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| 1.1 MACROECONOMIC CONTEXT OF HOUSING IN INDIA

The landscape of Indian urban development is currently defined by a widening chasm
between population growth and habitable infrastructure. According to the 2012 census
and comprehensive audits conducted by the Ministry of Housing and Urban Poverty
Alleviation, the housing deficit in India was quantified at 26.53 million units by the
conclusion of the 11th Five-year Plan. This figure serves as a historical benchmark,
illustrating a profound social and economic crisis.

The genesis of this shortage is rooted in a systemic backlog of unmet needs
spanning several decades. This deficit is fueled by three primary engines: rapid, often
unplanned urbanization; a demographic explosion; and the qualitative degradation of
existing housing stock. The technical group tasked with assessing this gap categorized
the shortage into two distinct realms: Quantitative (a total absence of housing units)
and qualitative (housing that exists but is substandard, congested, or structurally
unsafe).

1.1.1 Composition and Demographics of Demand

The housing crisis in India is not distributed equally across all economic strata. A granular

analysis of the 26.53 million unit requirement reveals a stark reality:

» Economically weaker sections (EWS): This group accounts for approximately 88% of
the total housing shortage.

e Lower income groups (LIG): This segment represents roughly 11% of the demand.

» Middle and high-income groups (MIG/HIG): These sectors account for a negligible
fraction of the total quantitative shortage.

With the demand projected to surge to 50 million units within the next decade as
depicted in (Fig. 1.1), the traditional methods of construction are no longer viable. The
sheer volume of demand necessitated by the EWS and LIG sectors requires a solution that
is not only scalable but also economically reproducible at a rapid pace.
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Fig 1.1: Pie chart showing households living distribution in various conditions according to 2011 census

1.1.2 Factors Driving the National Housing Gap

The persistence of the housing shortage can be attributed to several interrelated socio-

economic factors:

1. Accelerated urbanization: The relentless migration from rural heartlands to urban
centers—driven by the pursuit of education, healthcare, and employment—has placed
an unsustainable burden on city infrastructure.

2. Implementation inertia: Despite the introduction of various central and state-sponsored
housing schemes, the implementation phase has historically been sluggish. Failure to
meet construction targets has allowed the backlog to compound year-over-year.

3. Economic barriers: The soaring cost of urban land, coupled with the rising price of
raw materials and complex regulatory hurdles, has made “affordable housing” a low-
priority area for private developers, who often favour high-margin luxury projects.

4. Societal implications: The inability to bridge this gap has led to the proliferation of
informal settlements and slums. Living in such congested and dilapidated environments
has direct adverse impacts on public health, social stability, and the educational outcomes
of the next generation.

| 1.2 INTRODUCTION TO PREFABRICATION

To meet the escalating demand of 50 million units, the Indian construction industry
must undergo a technological revolution, moving away from artisanal site-work toward
mechanized construction, or prefabrication.

1.2.1 Defining the Prefabrication Process

Prefabrication is the industrial practice of manufacturing building components in a
controlled factory environment. These components, ranging from simple beams to entire
room modules, are then transported to the final site for assembly. This process represents
a departure from conventional construction, where raw materials (bricks, timber, cement,
fine aggregate and course aggregate) are transported to the site and assembled in a linear,
labor-intensive fashion.
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1.2.2 Comparative Analysis of Methodologies

In the conventional model, every aspect of the building—save for perhaps the doors and
windows—is fabricated on-site. In the prefabricated model, the site serves primarily as
an assembly hub. While foundations and floor slabs are typically cast in situ (on-site) to
ensure a solid bond with the earth, the superstructure—comprising walls, roof trusses,
and staircases—is manufactured in a factory, lifted by cranes, and integrated through
precision bolting or grouting.

] 1.3 TAXONOMY OF PREFABRICATION SYSTEMS

Prefabrication technology is categorized based on the complexity and volume of the off-
site components:

1. Conventional construction: The baseline method involving total in situ practices.

2. Semiprefabrication: A hybrid approach. This includes the use of system formwork or
non-structural elements like facade panels, curtain walls, and dry-wall systems, while
the core remains traditional.

