self-weight of

panels array

Data centre 8.0-12.0% — *Depends on rack

floor density

Live Load Reduction

For large floor areas and multi-storey buildings, NBCS 2026
permits reduction of design imposed loads based on two principles.
First, it is statistically unlikely that every square metre of a large
floor will simultaneously carry its maximum design load. Second,
in a multi-storey building, it is statistically unlikely that all floors
will simultaneously carry their maximum imposed load.

The code specifies reduction percentages based on tributary area
(for single spans) and number of floors supported (for columns).
This can lead to meaningful structural economies, particularly in
the design of columns and foundations in tall buildings. A column
at the base of a 20-storey residential building can be designed for
significantly less than 20 times the full imposed load on a single
floor.

/\ Do Not Reduce Below Minimum

Live load reduction is a legitimate design tool. But it has limits. NBCS
2026 specifies that imposed loads shall not be reduced for certain
categories — particularly assembly areas, storage areas, and areas
with concentrated loads like data centres. These spaces are intended
to carry high loads, and the statistical argument for reduction does not

apply.
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4.4 Wind Load — More Complex Than You Think

Wind loading is one of the most complex aspects of structural
design, and NBCS 2026 (following IS 875 Part 3) provides a
systematic framework for calculating it. The calculation is not a
single lookup — it requires the combination of several factors
specific to the site, the building, and the wind direction.

Basic Wind Speed (Vb)

India is divided into wind zones based on basic wind speed — the
3-second gust speed at 10 metres above ground level for terrain
Category 2 (open terrain with a few scattered obstructions), with a
50-year return period. NBCS 2026 provides an updated map of
basic wind speeds for cities across India. Key values: Coastal zones
(Kerala, Tamil Nadu coast, Odisha coast) — 50 m/s. Most of the
Deccan plateau and north India — 44—47 m/s. Western Rajasthan
— 47 m/s. Parts of Uttarakhand and Himachal Pradesh — 39—44
m/s.

Design Wind Speed (Vz)

The basic wind speed is modified by three factors to get the design
wind speed at height z:

« ki (Risk/Probability Factor): Adjusts for the design life of
the structure and the consequence of failure. A hospital or
emergency facility warrants k1 > 1.0 because failure is
unacceptable; a temporary structure uses ki1 < 1.0.

« k2 (Terrain and Height Factor): Accounts for how wind
speed varies with height above ground and with terrain
roughness. Open terrain (Category 1 — open sea, flat
plains) has higher wind speeds than urban terrain
(Category 4 — dense city centres with tall buildings) at the
same height.

« k3 (Topography Factor): Accounts for local topographic
acceleration — wind speeds up over hills, ridges, and
escarpments. A building at the top of a hill faces
significantly higher wind loads than the same building on
flat ground.

The fourth factor, k4 (Cyclone Region Factor), is new in this
revision and accounts for the enhanced wind loads in cyclone-
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prone coastal areas — primarily the eastern coast and parts of the
western coast of India.

Design Wind Pressure (Pd)

Design wind pressure is calculated as: Pd = 0.6 x Vz2 (in Pa, with
Vzin m/s). This is then combined with pressure coefficients for the
specific shape of the building to determine actual wind forces on
walls, roofs, and cladding elements.

@ Wind Load on Tall Buildings — When to Go to Wind
Tunnel

The code-based -calculation procedure gives conservative but
adequate results for buildings of regular shape and height up to about
50—60 metres. For very tall buildings (above 75 metres), buildings of
unusual shape, or buildings in locations with significant topographic
effects, NBCS 2026 recommends wind tunnel testing or
Computational Fluid Dynamics (CFD) analysis.

This matters practically. The code-based approach cannot account for
the complex interference effects between closely spaced tall buildings
— situations where one building creates a wind shadow that reduces
loads on its neighbour, or conversely, creates a channel effect that
accelerates wind between buildings. Wind tunnel testing captures
these effects and can lead to either more economical structural design
or identification of unexpected local pressure peaks on facades.

4.5 Earthquake Load — Understanding the Zone Factor

India straddles several active tectonic boundaries, and the NBCS
2026 earthquake provisions (based on IS 1893 Part 1 : 2016,
pending a major revision) address this reality directly.
Understanding the earthquake design framework requires
understanding several interconnected concepts.

The Seismic Zone Map

India is divided into four seismic zones (Zone II through Zone V,
with Zone I having been merged into Zone II in the 2002 revision).
Each zone has a Zone Factor (Z) that represents the effective peak
ground acceleration as a fraction of gravity (g):
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Seismic | Zone Level of Key Regions

Zone Factor (Z) | Seismicity

Zone II 0.10 Low Most of south India,
Orissa, MP, Rajasthan
interior

Zone 111 0.16 Moderate Kerala, Andhra,
Maharashtra, Karnataka

Zone IV 0.24 High Indo-Gangetic plain, J&K
foothills, NE India parts

Zone V 0.36 Very High Kashmir, Himachal,
Uttarakhand, NE India,
Kutch (Gujarat)

Design Base Shear

The horizontal force that the earthquake imparts to the building
(the base shear, Vb) is calculated using the Equivalent Lateral
Force (ELF) method for regular buildings below 40 metres. The
formula is: Vb = Ah x W, where Ah is the design horizontal seismic
coefficient and W is the seismic weight of the building.

The design horizontal seismic coefficient Ah = (Z/2) x (I/R) x
(Sa/g). Each term matters:

« Z/2: Half the zone factor — based on the principle that the
code designs for about half of the Maximum Considered
Earthquake (MCE), relying on ductility to survive the
other half.

« I (Importance Factor): 1.0 for ordinary buildings, 1.2 for
residential buildings above 4 floors, 1.5 for hospitals,
emergency services, schools — buildings that must remain
functional after an earthquake.

« R (Response Reduction Factor): The critical factor. A
ductile moment-resisting frame can dissipate earthquake
energy through plastic deformation, so it can be designed
for lower forces — R = 5 for SMRF (Special Moment
Resisting Frame) in concrete, R = 5 for SMRF in steel. An
ordinary frame without special ductile detailing gets R = 3.
Unreinforced masonry gets R = 1.5. The higher the R
value, the more ductile the system — and the lower the
design force.
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« Sa/g (Spectral Acceleration Coefficient): Depends on the
natural period of the building and the type of soil. Soft soil
amplifies long-period ground motion. A tall, flexible
building on soft soil can face significantly higher forces
than the same building on rock.

9B On Site: The Soft Storey Killer

Many apartment buildings in Indian cities have an open ground floor
used as parking (stilt parking) with solid brick walls on all upper
floors. This creates a 'soft storey' — a floor that is dramatically less stiff
than the floors above it. During an earthquake, all the deformation
concentrates in this flexible ground floor, and the columns there
experience enormous forces and displacements.

IS 1893 (and by reference, NBCS 2026) has explicit provisions
requiring that soft storey buildings be designed with additional force
amplification at the soft storey level. The design seismic forces for
columns in the soft storey must be increased by a factor of 2.5 times
the code forces for that level. Many older apartment buildings with
stilt parking were built without this amplification, making them
earthquake-vulnerable. This is precisely the type of vulnerability that
a structural audit would identify.

4.6 Snow Load — The Mountain Rules

For most of India, snow is not a structural consideration. But for
buildings in Kashmir, Himachal Pradesh, Uttarakhand, Sikkim,
and parts of the northeast, snow load can be the governing load
case for roof design.

NBCS 2026 introduces proper characteristic ground snow load
maps for these regions, based on studies by DRDO's Defence
Geoinformatics Research Establishment. The design snow load on
aroof (S) is calculated as: S = u x So, where So is the characteristic
ground snow load (from the map) and p is the shape coefficient that
accounts for the slope of the roof and its ability to retain or shed
Snow.

Flat roofs (0°—5° slope) retain most snow: u = 0.8. Steeper roofs
shed snow and have lower p. Roofs steeper than 60° are assumed
to shed all snow: p = 0. The practical implication: a gently pitched
roof in a high snow-load area carries a very significant snow load.
A steeply pitched traditional mountain roof carries almost none.
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The code also introduces provisions for partial loading (when snow
melts or slides off one part of the roof but not another, creating an
asymmetric load that can be more critical than uniform full
loading), snow redistribution, and ponding instability (when
melting snow blocks drains and water accumulates on flat roofs).

4.7 Load Combinations — The Design Envelope

No building experiences only one type of load at a time. At any
moment, a building is carrying its own weight (dead load), the
loads imposed by its occupants (imposed load), and potentially
wind or seismic forces. The question is: how should these loads be
combined?

NBCS 2026 specifies load combinations for Limit State Design
(LSD) — the modern structural design approach based on
probability theory. The factored load combinations for ultimate
limit state (ULS) design include:

« 1.5DL + 1.5 LL — For normal loading without wind or
earthquake.

« 1.2DL+ 1.2 LL + 1.2 WL — Load combination with wind
(where wind adds to gravity effects).

e 0.9 DL + 1.5 WL — The critical uplift case — where wind is
trying to lift the roof and only 90% of dead load is
assumed to be present (recognising that dead load may be
overestimated in design).

« 1.2DL+ 1.2 LL + 1.2 EL — Combination with earthquake
load.

« 0.9 DL + 1.5 EL — Earthquake uplift case.

Why are different factors applied to different loads? Because
different loads have different levels of uncertainty. Dead load is
known fairly precisely once the materials are specified — hence
factor 1.5 (accounting for construction tolerances and density
variation). Imposed load is much more variable — who knows
exactly how many people will be in a building at any given
moment? — hence the same factor 1.5 but applied to a value that is
itself a conservative estimate. Wind and earthquake loads have
even greater inherent uncertainty, which is already accounted for
in how they are calculated; hence they use a factor of 1.2 in most
combinations.
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@ Why You Cannot Simply Add All Loads Together

It might seem conservative to design for DL + LL + WL + EL all acting
simultaneously. But in reality, the probability that a building faces its
maximum wind load and its maximum earthquake load and its
maximum imposed load simultaneously is vanishingly small. The load
combination approach is a rational, probability-based framework that
designs for credible combinations of loads at their design levels, not
for an astronomically unlikely simultaneous maximum.

4.8 A Worked Example — Wind Load on a Mid-Rise
Building

The code-based wind calculation can feel abstract until you walk
through it once. Here is the procedure applied to a representative
Indian building, calculated step by step. The purpose is not to
replace specialist analysis for complex structures, but to ensure
that every engineer, architect, and project manager who reads this
book understands what the numbers in a wind load calculation
actually mean.

The Building

Consider a 12-storey reinforced concrete office building in
Chennai. Plan dimensions 30m x 20m. Floor-to-floor height 3.5m.
Total height 42m. Located in an urban area with buildings of
broadly similar height in all directions. Flat terrain. The structure
is a moment-resisting RC frame; the building is to remain
functional during severe wind events.

Step 1 — Basic Wind Speed (Vb)

From the NBCS 2026 wind zone map (which follows IS 875 Part 3),
Chennai falls within the coastal zone with basic wind speed Vb =
50 m/s. This is the 3-second gust speed at 10m above ground in
terrain Category 2, with 50-year return period.

Step 2 — Risk Coefficient (k1)

For a general office building with 50-year design life, k1 = 1.0. If
this were a hospital or emergency facility, we would use k1 = 1.08;
if a temporary structure with 5-year design life, k1 = 0.82.
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Step 3 — Terrain and Height Factor (k2)

Chennai is densely built up; the building is in terrain Category 3
(numerous closely spaced obstructions of the size of buildings to
10om high). For terrain Category 3, k2 values vary with height: at
10m, k2 = 0.91; at 20m, k2 = 0.97; at 30m, k2 = 1.01; at 42m, k2 =
1.06 (interpolated). The factor increases with height because wind
speed increases with height above the ground roughness.

Step 4 — Topography Factor (k3)

The site is on flat ground. k3 = 1.0. If the site were on a ridge or
escarpment, topographic acceleration would push k3 to 1.2 or
higher.

Step 5 — Cyclone Importance Factor (k4)

Chennai is in the cyclone-prone coastal zone. For a structure of
intermediate importance, k4 = 1.15. For an industrial structure
designated as a critical asset, k4 = 1.30. For a structure of post-
cyclone importance such as a cyclone shelter, k4 = 1.30. For
temporary structures away from cyclone-affected coasts, k4 = 1.0.

Step 6 — Design Wind Speed (Vz) at the Top of the
Building

At height z = 42m: Vz = Vb x k1 x k2 x k3 x k4 = 50 x 1.0 x 1.06 x
1.0 x 1.15 = 60.95 m/s. This is the design wind speed at the top of
the building.

Step 7 — Design Wind Pressure (Pz)

Pz = 0.6 x Vz2 = 0.6 x (60.95)2 = 0.6 x 3,714.9 = 2,228.9 N/m2 =
2.23 kN/m2. This is the design wind pressure at the top of the
building. Note that this is a stagnation pressure, not yet applied to
the building face.

Step 8 — External Pressure Coefficients (Cpe)

From IS 875 Part 3 Table 5, for a rectangular building with the wind
direction perpendicular to its long face and aspect ratio a/b =
30/20 = 1.5, h/b = 42/20 = 2.1: Windward face Cpe = +0.8
(pressure); leeward face Cpe = —0.5 (suction); side walls Cpe =
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—0.7. Internal pressure coefficient Cpi depends on the openings —
for a normal building with up to 20 percent openings, Cpi = +0.2.

Step 9 — Net Pressure on the Windward Face

Net pressure = Pz x (Cpe — Cpi) = 2.23 x (0.8 - (-0.2)) = 2.23 x
1.0 = 2.23 kN/m2. Note that the worst case combines the maximum
positive external pressure with the most negative internal pressure
(suction) — both push outward on the structure simultaneously.

Step 10 — Lateral Force at Each Floor

The wind pressure at each floor level depends on the floor's height.
The lateral force applied at the floor is calculated as the average
pressure over the tributary height (half above plus half below the
floor) multiplied by the projected windward area at that floor level.

For example, at floor 12 (42m): tributary height = 1.75m (from
40.25m to 42m, since this is the topmost floor). Projected area =
1.75m x 30m = 52.5 m2. Force = 2.23 x 52.5 = 117 kN at this floor.
The total base shear from wind is the sum of these forces across all
floors; for this building it will be of the order of 1,400-1,600 kN.

@ What This Calculation Does Not Capture

The code procedure gives static-equivalent wind forces — what would
happen if a steady wind blew at the design speed. Real wind is
turbulent and gusty. For tall, slender, or irregularly shaped buildings,
gust effects, vortex shedding, and dynamic interaction with adjacent
buildings can produce loads significantly different from the static
calculation.

For the 12-storey example here, the static procedure is adequate. For
buildings above 75m height, with height-to-width ratio greater than 5,
with unusual shapes, or in wind-channelling urban contexts, wind
tunnel testing or Computational Fluid Dynamics (CFD) analysis is
recommended in addition to the code calculation.
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The Ground Beneath

Your Feet

Part C Section 2 — Soils, foundations, and what
happens when you get it wrong

5.1 Why Foundations Deserve More Respect

If you have been at construction sites long enough, you have
probably noticed that foundations receive far less attention and
supervision than the superstructure that sits on them. Once the
foundation concrete is poured and the earth is backfilled, the
foundation disappears from view. It becomes invisible. And
invisible things tend to be forgotten.

This is a serious problem, because foundations are the most
unforgiving part of a building. A structural beam can deflect visibly
and warn you before it fails. A wall crack tells you something is
wrong. But foundation settlement happens silently, usually slowly,
and by the time you see the diagonal cracks above window corners
and the doors that no longer close, significant differential
settlement has already occurred. In extreme cases — and India has
too many of them — the only sign before collapse is the building
tilting.

NBCS 2026, Part C, Section 2 — Soils and Foundations — is the
framework for getting this right. It covers site investigation, soil
classification, foundation types, bearing capacity, settlement
analysis, pile design, and ground improvement. Understanding it
properly is one of the highest-value investments a construction
professional can make.
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5.2 Site Investigation — The Non-Negotiable First Step

Before any foundation can be designed, the soil conditions at the
site must be investigated. NBCS 2026 makes site investigation
mandatory for all building projects and specifies minimum
requirements based on building size and complexity.

What Site Investigation Must Cover

A comprehensive geotechnical investigation for a building site
should establish: the depth and thickness of each soil stratum, the
strength parameters of each stratum (particularly the shear
strength and bearing capacity), the compressibility characteristics
(how much will the soil consolidate under load?), the position of
the groundwater table (and its seasonal variation), the presence of
expansive soils (soils that swell when wet and shrink when dry), the
potential for liquefaction in earthquake-prone areas, and the
presence of any aggressive chemicals in the soil or groundwater
that could attack concrete foundations.

Investigation Methods

The most common field investigation method in India is the
Standard Penetration Test (SPT), referenced in IS 2131. The SPT
measures how many blows of a standard hammer are required to
drive a standard sampler 30o0mm into the soil — expressed as the
N-value. High N-values indicate dense, strong soil; low N-values
indicate loose or soft soil.

N-value Soil Description | Approximate Bearing

(blows/300mm) Capacity

0—4 Veryloose sand /  Very low — avoid shallow
very soft clay foundations

4-10 Loose sand / soft = Low — requires care in
clay design

10—30 Medium-dense Moderate — suitable for
sand / firm clay shallow foundations with

care

30-50 Dense sand / stiff  Good — well suited to

clay spread footings
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N-value Soil Description | Approximate Bearing
(blows/300mm) Capacity
>50 Very dense sand ~ High — excellent foundation
/ hard clay or bearing
rock

For buildings requiring detailed settlement or stability analysis,
additional laboratory tests are required: consolidation tests (to
predict long-term settlement in clay soils), triaxial shear tests (to
determine shear strength parameters ¢ and ), and particle size
distribution tests (to classify the soil type and assess liquefaction
potential).

/\ The Cost of Skipping Site Investigation

Site investigation for a typical residential building costs between
50,000 and %2,00,000 depending on the number of boreholes,
depth, and tests required. This represents less than 0.1-0.3% of the
construction cost of a typical apartment building.

The cost of foundation repair after differential settlement — or worse,
underpinning an entire building — is orders of magnitude higher,
often exceeding 10—20% of the original construction cost. And unlike
superstructure repairs, foundation repairs are extraordinarily
disruptive, requiring excavation around existing columns and often
forcing temporary evacuation of the building.

The economics are clear. Site investigation is not a luxury. It is the
cheapest insurance available.

5.3 Soil Classification — Knowing What You Are
Building On

NBCS 2026 uses the Unified Soil Classification System (USCS) and
IS 1498 to classify soils. The classification is based on particle size
distribution and plasticity characteristics. Understanding the
broad categories is essential for foundation design decisions.

Gravels and Sands — Coarse-Grained Soils

These soils derive their engineering properties primarily from
particle interlocking. Their strength is frictional — described by the
angle of internal friction @. Clean sands and gravels with SPT N-
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values above 30 make excellent foundation soils for shallow
foundations. Their key risks are liquefaction under seismic loading
(particularly when loose and saturated) and erosion around
foundations in flood-prone areas.

Silts and Clays — Fine-Grained Soils

These soils derive their properties from cohesion between
particles. Clay soils have two important characteristics that make
foundation design more complex. First, they consolidate under
load — they compress slowly as water is squeezed out of the pores
between clay particles. This consolidation can take years or even
decades, meaning the building settles long after construction is
complete. Second, some clay soils in India (particularly black
cotton soil — a montmorillonite-rich soil found extensively in
Maharashtra, Karnataka, Andhra Pradesh, and Madhya Pradesh)
are highly expansive — they swell dramatically when wetted and
shrink when dried. This seasonal movement can crack and heave
foundations that are not properly designed.

Organic Soils — The Danger Zone

Peaty soils, marshland deposits, and fills containing organic matter
are the most problematic for foundations. Organic material
compresses under load and continues to decompose, leading to
unpredictable long-term settlement. NBCS 2026 recommends that
shallow foundations be avoided on organic soils and that pile
foundations extend to non-organic bearing strata below the
organic layer.

9B On Site: Building on Made-Up Ground

Many urban sites in India are on reclaimed land, filled-in water
bodies, or former waste dumps. The soil investigation for these sites
often reveals a heterogeneous fill of varying composition and
compaction — boulders mixed with loose sand, old construction
rubble mixed with organic material. The SPT N-values vary wildly
from borehole to borehole.

Building on such ground without thorough investigation and
appropriate foundation design is extremely risky. Ground
improvement techniques (dynamic compaction, stone columns,
surcharge preloading) may be required before conventional
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foundations can be used — or deep piles must be driven to bedrock or
a competent natural stratum below the fill.

5.4 Shallow Foundations — Getting the Bearing Right

Shallow foundations — spread footings, combined footings, strap
footings, and rafts — transfer building loads to the soil directly
below the foundation. They are cost-effective when the soil near the
surface has adequate bearing capacity.

Bearing Capacity

The safe bearing capacity (SBC) of a soil is the maximum load per
unit area that the soil can carry without shear failure or excessive
settlement. NBCS 2026 requires that the SBC be established by soil
investigation and analysis, not by rule of thumb. However, for
preliminary design, approximate SBC values for common soil types
provide guidance:

Soil Type Typical SBC Settlement Risk
(kN/m?)

Rock (massive, 3,300—33,000+  Very low

unweathered)

Rock (weathered / 800-3,300 Low

jointed)

Gravel (dense) 400—600 Very low

Gravel (loose) 100—300 Low to moderate

Sand (dense) 250—450 Low

Sand (medium) 100—250 Moderate

Sand (loose) 50—100 High — avoid without
ground improvement

Clay (hard/stiff) 100—300 Moderate — check for
consolidation

Clay (soft/medium) 25-100 High — consolidation
settlement likely
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Soil Type Typical SBC Settlement Risk
(kN/m?)
Black cotton soil 100—150 Very high — swelling risk
(dry)
Filled ground 10—50 Very high — highly
variable

Settlement Analysis

Bearing capacity is only part of the story. Even when the safe
bearing capacity is not exceeded, foundations can settle — and if
different parts of the building settle by different amounts
(differential settlement), structural distress results. NBCS 2026
requires that both total settlement and differential settlement be
evaluated.

For cohesive soils (clays and silts), settlement occurs in three
phases: immediate elastic settlement (occurs during loading),
primary consolidation settlement (occurs as pore water is expelled
from clay over months to years), and secondary consolidation (very
slow creep in highly plastic clays over decades). The primary
consolidation settlement is calculated using Terzaghi's
consolidation theory, which requires laboratory consolidation test
results.

@ What Is an Acceptable Settlement?

NBCS 2026 references IS 1904 for allowable settlements. For isolated
foundations on clay soil, the maximum allowable total settlement is
typically 6smm; for sand it is 4omm. Maximum differential
settlement between adjacent foundations is typically limited to 1/300
of the span between them — so for a 6-metre column spacing, the
differential settlement should not exceed 20mm.

These limits are not arbitrary. They reflect the deformation capacity
of typical beam-column frames and masonry walls. Exceed them and
you will see diagonal cracking in masonry, cracked beam-column
joints, and in severe cases, structural failure.

Raft Foundations

When individual footings would need to be so large that they start
merging together, or when soil conditions are weak, a raft
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foundation (a continuous concrete slab spanning the entire
building footprint) becomes the most appropriate solution. The
raft distributes the building load over the maximum possible area,
reducing the bearing pressure on the soil.

Raft foundations are particularly common in soft clay areas and in
urban areas with weak soils. They can be flat slabs, beam-and-slab
systems, or ribbed slabs depending on the load distribution
requirements. NBCS 2026 requires that raft design account for
differential settlement across the raft, which can cause hogging
(reverse bending) in the raft slab.

5.5 Deep Foundations — Piles and What They Do

When the soil near the surface cannot support the building load, or
when differential settlement of shallow foundations would be
unacceptably large, deep foundations are used. In India, bored
cast-in-situ reinforced concrete piles are the most common type,
though driven precast piles and steel piles are used in certain
applications.

How Piles Work

A pile transfers load to the soil through two mechanisms: end
bearing (the pile tip resting on a strong stratum — dense sand,
gravel, or rock) and skin friction (shear stress between the pile
shaft and the surrounding soil). In most practical cases, both
mechanisms contribute, and the proportion of each depends on the
soil profile.

Pile Load Testing

NBCS 2026 and IS 2911 require that piles be load tested before the
full pile programme proceeds. Static load testing (applying an
actual load to a test pile and measuring settlement) is the most
reliable method. Routine pile acceptance tests are also required
during production piling. The safe load on a working pile is
established as the lesser of: the pile capacity from the load test
divided by an appropriate safety factor, and the structural capacity
of the pile shaft.
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Ground Improvement

Sometimes the most economical solution is to improve the ground
before constructing shallow foundations, rather than using deep
piles. NBCS 2026 recognises several ground improvement
techniques:

Dynamic Compaction: Dropping a heavy weight from
height onto the ground surface to compact loose fill or
loose sand deposits. Effective to depths of 5—10 metres
depending on the weight and drop height.
Vibroflotation: A vibrating probe is inserted into the
ground, and as it is slowly withdrawn, clean granular
material is added to fill the void created. Creates dense
granular columns that also improve drainage, reducing
liquefaction risk.

Stone Columns: Similar to vibroflotation but uses crushed
stone as the filler. The stone columns increase the load-
carrying capacity of soft clays by providing stiffer columns
through the soft material.

Preloading with Sand Drains: For soft clay sites, placing a
surcharge load (earth fill) on the site before construction,
combined with vertical sand drains to accelerate pore
water drainage. This causes the clay to consolidate before
the building is constructed, so that building-induced
settlement is greatly reduced.

Soil Nailing: Inserting steel bars into cut slopes to stabilise
them against sliding. Relevant for sites with excavations or
sloped ground.
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Building the Bones —

Masonry and Concrete

Part C Sections 3 & 4 — The structural logic of walls
and frames

6.1 Masonry — Ancient Technology, Modern Standards

Masonry is the oldest structural material in human civilisation. The
Indus Valley cities were built with burnt brick. Medieval temples
achieved extraordinary structural feats with stone masonry. And
today, brick and block masonry remains the dominant structural
material for low-rise construction across India, even as reinforced
concrete has become ubiquitous in cities.

NBCS 2026 treats masonry as a serious structural material with its
own design section. The key IS standard referenced is IS 1905
(unreinforced masonry) and IS 13920 for seismic detailing.
Understanding the difference between the four structural
approaches to masonry design is essential.

Unreinforced Masonry (URM)

Traditional masonry with no steel reinforcement. Mortar is the
binding agent. URM is entirely dependent on gravity load for
stability — it has very little resistance to horizontal forces (wind
and earthquake). NBCS 2026 severely restricts URM in high
seismic zones (Zone IV and V) because of the catastrophic failure
mode observed in URM buildings during earthquakes. The walls
do not simply crack; they collapse outward, and the floors collapse
inward onto the occupants. The death toll from URM building
collapse in Indian earthquakes has been enormous.
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Confined Masonry

Masonry walls constructed between reinforced concrete or
reinforced masonry elements (ties, columns, and beams) that are
poured against the masonry as it is built — not before. This is the
critical distinction from RCC-framed construction. In confined
masonry, the masonry panels and the RC elements are constructed
together, creating a composite system. The RC confining elements
prevent the out-of-plane collapse of masonry walls during
earthquakes. NBCS 2026 and IS 13920 detail the requirements for
confined masonry in seismic regions.

Reinforced Masonry (RM)

Steel reinforcement bars placed within the masonry units or in
grouted cores. The reinforcement provides tensile capacity,
allowing the masonry to resist bending and horizontal forces. RM
can be used for higher buildings and in more seismically active
regions than URM. Common in regions with a tradition of hollow
concrete block construction, where the cores are filled with grout
and reinforcement.

Rat-Trap Bond Masonry

A traditional Indian masonry technique that creates a cavity within
the wall by standing bricks on edge and alternating soldiers (bricks
perpendicular to the wall face) with stretchers (bricks parallel to
the wall face). The resulting cavity wall is significantly thermally
insulating compared to solid brick masonry, uses 25% less brick,
and is lighter. NBCS 2026 references IS 4326 for earthquake-
resistant design that includes rat-trap bond construction. This is a
highly sustainable construction technique that deserves wider
adoption.

@ Why Confined Masonry, Not RC Frame, Should Be the
Default for Low-Rise Housing

For 2—4 storey housing in seismic zones III-1V, confined masonry is
structurally superior to both URM and improperly detailed RC frame
construction — and it is often more economical. The key advantage is
that the masonry and the concrete work together as a composite
system. There is no beam-column soft storey, no infill panel that is
structurally disconnected from the frame. Studies after the 2001
Gujarat earthquake showed that properly constructed confined
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masonry buildings performed significantly better than improperly
detailed RC frame buildings.

The challenge is contractor training. Confined masonry requires that
the masonry be constructed first and the tie columns poured against
it — not the reverse. This sequence is unfamiliar to most Indian
contractors trained on RC frame construction, leading to common
errors that compromise the system's effectiveness.

6.2 Reinforced Concrete — Getting the Mix Right

Reinforced concrete (RCC) is the backbone of Indian construction.
NBCS 2026 references IS 456 (Plain and Reinforced Concrete), IS
13920 (Seismic Detailing), and IS 800 (Steel Structures) as the
primary design standards. Part C Section 4 covers the NBCS-
specific requirements for RCC construction.

Mix Design and Grade

Concrete grade is expressed as M-xx, where xx is the characteristic
compressive strength of 150mm cubes tested at 28 days (in MPa).
NBCS 2026 establishes minimum concrete grades for structural
applications:

Application Minimum Key Reason
Concrete
Grade
Plain concrete (PCC) Mi5 Non-structural, just levelling
blinding
RCC — mild Mz2o IS 456 minimum for RCC

exposure (interior
columns, beams)

RCC — moderate Ma2s Durability requirement
exposure (columns,
beams near ground)

RCC — severe M3o Chloride and sulfate
exposure (basement resistance
walls, ground slabs)
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Application Minimum Key Reason

Concrete
Grade

RCC — very severe M35 Enhanced impermeability
exposure (marine,
aggressive soil)

High-rise columns M40-M60 Structural efficiency

(above 20 floors)

Prestressed concrete = M40 Pre-compression
minimum requirement

Seismic Detailing — IS 13920 Requirements

For buildings in seismic zones III, IV, and V, IS 13920 (Ductile
Detailing of Reinforced Concrete Structures) requirements are
mandatory. This standard specifies detailing rules that ensure RC
members can undergo large plastic deformations without
fracturing — the ductility that allows buildings to sway under
earthquake loading without collapsing.

The key principles of seismic detailing in RC include:

« Strong Column, Weak Beam: The design must ensure that
plastic hinges (zones of yielding) form in beams before
columns yield. A plastic hinge in a beam damages the beam
but does not threaten the entire structure. A plastic hinge
in a column can trigger progressive collapse. IS 13920
requires that the sum of column moment capacities at a
joint exceed the sum of beam moment capacities by at least
1.1 times.

« Close Spacing of Stirrups in Plastic Hinge Zones: In the
potential plastic hinge regions (the ends of beams and
columns near their connections), stirrups (lateral ties
around the main reinforcement) must be closely spaced.
This confinement of the concrete core dramatically
increases its ability to deform without disintegrating.
Maximum stirrup spacing in these zones is limited to d/4
(where d is the effective depth of the section) or 8 times the
main bar diameter, whichever is less.

« Continuous Longitudinal Reinforcement: At least 50% of
the longitudinal reinforcement at the top and bottom of
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beams must be continuous through the entire length. This
ensures that even after yielding, the beam maintains some
capacity.

« Column Confinement: RCC columns must have closely
spaced and well-anchored lateral ties over the full height of
the potential plastic hinge zone — not just in the middle of
the column. This is why you see dense stirrup cages in
properly detailed RC columns at their tops and bottoms.

/\ The Poorly Detailed Column — India's Most Common
Structural Vulnerability

Survey after survey of existing RC buildings in India shows the same
problems: widely spaced stirrups in columns (especially in older
buildings), 90° hooks on stirrups instead of the required 135° hooks,
columns with splices in the plastic hinge zone, and beam-column
joints with inadequate transverse reinforcement.

These are not minor deviations. During an earthquake, the column is
the last line of defence. A column with inadequate lateral confinement
and 90° hooks will have its concrete cover spall away under seismic
cycling, the stirrups will open up, and the column will undergo brittle
failure. This is precisely the failure mode that has killed thousands in
Indian earthquakes.

IS 13920 compliance is not just a code box to tick. It is the difference
between a building that survives an earthquake and one that kills its
occupants.

Tall Buildings — Additional Considerations

NBCS 2026 recognises that buildings above a certain height have
structural behaviour that is qualitatively different from low-rise
buildings. Wind load governs over seismic load at greater heights.
P-Delta effects (the destabilising effect of gravity loads acting on a
laterally displaced structure) become significant. Soil-structure
interaction matters more. Creep and shrinkage in concrete
elements can cause significant long-term deformations.

For buildings above about 15 storeys, specialist structural analysis
is required — 3D finite element models, dynamic analysis for wind
and earthquake, nonlinear pushover analysis for seismic
performance assessment. NBCS 2026 does not prescribe the
analysis method in detail for tall buildings, but by reference to IS
1893 and IS 456, it requires that all these phenomena be accounted
for.
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6.3 Masonry + RCC — The Reality of Indian
Construction

Most residential construction in India is a hybrid: RCC columns
and beams (the frame) with brick or block masonry walls (the
infill). This configuration is called an 'infilled frame' — and its
structural behaviour is complex.

The masonry infill is typically not considered in the structural
design — it is treated as a dead load on the frame. But in reality, the
infill participates in resisting lateral loads. When an earthquake
shakes the building, the masonry infill behaves like diagonal struts,
transferring forces from the frame to the foundation. This is
beneficial at small deformations — the infill stiffens the building.
But at large deformations, the masonry crushes and spalls, and the
load distribution changes abruptly.

IS 1893 and NBCS 2026 require that in seismic design, the stiffness
contribution of masonry infill be considered, particularly for the
purpose of calculating building period (which affects the
earthquake forces). Buildings with infilled frames have shorter
natural periods than bare frames — they attract higher earthquake
forces. If the design assumes a bare frame period but the building
has infilled frames, the earthquake forces are underestimated.

9B On Site: The Soft Storey from Removed Infill

A common renovation in older apartment buildings is the conversion
of ground floor shops or offices into open parking by removing the
masonry infill walls on that floor. The structural engineer who
designed the original building calculated a specific lateral force
distribution based on the stiffness of the infilled frames. When the
infill is removed from the ground floor, the stiffness of that floor drops
dramatically, creating a soft storey effect that was not there in the
original design.

This modification requires a structural assessment by a competent
structural engineer. Simply removing infill walls without analysis in a
seismic zone is dangerous.

6.4 Termite and Biological Protection of Structures

Termites are not a minor pest in India. They are a structural threat
to any building that incorporates wood, plywood, MDF, or paper-
based products — which today includes essentially every modern
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building, since false ceilings, door frames, modular kitchens,
wardrobes, and electrical panel boards all contain cellulose
materials. NBCS 2026 references IS 6313 (anti-termite treatment
in buildings) and IS 8944 (chlorpyrifos and newer non-chlorinated
termiticides) as the technical basis for anti-termite design.

The Treatment Strategy

IS 6313 specifies a five-stage treatment, applied progressively
during construction:

Pre-construction soil treatment — chemical barrier applied to the
bottom and sides of the foundation trench, the column
footings, and the plinth fill before concreting.

Treatment of the area under the plinth-protection concrete and
adjacent to walls.

Treatment around utility pipe entries and ductings — the most
common termite entry points.

Treatment of wooden frames, doors, and structural timber with
approved termiticides at the time of installation.

Periodic post-construction maintenance treatment — typically
every 5—7 years for the building's design life.

The treatment is not a one-time event. It is a continuous protection
strategy that must be designed into the building from foundation
through occupancy. Older termiticides such as chlordane (banned
internationally), aldrin, and DDT are no longer permitted; current
practice uses chlorpyrifos, imidacloprid, fipronil, and similar
compounds with controlled environmental profiles.

/\ The Termite Treatment Skip

Anti-termite soil treatment is a line item in almost every construction
estimate, but it is also among the most commonly skipped items. The
chemical is invisible after application. There is no way for the owner
to verify after the fact that the treatment was actually performed at the
correct concentration over the correct area.

Insist on photographic evidence of treatment in progress, copies of the
chemical purchase invoices matched against the treated area, and a
written certificate from the treatment contractor with a multi-year
guarantee. If the treatment is genuine, none of this is a problem to
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provide. If the documentation is refused or evasive, the treatment was
probably not done.

6.5 Repair and Retrofitting of Existing Structures

Chapter 1 of this book made the case for periodic structural audits.
The honest question that follows is: when the audit identifies a
problem, what do you do about it? The remedies for deteriorated
or under-strength existing structures are the subject of IS 13935
(assessment and repair of reinforced concrete and masonry
buildings) and IS 15988 (seismic evaluation and strengthening of
existing buildings), both referenced by NBCS 2026. This section
introduces the principles.

Assessment Before Intervention

No structural repair should begin without a competent assessment
of the existing structure. The assessment must establish what loads
the structure was originally designed for, what loads it actually
carries today (which may be more, after decades of modifications
and tile-over-tile renovations), what the current condition of the
structural elements is, and what the residual capacity is. IS 13935
specifies the investigation procedure: visual survey, non-
destructive testing (rebound hammer, ultrasonic pulse velocity,
half-cell potential for rebar corrosion), partial destructive testing
(core cutting for compressive strength, carbonation depth
measurement, chloride profiling), and load testing in critical cases.

Common Repair Techniques

Problem Repair Technique When It Is
Appropriate

Cracked but Epoxy injection of Structural cracks; not

otherwise sound cracks for active movement

concrete cracks

Spalled concrete Concrete patch repair Localised damage;

cover exposing with bonding agent rebar still has

rebar adequate section
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Heavily corroded
rebar

Under-strength
columns

Under-strength
beams

Soft-storey
vulnerability

Foundation
settlement

Rebar replacement,
sometimes with
cathodic protection

Concrete jacketing,
steel jacketing, or FRP
wrap

Plate bonding, FRP
strip bonding, external
prestress

Adding shear walls,
infill walls, or steel
bracing

Underpinning,
micropiling, jet
grouting

Seismic Retrofitting

When section loss is
significant

Choice depends on
accessibility,
increased load on
foundation

When increased
depth is unacceptable

Common retrofit for
stilt-parking
buildings in seismic
zones

Severe; expensive;
specialist contractor
required

IS 15988 governs the seismic evaluation and strengthening of
existing buildings. The procedure has three stages: rapid visual
screening (identifying buildings that warrant detailed evaluation),
detailed evaluation (calculating actual seismic capacity against
current code demand), and retrofit design (specifying
interventions to bring the building to an acceptable performance
level).

The most common seismic retrofit interventions for Indian
buildings are: addition of new shear walls or moment-resisting
frames to provide lateral capacity, jacketing of inadequately-
detailed columns to add ductility and strength, removal of
vulnerable elements such as stilt parking infills that create soft
storeys, addition of steel bracing in selected bays, and
strengthening of beam-column joints with FRP wrapping.

@ The Economics of Retrofit

A typical seismic retrofit of a 4-storey residential building costs in the
range of 8 to 18 percent of the replacement cost of the building. A full
structural retrofit of a 10-storey commercial building can run 12 to 25
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percent of replacement cost. These are significant numbers. But they
are also small compared to the cost of a building collapse — both in
human terms and in legal and financial terms.

The most cost-effective time to retrofit is during a planned major
renovation, when scaffolding and disruption are already accepted.
Retrofit work scheduled with other renovations can be completed at
60—70 percent of the cost of a stand-alone retrofit.

98 On Site: When the Audit Says 'Retrofit'

When a structural audit recommends retrofitting, owners often delay
— the work seems expensive and disruptive, the consequences of
inaction feel remote. This is exactly the wrong response. The audit
identified a problem because the problem exists. The longer it remains
unaddressed, the more it costs to fix.

Treat a retrofit recommendation the same way you would treat a
doctor's prescription after a diagnostic finding. Get a second opinion
if you doubt the diagnosis. But once the diagnosis is confirmed, act.
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Steel, Precast, and

Composite Construction

Part C Sections 5, 6 & 7 — Modern structural
systems and their design logic

7.1 Structural Steel — The Case for Metal

Steel is the premium structural material. Per unit weight, it is far
stronger than concrete. It can be fabricated to precise dimensions
in a factory, transported to site, and erected rapidly. It is fully
recyclable. And in the right applications, a steel structure can be
erected faster and with less labour than an equivalent concrete
structure.

NBCS 2026, through its reference to IS 800 (General Construction
in Steel), governs the design of steel structures in India. IS 800 uses
the Limit State Design (LSD) method — the same probabilistic
approach as IS 456 for concrete.

Member Design — Tension, Compression, Bending

Every structural steel member must be checked against multiple
limit states:

« Tension members: Must not exceed the yield strength of
the gross cross-section or the ultimate strength of the net
section (reduced for bolt holes). The design tensile
capacity is the lesser of 0.9 Fy Ag / ymo (yielding of gross
section) and 0.72 Fu An / ymz1 (fracture at net section),
where Fy is yield strength, Fu is ultimate strength, Ag is
gross area, An is net area, and ymo, ym1 are material
partial safety factors.

« Compression members (columns): The critical failure
mode is buckling — the column bends sideways suddenly
under compressive load, long before the material yields.
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The slenderness ratio (effective length / radius of
gyration) governs the buckling capacity. The higher the
slenderness ratio, the lower the buckling load.
Connections and bracing arrangements are critical in
determining effective length.

« Beams (flexural members): Must be checked for plastic
moment capacity, lateral-torsional buckling (the
compression flange of the beam trying to buckle
sideways), shear capacity, and web crippling at support
points.

Connections — Where Most Failures Occur

Steel connections deserve special attention because they are where
structural failures most often initiate. NBCS 2026 through IS 800
covers both bolted and welded connections.

High-strength friction grip (HSFG) bolts (IS 3757) are the
preferred fastener for structural connections in seismic zones.
Unlike bearing-type bolted connections, HSFG connections rely on
friction between the clamped surfaces rather than bearing on the
bolt shaft. This eliminates slip, provides stiffer connections, and is
essential for moment connections in seismic frames.

Welded connections, when properly executed, are stronger and
stiffer than bolted connections. But "properly executed' is key. Weld
quality depends on welder qualification, electrode selection,
preheat requirements (particularly important for high-strength
steels and cold weather), and post-weld inspection. NBCS 2026
requires that welding be done by certified welders using
procedures qualified per IS 9595.

/\ Site Welding — A Quality Control Crisis

In Indian practice, field welding is often done by workers with
minimal formal training, under poor weather conditions, without
proper equipment and supervision. Substandard welds — undersized
fillet welds, incomplete penetration in butt welds, porosity and
cracking — are alarmingly common.

Ultrasonic testing (UT) and radiographic testing (RT) of welds are
required by IS 800 for critical connections, but these inspections are
frequently skipped on smaller projects. When you see a structural
steel connection fail, it almost always traces back to an uninspected
weld.
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Earthquake Design for Steel — R Values and Ductility

Steel structures can be designed to different levels of ductility, and
NBCS 2026 (via IS 1893) assigns different response reduction
factors (R values) based on the structural system and detailing;:

+ Ordinary Moment Resisting Frame (OMRF): R = 3.
Limited ductility detailing. Suitable only for low seismic
zones.

« Special Moment Resisting Frame (SMRF): R = 5. High
ductility detailing per IS 800 seismic provisions.
Mandatory for Zone IV and V.

« Steel Concentrically Braced Frame (CBF): R = 4. Bracing
provides lateral stiffness but with limited ductility.

« Steel Eccentrically Braced Frame (EBF): R = 5. The
eccentric connections allow a short link beam to yield in
shear, providing excellent ductility.

The penalty for choosing an ordinary frame (low R) is that you
must design for higher seismic forces — the frame must be stronger
because it is not ductile. The benefit is simpler detailing. The
tradeoff between strength and ductility is a fundamental choice in
seismic structural engineering.

7.2 Composite Construction — The Best of Both

Composite construction combines steel and concrete to take
advantage of both materials: steel in tension (where it is highly
efficient), concrete in compression (where it is far less expensive
per unit of compressive capacity than steel). NBCS 2026 references
IS 11384 for composite construction design.

Composite Beams

A composite beam consists of a steel I-section beam with a concrete
slab sitting on top of it, connected by shear connectors welded to
the top flange of the steel beam. The shear connectors prevent the
slab from sliding relative to the beam, forcing them to act
compositely.

The structural efficiency gain is significant. In a non-composite
beam, the steel beam alone resists the bending moment. In a
composite beam, the concrete slab (which is already there because
you need a floor slab anyway) contributes to the bending
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resistance. The neutral axis shifts upward into the slab, and the
steel section works almost entirely in tension — which is exactly
what steel is best at. Composite beams can be 30—-50% shallower
than non-composite beams for the same span and load, reducing
floor-to-floor heights and structural steel tonnage.

Composite Slabs

Profiled steel deck (corrugated steel sheets) used as permanent
formwork for concrete slabs, with the concrete bonding to the steel
deck to create a composite section. The steel deck replaces bottom
reinforcement. These are standard in multi-storey steel-framed
commercial buildings.

Concrete-Encased and Concrete-Filled Composite
Columns

Steel columns encased in or filled with concrete combine the
ductility and fire resistance of concrete with the high strength of
steel. Concrete-filled steel tubes (CFST) are particularly efficient —
the steel tube confines the concrete, increasing its compressive
strength by 20-50%, while the concrete core prevents the tube
from local buckling. CFST columns are common in tall buildings.

7.3 Precast Concrete — Factory Quality, Site Speed

Precast concrete elements are manufactured in controlled factory
conditions, transported to site, and erected using cranes. The
quality of factory-made concrete is typically far superior to site-
mixed concrete — better mix control, precise curing, and
continuous quality inspection.

NBCS 2026 Section 6 covers precast construction, recognising it as
a primary construction method for large-scale housing
programmes, commercial buildings, and infrastructure. The key
types include:

Precast Frame Systems

Precast columns, beams, and slabs assembled on site. The critical
challenge is the connections between precast elements. A
monolithic cast-in-place concrete frame develops ductility through
continuity at beam-column joints. Precast connections must
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replicate this behaviour through dry or wet jointing systems that
are designed and tested for seismic loading. NBCS 2026 requires
that precast connections in seismic zones be designed to match or
exceed the ductility of cast-in-place construction.

Precast Hollow Core Slabs

Long-span hollow core slabs (planks) spanning 6—15 metres
between supports, with longitudinal voids to reduce self-weight.
They can be erected at rates of hundreds of square metres per day
with minimal site labour, offering enormous programme
advantages over cast-in-place construction.

Quality Control for Precast

NBCS 2026 emphasises that precast elements must be produced
under a recognised Quality Management System (IS/ISO 9001)
with continuous inspection of mix design, casting, curing, and
testing. Each element should have a unique identifier that allows
tracking from manufacturing to final installation position. This
traceability is essential for quality assurance and for post-
earthquake or post-incident investigation.

9B On Site: Precast for Mass Housing in India

India's ambition to build millions of affordable housing units under
programmes like Pradhan Mantri Awas Yojana (PMAY) has forced a
serious rethink of construction technology. Traditional cast-in-place
construction cannot achieve the required speed and quality at scale.

Precast construction, properly designed and properly supported by
local precast factories, can deliver affordable housing at 2—3 times the
speed of conventional construction. Several states have invested in
precast manufacturing infrastructure. NBCS 2026's formal
recognition of precast as a primary construction method, with explicit
quality requirements, provides the regulatory framework that project
developers, approval authorities, and financiers need.

7.4 Structural Glass — More Than Just Windows

Structural glass — glass elements that carry significant structural
loads — has become a feature of high-end commercial architecture
in India. Glass facades, glass floors, glass staircases, and glass roofs
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all require the glass to function as a structural element. NBCS 2026
addresses this through its material references.

Toughened (Tempered) Glass: Heat-treated to create a
surface compression that greatly increases impact
resistance and changes the failure mode from large sharp
fragments to small granular pieces. Must conform to IS
2553.

Laminated Glass: Two or more glass sheets bonded with a
PVB (polyvinyl butyral) or ionoplast interlayer. If the glass
breaks, the interlayer holds the pieces together, preventing
dangerous falls. IS 6262 governs.

Structural Glazing Systems: Glass panels used as facade
cladding that also carry wind loads. The connection
between glass and supporting structure is critical —
typically silicone bonded or mechanically clamped.

Security Glass: Multiple layers of glass and interlayer
designed to resist forced entry, blast, or ballistic impact.
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Light, Air, and Power

Part D Sections 1 & 2 — Daylighting, natural
ventilation, and electrical systems

8.1 The Physics of Daylighting

A building that is adequately lit by natural daylight is a
fundamentally better place to live and work. Decades of research in
occupant psychology and physiology confirm that natural light
improves mood, alertness, productivity, and health outcomes. It
also dramatically reduces lighting energy consumption. And it is
free.

NBCS 2026 Part D Section 1 establishes minimum daylighting
requirements for habitable rooms and workspaces. The primary
metric is the Daylight Factor (DF) — the ratio of the illuminance
inside a room to the illuminance on a horizontal surface outside
under an overcast sky, expressed as a percentage.

Space Type Minimum Recommended | Notes
Daylight DF
Factor
Habitable rooms 0.5% 1.5—-2.0% NBCS
(residential) minimum;
2% preferred
for comfort
Office workspaces = 2.0% 3.0—5.0% Task-critical
spaces need
more
Classrooms 2.0% 4.0-5.0% Avoid direct
sun causing
glare
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Space Type Minimum Recommended | Notes
Daylight DF
Factor
Hospital wards 1.0% 2.0-3.0% Supplement
with artificial
light
Kitchens 0.5% 1.5% High task
(residential) requirement
but small
window
Staircases and 0.25% 0.5% Safety, not
corridors task lighting

The Window Area Rule

For practical compliance, NBCS 2026 provides a simplified rule:
for habitable rooms, the window area should be not less than 1/10
of the floor area of the room. For bedrooms and living rooms in
residential buildings, many practitioners use 1/8 to 1/6 of floor
area as the design target.

This area requirement applies to windows on an external wall. It
does not apply to borrowed light (windows or openings to other
interior spaces). Natural light to habitable rooms must come from
the exterior — from the sky or from a courtyard that itself has
adequate sky exposure.

Orientation and Glare Control

NBCS 2026 recommends that buildings be oriented to maximise
natural light while minimising glare. In India's tropical climate, the
critical design principle is to maximise diffuse north light (which
does not carry direct sun in the northern hemisphere) and to
carefully manage east and west facades where the low morning and
afternoon sun creates glare and unwanted solar heat gain.