3. Comprehensive prefabrication: This involves the factory production of the primary
structural skeleton, including staircases, slabs, columns, and beams.

4. Volumetric off-site fabrication (VOSF): This is the most advanced form, where three-
dimensional units that enclose usable space (such as bathroom pods or plant rooms)
are manufactured entirely off-site and “plugged” into the building frame.

] 1.4 STRATEGIC ADVANTAGES AND MATERIAL PERFORMANCE

The adoption of prefabrication is driven by its superior material properties and operational
efficiencies:

1.4.1 Engineering and Material Benefits

¢ Durability and resistance: Prefabricated elements are engineered to be highly weather-
resistant, moisture-proof, and fire-resistant.

* Quality control: In a factory, variables such as temperature, moisture, and mix-ratio
are strictly controlled, ensuring a level of structural integrity that is difficult to achieve
on a chaotic construction site.

e Waste reduction: Factory settings allow for the precise measurement of materials.
Scrap metal or concrete can be immediately recycled back into the production cycle,
significantly reducing the environmental footprint.

1.4.2 Operational and Economic Advantages

e Temporal efficiency: Prefabrication allows for “parallel processing.” While the site is
being cleared and foundations laid, the walls and floors are already being manufactured
in the factory. This can reduce total construction time by up to 50%.

e Labor optimization: Factories can be located in areas where skilled labor is readily
available and overhead costs are lower. Furthermore, it minimizes the time workers
spend in hazardous or weather-dependent site conditions.

» Capital return: Faster completion times allow for the earlier occupancy of buildings,
enabling a quicker return on invested capital for developers and the government.
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] 1.5 TECHNICAL CHALLENGES AND CONSTRAINTS

While prefabrication offers a solution to the housing crisis, it introduces a new set of

technical requirements that must be meticulously managed:

1. Joint integrity: The connection points between prefabricated sections are the most
critical areas of the structure. They must be engineered to resist corrosion and prevent
water leakage, as failure at the joint can lead to systemic structural issues.

2. Logistical complexity: Transporting large, voluminous sections like wall panels requires
specialized heavy-duty vehicles and clear transport routes. The cost of logistics can
sometimes offset the savings in material if the factory is too far from the site.

3. Precision engineering: Prefabrication leaves no room for the “on-site adjustments”
common in bricklaying. It requires precision measurement at the millimeter level;
otherwise, components will fail to align during the assembly phase.

4. Handling risks: Concrete panels and glass sections are susceptible to damage during
transit and hoisting. The use of heavy-duty cranes and specialized rigging is mandatory,
requiring a higher level of technical expertise on-site.

| 1.6 PRINCIPLES OF MODULAR COORDINATION (MC)

Modular coordination (MC) is a standardized dimensional system designed to harmonize
the design, manufacturing, and assembly phases of construction. It acts as a bridge
between the architect’s vision and the factory’s production line. At its core, MC is a spatial
coordination concept where building components are positioned based on a fundamental
unit known as the ‘basic module’, symbolized as “1M”, which equals 100 mm.

The implementation of MC is a prerequisite for the success of industrialized building
systems (IBS). It ensures that components produced by different manufacturers can fit
together on-site without the need for modification, thereby enhancing quality control and
drastically improving industrial productivity.

1.6.1 Standardized Rules for Modular Planning

After the adoption of the basic module, the system utilizes “multi-modules” or preferred
increments to streamline large-scale planning. These rules ensure that both conventional
and prefabricated construction remain compatible. The following standards govern the
spatial elements of a structure:

1.6.1.1 Horizontal Planning Grids

The planning grid provides the structural framework for the building’s footprint. The grid

spacing is determined by the building’s function:

¢ Industrial buildings: A horizontal planning grid of 15 M (1500 mm) is standard to
accommodate large-scale machinery and structural spans.