Deep overhangs on south facades (in the northern hemisphere,
south is the high-sun face) are the classic response — they block the
high summer sun while allowing the lower winter sun to penetrate.
East and west facades benefit from external louvres, fins, or
vegetation screens.
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@ The Courtyard as Daylight Machine

The traditional Indian courtyard (aangan) is one of the most elegant
daylighting and ventilation strategies ever devised. By creating a
central open-to-sky space surrounded by habitable rooms, the
courtyard ensures that every room has direct access to natural light
and ventilation without relying on large external windows (which, in
a dense urban context, may face other buildings).

NBCS 2026's daylighting requirements apply to courtyard-facing
windows in the same way as to external windows, provided the
courtyard meets minimum dimensional requirements for sky access.
This creates a formal incentive to design with courtyards — a design
strategy that is not only culturally resonant but thermally sensible in
the Indian climate.

8.2 Natural Ventilation — The Physics of Airflow

Natural ventilation relies on two physical phenomena: wind
pressure (positive pressure on the windward face and negative
pressure on the leeward face of a building drive air through
openings) and stack effect (warm air rising, creating low pressure
in the lower parts of the building that draws cool air in from
outside).

NBCS 2026 requires that all habitable rooms have openable
windows with a minimum clear opening area of not less than 1/20
of the floor area of the room (5%), with a minimum of 0.1 m2. This
is the ventilation provision — separate from the daylighting
provision.

Cross Ventilation

For effective natural ventilation, openings should be on opposite or
adjacent walls to allow air to flow through the room. NBCS 2026
recommends cross-ventilation (inlet and outlet on different
facades) over single-sided ventilation. Cross-ventilation can
maintain adequate air change rates at low wind speeds. Single-
sided ventilation depends more on turbulence and is effective only
for shallow room depths (less than about 2.5 times the ceiling
height).
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Mechanical Ventilation

Where natural ventilation is inadequate (deep floor-plan buildings,
underground spaces, environments with external air quality
issues), NBCS 2026 requires mechanical ventilation. The
minimum air change rates specified are: habitable rooms — 6—-10
air changes per hour (ACH); bathrooms and WCs — 6 ACH
minimum (mechanical exhaust); kitchens — 15 ACH.

9B On Site: Sealed Buildings and Indoor Air Quality

Many modern commercial buildings in Indian cities are fully glazed,
fully air-conditioned, and sealed. Occupants never breathe outside air
— they breathe treated recirculated air with occasional fresh air
makeup. NBCS 2026 Part D Section 3 (HVAC) specifies minimum
fresh air quantities for air-conditioned buildings.

The COVID-19 pandemic starkly demonstrated the consequences of
inadequate fresh air. NBCS 2026's post-COVID revision of ventilation
rates reflects an international consensus that minimum ventilation
rates established pre-pandemic were too low for spaces with high
occupancy and infection risk. For medical facilities and assembly
spaces, fresh air requirements have been increased significantly.

8.3 Electrical Systems — Load Calculation and
Distribution

NBCS 2026 Part D Section 2 covers electrical and allied
installations. This is a vast field, and the code provides a framework
that references IS 732 (Code of practice for electrical wiring
installations), IS 3043 (Earthing), and numerous other Indian and
international electrical standards.

Electrical Load Calculation

The starting point for any building electrical design is load
calculation — quantifying the total electrical power demand. NBCS
2026 provides demand factors for different types of loads and
different occupancy types. A demand factor recognises that not all
electrical equipment will be running simultaneously at full load.

For a residential apartment building, the connected load includes:
lighting (calculate from illumination requirements and area), small
power outlets (typically 1.5—2.0 W/m2 for residential), kitchen
equipment (stove, refrigerator, microwave, geyser — typically 8—12
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kW per kitchen), HVAC (if provided — typically 0.1—0.15 kW/m2
of conditioned area), and common area loads (lifts, pumps,
lighting, security systems).

Distribution Hierarchy
Electrical distribution in a building follows a hierarchical structure:

e HT Supply (if applicable) — HT Switchgear —
Transformer(s): For large buildings exceeding 50 kVA
connection, HT (11 kV) supply is typically taken with on-site
transformation.

e LT Main Panel (Main Distribution Board, MDB): The main
low-tension switch board at the entry point of the building,
housing the main incomer, power factor correction
capacitors, and sub-distribution feeders.

« Sub-Distribution Board (SDB) per floor or zone: Each floor
or building zone has its own sub-distribution board
receiving power from the MDB. Individual apartment
distribution boards or zone panels are fed from the SDB.

« Individual apartment/unit distribution board (DB): The
consumer's main panel with MCBs (Miniature Circuit
Breakers) for each circuit.

Every level of the hierarchy must be designed for adequate current
capacity, with suitable protection devices (fuses or circuit breakers)
that will disconnect a faulty circuit without affecting adjacent
circuits — the principle of selectivity.

Earthing Systems

Earthing (grounding) is the most critical safety provision in an
electrical installation. A proper earthing system ensures that any
fault current (current flowing outside the intended circuit, typically
due to insulation failure) flows safely to earth, tripping the
protective device and eliminating the shock hazard.

NBCS 2026 references IS 3043 for earthing design and recognises
three earthing systems:

« TN System (Terra-Neutre): The neutral of the supply
transformer is connected to earth at the source, and all
exposed metalwork of equipment is connected to the same
neutral-earth conductor. Most common system in Indian
commercial and industrial buildings.
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« TT System (Terra-Terra): The transformer neutral is
earthed at the source, and the equipment earthing is
connected to an entirely separate earth electrode at the
consumer installation. Common in rural areas with long
supply lines.

« IT System (Isolated Terra): The transformer neutral is not
connected to earth (isolated). Used only in special high-
continuity applications like hospitals and industrial
processes where an earth fault must not immediately trip
the supply.

Residual Current Devices (RCDs)

RCDs (also called ELCBs — Earth Leakage Circuit Breakers) detect
even very small leakage currents flowing to earth and disconnect
the circuit in milliseconds — far faster than a conventional circuit
breaker can operate. NBCS 2026 requires RCDs for circuits
supplying bathrooms, kitchen outlets, garden outlets, and all
socket outlets accessible to the public. This requirement saves lives
from electric shock, which remains one of the leading causes of
accidental death in India.

@ Why 30mA is the Magic Number for RCDs

A current of 30 milliamperes (0.03 A) is approximately the threshold
above which ventricular fibrillation (cardiac arrest) becomes likely in
an electric shock. Below 30mA, a shock is painful and uncomfortable
but typically not fatal. Above 30mA, the probability of cardiac arrest
rises rapidly.

This is why RCDs for human protection are specified at a 30mA trip
threshold in NBCS 2026. They will disconnect the circuit in less than
40 milliseconds at 3o0mA. At 150mA (which would be instantly fatal),
they trip in less than 10 milliseconds. The physics of fibrillation
means that duration also matters — the quicker the disconnection,
the better the survival outcome.

Lightning Protection

For buildings above a certain height or risk category, NBCS 2026
requires a lightning protection system (LPS) designed per IS 2309.
A complete LPS has five components:

« Air Termination Network: Conductors and rods at the top
of the building that intercept lightning strikes. These may
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be conventionally spaced horizontal conductors along the
roof edges and ridge, or discrete air rods (Franklin rods) at
high points.

« Down Conductors: Conductors that carry the lightning
current from the air termination network to the ground,
typically at the corners of the building, spaced not more
than 20 metres apart for large buildings.

« Earth Termination Network: Ground electrodes that safely
dissipate the lightning current into the earth. The
resistance to earth must be below specified limits to ensure
adequate current dissipation.

« Bonding: All metallic objects within the building (water
pipes, gas pipes, structural steel, lift rails, electrical
equipment frames) must be bonded to the LPS to prevent
dangerous voltage differences during a lightning event.

« Surge Protection Devices (SPDs): Transient overvoltage
protectors installed at the main distribution board and at
sensitive equipment panels to protect against the
electromagnetic pulse that accompanies a nearby lightning
strike.
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Comfort, Clean Air, and

Sound

Part D Sections 3—6 — HVAC, acoustics, lifts, and
building intelligence

9.1 Heating, Ventilation, and Air Conditioning — The
Hidden Infrastructure

In most modern commercial buildings, the HVAC system accounts
for 40-60% of total energy consumption. It is the largest single
operational expenditure over the life of the building. And yet, in
India, HVAC design is often an afterthought — specified late in the
design process, crammed into inadequate ceiling voids, and
operated with little attention to efficiency.

NBCS 2026 Part D Section 3 (HVAC) establishes the regulatory
framework for HVAC design, referencing IS 655, IS 3103, and the
ECBC (Energy Conservation Building Code). Understanding the
key provisions helps ensure that HVAC systems actually do what
they are supposed to do.

System Selection and Sizing

The NBCS 2026 framework for HVAC system selection begins with
thermal load calculation — determining how much cooling or
heating the building needs. This requires accounting for: solar heat
gain through glazing (highly variable by orientation and shading),
heat generated by occupants (approximately 100W per person
doing sedentary work), heat generated by lighting and equipment,
heat conducted through the building envelope (walls, roof, floor),
and fresh air load (the energy required to cool or heat outside air
brought into the building for ventilation).

Common HVAC systems in Indian buildings include: Split and
multi-split air conditioning units (for small to medium spaces),
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Variable Refrigerant Flow (VRF) systems (for medium to large
commercial buildings — highly energy-efficient, flexible zoning),
centralised chilled water systems with air handling units (AHUs)
for large buildings, and dedicated outdoor air systems (DOAS) that
separate ventilation from cooling.

Refrigerants and the Kigali Amendment

The refrigerants used in air conditioning systems are subject to
international regulations under the Montreal Protocol and its
Kigali Amendment (2016). India has committed to phasing down
the use of HFCs (hydrofluorocarbons — the R-22 replacements that
turned out to have very high global warming potential).

NBCS 2026 requires that refrigerants comply with IS standards
and aligns with the Kigali phase-down schedule. For new
installations, HCFC R-22 (already being phased out) and high-
GWP HFCs like R-410A are being replaced by lower-GWP
alternatives: R-32 (GWP 675 vs R-410A's 2,088), R-1234yf (GWP
< 1), and natural refrigerants like CO2 (R-744) and ammonia (R-
717) for industrial applications.

@ Why GWP of Refrigerants Matters to Building
Professionals

A kilogram of R-410A refrigerant leaked to atmosphere has the same
greenhouse warming effect as 2,088 kg of CO2. The average VRF
system contains 10—30 kg of refrigerant. A single refrigerant leak is
therefore equivalent to burning hundreds of litres of petrol.

For large chilled water systems with refrigerant containment volumes
in the hundreds of kilograms, refrigerant leakage is one of the largest
single sources of operational carbon in buildings. NBCS 2026's
alignment with Kigali phase-down schedules means building owners
who specify high-GWP refrigerants today will face increasingly
expensive retrofit requirements as regulations tighten.

Ventilation Rates — Post-COVID

NBCS 2026 has updated minimum fresh air quantities for air-
conditioned buildings, responding to post-COVID research on
airborne disease transmission. The revised rates are:
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Space Type

Minimum Fresh
Air

Office — general 10 L/s per Based on ASHRAE 62.1

area person framework

Office — high- 12.5 L/s per Higher density, higher rate

density (call person

centres)

Meeting rooms 10 L/s per Occupied density calculation
person

Hospital —
patient rooms

6 ACH minimum

At least 2 ACH fresh air

Hospital — 25 ACH total Specialised supply regimes
operating
theatres
Retail — general = 8 L/s per person = Variable occupancy
Restaurant, food 12.5L/s per Cooking fume dilution also
court person needed
Gymnasium 10 L/s per High activity, high load
person + 3.5
L/s/m?2

9.2 Acoustics — The Ignored Dimension

Acoustic comfort is one of the most systematically undervalued
aspects of building design in India. Buildings are assessed for their
structural integrity, their fire resistance, their energy efficiency.
Acoustics rarely gets the same attention. And yet the quality of
sound in a building profoundly affects the wellbeing, productivity,
and health of its occupants.

NBCS 2026 Part D Section 5 establishes minimum acoustic
performance requirements, referencing IS 9901 (acoustics of
buildings) and IS 1950 (sound insulation of non-industrial
buildings).
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Sound Transmission Between Adjacent Spaces

The Sound Transmission Class (STC) — the primary metric for
airborne sound insulation in India — must meet minimum values
for party walls and floors between occupied spaces:

« Residential party walls (between apartments): STC > 45.
This is the minimum that prevents a normal conversation
from being intelligible in the adjacent apartment.

« Hotel room party walls: STC > 50. Hotels require higher
privacy standards.

« Party floors between residential units: STC > 45 for
airborne sound; plus Impact Insulation Class (IIC) > 45 for
impact sound (footsteps).

« Walls adjacent to noisy spaces (plant rooms, lifts): STC >
55.

How to Achieve Required STC

Traditional 230mm clay brick masonry plastered on both faces
achieves approximately STC 50—52. AAC block masonry of the
same thickness achieves only STC 38—42 — significantly worse
acoustically despite being better thermally. This is why NBCS
2026's recognition of both structural and acoustic performance for
walling materials matters. An AAC block party wall needs
additional treatment (second skin with acoustic isolation, or higher
density AAC blocks) to achieve STC 45.

Impact Sound — The Footstep Problem

Impact sound (footsteps, dropped objects, furniture movement) is
transmitted through the structure and radiated into the space
below. It is separate from airborne sound and requires separate
treatment. The Impact Insulation Class (IIC) measures a floor's
resistance to impact sound transmission.

The most effective treatment for impact sound is a floating floor —
a finish floor (timber, tiles, screed) isolated from the structural slab
by a continuous layer of resilient material (rubber, mineral wool,
engineered foam). A well-designed floating floor with 15mm of
resilient underlayer can improve IIC by 20—25 points compared to
a directly bonded finish floor.
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/\ The AAC Block Acoustic Trap

Many residential projects specify AAC blocks for all walls, including
party walls between apartments, based on the structural and
sustainability benefits. But if the acoustic requirements are not
checked, the party wall will not meet STC 45.

The fix — adding a separate sound-isolated wall leaf or using higher-
density AAC — is far cheaper to implement during construction than
as a retrofit. Acoustic requirements must be checked at the
specification stage, not after the walls are up.

9.3 Lifts — The NBCS Requirements

NBCS 2026 Part D Section 4 establishes requirements for lift
(elevator) installations, referencing IS 14665 (the Electric Traction
Lifts standard). Understanding when lifts are mandatory, what
types are required, and what special provisions apply for fire and
high-rise buildings is essential.

When Lifts Are Mandatory
NBCS 2026 requires that at least one lift be provided in:

« Residential buildings with four or more floors above the
ground floor.

« Commercial and institutional buildings with three or more
floors above the ground floor.

« Buildings with a high proportion of elderly or disabled
occupants, regardless of height.

For accessibility compliance (aligned with the Rights of Persons
with Disabilities Act, 2016), at least one lift in any multi-storey
building serving public areas must be accessible — adequate
dimensions for a wheelchair and carer, audio announcements,
Braille buttons, emergency communication facility.

Fireman's Lift

In buildings exceeding 24 metres in height, at least one fireman's
lift is required. A fireman's lift has specific characteristics:
minimum car dimensions sufficient to accommodate a stretcher
(typically 1100mm x 2100mm minimum), a dedicated power
supply that can be switched to emergency backup, a ground-floor
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switch that gives firemen control of the lift and can return it to
ground during an emergency, fire-rated lobby protecting the lift
well, and communication between the lift car and the fire
command centre.

The purpose of the fireman's lift is twofold: to give fire fighting
teams rapid access to upper floors (carrying equipment and
personnel), and to allow selective evacuation of non-ambulatory
occupants under fire brigade supervision.

Lift Safety Provisions

All lifts must have: overload protection (the lift must not move if it
is overloaded beyond its rated capacity), landing door interlocks (it
must be physically impossible to operate the car with an open
landing door), emergency lighting, telephone or communication
system, and mechanical safety devices (buffers, safety gears,
overspeed governors) that prevent free fall even if all suspension
means fail.

9.4 ICT and Building Intelligence — The Smart Building
Framework

The built environment is becoming increasingly digital. Buildings
now contain thousands of sensors, actuators, network nodes, and
intelligent control systems that monitor and manage everything
from energy consumption to security. NBCS 2026 Part D Section 6
provides a framework for ICT and building intelligence systems.

Structured Cabling Systems

NBCS 2026 requires that structured cabling infrastructure be
designed per IS 10802, the Indian adaptation of the ISO/IEC 11801
international cabling standards. Structured cabling provides a
standardised, systematic wiring infrastructure that supports all
ICT applications — data networks, voice communications, building
automation, and access control — on a common physical platform.

Building Management Systems (BMS)

A BMS (also called Building Automation System, BAS) integrates
the monitoring and control of all building services: HVAC, lighting,
electrical distribution, security, access control, fire alarm, and
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more. NBCS 2026 recommends BMS integration for large
buildings, recognising the energy savings and improved
maintenance capability it provides.

A well-implemented BMS can reduce building energy consumption
by 15-30% through: automatic adjustment of HVAC setpoints
based on occupancy and time of day, demand response (reducing
loads when grid electricity is expensive or constrained), predictive
maintenance (identifying equipment degradation before failure
occurs), and optimised lighting control.

Security Systems

NBCS 2026 addresses the integration of CCTV, access control,
perimeter security, and intrusion detection systems as part of the
building's ICT infrastructure. For commercial and institutional
buildings, security system design should consider: camera
placement for comprehensive coverage without blind spots, access
control zoning (different access rights for different areas),
integration with the fire alarm system (automatic door release on
fire alarm), and cybersecurity provisions to prevent hacking of
building systems.

98 On Site: The Cybersecurity Blind Spot in Smart
Buildings

The same IP connectivity that makes building management systems
smart also makes them vulnerable to cyberattack. There are
documented cases internationally of hackers gaining control of
building HVAC systems, disabling fire suppression systems, and
manipulating access control.

In India, as BMS adoption accelerates, cybersecurity for building
systems is not receiving adequate attention. NBCS 2026's framework
for ICT integration should be read as implicitly requiring
cybersecurity provisions — network segmentation between building
systems and corporate IT networks, regular security patching of BMS
software, and access control for BMS operator terminals.
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9.5 Escalators and Moving Walkways

Escalators serve high-traffic vertical circulation in malls, metro
stations, airports, and large commercial buildings. NBCS 2026
references IS 4591 (escalators) and IS 17900 (moving walks).
Unlike lifts, which serve discrete floors with capacity bounded by
car size, escalators provide continuous flow capacity — typically
6,000 to 9,000 persons per hour for a standard 1m-wide unit at
normal speed.

Key safety provisions include the comb-plate at top and bottom
(where the steps disappear into the floor) which must trigger an
emergency stop if obstructed, the handrail (which must move at the
same speed as the steps, with an emergency stop if the handrail
stops while the steps continue), and the skirt brushes along the side
gap (which prevent loose clothing or footwear from being drawn
into the gap). Maximum permitted speed is 0.75 m/s for normal
escalators.

Escalators are not permitted as a sole means of escape in fire
emergency — they revert automatically to stopped state on fire
alarm activation and become a fixed stairway, but they should not
be the only vertical escape route. Building designs must provide
separate fire-rated staircases at the egress capacity required by the
occupancy.

9.6 Rooftop Solar PV — Beyond the Load

Chapter 4 discussed rooftop solar installations as an imposed load.
But solar PV infrastructure also has its own electrical, fire, and
structural design requirements, increasingly addressed by NBCS
2026 through reference to IS 14286 (silicon photovoltaic modules),
IS 16221 (PV inverters), and the CEA technical regulations for grid
interconnection.

Electrical Integration

A rooftop solar PV system has DC and AC sides. The DC side runs
from the PV modules through string combiners and DC
disconnects to the inverter; voltages on this side can exceed 1,000
V DC in larger systems and are present whenever sunlight strikes
the panels, regardless of whether the building's main supply is on
or off. This creates specific risks for fire fighters, who cannot
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'switch off' a PV system from the building's main breaker. Modern
designs include rapid shutdown devices at the module level that
drop voltage to a safe level on emergency activation.

The AC side connects through the inverter to the building's main
distribution, with grid interconnection through a net-metering or
gross-metering arrangement. Anti-islanding protection is
mandatory — the inverter must disconnect from the grid within
milliseconds if grid power is lost, to prevent feeding electricity into
lines that utility workers may be repairing.

Fire Safety and Structural Considerations

PV panels on the roof create access challenges for fire fighters
trying to vent smoke or fight a fire from above. Fire access
pathways must be designed into the array layout — typically a 1.2m
clear strip along the roof perimeter and a clear corridor every 12—
15m across the roof. The panels themselves are not particularly
fire-hazardous, but a fire underneath them can be very difficult to
fight without first disconnecting the array.

Structurally, the array adds dead load (typically 15—25 kg/m?2 for
the panels plus mounting structure) plus wind uplift and lateral
wind forces transmitted through the mounting. The array
mounting must be designed and certified by a structural engineer,
not selected from a vendor -catalogue without analysis.
Penetrations of the roof waterproofing for the mounting structure
must be sealed and flashed as carefully as any other roof
penetration — these are extremely common sources of long-term
leaks.

9.7 Residential EV Charging — The Electrical Reality

Chapter 14 addresses fire safety in EV parking. This section
addresses the everyday electrical question: what does it take to
install an EV charger in a residential building, either at the
individual apartment level or as a shared resource? NBCS 2026
references IS 17017 (electric vehicle conductive charging system) as
the principal standard.
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Charger Types and Power Requirements

Charger Type Power Charge Suitable For
Rating Time
(typical EV)
Mode 2 (portable, 2.3-3.3kW  12-20 hours Emergency
household socket) = (single- only; not
phase 16A) recommended
as primary
Mode 3 AC wall- 3.3-7.4 kW 6-10 hours Home
box (single-phase) overnight
charging
Mode 3 AC wall- 11—22 kW 2—4 hours Home or
box (three-phase) shared
building
charging
Mode 4 DC fast 50—-150 kW+ 30-60 Public and
charger minutes commerecial
only; not
residential

Electrical Load Implications

An 11 kW Mode 3 charger adds 11 kW of continuous load when in
use. For a typical Indian apartment with a 5—-8 kW sanctioned load,
this means the apartment's electrical supply almost certainly needs
to be upgraded before a charger can be installed. For a residential
building with 50 apartments, even if only 20 percent of apartments
eventually install chargers, the building's transformer and main
supply may need significant upgrading.

NBCS 2026, in line with the Ministry of Power's guidelines,
recommends that new residential buildings be designed with EV-
readiness from the outset: a dedicated EV circuit provision in each
parking bay, adequate transformer capacity to support eventual
high penetration, and a building-wide load management system
that can coordinate charging across multiple chargers to avoid
peak overload. Retrofitting these provisions later costs many times
more than including them in the original design.
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9B On Site: The Earthing Question for EV Chargers

An EV charger is essentially a high-current outdoor appliance with the
charging cable in regular human contact. Earthing requirements are
correspondingly strict: a dedicated earth pit per IS 3043, an RCD with
30mA trip threshold on the supply circuit, and a Type B RCD
specifically (Type AC RCDs cannot detect the DC fault currents that
an EV charger can produce).

Many installations being done today use ordinary Type AC RCDs
because they are cheaper and more readily available. This is an unsafe
shortcut. If the charger develops a DC fault, a Type AC RCD will not
trip — and someone touching the car body or the cable can receive a
fatal shock.
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Water, Waste, and Gas

Part E — Plumbing services, sanitation, solid waste,
and gas supply systems

Every person who steps into a building expects certain things
without thinking about them. They expect water to flow when they
turn a tap. They expect waste to disappear when they flush. They
expect the kitchen gas to ignite when they strike a match. These
expectations feel simple, even trivial. But behind them lies an
engineering universe of remarkable complexity.

Part E of NBCS 2026 governs all of this — plumbing, drainage, solid
waste management, and gas supply. It runs across hundreds of
pages, dozens of tables, and multiple sections because water and
waste systems, if poorly designed, can silently kill. Contaminated
water causes disease. Blocked drains cause flooding. Gas leaks
cause explosions. The NBCS is not being melodramatic when it
devotes this much space to pipes and fixtures — it is being
responsible.

This chapter breaks Part E into its essential ideas and explains why
each one matters, not just in code language, but in real human
terms.

10.1 The Water Supply System — From Source to Tap

Buildings do not create water. They receive it, store it, distribute it,
and return it changed. The NBCS sets requirements at every stage
of this journey.

10.1.1 Minimum Water Supply Requirements

The code specifies minimum daily water requirements per person
per day for different building types. These are not arbitrary
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numbers — they are based on public health research on what
people actually need to stay clean and healthy.

For residential buildings, the minimum is 135 litres per person per
day in urban areas. This covers drinking, cooking, bathing,
flushing, and washing. In areas where municipal supply is
irregular, the building must include storage capacity to bridge
gaps. For institutional buildings like hospitals, the requirements
are far higher — a hospital needs 340 to 450 litres per bed per day
because of the intensive cleaning, sterilisation, and patient care
that happens there.

Hotels, restaurants, offices, schools, and factories each have their
own benchmarks. A school needs about 45 litres per student per
day. A factory with a canteen needs more than one without. The
logic is always the same: calculate actual use, add a safety margin,
and design the system to deliver that reliably.

@ Why Water Quantity Matters

Undersizing a water system causes more than inconvenience. It forces
people to fetch water from unsafe sources, share bathrooms beyond
safe capacity, and skip hygiene steps. These behaviours directly
increase disease transmission. The NBCS minimum quantities are
public health floors, not comfort targets.

10.1.2 Storage and Supply Pressure

Water must be stored and delivered at the right pressure. Too little
pressure and water barely trickles from taps on upper floors. Too
much and pipes burst, fittings leak, and appliances are damaged.

The NBCS requires a minimum residual pressure at all outlets —
typically 7 metres of water head at ground level fixtures and
proportionally more at higher floors. Buildings above a certain
height must use booster pumps and overhead tanks rather than
relying on municipal line pressure, which is rarely consistent.

Overhead tanks must be sized correctly. The code provides a
formula: tank capacity equals peak-hour demand times the
number of hours municipal supply is unavailable. A city that
supplies water for only four hours a day requires a much larger tank
than one with continuous supply. Buildings must also provide a
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ground-level sump to receive municipal water and a separate
overhead tank for distribution — the two-stage system that most
Indian urban buildings already follow.

NBCS Reference: NBCS 2026 Part E, Section 1

Water supply requirements, pressure standards, and tank sizing
criteria for all building categories.

10.1.3 Hot Water Systems

The code gives specific requirements for hot water supply in
buildings where it is expected — hotels, hospitals, residential
complexes, and certain commercial establishments. Hot water
systems must include thermostat control to prevent scalding
(maximum 60°C at the tap for non-hospital use). Pipes carrying
hot water must be insulated to prevent heat loss. Storage water
heaters must have pressure relief valves. Solar water heating is
encouraged and, in some states following the NBC
recommendations, is mandatory for certain building types.

For hospitals, the requirements are stricter. Hot water must reach
a temperature high enough to prevent the growth of Legionella
bacteria in storage tanks — at least 60°C in the tank itself. This is
not just comfort; it is infection control.

10.2 Plumbing Systems — The Anatomy of Pipes

Plumbing is the network of pipes, fixtures, valves, traps, and vents
that makes a building functional. The NBCS defines the materials,
sizing, installation, and testing requirements for every element of
this network.

10.2.1 Approved Materials

Not every material is safe for carrying water. Lead pipes were
common historically and are now banned because lead leaches into
drinking water and causes irreversible neurological damage,
especially in children. The NBCS specifies approved materials for
different applications.

For supply pipes inside buildings, approved materials include
galvanised iron, copper, CPVC (chlorinated polyvinyl chloride),
and HDPE (high-density polyethylene). Each has its properties:
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copper is long-lasting and naturally antimicrobial but expensive.
CPVC handles hot water well. HDPE is flexible and corrosion-
resistant and suited to underground runs. The code specifies which
materials can be used for which applications — hot supply, cold
supply, underground, concealed — because the wrong material in
the wrong application fails prematurely and invisibly.

10.2.2 Pipe Sizing

A pipe that is too small creates pressure drops and frustrated users.
A pipe that is too large wastes money, reduces flow velocity, and
can allow stagnation. The NBCS uses a demand-unit method to size
pipes. Each fixture — washbasin, WC, bath, sink — is assigned a
'fixture unit' value representing its average water demand. The
total units flowing to any section of pipe determine its required
diameter.

This is careful engineering. A pipe feeding one washbasin needs to
be much smaller than one feeding a row of twenty. The building-
wide total demand determines the size of the main supply line.
Getting this right at design stage is far cheaper than retrofitting
undersized pipes after the walls are built.

98 On Site: On-Site Pipe Sizing Mistakes

The most common field error is using the same pipe diameter
throughout a building regardless of the number of fixtures served.
Contractors often upgrade only when users complain — by which time
the remedial work is expensive. Make pipe sizing a reviewed drawing
check before construction begins.

10.2.3 Traps and Vents — The Smell Prevention System

Every plumbing fixture has a trap — a U-shaped or P-shaped bend
in the drain pipe that retains a small amount of water. This water
plug blocks sewer gases from entering the building. Without it,
bathrooms and kitchens would smell of hydrogen sulphide and
methane constantly — gases that are not just unpleasant but
potentially toxic at high concentrations.

The NBCS requires traps at every fixture. It also requires a venting
system — pipes that connect the drain lines to open air above the
roof. Without venting, flushing one fixture creates a pressure wave
that siphons the water out of other traps nearby, breaking the gas

The CODE Podcast - India's No.1 Construction Podcast 90



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

seal. Venting maintains atmospheric pressure in the drain system
so traps stay full.

Vent pipes must terminate at least goomm above any window, air
intake, or ventilation opening on the same level and at least
450mm above the roof in open areas. These rules prevent sewer
gases from being drawn back into the building through openings.

@ Why Venting is Non-Negotiable

In poorly vented drain systems, flushing the toilet on the fourth floor
can empty the trap of the bathroom on the third floor. Residents
notice a persistent smell they cannot locate. Contractors then spend
weeks chasing the problem. Proper venting during construction costs
almost nothing. Retrofitting vents through finished walls is
enormously expensive.

10.3 Drainage — Carrying Waste Away Safely

Drainage is the other side of plumbing. Supply brings water in;
drainage takes waste water out. The NBCS divides drainage into
two main streams: soil drainage (carrying human waste from
toilets) and waste drainage (carrying water from basins, showers,
kitchens). In most Indian buildings these combine before reaching
the municipal sewer, but the code specifies how and where they
combine.

10.3.1 Pipe Gradients

Gravity is the engine of drainage. Waste water flows downhill. The
rate of slope — called the gradient — must be within a specific
range. Too shallow and solids do not move; they accumulate and
block the pipe. Too steep and water runs faster than solids, leaving
the solids behind to cause blockages.

The NBCS specifies gradients for different pipe sizes. A 100mm soil
pipe should slope at 1:40 to 1:80 (roughly 1.2 to 2.5 cm drop per
metre of length). Smaller waste pipes like 32mm basin waste pipes
have steeper minimum gradients. The principle is always self-
cleansing velocity — the flow must be fast enough to carry all
suspended solids clear of the pipe.
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NBCS Reference: NBCS 2026 Part E, Section 2

Drainage system design, pipe gradients, inspection chambers, and
connection to municipal sewers.

10.3.2 Inspection Chambers and Manholes

Every drain system needs access points for cleaning and
inspection. The NBCS requires inspection chambers at every
change of direction, every junction, and at regular intervals along
straight runs. Manholes — larger access points — are required
wherever the pipe passes underground at depth greater than
g9oomm.

Inspection chambers must be properly sealed with fitting covers.
Open or broken chamber covers are not just a code violation; they
are an invitation for rodents, a hazard for children, and a source of
mosquito breeding. On construction sites, open inspection
chambers during construction phase must be protected and clearly
marked.

10.3.3 Rainwater Drainage

Rainwater from roofs and paved areas must be separately
managed. It should not enter the sanitary sewer system because it
overwhelms sewage treatment plants during rain events. The
NBCS requires that rainwater be routed to separate storm drains
or, where municipal storm sewers do not exist, to soak pits or
retention areas on site.

Roof drainage must be sized for the local rainfall intensity — the
NBCS provides zone maps and peak rainfall data. A flat roof in
Chennai faces far more intense rainfall than one in Jodhpur. Roof
drain sizes, downpipe diameters, and the number of outlets must
all be calculated for local conditions. Undersized roof drainage
causes water pooling on roofs, accelerating waterproofing failure
and structural deterioration.

10.4 Sanitation — Toilets, Urinals, and Fixtures

The NBCS specifies the minimum number of sanitary fixtures for
every building type based on the number of occupants. This is one
of the most direct public health provisions in the entire code.
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10.4.1 Fixture Counts

For office buildings, the code requires one water closet per 25
persons for each gender up to 100 persons, with one additional for
every 50 persons thereafter. Urinals are required for male toilets at
similar ratios. Washbasins must be provided adjacent to WCs.
Drinking water fountains or points must be within a specified
walking distance of every occupant.

Schools have stricter ratios, particularly for girls' toilets — a
provision that directly affects school attendance and retention of
adolescent girls. Hospitals have detailed requirements for patient
toilets, staff toilets, and separately, toilets for infectious disease
wards. Assembly buildings — cinemas, stadia, places of worship —
must provide for peak crowd conditions, not average occupancy.

1% On Site: Toilet Count Shortcuts That Backfire

Developers sometimes reduce toilet counts at design stage to save
space and cost. Occupants then endure long queues during peak
hours. In commercial buildings this reduces productivity. In schools
it affects learning. In hospitals it is a hygiene emergency. The NBCS
fixture counts are minimums backed by research on occupant needs
— they should be treated as floors, not suggestions.

10.4.2 Fixture Standards

Beyond numbers, the code specifies fixture quality. Water closets
must be of the wash-down or siphonic type, not the older hopper
type which is ineffective. Flush volumes must not exceed 6 litres
per flush for standard WCs and 3 litres for urinals — water
conservation requirements that are now embedded in the building
code. Fixtures must be of vitreous china or similar non-absorbent,
non-porous material that can be properly cleaned.

All fixtures in public buildings must have accessibility provisions
for persons with disabilities — a topic covered in depth in Chapter
15. Here we note simply that accessible fixtures require more space,
different heights, and grab bars, and these must be planned from
the beginning, not added as an afterthought.
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10.5 Solid Waste Management

Managing garbage is not glamorous. But it is critical. Accumulated
waste attracts rodents, breeds mosquitoes, causes smells, and is a
fire hazard. The NBCS requires every building to have a solid waste
management plan.

10.5.1 Refuse Storage

Buildings must provide dedicated refuse storage areas —
adequately sized, ventilated, easy to clean, and accessible to
collection vehicles. The NBCS gives minimum storage areas based
on building type and projected waste generation rate. Residential
buildings generate roughly 0.4 to 0.6 kg of waste per person per
day. Commercial buildings generate more. The storage area must
be able to hold at least two days' worth of waste between collection
events.

Storage areas must be impermeable, drainable, and positioned so
that waste collection does not require passing through building
interiors. They must be separate from food storage and preparation
areas. In high-rise buildings, refuse chutes with self-closing fire-
rated doors at each floor are an option, but they must end in a
properly designed collection room with fire suppression.

NBCS Reference: NBCS 2026 Part E, Section 4

Solid waste management requirements, storage area sizing, and
refuse chute specifications.

10.5.2 Segregation at Source

The NBCS aligns with national solid waste management rules by
requiring that buildings facilitate waste segregation at source —
separating wet (organic) waste from dry (recyclable) waste and
from hazardous waste. This means providing separate receptacles,
colour-coded bins, and collection arrangements for each stream.

In hospitals, the requirements are far more stringent. Bio-medical
waste — sharps, infectious materials, body fluids — must be
collected in designated containers, stored separately, and disposed
of through authorised bio-medical waste treatment facilities. The
NBCS specifies the path that bio-medical waste must travel

The CODE Podcast - India's No.1 Construction Podcast 94



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

through a hospital without crossing clean patient or food service
areas.

10.6 Gas Supply Systems

Natural gas and LPG are used in buildings for cooking, heating, and
in industrial settings for processes. Both are flammable. Both
produce toxic combustion products. Both require careful
installation to be safe.

10.6.1 Pipe Materials and Installation

The NBCS specifies that gas pipes inside buildings must be of solid-
drawn steel, copper, or approved composite materials. They must
not be installed in ducts that carry electrical cables, in lift shafts, or
in concealed spaces without ventilation. Gas pipes must be
continuously supported and protected from mechanical damage.
At penetrations through walls and floors, sleeving with fire-
resistant sealing is required.

All joints must be threaded or welded. Compression fittings, which
are appropriate for water, are not permitted for gas because they
can loosen over time under thermal cycling. This is a critical
difference that contractors unfamiliar with gas work sometimes get
wrong.

/\ Gas Pipe Installation Errors

Using compression fittings on gas lines is one of the most dangerous
plumbing errors possible. A slightly loose fitting can leak a small
amount of gas continuously, which accumulates in enclosed spaces
until a spark ignites it. The NBCS requirement for welded or threaded
joints on gas lines exists precisely because these joints do not loosen.
Never substitute compression fittings on gas regardless of cost
pressure.

10.6.2 Safety Devices

Every gas installation must include an isolating valve accessible
from outside the building — allowing gas to be shut off in an
emergency without entering the building. Meter rooms must be
ventilated at top and bottom since LPG is heavier than air and
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natural gas is lighter — each requires different ventilation positions
to allow gas to escape rather than accumulate.

Flexible connections to appliances must be of approved type and
length — typically a maximum of 1.5 metres. They must not pass
through walls or be concealed. Pressure regulators must be
correctly sized and tested. The NBCS recommends periodic
pressure testing of all installed gas pipe systems before
commissioning and after any modification.

Gas systems in high-rise buildings above four floors must use
centralised piped gas supply with appropriate pressure regulation
at each floor. Cylinder-based LPG systems are not permitted in
high-rise residential buildings above four floors — a rule aimed at
preventing cylinder explosions from spreading fire through
buildings with limited evacuation time.

10.7 Chapter Summary

Water supply, plumbing, drainage, sanitation, waste management,
and gas supply are the service systems that make buildings liveable.
The NBCS Part E requirements are grounded in public health, fire
safety, and environmental responsibility. They establish minimum
quantities of water, minimum numbers of fixtures, specific pipe
materials, mandatory gradients, and required safety devices.

The core lesson of this chapter is interdependence. A water supply
system that delivers water at good pressure but through undersized
pipes fails. A drainage system with correct gradients but no venting
fails. A gas installation with good pipes but wrong joints fails. These
systems work as integrated networks, and the NBCS must be read
as specifying that network — not just individual components.

@ Chapter 10 Key Takeaways

Plan water storage capacity for your local supply hours, not
continuous supply. Size pipes using fixture units, not guesswork.
Install traps at every fixture and vent your drain system properly.
Provide toilet counts per code — these affect occupant health and
productivity. Never use compression fittings on gas. Treat solid waste
management as a building service, not an afterthought.
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10.8 Greywater Recycling Systems

Greywater — the relatively clean wastewater from basins, showers,
washing machines, and kitchen sinks (excluding blackwater from
toilets) — represents 50 to 80 percent of domestic wastewater
volume. Capturing it, treating it to non-potable quality, and reusing
it for toilet flushing, landscape irrigation, and cooling tower
makeup can reduce a building's freshwater demand by 30 to 40
percent.

NBCS 2026 supports greywater recycling and several state
regulations now mandate it for buildings above a plot-area
threshold. The relevant Indian Standard is IS 17453 (greywater
treatment and reuse). The basic greywater system has four stages:
collection (dedicated greywater drain lines kept separate from
blackwater), primary screening and grease interception, treatment
(typically a combination of biological treatment such as a
membrane bioreactor or moving-bed bioreactor, followed by
disinfection), and storage with a separate distribution network.

The critical design rule is that greywater distribution lines must be
completely separate from potable water lines, must be clearly
colour-coded (purple is the international standard), and must be
labelled at every accessible fitting as 'Recycled Water — Not For
Drinking'. Cross-connection between greywater and potable
systems is the single greatest risk and the most stringently
regulated aspect of greywater installation.

10.9 Septic Tanks and On-Site Sanitation

Outside the reach of municipal sewerage — which is most of India's
geographic area, even if a smaller fraction of population — on-site
sanitation systems handle building wastewater. NBCS 2026
references IS 2470 (Part 1 design and Part 2 construction and
maintenance) for septic tank systems.

How a Septic Tank Works

A septic tank is a watertight underground chamber that receives all
the building's wastewater. Inside the tank, anaerobic bacteria
break down organic solids. Heavier solids settle to form sludge;
lighter materials float as a scum layer; the relatively clearer liquid
in the middle (effluent) overflows to a soak pit or dispersion field
where it percolates into the soil.
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Septic tank sizing depends on the number of users, daily
wastewater volume, and required retention time. IS 2470 specifies
minimum retention of 24 hours for the effluent and minimum
sludge accumulation capacity of 2 years. For a typical residential
household of 5 persons producing 750 litres of wastewater per day,
a tank of approximately 2,500 to 3,000 litres working capacity is
required.

The Soak Pit

The soak pit (or alternative dispersion field) is where the effluent
actually returns to the environment. Its capacity depends on the
percolation rate of the soil, established by a simple field percolation
test. Sandy soils accept effluent readily; clay soils do not and may
require an extended dispersion trench or a sand-filter alternative.
Soak pits must be located at minimum distances from drinking
water wells (typically 15 metres minimum), building foundations
(5 metres minimum), and property boundaries (3 metres
minimum).

/\ The Septic Tank Maintenance Failure

A septic tank that is never pumped will continue to function —
apparently — for many years. The sludge layer slowly builds up until
it reduces the working volume to a fraction of design. Solids then
begin to escape with the effluent, clog the soak pit, and within a few
years the entire system fails — sewage backs up into the house.

Septic tanks must be pumped out every 2 to 3 years. This is a non-
negotiable maintenance requirement. Households that have inherited
or purchased properties with septic systems often have no record of
when the tank was last pumped — start the maintenance cycle by
getting it pumped within the first month of occupation.
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When Buildings Burn

— Part 1

Passive fire safety, compartmentation, and the
science of safe escape

Fire is the building code's oldest and most persistent concern.
Every major advance in building regulation — from ancient Roman
rules about spacing between buildings to twentieth-century
sprinkler requirements — has been driven by fires that killed
people. The lesson of history is consistent: buildings that meet fire
safety requirements save lives. Buildings that cut corners on fire
safety kill people.

Part F of NBCS 2026 is the most extensive section in the entire
code. It covers passive fire safety, active systems, evacuation, and
specific requirements by building type. We break it into three
chapters. This chapter covers the fundamentals: how fire behaves,
how buildings are designed to resist it, and how people escape from
it.

11.1 How Fire Works — The Science You Must
Understand

You cannot design effective fire safety without understanding what
you are designing against. Fire is a chemical reaction — combustion
— that requires three elements simultaneously: fuel, oxygen, and
heat. Remove any one and the fire dies. Building fire safety
strategies are all, fundamentally, attempts to deny fire one or more
of these elements.

11.1.1 Fire Development Stages

A fire in a building goes through predictable stages. It begins as an
incipient fire — a small, localised ignition producing heat and
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smoke but limited flame. This is the window of opportunity for
detection and suppression. If not extinguished, the fire grows to the
free-burning stage, consuming available fuel and spreading.
Eventually, if the room has a combustible lining and enough
accumulated heat, flashover occurs — all combustible surfaces in
the room ignite simultaneously. After flashover, room
temperatures can exceed 600°C and no one in that room survives.

The building code's passive fire safety provisions are designed to
prevent fire from reaching flashover in occupied spaces and to
delay its spread so occupants can escape before temperatures
become lethal. Active systems — sprinklers, detection, suppression
— are designed to intervene before flashover.

@ The Fatal Minutes

Research shows that most fire deaths occur not from flames but from
smoke inhalation. Toxic gases — carbon monoxide, hydrogen
cyanide from burning plastics and furnishings — render people
unconscious quickly. A person who has inhaled enough carbon
monoxide cannot self-rescue even if conscious. This is why early
detection, short escape routes, and smoke-controlled stairwells are
critical. The code's escape time provisions are calculated around this
biology.

11.1.2 Fire Load

The amount of combustible material in a building is called the fire
load. It is measured in MJ/m2 (megajoules per square metre) and
represents the total heat energy that could be released if everything
in a space burned. An office with heavy paperwork and wooden
furniture has a higher fire load than a car park. A textile warehouse
has a far higher fire load than a school classroom.

The NBCS uses fire load to determine the required fire resistance
of structural elements and compartments. A space with a high fire
load requires longer fire resistance because the fire will burn hotter
and longer. This is why the code does not treat all buildings the
same — it calibrates requirements to risk.

11.2 Fire Resistance Ratings — How Long Must It Hold?

Fire resistance rating (FRR) is the most fundamental concept in
passive fire safety. It is expressed in hours: 1 hour, 2 hours, 4 hours.
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A structural element or assembly with a 2-hour fire resistance
rating is tested in a standardised furnace and must maintain its
structural integrity, its ability to prevent flame spread, and its
ability to limit temperature rise on the unexposed side for at least
2 hours.

The NBCS specifies the minimum FRR for every structural element
— columns, beams, slabs, load-bearing walls, non-load-bearing
walls forming compartments — for each building type and height
category.

11.2.1 Ratings by Building Type

Building Type i Column/Beam | Floor Staircase

Slab Enclosure

Residential low- Up to 1 hour 1 2 hours
rise 15m hour
Residential high- i5mto 2 hours 2 2 hours
rise 50m hours
Commercial/Office Up to 1.5 hours 1.5 2 hours
25m hours
Hospital Any 2 hours 2 2 hours
height hours
Assembly (cinema, Any 2 hours 2 2 hours
hall) height hours
Industrial (high Any 2—4 hours 2 2 hours
risk) height hours

These ratings are achieved through the design of the element itself
— the thickness of concrete cover, the use of fire-rated board
encasement for steel, or the selection of masonry wall thickness.
They are not achieved by the mere hope that materials will hold.

NBCS Reference: NBCS 2026 Part F, Section 2

Fire resistance requirements for structural elements, floors, walls,
and enclosures by building type and height.
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11.3 Compartmentation — Containing the Fire

If fire cannot be prevented — and it cannot always be — the next
goal is containment. Compartmentation means dividing a building
into fire compartments using fire-rated walls, floors, and doors so
that a fire starting in one compartment is prevented from
spreading to adjacent compartments for a specified time. This buys
occupants time to escape and firefighters time to respond.

11.3.1 Maximum Compartment Sizes

The NBCS specifies maximum floor areas and volumes for fire
compartments. In a large warehouse, for example, compartments
cannot exceed certain areas without automatic suppression
systems. The larger the potential fire load and the greater the
difficulty of evacuation, the smaller the compartment must be.

For residential buildings, each floor typically forms its own
compartment. For hospitals, each ward or department is a separate
compartment. For shopping centres, compartmentation combined
with sprinklers can allow larger floor areas than would otherwise
be permitted.

11.3.2 Fire Doors — The Weak Link

Compartmentation is only as good as its weakest link — and fire
doors are historically that link. A fire-rated wall with an ordinary
door is not a fire compartment. The door must also be fire rated.

The NBCS requires fire doors at every opening in a fire
compartment boundary. Fire doors must be self-closing — they
must swing shut automatically when released. They must be fitted
with intumescent seals that expand when heated to block smoke.
They must latch properly without manual locking. And they must
never be propped open.

/\ Propped Fire Doors Kill People

The most lethal fire safety failure in occupied buildings is fire doors
propped open for convenience — a common and seemingly harmless
habit. A single propped door turns an effective compartment into a
channel for smoke and fire spread. In several documented high-rise
fire tragedies, propped stairwell doors allowed smoke to enter the
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main evacuation route, incapacitating occupants. Fire doors must be
self-closing and must never be propped.

11.3.3 Fire Stopping at Penetrations

Every pipe, cable tray, duct, and cable that passes through a fire-
rated wall or floor creates a potential breach in the compartment
boundary. The NBCS requires that all such penetrations be sealed
with fire-stopping materials that maintain the fire resistance of the
element.

Fire-stopping products include intumescent collars (for plastic
pipes that melt in fire), fire-rated sealants and mortar, mineral
wool packing, and fire-rated duct dampers. The specific product
must be compatible with the penetrating element and tested for the
required fire resistance period.

This is an area where construction oversight is critical. It is
tempting to fill penetrations with ordinary cement or foam sealant
— it looks the same after construction. But ordinary fillers burn
away or melt in fire, turning every pipe penetration into a vent for
flames and smoke. Fire stopping must be done with correct
products and must be inspected before walls are finished.

11.4 Means of Escape — Designing for the Panicked,
the Slow, and the Scared

Escape route design is where fire safety becomes most human. The
NBCS recognises that in a fire, people do not behave like calm,
rational actors following a planned evacuation. They panic. They
go back for belongings. They look for familiar routes rather than
emergency exits. They move in groups. Some cannot move at all.
Escape route design must account for all of this.

11.4.1 Travel Distance

Travel distance is the distance a person must walk from any point
in a building to reach the nearest place of safety — typically a
protected stairwell or final exit. The NBCS specifies maximum
travel distances for each building type.

In single-direction layouts (where there is only one way to go),
maximum travel distance is reduced significantly. In layouts with
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multiple exits, longer travel distances are permitted because a
blocked route still leaves an alternative. Typical maximum travel
distances range from 15 metres in high-risk areas to 45 metres in
low-risk areas with multiple exits.

11.4.2 Escape Route Width

The width of escape routes is determined by the number of persons
who must use them. The code uses a flow rate of persons per
minute per unit width of corridor or staircase. A corridor must be
wide enough to allow all persons in the area it serves to pass
through within the maximum permitted evacuation time.

Minimum widths are specified for corridors (typically 1.8m for
buildings with more than 50 occupants) and for stair widths
(minimum 1.0m for small buildings, up to 2.0m for large assembly
buildings). These widths must be maintained clear — handrails
may project into the width but must not reduce the clear width
below the minimum.

9B On Site: Escape Route Encroachment

On operational buildings, escape corridors accumulate furniture,
equipment, stored goods, and plants over time. Each addition reduces
the effective width. A fire safety audit of any occupied building over
five years old will almost always find some escape route
encroachment. The NBCS minimum widths are for clear,
unobstructed passage — buildings must implement corridor
management policies to maintain them.