* General residential/commercial buildings: A horizontal planning grid of 3 M (3000
mm) is utilized.

o Structural Alignment: Load-bearing walls should ideally have their center lines coincide
precisely with these grid lines to ensure uniform load distribution.

1.6.1.2 Vertical Planning and Fenestration

Vertical dimensions are equally regimented to ensure that wall panels, columns, and

windows fit seamlessly:

 Vertical planning module: Generally set at 2 M for industrial structures and 1 M for
all other building types.
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* Functional increments: Preferred increments for sill heights, door frames, window
openings, and other fenestrations are standardized at 1 M.

1.6.1.3 Column Placement and Grid Intersections

¢ Internal columns: The grid lines must coincide with the geometric center lines of the
columns.

 External and special columns: For columns located at the perimeter, or those adjacent to
lift shafts and stairwells, the grid lines are aligned with the center lines of the columns
at the topmost storey to maintain vertical consistency throughout the structure.

| 1.7 ARCHITECTURAL TREATMENT AND SURFACE FINISHES

In prefabricated construction, the design must look good while still being easy to mass-
produce in a factory. Unlike traditional buildings where workers plaster and paint walls
after they are built, prefab components are made with the finish already on them. The
texture, colour, and design are created right when the concrete is cast in the mould. This
means that once the parts are assembled on-site, the job is done—no extra work like
plastering or painting is required.

1.7.1 Key Considerations in Design

When determining the architectural character of a prefabricated building, designers must

account for:

e Suitability for mass production: Finishes must be reproducible across hundreds of
units without significant variance.

» Workmanship constraints: Designs should recognize the limitations of the available
labor force during the assembly phase.

» Architectural expression: Using colour, texture, projections, and recesses to create
unique identities for individual buildings within a standardized group.

o Structural features as aesthetics: Exposed joists, beams, and columns can be treated as
architectural features, reducing the need for additional decorative cladding.

1.7.2 Methods of Integral Finishing

Several techniques allow for high-quality finishes to be applied during or immediately

after the precasting process:

1. Moulded concrete: Using patterned liners in the casting mould to create geometric
shapes or textures directly on the concrete surface.

2. Laid-on tiles: Fixing ceramic or stone tiles into the mould before pouring concrete,
ensuring a permanent bond without manual tiling on-site.

4. Mechanical tooling: Enhancing the hardened concrete surface through washing,
grinding, tooling, or grooving to reveal the material’s inner character.

4. Exposed aggregates: Removing the surface “laitance” to reveal the stones and aggregates
within the concrete for a rugged, natural esthetic.

1.7.3 Strategic Benefits of Modular Coordination

The transition to an MC-based industry requires significant discipline from designers and

engineers, but the long-term industrial payoff is substantial.

¢ Interdisciplinary cooperation: Standardized dimensions allow architects, structural
engineers, and mechanical, electrical, and plumbing (MEP) contractors to work within
the same spatial parameters, reducing errors.
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* Design and CAD optimization: Use of standard details allows for faster design
cycles, especially when using computer-aided design (CAD) and building information
modeling (BIM).

» Economic efficiency: By eliminating the need for cutting and trimming components
on-site, the industry sees a massive reduction in material wastage and labor costs.

 Standardization: MC facilitates the mass production of interchangeable components,
allowing for a competitive marketplace of standardized parts.

1.7.4 Modular Homes: The Unit-based Approach

A significant application of these principles is found in modular homes. These are
residential structures divided into multiple large-scale sections or “modules” manufactured
in a remote, climate-controlled facility.

Manufacturing and Assembly

Modular components are typically constructed on assembly lines within large indoor
facilities, utilizing either steel or wood framing. This indoor environment protects the
materials from the elements, ensuring higher precision than site-built homes. Once
completed, these modules are transported via trucks and assembled into a single cohesive
residence using heavy-duty cranes. This “plug-and-play” methodology represents the
pinnacle of modular coordination in the domestic housing sector.