11.4.3 Protected Stairwells

Stairwells are the primary vertical escape route in multi-storey
buildings. The NBCS requires that stairwells be enclosed in fire-
rated construction and, in taller buildings, be pressurised to
prevent smoke entry.

Stairwell enclosures must have fire-rated walls (typically 2 hours)
and fire-rated doors with self-closers at each floor landing. The
stairwell itself must be free of combustible materials — no storage,
no exposed cables, no furniture. These requirements are absolute.

In buildings above 30 metres, stairwells must be provided with
mechanical pressurisation systems that maintain the stairwell air
pressure above surrounding spaces so that when a door opens, air
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flows from the stairwell into the floor rather than smoke flowing
into the stairwell. This pressurisation must work even if one door
on any floor is open simultaneously with a ground floor entry door.

NBCS Reference: NBCS 2026 Part F, Section 4

Means of escape, travel distances, corridor widths, stairwell
enclosure, and pressurisation requirements.

11.4.4 Exit Signage and Emergency Lighting

Knowing the route is not enough if you cannot see it. NBCS
requires illuminated exit signage at every exit door and at every
change of direction on an escape route. The signs must be visible
under smoke conditions — this means placing them low on walls or
on the floor in some high-risk occupancies, since smoke rises and
eye-level signs may be obscured.

Emergency lighting must illuminate escape routes to a minimum
of 1lux for at least 3 hours on battery backup when the main power
fails. This minimum is a floor; in complex buildings like hospitals
and assembly halls, higher levels are required. Emergency
luminaires must be tested regularly — a battery that has never been
tested may have failed silently.

11.5 Assembly Points and Emergency Plans

An escape route is only complete if it leads somewhere safe. Every
building must have designated assembly points — areas outside the
building where evacuees gather, far enough from the building to be
safe from falling glass and thermal radiation, and -clearly
communicated to all occupants.

Assembly points must not be in car parks (fire risk), near fuel
storage, or in locations that would block emergency vehicle access.
They must be large enough to accommodate all occupants
simultaneously. For large buildings with multiple zones, zone-
based assembly areas may be needed.

The NBCS requires that all buildings above a certain occupancy or
complexity have a written fire safety plan, including evacuation
procedures, roles for designated fire wardens, procedures for
assisting persons who need help, and contact information for the

The CODE Podcast - India's No.1 Construction Podcast 105



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

fire service. This plan must be displayed prominently and must be
tested through fire drills at regular intervals.

11.6 Chapter Summary

Passive fire safety — the combination of fire-resistant construction,
compartmentation, fire doors, escape routes, signage, and
emergency lighting — is the layer of protection that buys time. It
does not prevent fire; it controls fire long enough for people to get
out and for firefighters to get in.

The NBCS Part F passive fire safety requirements are not
bureaucratic excess. They are calibrated, evidence-based responses
to how fire behaves and how people behave in fire. Understanding
the science behind each requirement — why compartment sizes are
limited, why fire door gaps are sealed, why stairwells are
pressurised — makes compliance not just easier but more reliable.

@ Chapter 11 Key Takeaways

Match fire resistance ratings to building type and height.
Compartmentation only works if fire doors are self-closing and never
propped. Fire-stop all penetrations with tested products. Calculate
escape routes for the slowest and most panicked occupant. Pressurise
stairwells in buildings above 3om. Illuminate escape routes with
emergency lighting on battery backup. Test fire drills and inspect
escape routes regularly.
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When Buildings Burn —

Part 2

Active fire systems: detection, suppression, and
smoke management

If passive fire safety is the shell — the walls, doors, and escape
routes — then active fire safety systems are the responding force.
Detection systems find the fire early. Alarm systems alert
occupants and responders. Suppression systems attack the fire
directly. Smoke management systems clear the escape routes.
Together these systems transform a building from a static object
into an active participant in its own defence.

Part F of NBCS 2026 devotes extensive space to active systems
because they are complex, technically demanding, and critical to
life safety. They are also expensive, which is why there is constant
pressure to reduce specifications. This chapter explains what each
system does, what the NBCS requires, and why the requirements
exist.

12.1 Fire Detection Systems

The first victory in a fire emergency is knowing a fire has started as
early as possible. Every minute between ignition and detection is a
minute that fire grows, smoke spreads, and escape becomes
harder. Detection systems are the ears and nose of a building's fire
safety response.

12.1.1 Types of Detectors

Smoke detectors are the most common detection device. They work
by one of two principles: ionisation or photoelectric. Ionisation
detectors respond faster to fast-flaming fires with little smoke.
Photoelectric detectors respond faster to slow, smouldering fires
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that produce dense smoke before flames appear. In most
applications, combination detectors or a mix of types provides the
best coverage.

Heat detectors activate when temperature reaches a fixed point or
when the rate of temperature rise exceeds a threshold. They are
used where smoke detectors would cause false alarms —
commercial kitchens, paint spray booths, dusty industrial areas.
They are slower than smoke detectors but more reliable in these
environments.

Flame detectors use optical sensors to detect infrared or ultraviolet
radiation from flames. They are used in special hazard applications
— flammable liquid storage, aircraft hangars, petrochemical
facilities. They respond to open flame in milliseconds but must be
carefully positioned to avoid false activation from sunlight.

12.1.2 Detector Placement

Smoke rises and spreads across ceilings before descending.
Detectors must be placed on ceilings or high on walls to intercept
smoke as early as possible. The NBCS specifies maximum spacing
between detectors based on detector type and ceiling height.
Detectors must be placed with particular care around beams that
trap smoke, near air conditioning supply grilles (which can dilute
smoke), and in spaces with complex ceiling geometry.

Every room in a building that must be protected must have at least
one detector. Corridors, stairwells, plant rooms, and concealed
ceiling spaces above fire-rated ceilings must also be protected
where the risk warrants it.

NBCS Reference: NBCS 2026 Part F, Section 5

Automatic fire detection requirements, detector types, spacing, and
addressable system specifications.

12.1.3 Addressable Systems

In complex buildings, simple zone-based detection systems —
where an alarm only tells you which zone is affected — are
insufficient. Addressable systems assign a unique identity to every
detector and every device. When an alarm activates, the fire control
panel can identify the exact detector, its location, and the nature of
the alarm (smoke, heat, manual call point).
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The NBCS requires addressable systems in buildings above a
certain complexity — typically high-rise buildings, hospitals, large
commercial buildings. This is because the fire brigade response to
'Floor 12, Zone A' is very different from 'Floor 12, Room 1207, near
the east fire door.' The second information is what addressable
systems provide and what saves time when every second counts.

12.2 Alarm Systems — Alerting Everyone

Detection is private — it tells the control system. Alarms are public
— they tell the occupants and the fire brigade. The NBCS requires
that alarm systems be audible at a specified sound level (typically
65 dB in corridors, 75 dB in noisy areas) throughout the entire
building simultaneously. Alarm sounders must be positioned so
that no occupant can be more than a specified distance from one.

In certain applications — hospitals, hotels where evacuating all
occupants simultaneously would cause panic — the NBCS permits
staged evacuation with alert-tone alarms first, followed by
evacuation-tone alarms if the fire spreads. This requires a voice
alarm system that can broadcast instructions and control
evacuation zone by zone.

Visual alarms — strobes — must supplement audible alarms in
areas where occupants may be hearing-impaired or where noise
levels make audible alarms ineffective. Changing rooms, swimming
pools, and areas with high ambient noise are examples.

12.3 Automatic Sprinkler Systems — The Gold Standard

Of all fire safety interventions, automatic sprinklers have the best
documented track record. In buildings with properly installed and
maintained sprinklers, catastrophic structural fire damage and
mass fire casualties are almost entirely eliminated. This is not
marketing language — it is the finding of decades of fire statistics.

12.3.1 How Sprinklers Work

Each sprinkler head contains a glass bulb filled with a glycerine-
based liquid. When the air temperature at the sprinkler head
reaches the activation temperature (typically 68°C for standard
residential and commercial applications), the liquid expands,
shatters the glass bulb, and the water valve opens. Only the
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sprinkler heads directly above the fire activate — not the entire
system. This is a common misconception: sprinklers activate one
at a time, only where there is heat sufficient to cause activation.

A single sprinkler head discharges approximately 80 litres of water
per minute in a circular spray pattern that covers roughly 9 to 12
square metres. This discharge cools the fire and the surrounding
surfaces, preventing flashover and containing the fire until
firefighters arrive.

@ Sprinkler Effectiveness in Numbers

Fire statistics from countries with widespread sprinkler use show that
in buildings with correctly installed sprinklers, fire is controlled by the
sprinkler system in over 95% of cases. Deaths in sprinklered buildings
are almost exclusively limited to the room of fire origin. The NBCS
requirement for sprinklers in high-risk occupancies is supported by
overwhelming evidence of effectiveness.

12.3.2 Types of Sprinkler Systems

Wet pipe systems have water in the pipes at all times. They activate
immediately when a head opens. They are the most common
system for standard applications. Dry pipe systems have
pressurised air in the pipes; water only enters when a head
activates and the air escapes. These are used in unheated spaces
where water in pipes would freeze. Pre-action systems require both
automatic detection and sprinkler head activation before water is
released — used in areas sensitive to accidental water discharge
such as computer server rooms and archives.

Deluge systems have open sprinkler heads and discharge water
through the entire system when an alarm is triggered — used for
very high hazard applications like aircraft hangars where fire must
be suppressed instantly over a large area.

12.3.3 NBCS Requirements for Sprinklers

The NBCS requires automatic sprinklers in all buildings above 15
metres high (where any floor is more than 15 metres above ground
level), in all assembly buildings with occupancy above 1,000
persons, in all hospitals regardless of height, in all buildings with
underground floors, and in buildings designated as Group I
(hazardous) occupancy regardless of size.
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The system must be designed by a qualified fire protection engineer
and installed by a certified contractor. Design parameters — flow
rate, pressure, head spacing, pipe sizing — must be calculated for
the hazard classification of the spaces protected.

NBCS Reference: NBCS 2026 Part F, Section 6

Automatic sprinkler system requirements, hazard classifications,
design parameters, and testing standards.

12.4 Special Suppression Systems

Water is not always the right suppression agent. Some fires are
made worse by water — electrical fires, flammable liquid fires, fires
in areas with irreplaceable materials. The NBCS recognises several
alternative suppression systems.

12.4.1 Clean Agent Systems

Clean agent systems discharge gases — typically inert gases like
nitrogen, argon, or synthetic agents like FM-200 or Novec 1230 —
that suppress fire by reducing oxygen concentration or
interrupting the combustion chain reaction. They leave no residue
and do not damage electrical or electronic equipment. They are
required in server rooms, control rooms, communication facilities,
and similar spaces.

Clean agent systems must be designed with extreme care for
occupied spaces. They reduce oxygen; if people are in the room
when the system discharges, there is risk of asphyxiation.
Discharge must be preceded by an alarm tone and a short delay to
allow evacuation. Door hold-open devices must release to seal the
space during discharge. Manual override must be provided.

12.4.2 Foam Systems

Foam suppression systems are required in spaces storing large
quantities of flammable liquids — fuel storage facilities, paint
stores, vehicle maintenance areas. Foam blankets the fuel surface,
excluding oxygen and preventing ignition. The NBCS specifies
foam type and application rate for different hazard levels.
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12.5 Smoke Management Systems

Smoke kills more people than flames in most building fires. Smoke
management is the active control of smoke movement within a
building to keep escape routes clear and limit smoke spread to
unaffected areas.

12.5.1 Smoke Extract Systems

Smoke extract systems use fans to draw smoke out of a burning
compartment and exhaust it to outside. Simultaneously,
compensating air is supplied from unaffected areas. The result is a
smoke-free layer at low level in the burning space — typically the
lower 2 metres — that allows occupants to see and breathe while
escaping.

The NBCS requires smoke extract in large atria, covered shopping
centres, underground areas, and in buildings where the escape
route passes through the fire compartment. Extract rates are
calculated based on the size of the space, the expected heat release
rate of fires, and the required clear height.

12.5.2 Stairwell and Lobby Pressurisation

We discussed stairwell pressurisation as a passive measure. In the
context of active systems, the pressurisation fans and dampers
must function automatically on fire alarm activation. The system
must maintain a pressure differential of 12.5 to 25 Pa across closed
fire doors between the stairwell and floors. This ensures smoke
does not enter the stairwell when a door is briefly opened for
evacuation.

Lobby pressurisation — pressurising the landing lobby outside the
stairwell as well as the stairwell itself — provides a double barrier
against smoke entry. This is required in hospitals and in buildings
where the stairwell serves as a defend-in-place refuge area.

NBCS Reference: NBCS 2026 Part F, Section 7

Smoke management systems, extract rates, pressurisation
requirements, and integration with building management systems.
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12.6 Firefighting Infrastructure — Helping the People
Who Fight

Active systems that protect occupants are matched by
requirements that help firefighters do their job. These are often
overlooked in fire safety discussions but are critical to limiting
property loss and firefighter casualties.

12.6.1 Wet Riser and Dry Riser Systems

Ariser is a vertical pipe that carries water to landing valves on each
floor for firefighting. A wet riser has water under pressure at all
times, fed from a rooftop tank and boosted by a pump —
firefighters can connect hoses immediately. A dry riser is an empty
pipe that firefighters connect to their pump vehicle at ground level
and pump water up through to the floor where they are working.

Wet risers are required in buildings above 30 metres. Dry risers are
required in buildings between 18 and 30 metres. Both must have
landing valves on every floor and in every stairwell. The NBCS
specifies connection sizes, pressure requirements, and access
arrangements.

12.6.2 Fire Hydrants

External fire hydrants must be provided within 9o metres of every
building. They must be connected to a water supply capable of
delivering at least 1,150 litres per minute at 2 bar pressure for at
least two hours. On sites without adequate municipal water supply,
underground fire water tanks with separate pump systems are
required.

12.6.3 Fire Control Room

Buildings above a certain complexity must have a dedicated fire
control room adjacent to the main entrance, accessible to
firefighters without passing through the main lobby. This room
contains the fire alarm panel, sprinkler control, smoke control
panel, CCTV monitors, firefighter communication systems, and
building plans. It is the command centre for fire response and must
be equipped, maintained, and accessible at all times.
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12.7 Chapter Summary

Active fire safety systems — detection, alarm, suppression, and
smoke management — are the intervention layer. They find the fire
early, alert everyone, attack the fire directly, and clear the escape
paths. The NBCS requirements for these systems are technically
detailed because the systems are technical. But the underlying logic
is simple: earlier detection, faster suppression, and clearer escape
routes save lives.

The biggest risk in active systems is maintenance failure. A
sprinkler system that has not been tested in three years may not
work. A smoke detector with a dead battery provides no protection.
The NBCS requires not just installation but periodic inspection,
testing, and maintenance of all active fire safety systems. This is a
building management responsibility as much as a design
responsibility.

@ Chapter 12 Key Takeaways

Install addressable detection for complex buildings — it tells
responders exactly where the fire is. Never disable or isolate fire
alarms for convenience. Wet pipe sprinklers are the simplest, most
reliable, most cost-effective fire investment. Design smoke extract
systems for the atria and underground areas. Wet risers in buildings
above 30m are non-negotiable. Maintain all active systems with
documented testing schedules.

12.8 Kitchen and Cooking Fires — The Domestic Reality

The single most common fire scenario in Indian buildings is a
kitchen fire. Cooking-fuel fires — LPG leaks ignited at the stove, oil
fires that escape control during deep frying, fabric ignited by an
unattended open flame — account for the majority of residential
fire incidents. NBCS 2026 addresses kitchen fire safety through
ventilation requirements, minimum clearances around cooking
appliances, and provisions for fire extinguishers in kitchens.

Domestic Kitchen Provisions

Every residential kitchen should have a dry-chemical or wet-
chemical fire extinguisher rated for Class B (flammable liquid) and
Class K (cooking oil/fat) fires, positioned between the stove and the
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kitchen exit so that anyone reaching for it is moving away from the
fire. A fire blanket — a non-combustible cloth that can be thrown
over a small pan fire to smother it — is an inexpensive addition that
handles the most common cooking-oil fire scenario.

Critical clearances: 750mm minimum from the cooking flame to
any combustible material horizontally; 600mm minimum vertical
clearance above the cooking surface to any non-fire-rated cabinet
or shelf; 300mm minimum from the burner edge to any curtain or
fabric. LPG cylinders must be installed in a ventilated location,
ideally outside the kitchen on a service balcony or in a dedicated
cylinder cabinet with bottom ventilation, and never on a service
balcony connected to a habitable room without a self-closing door.

Commercial Kitchens

Commercial kitchens — in hotels, restaurants, hospitals,
institutional cafeterias — face much higher fire risk because of
higher cooking volumes, heavier oils and fats, and continuous
operation. NBCS 2026 requires commercial cooking installations
of significant capacity to have:

A dedicated kitchen exhaust hood with grease filters and an
automatic fire suppression system in the hood and duct.

A wet-chemical suppression system specifically formulated for
Class K fires, with both manual and automatic activation.

Interlocked controls that shut off gas supply automatically on
suppression-system activation.

Daily cleaning of grease filters and quarterly cleaning of exhaust
ducts — grease accumulation in ducts is a major fire propagation
pathway.

Class K extinguishers in addition to standard Class A/B/C units.

9% On Site: The LPG Pipe Routing Error

Many residential kitchen installations route the LPG pipe from a
balcony-located cylinder, through a hole drilled in the kitchen wall, to
the stove. The hole is often drilled larger than the pipe and packed
loosely with rags or filled with ordinary cement.

This installation has two failure modes. A gas leak at the cylinder
regulator can be drawn through that loose hole into the kitchen,
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accumulating until ignition. A kitchen fire can spread into the cylinder
cabinet through the same hole. Both have caused fatalities.

The correct detail is a properly sized sleeve through the wall, gas-tight
at both ends, with the gas pipe passing through a properly sized
opening in the sleeve, sealed with fire-rated intumescent material.

12.9 Atria — Fire Safety for Tall Open Spaces

Atria — large multi-storey open volumes within buildings — are
common in malls, hotels, office complexes, and upscale residential
developments. They are also a fire safety challenge of their own
kind, because they connect floors vertically, defeat normal
compartmentation, and can act as chimneys that draw smoke
rapidly to upper levels.

The Specific Risks

A fire on the ground floor of an atrium produces hot smoke that
rises through the open volume. Without specific design
intervention, the smoke layer descends as the fire develops,
eventually filling the atrium and spreading laterally onto the upper
floors through any open balconies, walkways, or unsealed
openings. People on the upper floors — who may be far from the
fire itself — can be incapacitated by smoke long before they are
threatened by flame.

NBCS 2026 Requirements for Atria

Atria above a certain volume must have a designed smoke
management system that maintains a clear height of at least 2.5m
below the smoke layer during the design fire scenario. This is
typically achieved through one of three strategies:

Mechanical smoke extract at the top of the atrium, sized to remove
smoke at a rate matching the design fire's smoke production, with
makeup air introduced at low level.

Natural smoke ventilation through automatic-opening vents at the
atrium top, sized for the design fire and the building's specific
aerodynamic conditions.
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Atrium enclosure with full-height glazing or fire-rated separation
between the atrium and the adjacent occupied floors, treating the
atrium as a single fire compartment.

Sprinklers within the atrium itself are usually not effective above
12m height — the spray pattern is disturbed by hot rising plumes
and the heat may not reach the sprinkler head at the ceiling before
the fire has grown. Sprinklers are still required at every floor level
around the atrium perimeter to suppress fires before they grow
large enough to threaten the atrium volume.

12.10 Storage Occupancy Fire Loads — Worked
Example

Fire safety design for storage occupancies depends on the fire load
— the total combustible energy in the space per unit floor area.
Different stored materials have very different fire loads, and a
generic design will be either dangerously inadequate (if it
underestimates the load) or wastefully over-specified.

A Representative Calculation

Consider a warehouse of plan area 1,000 m2 used for storage of
packaged cotton textiles. Material stored is cotton textile in
cardboard cartons, average 60 percent fill factor across the
warehouse, stacked to 4m height, total mass approximately 300
kg/m2 of floor area. Calorific value of cotton plus cardboard is
approximately 18 MJ/kg.

Fire load density = 300 kg/m2 x 18 MJ/kg = 5,400 MJ/m2. NBCS
2026 / IS 1641 classifies fire load density in three bands: low (up to
1,150 MJ/m2), moderate (1,150—2,300 MJ/m2), and high (above
2,300 MJ/m2). A 5,400 MJ/m2 warehouse is firmly in the high
category and requires the most stringent fire safety provisions: 4-
hour fire resistance for structure, compartmentation into volumes
not exceeding the code-specified maximum, automatic sprinkler
protection designed for the specific hazard class, smoke vent
provisions, and in-rack sprinklers within high-pile storage.
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@ Why Storage Fire Loads Vary So Widely

A warehouse storing steel pipes has a fire load close to zero — there is
nothing to burn. A warehouse storing rubber tyres can have a fire load
of 12,000 MJ/m?2 or higher. The same warehouse building, designed
for one tenant, may be entirely inadequate for another.

This is why NBCS 2026 requires that storage occupancies be classified
by the actual materials stored, and why change of tenant or change of
stored materials requires fire-safety reassessment. A building
approved for low-hazard storage that converts to high-hazard storage
without upgrading its fire protection is operating outside its approval
and is a legal as well as a safety issue.
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Fire in the Sky

Special requirements for high-rise buildings —
where evacuation is slowest and fire is hardest to
fight

High-rise buildings present unique fire safety challenges. Ladders
cannot reach above about seven floors. Evacuation by stair of a 40-
floor building takes 30 to 45 minutes even under orderly
conditions. Heat and smoke rise, turning the upper floors of tall
buildings into the most dangerous location in a high-rise fire. And
the sheer number of people concentrated in these buildings
amplifies every failure.

NBCS 2026 dedicates specific requirements to high-rise buildings
— defined as buildings with any floor above 15 metres. Beyond 30
metres and beyond 45 metres, additional requirements apply. This
chapter explains the stepped approach and what each threshold
requires.

13.1 The Defend-in-Place Strategy

In low-rise buildings, the standard fire response is total evacuation:
everyone leaves the building when an alarm sounds. In high-rise
buildings, total simultaneous evacuation is often not the best
strategy. It creates congestion on staircases, extends evacuation
time for upper-floor occupants, and may move people through
smoke-affected zones to reach the ground.

The NBCS for high-rise buildings allows and in some cases requires
a staged evacuation or defend-in-place strategy. Occupants on the
fire floor and the floors immediately above and below evacuate
immediately. Other floors shelter in place in their compartments
unless told to evacuate. Compartmentation — the fire-rated walls,
floors, and doors — makes this safe because the fire cannot spread
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quickly enough to threaten non-evacuating floors during the
evacuation window.

This strategy requires robust communication — occupants must
receive clear instructions about what to do and when. It requires
well-maintained compartmentation so that the fire genuinely stays
contained. And it requires rescue assistance procedures for people
who cannot use stairs.

NBCS Reference: NBCS 2026 Part F, Section 8

High-rise fire safety requirements, staged evacuation, refuge floors,
and firefighter lift specifications.

13.2 Refuge Floors and Areas of Rescue

In buildings above 24 metres, the NBCS requires designated refuge
floors — floors specifically designed to provide temporary shelter
to people who cannot continue evacuating, typically persons with
mobility impairments, elderly occupants, or those who become
overwhelmed during evacuation.

Refuge floors must be constructed with a 2-hour fire resistance
rating, separated from the rest of the building, and equipped with
communication means to allow people waiting to communicate
with the fire command centre. They must be accessible from the
protected staircase and large enough to accommodate a realistic
number of people. In hospitals, the refuge concept is extended to
evacuation staging areas on each floor.

Adjacent to every protected stairwell at each floor, a refuge area
(sometimes called an area of rescue assistance) must be provided
for persons using wheelchairs or needing assistance. This area
must be protected from fire and smoke and must include a two-way
communication system connected to the fire command centre.

13.3 Firefighter's Lifts

Firefighters cannot use ordinary lifts during a fire — power may
fail, lifts may recall to ground, and entering a smoke-filled lift is
fatal. The NBCS requires all buildings above 18 metres to have at
least one firefighter's lift — an elevator specifically designed and
designated for fire brigade use.
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A firefighter's lift must have a car size large enough to
accommodate a stretcher, a lobby at each floor large enough for
firefighting equipment, fire-rated shaft walls and doors,
independent power supply from a fireman's switch at ground floor,
manual controls that override normal operation, and a two-hour
fire resistance enclosure from lobby floor to ground level.

The firefighter's lift allows fire crews to reach upper floors quickly
with heavy equipment and allows injured persons to be brought
down without carrying them down stairs. It is a critical piece of
firefighting infrastructure, not a passenger convenience.

13.4 Building Management Systems for Fire

High-rise buildings typically have building management systems
(BMS) that control HVAC, lighting, access, and other services. The
NBCS requires that fire safety systems be integrated with the BMS
and that specific actions occur automatically on fire alarm
activation.

On fire alarm, the BMS must automatically: shut down air handling
units serving the fire zone (to prevent smoke spread via HVAC
ducts), activate smoke extract systems for the fire floor, pressurise
stairwells and lobbies, recall all ordinary lifts to ground floor, hold
them out of service, and release firefighter's lifts for fire brigade
use. Simultaneously, the car park ventilation must switch to smoke
extract mode.

This cascade of automatic responses must be pre-programmed,
tested, and documented. The NBCS requires regular testing of the
entire fire mode sequence — not just individual components — to
ensure the integration works as designed.

9% On Site: BMS Integration Testing Failures

A common high-rise commissioning problem is that individual
systems pass their tests but the integrated fire mode fails. Stairwell
pressurisation activates correctly on its own but does not activate
when triggered by the fire alarm. The lift recall works on manual test
but not on detector activation. Integrated testing must be part of every
high-rise commissioning programme.
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13.5 External Rescue and Facade Fire Risk

High-rise buildings sometimes have fires that spread via the
external facade — the cladding. Several catastrophic fires in recent
decades were caused by combustible external cladding that allowed
fire to travel rapidly from floor to floor on the outside of the
building, making internal fire protection irrelevant.

The NBCS prohibits combustible cladding on high-rise buildings.
External wall systems above 10 metres must use non-combustible
materials or systems tested to demonstrate they do not propagate
fire beyond a defined limit. Horizontal fire barriers at floor levels
in external facades are required to prevent vertical spread even if a
cladding material is of limited combustibility.

/\ Combustible Cladding Risk

The Grenfell Tower fire in London in 2017, which killed 72 people, was
caused primarily by combustible aluminium composite cladding with
a polyethylene core. The fire travelled up the exterior of the building
in minutes, bypassing all internal compartmentation. India has high-
rise buildings clad with similar materials. The NBCS prohibition on
combustible cladding is one of the most important high-rise safety
requirements and must not be compromised for aesthetic or cost
reasons.

13.6 Chapter Summary

High-rise fire safety is about accepting the limitations of height —
ladders cannot reach, evacuation takes time, fire rises — and
designing around them. Staged evacuation, refuge floors,
firefighter's lifts, integrated building management, and non-
combustible cladding are the tools the NBCS requires. None of
them is optional because each addresses a specific failure mode
that has cost lives in documented high-rise fires.
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@ Chapter 13 Key Takeaways

Implement staged evacuation strategy for all buildings above 15m.
Provide refuge floors above 24m with two-way communication.
Install firefighter's lifts in buildings above 18m. Integrate fire system
controls with BMS and test the integration as a whole. Never use
combustible cladding on high-rise facades. Document and drill the
fire response plan with all building occupants.
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One Code, Many

Buildings

Fire safety requirements tailored to hospitals,
assembly spaces, industrial buildings, and EV
parking

A cinema and a chemical plant both need fire safety. But the
specific requirements are very different because the risks, the
occupants, and the fire scenarios are very different. The NBCS
takes an occupancy-based approach — it sets baseline
requirements that apply to all buildings and then adds specific
requirements for occupancy types with distinct risks.

This chapter covers four occupancy types that appear most often in
practice and where specific NBCS requirements most commonly
cause surprise: healthcare facilities, assembly buildings, industrial
occupancies, and the emerging challenge of electric vehicle
parking.

14.1 Healthcare Facilities — Hospitals, Nursing Homes,
Clinics

Hospitals present the most complex fire safety challenge of any
building type. They contain large numbers of people who cannot
evacuate themselves — patients on life support, post-surgical
patients, premature infants, those sedated or immobilised. They
contain large quantities of flammable medical gases — oxygen,
which supports combustion, and anaesthetic agents that are
themselves flammable. They operate 24 hours a day with staff
changes and complex shift patterns. And they must continue
providing life-critical care even during a fire emergency.

The CODE Podcast - India's No.1 Construction Podcast 124



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

14.1.1 Horizontal Evacuation

The NBCS recognises that vertical evacuation — carrying patients
down stairs — is often not possible during a fire. Instead, hospitals
use horizontal evacuation: moving patients from the fire zone
through fire doors into the adjacent compartment on the same
floor, away from the fire. This approach requires that every fire
zone in a hospital have direct access to an adjacent compartment
with sufficient space to receive evacuated patients, and that the
fire-rated compartment boundaries hold long enough for this
movement to happen safely.

Compartments in hospitals must therefore be sized to
accommodate both their normal occupants and those from an
adjacent evacuating zone. Ward layouts, bed positions, and fire
door locations must all be planned with horizontal evacuation
paths in mind. This is a design requirement that must be
considered at architectural planning stage, not added at the fire
safety stage.

14.1.2 Medical Gas Safety

Medical gases — primarily piped oxygen, nitrous oxide, and
vacuum — are central to patient care but create significant fire risk.
Oxygen-enriched atmospheres support faster, hotter combustion
of materials that would otherwise burn slowly or not at all. An
electrical fault near an oxygen outlet can cause an explosion.

The NBCS requires that medical gas outlets be positioned away
from electrical outlets and that flexible medical gas hoses not cross
electrical equipment. Medical gas pipework must be in dedicated
service ducts separate from other services. Storage of medical gas
cylinders must be in ventilated, fire-rated, specially designated
rooms, with a defined maximum quantity limit.

NBCS Reference: NBCS 2026 Part F, Section 10

Healthcare facility fire safety including horizontal evacuation,
medical gas safety, and nursing home requirements.

14.1.3 Nursing Homes and Aged Care

Nursing homes and aged care facilities have occupants who are
even less mobile than general hospital patients but in a setting that
more closely resembles residential than acute care. The NBCS
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applies enhanced requirements: fire detection must be provided in
every room including bedrooms, sprinklers are mandatory
regardless of height, fire compartments must be small (maximum
500 square metres), and staff-to-patient ratios must be sufficient
to effect horizontal evacuation without outside assistance.

14.2 Assembly Buildings — Cinemas, Theatres, Stadia,
Places of Worship

Assembly buildings concentrate large numbers of people in a single
space — and often a space with limited exits, fixed seating, and poor
visibility to exits in the dark. The history of fire disasters includes
many assembly building tragedies, most caused by panic and
crowd congestion at exits when something goes wrong.

14.2.1 Exit Requirements for Assembly

The NBCS requires that assembly buildings with occupancy above
300 persons have a minimum of three separate exits distributed
around the perimeter so that if one exit is blocked by fire, the
remaining exits can accommodate all occupants. Exit doors must
swing in the direction of travel — outward — so that crowd pressure
pushing against the door opens it rather than jamming it.

This is the opposite of what seems intuitive to security staff who
prefer inward-swinging doors that cannot be forced open from
outside. The NBCS is explicit: in the interests of life safety,
assembly building exit doors must swing out. Safety hardware that
allows exit from inside regardless of lock condition is also required.

14.2.2 Seating and Aisle Layout

Seating layout directly affects evacuation time. The NBCS limits the
number of seats per row between aisles and the maximum row
length depending on whether the row has an aisle at both ends or
only one end. Continental seating (long rows with no intermediate
aisles) is permitted only where travel distance from any seat to an
aisle is within a reduced maximum.

Aisle widths are specified based on the number of persons served.
Steps in aisles must be illuminated — with floor-level lighting that
remains on during projection or performance and transitions to
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emergency lighting instantly on power failure. Aisle steps are a
frequent cause of injury during unlit evacuations.

9% On Site: Assembly Building Exit Drills

Very few cinemas and event venues conduct regular fire drills because
it disturbs commercial operations. This is a serious safety gap. Staff
must know exactly how to direct crowd evacuation, which exits to use
for which zones, how to open emergency exits quickly, and how to
assist persons who cannot move independently. The NBCS requires
fire safety training for assembly building staff — this requirement
must be actively enforced.

14.3 Industrial Buildings — Warehouses, Factories,
Process Plants

Industrial buildings span an enormous range of fire risk — from a
low-risk dry goods warehouse to a high-risk chemical process
plant. The NBCS uses a three-tier hazard classification — low,
medium, and high — with fire safety requirements scaled to risk.

14.3.1 Hazard Classification

Low hazard industrial occupancies include storage of non-
combustible goods, light assembly of non-flammable products,
food processing without flammable liquids. Medium hazard
includes timber working, paper production, textiles, general
manufacturing with moderate fire load. High hazard includes
flammable liquid storage, paint manufacturing, rubber processing,
chemical production, and similar.

The classification determines fire resistance requirements,
maximum building size without compartmentation or suppression,
required suppression systems, and emergency planning
requirements. High-hazard occupancies require emergency plans
reviewed by the local fire authority, not just internal plans.

14.3.2 Explosion Risk

Some industrial processes not only risk fire but explosion. Dust
explosions in grain stores, flour mills, and woodworking facilities;
flammable vapour explosions in paint shops and solvent handling
areas; pressure explosions from compressed gas storage. The

The CODE Podcast - India's No.1 Construction Podcast 127



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

NBCS requires hazardous area classification for any space where
an explosive atmosphere may form, with electrical equipment
selected and installed to appropriate zone requirements to
eliminate ignition sources.

/\ Dust Explosion Hazard

Fine combustible dusts — grain dust, wood dust, sugar, aluminium
powder — form explosive clouds when dispersed in air. The energy
needed to ignite a dust cloud is extraordinarily small — a static
electricity spark is sufficient. Grain elevator explosions and flour mill
fires are among the most destructive industrial fires. The NBCS
requirement for hazardous area -classification and appropriate
electrical equipment is life-critical in these environments.

14.4 Electric Vehicle Parking — A New and Growing
Challenge

Electric vehicle batteries present a fire risk that is fundamentally
different from conventional vehicle fires and for which the existing
fire safety infrastructure in most buildings was not designed.

14.4.1 The Thermal Runaway Problem

Lithium-ion batteries can enter a condition called thermal runaway
— where damage, overheating, or manufacturing defect causes
internal chemical reactions that generate heat faster than it can
dissipate. The reaction self-amplifies: more heat causes more
reaction, which causes more heat. The battery catches fire and may
explode. What makes this particularly challenging is that thermal
runaway can develop slowly, hours after an apparent impact or
fault, making detection difficult. And once it begins, it is extremely
difficult to extinguish — water cools the surface but cannot
penetrate the battery pack to stop the internal reactions.

EV fires in enclosed parking structures — underground car parks,
multi-storey car parks — are of particular concern because the
enclosed space concentrates toxic gases, makes approach by
firefighters dangerous, and allows fire to spread to adjacent
vehicles before it can be controlled.
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14.4.2 NBCS Requirements for EV Parking

The NBCS 2026 includes requirements specifically for EV charging
facilities and EV parking areas. These include: early detection
using linear heat detection at floor level or aspirating smoke
detection to detect thermal runaway earlier than standard heat
detectors; enhanced sprinkler discharge density over EV parking
bays (significantly higher flow rates than standard car parking);
ventilation designed for rapid dilution of toxic gases released
during battery fires; charging point installation with ground fault
and over-current protection; and clear marking of EV bays with
maximum charging power limits.

For underground EV parking, the NBCS requires dedicated smoke
and gas extract capacity beyond that required for standard vehicle
exhaust. Fire-rated compartmentation between standard and EV
parking areas is recommended. The fire brigade must have access
to the parking level without using lifts.

@ EV Fire Response Challenge

Water suppression of EV battery fires often requires thousands of
litres applied over extended periods — far more than standard vehicle
fires. Some fire departments use specialised blankets to contain
battery fires while allowing them to burn out under controlled
conditions. Buildings with extensive EV parking must coordinate with
local fire services on response plans before occupancy.

14.5 Chapter Summary

Fire safety requirements are not one-size-fits-all. Healthcare
facilities need horizontal evacuation planning and medical gas
safety. Assembly buildings need outward-swinging exits and aisle
lighting. Industrial buildings need hazard -classification and
explosion prevention. EV parking needs enhanced detection,
suppression, and ventilation. Understanding which occupancy-
specific requirements apply to your building, and why they exist, is
the foundation of effective compliance.
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@ Chapter 14 Key Takeaways

For hospitals: design for horizontal evacuation from day one. For
cinemas and halls: exits swing out, never in. For industrial: classify
hazard level and design to that classification. For EV parking: install
early detection, enhanced sprinklers, and dedicated ventilation.
Consult with local fire authority for high-hazard industrial and large

assembly occupancies.
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Buildings for Every

Person

Universal design, accessibility, and the NBCS
requirements for inclusive built environments

In India, approximately 26 million people have some form of
disability. Hundreds of millions more — the elderly, those
recovering from injury, pregnant women, parents with pushchairs
— have temporary or situational mobility limitations. Until
recently, buildings routinely excluded these users by failing to
provide ramps, accessible toilets, lifts, or other accommodations.
The NBCS 2026 makes inclusion mandatory.

NBCS 2026 sets out requirements for universal design — an
approach to building design that makes spaces usable by as many
people as possible without adaptation. This is not a niche
requirement. It affects every public building, every commercial
development, every multi-storey residential complex. And
increasingly, courts and disability rights organisations are treating
non-compliance as a legal matter as well as a technical one.

15.1 The Principles of Universal Design

Universal design is built on seven internationally recognised
principles. Equitable use: the design is useful and marketable to
people with diverse abilities. Flexibility in use: the design
accommodates a wide range of individual preferences and abilities.
Simple and intuitive use: the design is easy to understand
regardless of experience, knowledge, language, or concentration
level. Perceptible information: the design communicates necessary
information to the user effectively. Tolerance for error: the design
minimises hazards and adverse consequences of accidental
actions. Low physical effort: the design can be used efficiently and
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comfortably with a minimum of fatigue. Size and space for
approach and use: appropriate size and space is provided
regardless of user body size or mobility.

These principles are not a checklist — they are a mindset. A
building that provides a wheelchair ramp around the back while all
other users use the front entrance fails the principle of equitable
use. A building that provides accessible toilets only in the basement
fails the principle of appropriate space. Universal design requires
genuine integration, not tokenistic accommodation.

NBCS Reference: NBCS 2026 — Universal Design and
Accessibility

Universal design requirements, accessibility standards, dimensions,
and application to different building types.

15.2 Site Access and Approach

Accessibility begins before the front door. The approach to a
building must be accessible to persons using wheelchairs, walking
frames, white canes, or other mobility aids.

15.2.1 External Routes

Approach routes from public transport stops, parking areas, and
public footpaths to building entrances must have a continuous
accessible path. This means: surface paving must be firm, stable,
and slip-resistant; gradient must not exceed 1:20 on accessible
paths (steeper sections require ramps with handrails); cross-fall
must not exceed 1:50; kerb crossings must have dropped kerbs with
tactile surface indicators; and any changes in level must be
negotiable by wheelchair.

Tactile ground surface indicators — the rows of raised dots and
bars seen on railway platforms and footpaths — must be provided
at hazard points (top of steps, edge of platform) and directional
points (direction of travel toward a facility). These are specified in
Indian Standard IS 15477 which the NBCS references.

15.2.2 Parking for Persons with Disabilities

A minimum of 4% of car parking spaces in any public building must
be reserved for persons with disabilities, with a minimum of one
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space in any car park with fewer than 25 spaces. Accessible parking
spaces must be at minimum 3.6 metres wide to allow door opening
with wheelchair transfer, located on the shortest accessible route
to the building entrance, clearly marked with the international
accessibility symbol, and level or with a maximum cross-fall of
1:50.

15.3 Ramps — Not Just Any Slope

A ramp is the primary means of level change for persons who
cannot use steps. But a poorly designed ramp can be more
dangerous than steps. The NBCS specifies ramp parameters
precisely.

Maximum gradient for accessible ramps is 1:12 — one unit of rise
for every 12 units of horizontal run. This is a slope of about 4.8
degrees. Steeper ramps are not considered accessible under the
code. At this gradient, a wheelchair user can self-propel on a ramp,
and a person with limited mobility can walk the ramp without
excessive effort.

Maximum rise per ramp flight is 76omm. Longer level changes
require intermediate landings. Landing dimensions at the top and
bottom of a ramp must be at least 1.5 metres by 1.5 metres —
enough space for a wheelchair to manoeuvre without rolling onto
or off the ramp. Ramp surfaces must be non-slip. Edges must have
kerb upstands of at least 75mm to prevent wheelchair casters from
going over the edge. Handrails must be provided on both sides.

Ramp Parameter NBCS Requirement ‘ Why It Matters ‘

Maximum gradient 1:12 (4.8°) Steeper gradients
require excessive
force to propel a
manual wheelchair

Maximum rise per 760mm Beyond this, even a
flight powered wheelchair
risks losing traction

Minimum width 1.5m clear Allows wheelchair
passage and a
pedestrian to pass
simultaneously
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Ramp Parameter NBCS Requirement ‘ Why It Matters ‘

Landing at top and 1500mm x 1500mm  Turning circle for
bottom standard wheelchair
Handrail height 760mm to g0Omm Graspable height for

most adults using
ramp for support

Tactile warning strip = 300mm wide at top Warns visually
and bottom impaired persons of
level change

15.4 Lifts and Vertical Access

In multi-storey buildings, lifts are the primary means of vertical
access for persons with disabilities. The NBCS specifies accessible
lift requirements in detail.

15.4.1 Lift Car Dimensions

An accessible lift car must have a minimum internal dimension of
1.1 metres wide by 1.4 metres deep. This is the minimum to
accommodate a standard wheelchair and allow the user to reach
the controls. For lifts serving hospitals, the minimum car size is
larger to accommodate stretchers — typically 2.1 metres by 1.1
metres.

Controls inside the car must be within reach of a seated wheelchair
user — between goomm and 1200mm above floor level and no
more than 500mm from the side wall. All controls must have
braille markings and audible floor indicators. A mirror on the rear
wall (opposite the door) allows wheelchair users to see behind
them when reversing out, since turning around in an accessible lift
car is often not possible.

15.4.2 Lift Lobby Dimensions

The space in front of a lift door must allow a wheelchair user to
position themselves, wait for the lift, and enter when the door
opens without having to back up awkwardly. The NBCS requires a
minimum of 1.5 metres clear depth in front of lift doors, measured
from the door face when closed. Where lifts face each other across
a lobby, the lobby depth must be at least 1.8 metres.
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4B On Site: Accessible Lift Failures in Practice

The most common accessible lift failure is not size but maintenance.
Alift that works is accessible; a lift that is out of order is not. Buildings
with a single accessible lift that is frequently out of service effectively
exclude wheelchair users during those periods. For critical public
buildings, a second accessible lift or an alternative vertical access
route should be provided. Lift maintenance contracts must include
response time standards.

15.5 Accessible Toilets

An accessible toilet is a specific facility type with precise
dimensions and features. It is not a standard toilet with a grab bar
added. The NBCS specifies what is required.

An accessible toilet cubicle must be a minimum of 1.5 metres wide
and 2.2 metres deep to allow a wheelchair to enter and manoeuvre
beside the WC. The WC must be positioned 450mm to 500mm
from the side wall and 400mm to 450mm from the floor —
matching the seat height of a standard wheelchair. Grab bars must
be provided on both sides: a fixed bar on the wall side and a hinged
bar on the transfer side that folds up to allow wheelchair
positioning alongside the WC.

The wash basin must be reachable from the WC without standing.
Controls must be lever type or sensor type — not knob taps
requiring grip. A mirror extending to goomm above floor level
allows wheelchair users to see themselves. The door must open
outward or be sliding — an inward-opening door cannot be opened
by someone who has collapsed behind it, and this is a safety
requirement as well as an access requirement.

@ One Accessible Toilet Is Not Enough

The NBCS requires that accessible toilets be distributed through a
building so that the travel distance from any point to an accessible
toilet is not more than one floor level of change in height. Providing
one accessible toilet in the entire building — typically in the basement
— technically meets neither the intent nor the spirit of the
requirement and will not meet rigorous inspection.
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15.6 Hearing and Visual Impairment Accommodations

Universal design extends beyond physical mobility. The NBCS
includes requirements for persons with sensory impairments.

For visually impaired persons, in addition to tactile ground
surfaces discussed earlier, the code requires: braille signage at lifts,
accessible parking, and key facilities; colour contrast between
walls, floors, and fixtures sufficient to allow persons with low vision
to navigate (minimum luminance contrast of 30%); and avoidance
of reflective surfaces that cause glare which impairs low vision
users.

For hearing-impaired persons, fire alarm systems must include
visual strobes in addition to audible alarms in all areas where
hearing-impaired persons may be present, including changing
rooms, sleeping areas in hotels and hospitals, and all public areas.
Reception desks must have induction loop systems compatible
with hearing aids. Information displays must include visual
formats for information that is normally only announced by public
address.

15.7 Chapter Summary

Universal design is not an add-on. It must be designed in from the
beginning of a project. The NBCS requirements for accessible
approach routes, ramp gradients, lift dimensions, toilet layouts,
and sensory accommodations are not aspirational targets — they
are legal minimums. Buildings that fail to meet them exclude a
significant proportion of the population from full participation in
public and commerecial life.

The business and social case for accessibility is increasingly
compelling. An accessible building serves a larger potential
customer and employee base. It avoids legal liability. It
demonstrates corporate social responsibility. And it makes
buildings more usable for everyone — the parent with a pushchair,
the delivery worker with a trolley, the person with a temporary
injury, the elderly visitor. The NBCS accessibility requirements,
properly understood, are not a constraint on design — they are an
expansion of it.

The CODE Podcast - India's No.1 Construction Podcast 136



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

@ Chapter 15 Key Takeaways

Accessible approach routes from the street — not just within the
building. Ramp gradient maximum 1:12 with intermediate landings.
Accessible lifts with correct car dimensions and controls within reach.
Dedicated accessible toilets on every floor with correct layout. Visual
fire alarms where hearing-impaired persons may be present. Treat
accessibility as a design discipline, not a compliance checkbox.
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Building Green

Sustainability, energy efficiency, and the
environmental provisions of NBCS 2026

Buildings are responsible for approximately 40% of global energy
consumption and a comparable fraction of carbon emissions. In
India, where the building stock is growing rapidly, decisions made
now about how buildings are designed and constructed will
determine energy use and carbon emissions for decades to come.
NBCS 2026 incorporates sustainability and energy efficiency
provisions that reflect this responsibility.

This chapter covers the environmental provisions in NBCS 2026,
including the Energy Conservation Building Code (ECBC)
provisions incorporated into the NBCS framework, water
efficiency, materials selection, and the emerging requirements for
embodied carbon.

16.1 Energy Conservation Building Code — ECBC

The ECBC sets minimum energy performance standards for
commercial buildings above 100 kW connected load and is
incorporated into the NBCS framework. It covers five major
building systems: building envelope, lighting, HVAC, electrical,
and renewable energy.

16.1.1 Building Envelope Performance

The building envelope — walls, roof, windows, and floors — is the
primary determinant of how much energy a building needs for
cooling and heating. A well-insulated, solar-shaded envelope
means smaller air conditioning equipment, lower running costs,
and lower carbon emissions for the life of the building.
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The ECBC specifies maximum U-values (thermal transmittance)
for walls, roofs, and floors and maximum Solar Heat Gain
Coefficient (SHGC) for glazing. In India's predominantly hot
climate, solar heat gain through glass is the dominant thermal load
driver. A high-SHGC glazing on a west-facing facade drives up
cooling loads dramatically. The code encourages — and in some
cases requires — external shading devices, high-performance
glazing, and light-coloured or green roofs.

Element ECBC Typical Poor Improvement
Requirement Practice

(warm climate

zone)

Roof U-value <0.33W/m2K 0.8-1.2 somm EPS or
W/m2K mineral wool
(uninsulated insulation
concrete)

Wall U-value <0.44W/m2K 1.0-1.5 Cavity wall or
W/m2K (single external
brick) insulation

Glazing SHGC <o0.25 0.6—0.87 Double low-E

(west/south (clear float glass with
facing) glass) external
shade

WWR < 40% 50—70% in Rethink

(Window:Wall = generally many facade design

Ratio) commercial for shading
builds

NBCS Reference: NBCS 2026 — Energy Conservation /
ECBC

Energy efficiency requirements for envelope, lighting, HVAC, and
compliance pathways.

16.1.2 Lighting Efficiency

The ECBC sets maximum Lighting Power Density (LPD) limits in
watts per square metre for each space type. An office general
lighting zone must not exceed 10 W/m2. A hotel corridor must not
exceed 5 W/m2. These limits effectively require LED lighting with
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efficient optical design — incandescent and fluorescent lamps
cannot achieve these limits efficiently.

In addition to LPD limits, the ECBC requires lighting controls:
daylight sensors that reduce artificial lighting when daylight is
adequate, occupancy sensors in intermittently used spaces, and
time-based controls for outdoor and common area lighting. These
controls are not options — they are code requirements.

16.1.3 HVAC Efficiency

Air conditioning is the largest energy consumer in most Indian
commercial buildings. The ECBC specifies minimum efficiency
ratings for air conditioning equipment — Coefficient of
Performance (COP) or Energy Efficiency Ratio (EER) minimums
for every equipment type and capacity range. It also requires
variable speed drives on pumps and fans above certain power
levels, economiser operation (using outdoor air for cooling when
conditions allow), and demand-controlled ventilation in spaces
where occupancy varies widely.

16.2 Water Efficiency

NBCS 2026 incorporates water efficiency requirements that
address both water supply and waste water management.

16.2.1 Low-Flow Fixtures

Water-saving fixtures are now required rather than optional. WC
flush volumes must not exceed 6 litres for full flush and 4 litres for
half flush in dual-flush systems. Basin taps must have aerators
limiting flow to 6 litres per minute. Shower heads must not exceed
8 litres per minute. Kitchen taps serving food preparation must not
exceed 8 litres per minute.

These requirements, which were voluntary guidance in the
previous code, are now mandatory minimums. They reflect the
increasing water stress in many Indian cities and the recognition
that buildings have a direct role in managing water demand.