Strategic Importance of Modular Housing

The shift toward modular homes represents a fundamental change in the economics of
residential development. By treating a dwelling as a manufactured product, builders
can achieve price points often significantly lower than their site-built counterparts. This
cost-effectiveness stems from industrial efficiencies that benefit both the developer and
the end consumer, primarily by condensing the construction timeline and optimizing
resource allocation.

Specific Advantages of Modular Homes

1. Climate-controlled indoor construction: The assembly process is entirely independent
of weather conditions. This indoor environment increases labor efficiency, eliminates
rain-related delays, and prevents the degradation of building materials (such as timber
warping or steel corrosion) that often occurs on exposed sites.

2. Procurement leverage: Large-scale modular manufacturers operate with high purchasing
power. By ordering materials in bulk for hundreds of units, they can negotiate favorable
pricing and deep discounts from suppliers, a benefit rarely accessible to small-scale site
builders.

3. Logistical flexibility for remote regions: Modular construction is uniquely suited for
servicing remote areas or regions experiencing localized construction booms (such as
mining towns). Houses can be fully constructed in major industrial hubs where labor
is affordable and then transported to regional locations, bypassing the high costs of
mobilizing specialized trades to distant sites.

4. Waste mitigation and sustainability: Because modular manufacturers utilize
standardized plans, they can calculate material requirements with extreme precision.
While a traditional site-built home may generate enough waste to fill several large
industrial dumpsters, modular facilities produce minimal scrap, and any remaining
offcuts are easily recycled within the factory.
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5. Enhanced structural integrity: To withstand the dynamic stresses of roadway
transportation—including vibrations and wind loads—modular homes are engineered
to be inherently stronger than traditional homes. Manufacturers often utilize screws
instead of nails and apply industrial-grade adhesives to joints, ensuring the module
maintains its structural geometry from the factory floor to the final foundation.

1.7.5 Assembly Cycles and Timeline

One of the most compelling arguments for modular systems is the radical reduction in
assembly time. While the fabrication of modules within a factory may span one to three
months depending on complexity, the actual production “run” for a standardized unit
can often be completed in as little as 10 days.

Once the modules arrive at the destination, the site transformation is rapid. A crane is
utilized to hoist and position the sections onto a preprepared foundation. This “stitching”
process, where modules are joined and sealed, typically concludes within several hours
or a few days, allowing for almost immediate interior finishing and occupancy.

Case study: The 10-day hospital—rapid prefabrication in wuhan

In January 2020, amidst the rapid outbreak of COVID-19, China executed one of the
most significant feats in modern prefabrication history by constructing the Huoshenshan
Hospital in Wuhan in just 10 days. Facing a critical shortage of beds and the need for
specialized infectious disease containment, the project utilized a modular volumetric
construction strategy rather than traditional methods, which would have taken years. The
site was first leveled and fitted with high-density polyethylene (HDPE) geomembranes to
prevent medical waste from contaminating the soil, followed by the pouring of a simple
concrete raft foundation.

To achieve the 10-day deadline, the building process was treated as an assembly line
rather than a typical construction site. Factories nearby mass-produced standardized flat-
pack container modules (approx. 6m x 3m) that included pre-installed windows, electrical
wiring, and ventilation ducts. These modules were trucked to the site and stacked rapidly,
similar to assembling Lego blocks, with two modules often joined to form a single patient
ward. Over 7,500 workers and 1,000 heavy machines operated 24 /7 in shifts to bolt these
units together.

The facility was not just a shelter but a fully equipped medical center featuring negative
pressure wards, where air pressure gradients ensured the virus could not escape the patient
rooms. This complex integration of MEP systems was only possible because the components
were pre-fitted in the factory. By shifting roughly 70-80% of the work off-site, the project
achieved a 95% reduction in construction time compared to standard hospital builds,
successfully handing over a 1,000-bed facility to the medical team on February 2, 2020.

| 1.8 MOBILE HOMES

A distinct subset of prefabricated housing is the mobile home (also referred to as a static
caravan). These units are characterized by their ability to be fully completed in a factory
and transported via public roads to their place of occupancy, which is often in rural settings
or high-density land-lease communities.