16.2.2 Rainwater Harvesting

In most Indian states, rainwater harvesting is required by state
regulation for buildings above a minimum plot area. NBCS 2026
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incorporates this requirement into the national code framework.
Buildings must provide collection, filtration, and storage or
recharge systems for roof rainwater. The capacity requirements are
based on local rainfall data and impervious area.

Rainwater can be directed to recharge groundwater through soak
pits or recharge wells, reducing dependence on groundwater
extraction. Or it can be stored in tanks for non-potable uses — toilet
flushing, irrigation, cooling tower makeup. The NBCS allows either
approach depending on local conditions and regulatory
requirements.

16.2.3 Waste Water Treatment and Reuse

For large buildings and campuses, on-site sewage treatment plants
(STPs) are increasingly required. The treated water must meet
specified quality standards before discharge. Where STPs are
provided, the treated water should be reused for non-potable
purposes — this reduces freshwater demand and avoids discharge
to inadequate municipal sewers.

@ Water Efficiency in Practice

A standard office building using code-compliant low-flow fixtures and
urinal flush sensors typically reduces water consumption by 30—40%
compared to an equivalent building with conventional fixtures. For a
500-person office building, this can represent savings of 15,000 to
20,000 litres per day — a meaningful contribution to urban water
conservation at a cost of very little additional fixture cost.

16.3 Materials and Embodied Carbon

The sustainability provisions in NBCS 2026 extend beyond energy
in use to the environmental impact of building materials
themselves. Embodied carbon — the carbon emissions associated
with material extraction, manufacturing, transport, and
construction — is a growing focus of building regulation globally.

16.3.1 Locally Sourced Materials

The NBCS encourages the use of locally sourced materials where
quality standards can be met. Local sourcing reduces transport-
related emissions, supports local industries, and typically results in
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materials that are climatically appropriate for the region. The code
provides guidance on preference for local materials in procurement
specifications.

16.3.2 Recycled and Recyclable Materials

The code encourages the use of recycled content materials — fly ash
in cement and bricks, recycled aggregate in concrete, recycled steel.
Fly ash bricks, which use a waste product of thermal power plants,
have significantly lower embodied energy than clay-fired bricks
and equivalent structural performance. The NBCS endorses fly ash
bricks and similar materials as acceptable alternatives to
conventional options.

16.3.3 Green Building Rating Alignment

NBCS 2026 acknowledges the role of green building rating systems
— GRIHA (Green Rating for Integrated Habitat Assessment) and
IGBC (Indian Green Building Council) ratings — as voluntary
performance levels above the code minimum. Many government
projects and some private developments pursue these ratings. The
code does not require them but does not conflict with them.
Understanding where the NBCS baseline sits relative to green
rating prerequisites helps in planning compliance strategy.

16.4 Chapter Summary

Sustainability in buildings is no longer aspirational — it is code-
mandated in the areas of energy efficiency, water conservation, and
materials selection. The ECBC envelope, lighting, and HVAC
requirements represent the current baseline. Water efficiency
requirements address fixture flow rates, rainwater harvesting, and
waste water reuse. Materials guidance encourages local sourcing,
fly ash alternatives, and recycled content.

The most important message is forward-looking: the NBCS 2026
sustainability provisions represent a threshold, not a ceiling.
Buildings built to code-minimum energy performance today will be
significantly below best practice within a decade as the code is
updated to reflect technological advance and the urgency of the
climate challenge. Designing for performance beyond the
minimum is an investment in long-term asset value and future
compliance resilience.
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@ Chapter 16 Key Takeaways

Install LED lighting and controls — they are now code requirements,
not options. Specify high-performance glazing and external shading,
especially west-facing. Install dual-flush WCs and low-flow taps as a
baseline. Provide rainwater harvesting per local requirements.
Consider fly ash bricks and recycled aggregate for their
environmental and cost advantages. Target green building ratings as
a differentiation above code minimum.
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Who is Responsible?

Legal accountability, professional duties, and the
enforcement framework of NBCS 2026

A building code is only as good as its enforcement. Rules that exist
on paper but are not implemented, checked, and enforced create a
false sense of safety. They may even be worse than no rules at all,
because they give occupants and owners confidence that a building
is safe when it may not be.

NBCS 2026 operates within a legal and professional accountability
framework that assigns responsibility across the chain of people
involved in creating and operating buildings: architects and
engineers, contractors, owners, and government authorities.
Understanding this framework is essential for every professional in
the construction industry, because the consequences of non-
compliance range from financial penalties to criminal prosecution.

17.1 The Regulatory Framework

NBCS 2026 is a model code — it is produced by the Bureau of
Indian Standards and provides the technical standards. But
building regulation in India is primarily a state and local
government function. The NBCS provisions become legally
enforceable when they are adopted by state governments or local
bodies (municipal corporations) in their building bylaws.

Most state bylaws have adopted NBC provisions either directly or
with modifications. This means the technical standards of the
NBCS are generally enforceable, but the administrative procedures
— application processes, inspection frequencies, approval
requirements — vary by jurisdiction. Professionals must be
familiar with the bylaws of the specific local body where they are
working, not just the NBCS itself.
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NBCS Reference: NBCS 2026 Part A, Chapter 2

Administration and enforcement provisions, including the roles of
authorities having jurisdiction.

17.2 Professional Responsibilities

The NBCS creates specific obligations for the licensed professionals
involved in building projects. These are not simply best-practice
recommendations — they are legally defined duties.

17.2.1 The Architect's Responsibility

Alicensed architect who signs and seals the drawings for a building
project is legally certifying that the design complies with applicable
building codes and bylaws. This certification is not a formality. If
the building is constructed as designed and the design is non-
compliant, the architect bears professional liability.

Architects in India are regulated by the Council of Architecture
under the Architects Act. The Council can censure, suspend, or
debar an architect for professional misconduct including negligent
or fraudulent certification. Beyond professional sanction,
architects may face civil liability for losses caused by design defects
and, in serious cases, criminal liability where negligence has caused
death or serious injury.

17.2.2 The Structural Engineer's Responsibility

The structural engineer of record — the person who signs the
structural design — certifies that the structural design is adequate
for the loads it will experience and complies with applicable
standards. In India, structural engineering is regulated differently
from architecture, primarily through the inclusion of structural
engineers in the local body's approved list and their registration
with professional bodies.

Following several building collapses in India that killed occupants,
there is increasing legal scrutiny of structural engineering
certification. In some states, structural engineers must submit
calculations with applications for building permits, and local
bodies are beginning to check them. The days when a structural
engineer's seal was assumed to guarantee compliance without
scrutiny are ending.
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17.2.3 The Contractor's Responsibility

Contractors build what architects and engineers design. But the
contractor's responsibility extends beyond following drawings
faithfully. A competent contractor must raise concerns when
drawings are ambiguous, when specified materials are unavailable,
when site conditions differ from what was assumed in the design,
and when construction methods on site are likely to compromise
the integrity of the work.

Contractors who knowingly use substandard materials, who
conceal defective work, or who sign off on quality tests that were
not performed, bear significant legal liability. The Consumer
Protection Act allows building owners to seek compensation for
construction defects from contractors. Criminal liability attaches
where deliberate deception in construction has caused death or

injury.

98 On Site: Liability After Building Collapse

In the aftermath of residential building collapses in Maharashtra,
Gujarat, and other states, criminal cases have been filed against
architects, structural engineers, contractors, and government officials
who approved the buildings. Several have been convicted and
sentenced to imprisonment. This is not hypothetical — construction
professionals in India face genuine criminal liability for serious code
violations that result in casualties.

17.3 The Owner's Responsibilities

Building owners have both pre-occupancy and ongoing
responsibilities under the NBCS framework.

17.3.1 Before Occupancy

Before a building is occupied, the owner must obtain all required
statutory approvals: building permit (sanctioned plan approval),
completion certificate (certifying construction matches the
approved drawings), and occupancy certificate (certifying the
building is fit for occupancy). These approvals are legally required
before any building can be occupied.

Occupying a building without an occupancy certificate is a legal
offence in most states. It also creates significant practical problems
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— difficulty obtaining home loans, problems with property
registration, and exposure to the owner if occupants are injured
due to building defects.

17.3.2 Ongoing Building Management

After occupancy, building owners must maintain the building in a
safe condition. This includes maintaining fire safety systems
(documented testing of alarms, sprinklers, extinguishers),
maintaining structural elements, maintaining lifts with licensed
operators and periodic inspections, and not making alterations
that compromise structural or fire safety without approval.

Under the Disaster Management Act and state fire services
legislation, authorities can inspect buildings for safety compliance
and can require remediation or even seal buildings that pose a
danger to occupants. Building owners who ignore safety notices
can be prosecuted.

A\ lllegal Alterations — A Serious and Common Risk

A common and serious problem in Indian buildings is illegal
alteration — removing structural walls, adding floors beyond the
sanctioned number, blocking fire exits, or changing use without
approval. These alterations can compromise structural safety and fire
safety simultaneously. Owners who make illegal alterations that result
in building failure face criminal prosecution. Neighbours and
occupants who know of illegal alterations that are creating danger
have legal standing to report them to authorities.

17.4 The Role of Government Authorities

Local bodies — municipal corporations, panchayats, urban
development authorities — are the authorities having jurisdiction
for building regulation. Their responsibilities include reviewing
and approving building permit applications, conducting
construction inspections at key stages, issuing completion and
occupancy certificates, and taking enforcement action against non-
compliant buildings.

The NBCS acknowledges that many local bodies in India lack the
technical staffing to conduct thorough plan scrutiny and site
inspections for the volume of construction they oversee. This is why
the framework increasingly relies on professional certification —
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the licensed architect and engineer certify compliance, and the
local body focuses its inspection resources on higher-risk projects
and on complaints.

Third-party auditing — independent technical review of structural
designs and fire safety systems — is being adopted in some states
as a way to improve the quality of plan scrutiny without requiring
local bodies to hire large numbers of technical staff. This approach,
where a qualified third-party agency reviews critical aspects of
design before the local body grants approval, is likely to expand as
NBCS 2026 implementation proceeds.

17.5 Insurance and Financial Accountability

Building insurance in India is evolving in ways that increasingly
align financial incentives with code compliance. Structural defect
insurance — policies that cover the cost of remedying structural
defects after occupancy — is being encouraged for residential
buildings. Professional indemnity insurance for architects and
engineers covers their legal liability for design errors.

Insurers who underwrite building risks increasingly conduct their
own technical assessments of compliance with building codes. A
building that demonstrably meets code requirements faces lower
premiums than one that does not. This financial mechanism
reinforces code compliance in ways that regulatory inspection
alone cannot.

17.6 Chapter Summary

The NBCS does not operate in a legal vacuum. It is part of a
framework of professional responsibility, statutory approvals, and
enforcement that assigns consequences to non-compliance.
Architects, engineers, and contractors bear professional and legal
liability for the buildings they certify and construct. Owners bear
liability for buildings they occupy illegally or maintain unsafely.
Local bodies bear responsibility for oversight that protects the
public.

The lesson of this chapter is straightforward: ignorance of the code
is not a defence, and corner-cutting that saves money during
construction can cost vastly more — in remediation, in litigation,
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in criminal liability, and in the irreplaceable human cost of building
failures.

@ Chapter 17 Key Takeaways

Architects: your seal is your legal certification of compliance — not a
formality. Structural engineers: submit calculations and stand behind
them. Contractors: raise concerns before building, not after. Owners:
get your occupancy certificate before occupation. Never make
structural alterations without engineering approval. Document all
safety system testing — it is your evidence of due diligence.

17.7 Shall, Should, May — Worked lllustration

Chapter 1 introduced the three precise words the code uses to
signal what is mandatory, what is recommended, and what is
permitted. Here is what each looks like in actual clause language,
drawn from NBCS 2026 itself.

A Mandatory Clause — 'Shall'

'In buildings of Group A occupancy exceeding 15 metres in height,
the structural members shall have a minimum fire resistance rating
of 2 hours.'

This is a legal requirement. A building of this description without
2-hour fire-resistant structural members does not comply with the
code. The approval authority cannot legally grant occupancy. The
architect and structural engineer who certified the design are
legally responsible. There is no professional discretion involved —
the rating must be achieved.

A Recommended Clause — 'Should’

'Buildings should be oriented to maximise daylight access while
minimising direct solar heat gain on the principal occupied
facades.'

This is best practice. A building that does not follow this
recommendation may still be approved. But the design
professional who departed from it should be able to explain why —
constraints of the plot, the client's specific brief, the urban context.
If a building's occupants later complain of excessive heat gain, the
question of whether the orientation recommendation was
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considered will arise. Documentation of the reasoning protects the
professional; absence of documentation exposes them.

A Permitted Clause — 'May'

'For buildings in seismic zones II and III, the seismic analysis may
be performed using the Equivalent Lateral Force method, provided
the building meets the regularity requirements specified in Section
a

This is permission, not direction. The designer has discretion to use
the simpler ELF method, or instead to use the more rigorous
Response Spectrum method, or even a non-linear time-history
analysis. The choice depends on the building, the available analysis
tools, and the designer's professional judgement. The code is
establishing what is acceptable, not prescribing.

17.8 State Bye-Laws — How They Vary

NBCS 2026 is a model code. Its provisions become law only when
adopted by state governments or municipal bodies through their
building bye-laws. The bye-laws vary significantly between states
in administrative procedure, in plot coverage and FAR (Floor Area
Ratio) limits, in setback requirements, and in some technical
provisions. This section provides a quick comparative orientation
for the major states and union territories where significant
construction occurs.

Jurisdiction Key NBC Distinctive
Authority Adoption Provisions
Maharashtra Urbanlocal  DCPR 2034 Premium FSI
(MMR, Pune, bodies; (Mumbai), mechanisms;
Nagpur) MMRDA; UDCPR (rest of = redevelopment
PMC; state) — both incentives;
MCGM NBC-aligned specific heritage
with zone rules
modifications
Karnataka BBMP; BDA Karnataka Plot-size graded
(Bengaluru) Building Bye- setbacks;
laws — NBC- rainwater
aligned harvesting
mandatory

The CODE Podcast -

India's No.1 Construction Podcast

150



THE CODE HANDBOOK - NBCS 2026

Rishabh Aggarwal

Tamil Nadu
(Chennai)

Delhi-NCR

Gujarat

(Ahmedabad,
Surat)

West Bengal
(Kolkata)

Telangana / AP
(Hyderabad)

Haryana
(Gurgaon,
Faridabad)

CMDA;
Town and
Country
Planning
Authority

DDA; MCD;
Noida and
Gurgaon
authorities

AUDA;
GMDC;
municipal
corporations

KMC;
KMDA

GHMC;
HMDA

HSVP;
DTCP

TN Combined
Development
Regulations —
NBC-aligned
with cyclone-
specific overlays

Unified
Building Bye-
laws 2016
(Delhi); each
NCR authority
has its own

GDCR — NBC-
aligned with
seismic Zone
IV/V emphasis

Kolkata
Municipal
Corporation
Building Rules
— NBC-aligned

Telangana
Building Rules;
AP Building
Rules — NBC-
aligned

Haryana
Building Code
— NBC-aligned

above 60m?2
plot

Mandatory
cyclone-rated
design in coastal
areas; OSR
(Open Space
Reservation)
requirements

Strict heritage
zone provisions;
air quality
construction
restrictions
during winter

Strict seismic
detailing
enforcement;
TDR
(Transferable
Development
Rights)
framework

Specific heritage
and waterfront
zone rules;
flood-line
restrictions

Setback and FSI
graded by road
width; specific
IT corridor
incentives

License-based
development for
large projects;
specific
provisions for
commercial
zones
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/\ When State Bye-Law Conflicts With NBCS

Where a state bye-law makes a technical requirement stricter than the
NBCS minimum, the state bye-law applies. Where a state bye-law is
silent on a topic that the NBCS addresses, the NBCS provision applies.
Where a state bye-law is less stringent than the NBCS — which is rare
but does happen, particularly with older bye-laws not yet updated to
NBCS 2026 — the legal position is complicated, and professional
liability may extend to following the more stringent NBCS provision
regardless of what the local bye-law permits.

When in doubt, design to the more stringent requirement. The legal
cost of designing to a higher standard than required is zero. The legal
cost of designing to a lower standard than required, even with local
bye-law authority, can be enormous.

The CODE Podcast - India's No.1 Construction Podcast 152



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

The Road Ahead

BIM, performance-based design, and the future of
building codes in India

Building codes are not static documents. They evolve with
technology, with research, with experience from disasters, and
with the changing needs of society. NBCS 2026 is the latest
iteration of a continuous journey that began with the first National
Building Code in 1970. It will not be the last.

This final chapter looks at where building regulation is heading —
the technologies reshaping how buildings are designed and built,
the emerging regulatory approaches that will influence future
editions of the NBCS, and what it means to be a construction
professional who is not just compliant with today's code but
prepared for tomorrow's.

18.1 Building Information Modelling — BIM

Building Information Modelling — BIM — is the use of a shared
digital model of a building as the primary means of design,
coordination, and documentation. Instead of separate
architectural, structural, and services drawings that must be
manually coordinated, BIM provides a single integrated model that
all disciplines work within. Changes propagate automatically.
Clashes between a beam and a duct are detected in the model, not
during construction. Quantities are extracted from the model, not
calculated from drawings.

18.1.1 BIM and Code Compliance

BIM creates opportunities for automated code compliance
checking that could transform how building regulation works. A
BIM model contains not just geometry but information — fire
ratings, occupancy classifications, material specifications,
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structural capacities. Software tools can interrogate this
information and check it against code requirements automatically.

Several countries — Singapore, the United Kingdom, Norway —
have implemented automated building code checking using BIM-
based tools. In these jurisdictions, a building permit application
includes a BIM model that is checked by software against the code
before a human reviewer ever looks at it. Most common compliance
issues are identified in minutes rather than weeks.

India's government has mandated BIM for government
infrastructure projects above a certain value threshold, with
phased implementation. The BIM mandate for government
projects is a precursor to wider BIM adoption in private
construction and eventually to BIM-based compliance checking by
local bodies.

@ BIM in Indian Practice

BIM adoption in India is concentrated in large commercial projects,
IT campuses, and major infrastructure. Smaller residential and
commercial projects — the majority of construction by volume — still
use 2D CAD or manual drawing. The skills gap in BIM-capable
professionals is significant. Investment in BIM skills by architecture
and engineering firms now is an investment in relevance as BIM
requirements expand.

18.2 Performance-Based Design

The NBCS is a prescriptive code — it specifies what materials,
dimensions, and systems must be used. This approach is clear and
easy to check but may require expensive solutions when innovative
approaches could achieve the same or better safety outcomes at
lower cost.

Performance-based design (PBD) is an alternative approach where
the designer specifies the performance outcomes the building must
achieve — rather than the specific means of achieving them — and
then demonstrates through analysis that the proposed design
meets those outcomes. For example, instead of prescriptive fire
resistance ratings for structural elements, a performance-based
fire safety design would model the specific fire scenarios relevant
to the building and demonstrate that the structure survives them
without collapse.
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18.2.1 PBD in the NBCS

NBCS 2026 includes provisions for performance-based
approaches in specific areas, particularly fire safety. The code
allows fire engineering analysis as an alternative to prescriptive
compliance where the designer can demonstrate through a fire
engineering report — prepared by a qualified fire engineer — that
the proposed design achieves equivalent or better safety outcomes
than the prescriptive requirements.

This is an important and growing pathway, but it requires
sophisticated modelling capability, peer review of the analysis, and
acceptance by the authority having jurisdiction. It is not a shortcut
to lower-cost, lower-safety outcomes — it is a rigorous technical
exercise that requires deep expertise.

18.2.2 The Future of Performance-Based Codes

The international trend in building regulation is toward outcome-
based or performance-based codes that define safety objectives and
allow multiple pathways to achieve them. This approach is more
flexible and innovation-friendly than purely prescriptive codes but
requires a higher level of technical capability from designers and
regulators alike. Future editions of the NBCS are likely to expand
performance-based pathways as both industry capability and
regulatory capacity improve.

18.3 Climate Adaptation and Resilience

Climate change is altering the conditions for which buildings must
be designed. More intense cyclones, more frequent extreme rain
events, higher temperatures, longer heat waves, and rising sea
levels are changing the hazard profile that building codes must
address.

The NBCS 2026 seismic zones and wind speed maps are based on
historical data. As climate projections improve and as observed
changes in climate behaviour accumulate, future code editions will
likely update these maps and the design loads derived from them.
Buildings designed today to current code minimums may face
loads beyond the design basis during their service lives.

Forward-thinking designers are beginning to build in resilience
margins — designing to loads somewhat above the code minimum,
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choosing materials with greater durability in extreme conditions,
and designing for adaptability so that buildings can be upgraded as
conditions change. This is not code required — it is good
professional practice in a changing climate.

Water management is particularly relevant to climate resilience.
More intense rain events mean that drainage systems sized for
historical rainfall intensities may be inadequate. Rainwater
management designs that include on-site retention capacity — not
just conveyance — provide resilience against peak events that
overwhelm municipal drainage systems.

18.4 Construction Technology

The way buildings are constructed is changing in ways that
building codes must address. Several technologies are already
affecting code provisions and will influence future editions.

18.4.1 Prefabrication and Modular Construction

Prefabricated construction — where building components are
manufactured in factories and assembled on site — is growing in
India, particularly for affordable housing, student accommodation,
and healthcare facilities. The NBCS addresses prefabricated
structural systems in Part C, but the full integration of
prefabrication quality standards, transport considerations, and
connection design into the code framework is an ongoing process.

Factory manufacture under controlled conditions can produce
more consistent quality than site construction in variable weather
and with variable skill levels. But it introduces different failure
modes — transport damage, connection failures — and requires
different inspection approaches. Future NBCS editions will likely
develop more detailed provisions for prefabricated construction.

18.4.2 3D Printing

Concrete 3D printing — where computer-controlled nozzles
deposit concrete in layers to form structural elements or entire
buildings — is transitioning from experimental to practical
application in several countries. Indian startups and academic
institutions are active in this space. The structural behaviour of 3D-
printed concrete, the durability of layer interfaces, and the fire
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resistance of printed elements are all areas requiring research and
eventual code guidance.

18.4.3 Smart Buildings

Buildings increasingly incorporate sensor networks, building
management systems, and data analytics that allow real-time
monitoring of structure, energy, and systems performance.
Structural health monitoring — sensors embedded in critical
structural elements that detect changes in load, deflection, or
vibration — has the potential to provide early warning of structural
distress before failure occurs.

Smart building technology also enables more sophisticated fire
safety responses — real-time occupancy data that improves
evacuation guidance, fire systems that communicate their status to
arriving fire services automatically, and predictive maintenance of
fire safety equipment. Future NBCS editions will need to address
the integration of smart systems into the building safety
framework.

18.5 Implementation Challenges in India

Having the best technical code in the world achieves little if it is not
implemented on the ground. The NBCS faces several
implementation challenges that are worth acknowledging
honestly.

18.5.1 The Skilled Labour Gap

Many of the NBCS requirements — fire stopping, specialist
concrete placement, seismic detailing — require skilled site
workers who understand what they are doing and why. India has a
massive informal construction sector where workers learn by
apprenticeship without formal training in code requirements. Skill
development programmes aligned with NBCS requirements are a
prerequisite for consistent implementation.

18.5.2 Regulatory Capacity

Local bodies with small technical staffs cannot effectively check the
compliance of hundreds of building projects simultaneously. The
gap between code requirements and field reality is partly a resource

The CODE Podcast - India's No.1 Construction Podcast 157



THE CODE HANDBOOK - NBCS 2026 Rishabh Aggarwal

problem in the regulatory system. Third-party audit mechanisms,
self-certification by licensed professionals with real accountability,
and technology-enabled oversight are all being explored as ways to
extend regulatory reach without proportionally expanding staffing.

18.5.3 The Informal Sector

A significant portion of construction in India — particularly in
smaller towns, peri-urban areas, and rural regions — occurs
entirely outside the formal regulatory system. Buildings are
constructed without permits, without professional involvement,
and without inspection. The NBCS cannot directly reach this
sector, but awareness programmes, accessible guidance in local
languages, and community-level technical support can reduce the
risk in this segment over time.

18.6 A Letter to the Builder

If you have read this far, you are not just looking for minimum
compliance. You are trying to understand what you are building,
why the rules exist, and how to do your work better. That matters.

Buildings are one of the few things humans make that outlast them
by generations. A building you construct today will shelter people
— perhaps your own descendants — for fifty years or more. The
decisions you make today about structural integrity, fire safety,
accessibility, and sustainability become part of the lives of everyone
who lives and works in that building.

The NBCS 2026 is not an obstacle to building. It is the distilled
experience of generations of architects, engineers, builders, and
regulators who studied what works and what fails. Every
requirement in it — every minimum dimension, every fire
resistance rating, every accessibility provision — exists because
something went wrong in a building somewhere and someone
decided to prevent it from going wrong again.

Compliance is the floor. Excellence is above it. Build to the code,
understand why it asks what it asks, and then ask yourself how you
can do even better. That is what The CODE Podcast means by
knowing your code.
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@ Chapter 18 Key Takeaways

BIM is coming — build your capability now. Performance-based fire
design offers flexibility for complex projects but requires genuine
expertise. Design buildings with climate resilience margins above the
code minimum. Support skill development for construction workers
— it directly affects your work quality. The informal sector is the
biggest code compliance gap and the biggest safety risk. Build to the
code as a floor, not a ceiling.
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Quick Reference

Tables, key numbers, and acronyms from NBCS
2026

This appendix consolidates the most frequently referenced
numbers, requirements, and acronyms from NBCS 2026 in an
easily scannable format. These tables are guides — always verify
specific requirements against the full code text for your building
type, height, and jurisdiction.