1.8.1 Structural Composition

Unlike modular homes that are permanently fixed to a foundation, mobile homes are built
upon a permanent chassis. Concealed behind decorative skirting at the installation site are
strong trailer frames, axles, wheels, and tow-hitches that remain part of the structural base.
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1.8.2 Standard Classifications and Dimensions

Mobile homes are generally categorized by their width, which determines the logistical
requirements for their transportation:

Single-wide units: These structures measure 18 feet or less in width and up to 90 feet
in length. They are transported to the site as a single, cohesive unit.

Double-wide units: These units measure 20 feet or more in width. To comply with road
safety and transport regulations, they are built and towed in two separate sections. Once
they reach the destination, these two units are joined together longitudinally to create
a much larger living space that resembles a traditional site-built home.

1.9 METHODS OF PREFABRICATION

. Individual mould method: Moulds are assembled from bottom and side panels (timber

or steel). They are transportable, use needle or mould vibrators, and can withstand
prestressing forces. Used where ribbed slabs, beams, girders, window panels, box-
type units, and special elements. Prestressed railway sleepers and parts of prestressed
girders. No specific limit in dimension and weight, capacity depends entirely on the
equipment used for demoulding, transporting, and placing. Main advantage is, this
method allows for strengthening of the cross section and openings can be created in
two planes.

. Battery form method: The shuttering panels may be adjusted into the form of a

battery at the required distances equal to the thickness of the concrete member. Used
where interior wall panels, shell elements, reinforced concrete battens, rafters, purlins,
and roof and floor slabs are required. Dimensions are length: 18 m, breadth: 3 m,
mass: 5 t. Advantage is specially suitable for mass production of wall panels where
shuttering cost is reduced to a large extent and autoclave or trench steam curing may
be adopted.

. Stack method: Used for casting identical reinforced or prestressed panels one over

the other with separating media interposed in-between. Used where floor and roof
slab panels are required. Dimensions are length: any desired length, breadth: 14 m,
mass: 5 t. Advantage is efficient for casting identical reinforced or prestressed panels
without extensive individual formwork.

. Tilting mould method: This method is capable of being skipped vertically using

hydraulic jacks. Used where exterior wall panels with special finishes on one
face or sandwich panels are required. Dimensions are length: 6 m, breadth: 4 m,
mass: 5 t. Advantage is suitable for manufacturing external wall panels and allows
easier demoulding without damaging the face.

. Long line prestressing bed method: A method involving long casting beds to stretch

tendons across multiple elements. Used where double tees, ribbed slabs, purlins,
piles and beams are required. Dimensions are length: any desired, breadth: 2 m,
height: 2 m, mass: Up to 10 t. Advantage is ideally suited for pretension members.

. Extrusion method: Uses a long concrete mould with constant cross-section where

concreting and vibration are done automatically just as in hollow cored slab casting.
Used where roof slabs, foam concrete wall panels and beams are required. Dimensions
are length: any desired, breadth: less than 2 m, height: less than 3 m. Advantage
is may be used with advantage in the case of unreinforced blocks and foam concrete
panels.
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1.9.1 Classification of Prefabricated Structural Systems

The selection of a prefabrication system is dictated by the building’s functional
requirements, span lengths, and load-bearing profiles. Modern industrial and commercial
architecture utilizes several distinct systems:

Single-storey Steel Frame Systems

As the predominant system for industrial workshops and factories, this method utilizes a
robust skeleton of steel columns, rafters, trusses, and purlins stabilized by cross-bracings.
Its capability to provide expansive clear spans ranging from 20 to 40 meters makes it ideal
for facilities housing heavy machinery, overhead cranes, or those subject to high-frequency
vibrations.

Reinforced Concrete (RC) Frame Systems

Where fire resistance, structural rigidity, and long-term durability are paramount,
Reinforced concrete (RC) frame systems composed of factory-cast columns, beams, and
floor slabs are preferred. These systems are particularly suitable for multi-storey industrial
complexes, heavy-load warehouses, and chemical industry facilities where corrosion
resistance is essential.

Portal Frame Systems

The portal frame is a highly efficient rigid system consisting of two columns and a rafter
beam joined by moment-resisting connections. Capable of achieving wide-span roofs
up to 60 meters, this system is widely used for aircraft hangars, large-scale distribution
centers, and sports arenas.

Space Frame and Space Truss Systems

A space frame is a three-dimensional structural system assembled from interconnected
linear members in a geometric pattern. Exceptionally lightweight, it provides vast column-
free interior spaces, making it ideal for exhibition halls, airport terminals, and expansive
roofing for large industrial plants.

Shell and Folded Plate Systems

Shell and folded plate systems utilize thin reinforced cement concrete (RCC) shells or
folded slabs to efficiently cover medium spans of 20-30 meters. Highly economical due to
reduced material volume, these systems are well-suited for specialized storage buildings,
grain godowns, and architectural workshops.

Pre-engineered Building (PEB) Systems

Pre-Engineered Building (PEB) systems represent a total turnkey steel solution where
the entire structure is engineered and fabricated at a factory before being delivered as a
kit-of-parts. Offering extreme speed of erection, high cost-effectiveness, and optimized
weight-to-strength ratios, PEBs are extensively used for logistics parks, fulfillment centers,
and rapid-deployment industrial sheds.

| 1.10 PREFABRICATION PLANT

The efficiency of a precast structural system is entirely dependent on the layout and
operational flow of the manufacturing plant. A well-designed plant must accommodate
the high-volume movement of heavy components.
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Critical Layout Considerations

o Strategic siting: Plants must be located with immediate access to highways or rail
networks to facilitate the transport of oversized components to construction sites.

* Production and casting zones: Dedicated space is required for production beds and
high-precision moulds for beams, slabs, and wall panels.

» Material zoning: Systematic segregation of silos for cement, bins for graded aggregates,
and secure storage for chemical admixtures.

¢ Logistics and handling: The facility must be designed for the movement of gantry cranes
and heavy-duty forklifts. Gantry cranes must have full-reach access across casting beds
and loading bays.

* Quality and safety: On-site laboratories for concrete testing and dedicated safety zones
for workers are mandatory for high-standard industrial production.

1.10.1 Precast Production Process

The manufacturing of precast elements follows a rigorous, controlled sequence to ensure
that every structural member meets exact engineering specifications.

Material and Reinforcement Preparation

The process begins with automated batching where cement, sand, aggregates, and water

are measured to achieve the desired mix design. Simultaneously, the structural “skeleton”

is prepared:

» Mild steel: Cut and bent into reinforcement cages.

» High-tensile (HT) wire: For prestressed members, HT wires are threaded through the
moulds and stressed using hydraulic jacks to the design requirements.

Mould Preparation and Concrete Placement

Moulds are cleaned, assembled, and coated with a release agent (mould oil) to ensure a
smooth surface finish and easy demoulding. Once the reinforcement cages and necessary
inserts (lifting hooks, electrical conduits) are positioned, concrete is poured. Mechanical
vibration or high-frequency compaction tables are used to eliminate air voids and ensure
maximum density.

Curing, Detensioning, and Demoulding

To accelerate production, many plants use steam curing or autoclaves, allowing concrete

to reach high early strength.

» Detensioning: In prestressed units, once the concrete is sufficiently strong, the tension
in the HT wires is released, transferring the compressive force into the concrete
member.

¢ Demoulding: Elements are carefully stripped from the moulds. The moulds are then
immediately cleaned and recycled for the next cycle.