A.1 Key Numbers at a Glance

Parameter ‘ Requirement Notes ‘

Seismic Zone V PGA 0.36g Highest seismic
zone in NBCS 2026

Min ramp gradient 1:12 Maximum slope for
wheelchair
accessibility

Max travel distance 15m Distance to exit in

(single direction) one-direction
escape

Max travel distance 45m Distance with two

(multiple exits) or more exits
available

High-rise threshold Any floor > 15m Triggers enhanced

(Fire) fire requirements

Wet riser required 30m height Below 3om: dry

above riser

Dry riser required 18m to 30m External fire

between brigade connection

The CODE Podcast - India's No.1 Construction Podcast 160



THE CODE HANDBOOK - NBCS 2026

Rishabh Aggarwal

Parameter

Sprinklers mandatory
above

Stairwell pressurisation

Fire resistance: high-
rise column

Accessible toilet depth

Accessible lift car
minimum

Water supply: urban
residential

WC flush volume
maximum

ECBC max glazing
SHGC (warm zone)

ECBC max roof U-value

(warm zone)

‘ Requirement

15m height

Buildings above
30m

2 hours minimum

2.2m minimum

1.1m x 1.4m

135 L/person/day

6L full / 4L half

0.25

0.33 W/m2K

Notes ‘

Also mandatory in
hospitals regardless
of height

Maintains 12.5—25
Pa differential

Checked against
structural fire
analysis

Width minimum
1.5m

Larger for hospital
stretcher lifts

Minimum
municipal design
figure

Dual flush required
by ECBC

For west and south-
facing glass

Requires insulation
on most roofs

A.2 Seismic Zone Map — India at a Glance

Representative Areas

Code

PGA
Range
Zone I1 0.10g
(Low)
Zone 111 0.16¢g
(Moderate)
Zone IV 0.24¢g
(High)

Peninsular interior,

parts of MP, Rajasthan

Large parts of Deccan,
coastal Andhra

Delhi-NCR, parts of
J&K, Bihar

Implication

Basic seismic
detailing

Ductile
detailing for
RC

Strict ductile
detailing,
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Representative Areas | Code

Implication

importance
factor applies

Zone V 0.36g Northeast India, Most stringent

(Very Kashmir, Uttarakhand, = requirements,

High) Andaman special study
for large
projects

A.3 Occupancy Group Summary

Group ‘ Description ‘ Examples

A Residential Apartments, hostels, dormitories

B Educational Schools, colleges, day-care
facilities

C Institutional Hospitals, jails, custodial care

D Assembly Cinemas, stadia, places of

worship, restaurants

E Business Offices, banks, clinics,
courthouses, libraries

Mercantile Shops, malls, markets
G Industrial Factories, workshops, power
plants
H Storage Warehouses, cold stores, parking
structures
I Hazardous Chemical plants, flammable

storage, explosives

J Utility Pump houses, substations,
service buildings
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A.4 Acronyms

Acronym Full Form ‘

NBCS National Building Code of India (Simplified title for
this edition)

SP 7 Special Publication 7 — the BIS designation for the
NBC

BIS Bureau of Indian Standards

FRR Fire Resistance Rating

BMS Building Management System

ECBC Energy Conservation Building Code

GRIHA Green Rating for Integrated Habitat Assessment

IGBC Indian Green Building Council

LPD Lighting Power Density

SHGC Solar Heat Gain Coefficient

PBD Performance-Based Design

BIM Building Information Modelling

STP Sewage Treatment Plant

IS Indian Standard (published by BIS)

PGA Peak Ground Acceleration

RCC Reinforced Cement Concrete

HVAC Heating, Ventilation, and Air Conditioning

ICT Information and Communications Technology

LPG Liquefied Petroleum Gas

CPVC Chlorinated Polyvinyl Chloride

HDPE High-Density Polyethylene
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A.5 Glossary of Key Terms

Compartmentation: Division of a building into fire-resistant
sections using rated walls, floors, and doors to prevent fire and
smoke spread.

Ductility: The ability of a structural material or system to deform
significantly without breaking — the key property for earthquake
resistance in reinforced concrete.

Embodied Carbon: Carbon dioxide emissions associated with
manufacturing, transporting, and constructing building materials,
as distinct from operational energy use.

Fixture Unit: A unit of measure representing the average water
demand of a plumbing fixture, used to size supply and drain pipes.

Flashover: The stage in room fire development when all
combustible surfaces ignite simultaneously due to accumulated
thermal radiation — a critical threshold that fire safety design aims
to prevent in occupied spaces.

Fire Load: The total combustible energy content of a space per unit
floor area, measured in MJ/m2, used to determine fire resistance
requirements.

Hazardous Area Classification: A formal assessment of zones in
industrial buildings where flammable atmospheres may form,
driving selection of electrical equipment to prevent ignition.

Intumescent Seal: A material incorporated in fire doors and
penetration seals that swells when heated to block smoke and fire
passage at gaps.

Occupancy: The use to which a building or part of a building is put,
which determines applicable fire safety, structural, and services
requirements.

Performance-Based Design: An approach where the designer
demonstrates that a proposed design achieves specified safety or
performance outcomes, rather than following prescriptive code
requirements.

Riser: A vertical pipe in a building used for water supply (rising
main) or firefighting (wet or dry riser).

Thermal Runaway: A self-accelerating reaction in lithium-ion
batteries where increasing temperature causes increasing chemical
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reaction which further increases temperature, potentially causing
fire or explosion.

Travel Distance: The maximum distance an occupant must walk
from any point in a building to reach a protected exit or place of
safety.

U-value: Thermal transmittance — the rate of heat transfer per unit
area through a building element per degree of temperature
difference. Lower U-values indicate better insulation.

Universal Design: An approach to design that aims to make spaces
and products usable by as many people as possible, including
persons with disabilities, without adaptation.

A.6 Where to Find the Full Code

The full text of NBCS 2026 (SP 7:2026) is available from the
Bureau of Indian Standards. BIS publications can be accessed
through the BIS e-ShoP portal at shop.bis.gov.in. The code is a
statutory document and the BIS is the authoritative source. Always
refer to the current edition — SP 7:2026 — as earlier editions may
not reflect current requirements.

State building bylaws, which implement NBC provisions, are
available from respective state government departments or urban
local bodies. Where state bylaws conflict with or vary from the
NBCS, the state bylaws apply within that jurisdiction.

For The CODE Podcast resources, episode archives, and
supplementary material on NBCS 2026, visit the podcast's official
platforms.
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Common Site Mistakes

A consolidated checklist of the failures this book has
warned against, organised for site use

This appendix consolidates the most consequential errors and
shortcuts that recur on Indian construction sites. They are drawn
from the Caution and On Site boxes throughout the book,
organised here so they can be used as a checklist during
construction. Copy this list, take it to site, and use it.

Foundations and Substructure

Site investigation skipped or done with too few boreholes for the
site's size and complexity. The cost of investigation is 0.1-0.3
percent of construction cost; the cost of foundation repair is
10—20 percent. Insist on full investigation.

Building on made-up ground without confirming actual soil
conditions through SPT and lab tests. Filled sites near old water
bodies or waste dumps require special attention.

Black cotton soil treated as ordinary soil, leading to seasonal heave
and structural cracking. SRC cement, deeper foundations, and
expansive-soil-appropriate detailing are required.

Anti-termite treatment line-itemed in the estimate but skipped in
execution. Demand photographic and invoice evidence of
treatment as a hold-point.

Concrete and Reinforcement

Substandard or counterfeit TMT bars used because they were
cheaper. Mill certificates and random sampling at a NABL-
accredited lab are non-negotiable for any project of
significance.
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90-degree stirrup hooks instead of the IS 13920-required 135-
degree hooks in seismic zones III, IV, and V. This is the single
most common ductile-detailing failure.

Stirrups widely spaced in beam-column joint zones. The plastic
hinge region requires close spacing — d/4 or 8 bar diameters,
whichever is less.

Sand with excessive silt content delivered to site and used in
concrete. The 10-minute jar test rejects more deliveries than
people expect.

Concrete cubes cast and tested for record but with no link between
the casting and the actual placement. Cast cubes from the
actual concrete reaching the structure, not from a separate
batch made for testing.

Masonry

AAC blocks laid with thick cement-sand mortar rather than the
specified thin-bed adhesive mortar. Both structural and
thermal performance are compromised.

Confined masonry attempted by pouring RC ties first and laying
masonry against them, instead of the correct sequence
(masonry first, ties poured against it).

Unreinforced masonry buildings constructed in seismic zones IV
and V despite NBCS restrictions. URM in high-seismic regions
kills more occupants than any other building type during
earthquakes.

Waterproofing

No ponding test before screed and finishes are applied. The 72-
hour ponding test is the only honest verification you have.
Make it a hold-point in the programme.

Membrane cut around penetrations and sealed with ordinary
sealant rather than properly detailed waterproofing collars.
This is the single most common point of long-term failure.

Wall upstand of 300mm omitted in wet-area waterproofing. Water
then wicks up the wall and emerges as efflorescence in adjacent
rooms.
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Wrong waterproofing system specified for the application — for
example, brush-applied compound on an exposed UV-affected
terrace.

Structural Modifications and Renovations

Ground-floor masonry infill walls removed during conversion to
parking, creating a soft storey that was not in the original
structural calculation.

Additional floors added to an existing building without structural
assessment of the foundation and columns.

Tile-over-tile renovations adding 20—30 percent additional dead
load on slabs designed for the original load.

Fire Safety

Fire doors propped open for convenience. A single propped door
defeats compartmentation across the entire floor.

Pipe and cable penetrations through fire-rated walls and floors
filled with ordinary cement or foam rather than tested fire-
stopping products.

Combustible cladding installed on high-rise external walls,
sometimes long after the building's original approval. This
must never be done.

LPG cylinder pipe routed through a loosely-packed hole drilled in
the kitchen wall. Both gas leak and fire spread risks. Use a
properly sized fire-sealed sleeve.

Fire extinguishers, alarms, and pressurisation systems installed
but never tested. Maintenance and testing schedules are not
optional.

Building Services

Same pipe diameter used throughout a building regardless of
fixture demand, leading to pressure drops or oversize
installation. Pipe sizing must use fixture-unit calculation.

Compression fittings used on gas lines. The IS requirement is
welded or threaded joints specifically because compression
fittings can loosen under thermal cycling.
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Type AC RCDs used on EV charger circuits. Type B RCDs are
required because EV chargers can produce DC fault currents
that AC-type devices cannot detect.

Septic tanks installed and then never pumped. Pumping every 2—3
years is mandatory; without it the system fails within years.

Accessibility

Single accessible toilet provided in the basement of a multi-storey
building. Accessible toilets must be distributed so travel
distance is acceptable from every part of the building.

Ramp gradient steeper than 1:12 because of plot constraints. A
non-compliant ramp is not accessible; the alternative is a
platform lift, not a steeper ramp.

Accessible features installed at handover but not maintained — lifts
out of service, ramp surfaces broken, tactile indicators worn
away.

Documentation and Approvals

Occupancy without an occupancy certificate. Illegal in most states;
creates loan, registration, and liability problems.

Structural alterations made without engineering approval and
updated drawings. Creates liability for the owner and may
invalidate insurance.

Safety system testing not documented. Without records of testing,
due diligence cannot be demonstrated when an incident occurs.
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Conversion Tables and

Reference Data

Unit conversions, common factors, and IS standards
by topic

C.1 Unit Conversions

Length
From To Multiply By
1 metre (m) feet 3.281
1 foot (ft) metres 0.305
1 millimetre (mm) inches 0.0394
1inch (in) millimetres 25.4
1 kilometre (km) miles 0.621
1 mile kilometres 1.609
Area
From To Multiply By
1 square metre (m2) | square feet 10.764
1 square foot (ft2) square metres 0.0929
1 hectare (ha) acres 2.471
1acre hectares 0.4047
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1 square kilometre square miles 0.386
(km2)
Force and Pressure
From To Multiply By
1 kilonewton (kIN) kilogram-force (kgf)  101.97
1 kilogram-force newtons 9.81
(kgf)
1 megapascal (MPa) = N/mm?2 1.0 (same)
1 megapascal (MPa)  kgf/cm?2 10.197
1 kgf/cm2 megapascals 0.0981
1 pascal (Pa) N/m?2 1.0 (same)
1 bar kilopascals 100
1 atmosphere (atm) kilopascals 101.325
Volume and Capacity
From To Multiply By
1 cubic metre (m3) cubic feet 35.31
1 cubic metre (m3) litres 1,000
1 litre (L) cubic metres 0.001
1 litre (L) imperial gallons 0.220
1 litre (L) US gallons 0.264
1 cubic foot (ft3) litres 28.317
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Energy and Power

From To Multiply By
1 kilowatt-hour megajoules 3.6

(kWh)

1 megajoule (MJ) kilowatt-hours 0.278

1 kilowatt (kW) horsepower (metric) 1.36

1ton of refrigeration = kilowatts 3.517

(TR)

1 BTU/hr watts 0.293

C.2 Common Concrete Mix Proportions (Volume-Based,
Nominal Mixes)

These are nominal volumetric mix proportions for general
guidance. For structural concrete in any building of significance,
design mix per IS 10262 should always be used in preference to
these nominal mixes. The nominal mixes below are provided for
low-importance applications and field reference.

Grade

Ms

M7.5
M1io
Mi5

M2o

Mas

Cement : Sand :
Aggregate

1:5:10

Typical Use

Mass concrete, blinding,
leveling

Lean concrete, plain footings
PCC, foundation bedding

Plain concrete elements,
mass works

Minimum for RCC structural
work

Standard RCC; use design
mix above this

The CODE Podcast -

India's No.1 Construction Podcast 172



THE CODE HANDBOOK - NBCS 2026

Rishabh Aggarwal

C.3 IS Standards by Topic — Quick Lookup

Topic

Cement

Reinforcing Steel

Structural Steel

Concrete

Masonry

Loads

Foundations

Waterproofing

Plumbing

Fire Safety

Electrical

Lifts and
Escalators

HVAC and
Acoustics

Accessibility

Key Indian Standards

IS 269 (OPC), IS 8112 (OPC 43), IS 12269 (OPC
53), IS 1489 (PPC), IS 455 (PSC), IS 12330 (SRC)

1S 1786 (HSD/TMT bars), IS 432 (mild steel bars)

IS 2062 (general structural steel), IS 800 (design
of steel structures), IS 3757 (HSFG bolts), IS 9595
(welding)

IS 456 (plain and reinforced concrete), IS 10262
(mix design), IS 13920 (seismic detailing of RC)

IS 1905 (unreinforced masonry), IS 2185
(concrete blocks), IS 4326 (earthquake-resistant
masonry)

IS 875 Parts 1—5 (dead, imposed, wind, snow,
special), IS 1893 (seismic)

IS 2950 (raft), IS 2911 (piles), IS 1904 (general
design), IS 2131 (SPT)

IS 2645 (integral compounds), IS 3384 (bitumen
felt), IS 9918 (in-situ bitumen treatments), IS
1322 (bitumen felts)

IS 1172 (water supply), IS 1742 (drainage), IS
2470 (septic tanks), IS 17453 (greywater)

IS 1641 (general), IS 1642 (industrial), IS 1643
(educational), IS 1644 (residential), IS 3809 (fire
resistance test)

IS 732 (wiring installations), IS 3043 (earthing),
IS 2309 (lightning protection)

IS 14665 (electric lifts), IS 4591 (escalators), IS
17900 (moving walks)

IS 655 (air ducts), IS 9901 (acoustics), IS 1950
(sound insulation)

IS 15477 (tactile ground surface indicators)
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EV IS 17017 (EV conductive charging)
Infrastructure
Solar PV IS 14286 (PV modules), IS 16221 (PV inverters)

C.4 Typical Construction Density Quick Reference

Material Density (kN/m3) Density (kg/m3)
Reinforced concrete 25.0 2,500
Plain concrete 24.0 2,400
Brick masonry (cement 19.2 1,920
mortar)

Brick masonry (lime 18.4 1,840
mortar)

AAC block masonry 7.0—9.0 700—900
Stone masonry 24.0 2,400
(granite/basalt)

Steel (structural) 78.5 7,850
Aluminium 27.0 2,700
Timber (deodar, 5.4 540
average)

Timber (teak) 6.4—7.2 640—720
Glass (plate) 25.6 2,560
Sand (dry) 15.7 1,570
Sand (saturated) 20.0 2,000
Cement (loose) 14.0 1,400
Water 10.0 1,000
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Subject Index

Topics, materials, standards, and concepts by
chapter and section

References below indicate chapter and, where applicable, section.
Entries are arranged alphabetically. For IS standards see Appendix
C.3.

A

AAC blocks — 3.4, 4.2 (density), 9.2 (acoustic limitations)

Accessibility — Chapter 15; site approach 15.2; ramps 15.3; lifts
15.4; toilets 15.5

Active fire systems — Chapter 12
Addressable detection systems — 12.1.3
Aggregates — 3.9

Air conditioning — 9.1; see also HVAC
Aisle widths (assembly) — 14.2.2
Alarm systems (fire) — 12.2
Anti-carbonation coatings — 3.10
Anti-termite treatment — 6.4

Approval pathways for new materials — 3.7
Architects, responsibility of — 17.2.1
Atria fire safety — 12.9

Audit, building (structural / fire / electrical / accessibility) — 1.6,
6.5 (retrofit follow-on)

B

Bamboo as structural material — 3.6

Bearing capacity — 5.4
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Bhiwandi collapse case — 1.6

BIM (Building Information Modelling) — 1.5, 18.1
Black cotton soil — 5.3, 3.2 (SRC requirement)
Blast load provisions — 1.2, 4.7

Boreholes — see Site investigation

Building Information Modelling — see BIM
Building Management Systems (BMS) — 9.4, 13.4

Cc

Carbonation, concrete — 1.6 (Bhiwandi); 3.10 (protection)
Cement, types and IS standards — 3.2

Cladding, combustible — prohibition — 13.5

Climate adaptation and resilience — 18.3

CLT (cross-laminated timber) — 3.6

Coarse aggregate — 3.9

Combustible cladding — 13.5

Compartmentation — 11.3

Composite construction — 7.2

Concrete grades and applications — 6.2

Confined masonry — 6.1

Conversion tables — Appendix C.1

Cooking fires — see Kitchen fires

Counterfeit TMT bars — 3.3

Cyclone region factor (k4) — 4.4, 4.8 (worked example)

D

Data centre floor loads — 1.2, 2.2 (Group E), 4.3
Daylight Factor (DF) — 8.1

Daylighting requirements — 8.1

Dead load — 4.2

Deconstruction plan — 1.7
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Defend-in-place strategy — 2.2 (institutional), 13.1
Demand factor (electrical) — 8.3

Detection systems, fire — 12.1

Differential settlement — 5.4

Drainage — 10.3

Dust explosion hazard — 14.3.2

E

Earthing systems — 8.3; EV chargers 9.7
Earthquake design — see Seismic design
ECBC (Energy Conservation Building Code) — 16.1
Educational occupancy (Group B) — 2.2
Egress — see Means of escape

Electrical systems — 8.3

Emergency lighting — 11.4.4

Energy efficiency provisions — 16.1
Escalators — 9.5

Escape route width — 11.4.2

EV parking fire safety — 14.4

EV residential charging — 9.7
Expansion joints (waterproofing) — 3.8

External walls — waterproofing — 3.8

F

Facade fire risk — 13.5

Fe 415 / 500 / 500D / 550 / 600 (steel grades) — 3.3
Feature boxes — how to read — How to Use This Book
Fire compartments — 11.3

Fire doors — 11.3.2

Fire hydrants, external — 12.6.2

Fire load — 11.1.2; 12.10 (worked example)
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Fire resistance rating (FRR) — 11.2
Fireman's lift — 9.3, 13.3

Fixture counts (sanitation) — 10.4.1
Flame detectors — 12.1.1

Flashover — 11.1.1

Floating floor — 9.2

Fly ash bricks — 16.3.2

Foam suppression systems — 12.4.2

Foundations, shallow vs deep — 5.4, 5.5

G

Gas supply systems — 10.6
Glass, structural — 7.4
Glulam — 3.6

Grade — concrete — 6.2
Grenfell Tower fire — 13.5
Greywater recycling — 10.8
Ground improvement — 5.5

Group classification (A-I) — 2.2

H

Hazardous Area Classification — 14.3.2
Hazardous occupancy (Group I) — 2.2
Healthcare facility fire safety — 14.1
High-rise definition (15m) — 2.4
High-rise fire safety — Chapter 13
Horizontal evacuation — 14.1.1

Hot water systems — 10.1.3

HSFG bolts — 7.1 (connections)

HVAC system selection — 9.1
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IBC vs NBCS — see Performance-based design — 18.2
Imposed (live) load — 4.3

Industrial occupancy (Group G) — 2.2, 14.3
Inspection chambers — 10.3.2

Institutional occupancy (Group C) — 2.2, 14.1
Intumescent seals — 11.3.2

IS standards by topic — Appendix C.3

J

Jacketing (column retrofit) — 6.5

K

Kigali Amendment (refrigerants) — 9.1
Kitchen fires — 12.8

L

Laminated glass — 7.4

Laminated veneer lumber (LVL) — 3.6
Legal accountability — Chapter 17
Legionella prevention — 10.1.3

Lift requirements — 9.3

Lighting Power Density (LPD) — 16.1.2
Lightning protection — 8.3

Live load — see Imposed load

Live load reduction — 4.3

Load combinations — 4.7

LPG installation — 10.6, 12.8

M-sand (manufactured sand) — 3.9
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Masonry, types and design — 6.1
Means of escape — 11.4

Medical gas safety — 14.1.2

Mercantile occupancy (Group F) — 2.2
Mixed-use buildings — 2.2

N

Natural ventilation — 8.2

NBC revision history — 1.1

NBCS (renaming from NBC) — 1.1
New material approval — 3.7

Nursing homes — 14.1.3

o)

Occupancy certificate — 17.3.1

Occupancy groups (A-I) — 2.2

Operating theatres — air change rate — 9.1

Owners, responsibilities of — 17.3

P
P-Delta effects — 6.2

Paints and protective coatings — 3.10

Part A—F structure — How to Use This Book; 1.3
Performance-based design — 18.2

Pile foundations — 5.5

Pipe gradients (drainage) — 10.3.1

Pipe sizing (water supply) — 10.2.2

Plinth definition — 2.5

Ponding test (waterproofing) — 3.8

Precast concrete — 7.3

Pressure differential, stairwell — 11.4.3, 12.5.2
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Probabilistic seismic hazard mapping — 1.2

R

Rainwater drainage — 10.3.3

Rainwater harvesting — 16.2.2

Ramps, accessibility — 15.3

Rat-trap bond masonry — 6.1

RCC — see Reinforced concrete

Refuge areas — 1.2 (loads), 13.2
Reinforced concrete — 6.2

Reinforced masonry — 6.1

Repair and retrofitting — 6.5

Residual Current Devices (RCDs) — 8.3; EV chargers 9.7
Response Reduction Factor (R) — 4.5
Risers (wet / dry) — 12.6.1

Roof gardens (dead load) — 4.2

Roof solar PV — 4.3 (load); 9.6 (system)

S
Sand — natural and M-sand — 3.9

Sanitation requirements — 10.4

Schools — see Educational occupancy

Seismic design framework — 4.5

Seismic detailing (IS 13920) — 6.2

Seismic retrofitting — 6.5

Seismic zones — 4.5; map summary Appendix A.2
Septic tanks — 10.9

Settlement analysis — 5.4

"Shall, Should, May" — language convention — How to Use This
Book; 1.4; 17.7

Site investigation — 5.2
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Slip resistance (tiles) — 3.11

Smart buildings — 18.4.3

Smoke extract systems — 12.5.1

Smoke management — 12.5

Snow loads — 1.2, 4.6

Soak pit — 10.9

Soft storey — 4.5, 6.3

Soil classification — 5.3

Solar PV system design — 9.6

Solid waste management — 10.5

Sound Transmission Class (STC) — 9.2
Spalling concrete repair — 6.5

Sprinkler systems — 12.3

Stairwell pressurisation — 11.4.3, 12.5.2
State bye-laws comparison — 17.8

Steel grades — 3.5

Storage occupancy (Group H) — 2.2, 12.10
Structural engineers, responsibility — 17.2.2
Structured cabling — 9.4

Suppression systems, special — 12.4

T
Tactile ground surface indicators — 15.2.1
Tall buildings — 6.2 (analysis), 13 (fire)
Termite protection — 6.4

Thermal runaway (EV batteries) — 14.4.1
Tiles, stone and hard flooring — 3.11
Timber and engineered wood — 3.6

TMT bars — 3.3

Toughened glass — 7.4

Travel distance (escape) — 11.4.1
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Type 1—4 construction classification — 2.3

U

Universal design — Chapter 15
Unreinforced masonry (URM) — 6.1
Uphaar cinema fire (1997) — 2.2

\'

Ventilation rates (post-COVID) — 9.1
Vents (plumbing) — 10.2.3

W

Waterproofing systems — 3.8

Water supply requirements — 10.1

Wet riser — 12.6.1

Wind load calculation — 4.4; worked example 4.8
Wind zones — 4.4

Wood — see Timber

z

Zone factor (seismic) — 4.5

— END OF BOOK —
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