Stacking, Testing, and Dispaich

Demoulded units are moved to a secondary curing yard for final hydration. Each unit—
or a representative sample from the batch—undergoes rigorous testing for dimensional
accuracy and load-bearing capacity. Upon certification, the elements are loaded onto
specialized transport for site delivery.
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Stages of Prefabrication Technique

S. No. Description Details of operation
1. Procurement and storage of Unloading and transport of cement, coarse and fine aggregates,
construction materials and steel, and storing them in bins, silos, or storage sheds.
2. Testing of raw materials Testing of all materials including steel to ensure compliance

with standards.

3. Design of concrete mix Testing of raw materials, plotting of grading curves, and
conducting trial mixes in the laboratory.

4. Making of reinforcement cages  Unloading reinforcement bars from wagons or lorries,
stacking in the steel yard, cutting, bending, tying, or welding
reinforcements into cages ready for placement in moulds.

5. Applying form release agent and Moulds are cleaned, applied with form release agent,
laying of moulds in position assembled, and placed in the correct position.
6.  Placing of reinforcement cages, Reinforcement cages are placed in the moulds with spacers
inserts, and fixtures and inserts as per the data sheet prepared for each precast
element.
7. Preparation of green concrete Aggregates and cement are taken from bins and silos; batching

and mixing of concrete are carried out.

8.  Transport of green concrete Green concrete is transported from the mixer to the moulds.
In some cases, direct transfer from mixer to mould or via a
hopper is used.

9.  Pouring and consolidation of Concrete is poured into the mould and vibrated properly to
concrete achieve a good finish.

10.  Curing of concrete and Curing may be natural (with water) or accelerated (steam
demoulding curing or autoclave). The process includes transporting moulds

for curing, demoulding after setting, cutting protruding wires,
and allowing further curing.

11.  Stacking of precast elements Lifting precast elements from moulds and transporting them to
the stacking yard for further handling by trailer or rail.

12.  Testing of finished components  Tests are carried out individually and in combination to ensure
adequacy and strength of the precast components.

1.11 Advantages of Prefabrication

The industrialization of building components offers several transformative benefits:

 Uniform excellence: Factory-controlled environments eliminate the variables of site-
mixed concrete, ensuring every beam and column is of uniform high strength.

* Sustainability: Minimal material waste and the high reusability of steel moulds make
this a resource-efficient construction method.

» Temporal compression: The ability to mass-produce structural elements regardless
of weather conditions significantly reduces the critical path of a construction project.

1.12 Limitation in Prefabrication

The transition from a factory-made component to a structural system depends entirely
on the integrity of the connection devices. A fundamental engineering rule is that these
devices must be as “fall-proof” as possible.

From a manufacturing point of view, the connection hardware (inserts, bolts, or plates)
must be designed so they can be placed in the mould with minimal effort while maintaining
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precise orientation. High tolerance is non-negotiable; if a connection device is misaligned
by even a few millimeters during the factory pour, it can render the entire structural element
unusable during on-site assembly.

1.13 Optimized Prefabricated Flooring and Roofing

In traditional construction, structural floors and roofs represent a substantial portion of the
total project cost. Traditional cast in situ concrete requires extensive temporary shuttering
and scaffolding, which increases both labor costs and project duration.

Prefabrication eliminates the need for temporary shuttering by using standardized,
self-supporting components. In low-cost housing and industrial projects, the following
prefabricated horizontal systems have proven technically and economically superior:
 Precast RC planks: Solid reinforced concrete units for short to medium spans.
 Precast hollow concrete panels: Units containing longitudinal voids to reduce self-

weight without compromising stiffness.

o Precast RB (reinforced brick) panels: A hybrid system utilizing brick masonry and
reinforcement for localized affordability.

e Precast RB curved panels: Arch-action units that eliminate the need for tension
reinforcement in the mid-span.

 Precast Ferro-cement panels: Lightweight, thin-wall elements with high-density wire
mesh for specialized applications.

* Precast RC channel units: Trough-shaped units designed for high load-bearing capacity.

1.14 Prefabricated Roofing Units
Precast RC Channel Units

These units are characterized by their trough-like shape. The outer sides are often
corrugated or grooved at the ends to create a shear key action. This design allows for the
efficient transfer of moments and shear forces between adjacent units once the joints are
grouted. Standard nominal widths are 300 mm or 600 mm, with depths varying between
130 mm and 200 mm. The length of these units is customized during fabrication to suit
the specific span requirements of the building.

Precast Curved Brick Arch Panels

This system utilizes the principles of masonry arching. Unlike standard RB panels, these
curved panels are cast with a specific rise at the center. This creates an internal arching
action that allows the panel to resist loads primarily through compression. This system
can achieve a 30% cost reduction in single-storey buildings and a 20% reduction in multi-
storey structures by eliminating expensive steel reinforcement within the panel.

Precast Hollow Slabs

Hollow slabs utilize internal voids—often created using earthen ‘kulars” or inflatable
mandrels—to displace concrete where it is least structurally active (near the neutral
axis). These units are significantly lighter than solid slabs. This reduction in dead load
ripples through the entire structure, allowing for smaller beams, thinner walls, and more
economical foundations.

1.15 Beam Theory and Efficiency in Prefabrication

Beams serve as the primary horizontal members that transfer gravitational and lateral
loads (wind/seismic) to columns or bearing walls. In light-frame precast construction,
the floor joists or planks rest directly on these beams.
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Cross-sectional Efficiency

While most reinforced concrete beams are rectangular for ease of casting, the universal
beam (I-section or wide flange) is technically the most efficient for unidirectional bending.
» Second moment of area: Efficiency is achieved by placing the majority of the material
away from the neutral axis. This maximizes the second moment of area (I), which directly
increases the beam’s stiffness and resistance to deflection.
* Geometry vs. load: I-shape: King of unidirectional (up-and-down) bending.
= Box/square shell: Most efficient for 2D bending (side-to-side and up-and-down).
= Cylindrical/tube: The most efficient shape for bending in any direction (omnidirectional).

Composite Action in Precast Systems

To further enhance efficiency, precast reinforced beams are often designed to act compositely
with the floor slabs. By introducing interface shear connectors (such as protruding rebar
or shear keys) and an in situ concrete infill, the beam and the slab (hollow core or plank)
function as a single structural unit. This composite design is typically reserved for internal
beams where the slab exists on both sides, significantly enhancing the load-carrying
capacity without increasing the depth of the precast member.

Prefabricated Column Interconnection

Prefabricated columns, typically constructed of high-grade steel or precast concrete, require
precision-engineered base connections to ensure vertical alignment and structural stability.
The most common method involves securing the column to a foundation base using high-
strength anchor bolts. Anchor bolts are cast directly into the structural base. The column
is lowered onto these bolts, and fixing is achieved through a system of heavy-duty nuts
and washers. This system allows engineers to adjust the column to the precise height level
and vertical plumb. Once the column is positioned, the interface between the column
base and the foundation must be grouted immediately. Once cured, this joint functions
as a monolithic reinforced concrete structure, effectively transferring loads through the
connection hardware.

1.16 Critical Design Considerations for Fabrication

To ensure the economic viability of precast elements, designers must adhere to several

“industrialized building system” (IBS) principles during the drafting phase.

1. Avoidance of congestion: Connections often require a high density of reinforcing steel,
embedded plates, and inserts. It is critical to remember that rebar and prestressing
strands occupy physical volume. If too many items are concentrated in a small zone, there
may be insufficient space for the concrete to flow, leading to structural honeycombing.
Large-scale detail drawings are essential to detect and resolve such congestion before
casting.

2. Formwork integrity: Designers should avoid elements that require penetrating the
moulds (holes in the forms), especially for steel moulds intended for high reuse.
Protruding units should be minimized. If a connection requires a surface-mounted
plate, placing it at the bottom of the form is preferable, as it can be fixed with greater
accuracy and does not interfere with the finishing of the top surface.

3. Reduction of post-stripping work: A factory is most efficient when products move
directly from the mould to the storage yard. Post-casting operations—such as specialized
cleaning, welding projecting hardware, or manual finishing—increase labor costs and
the risk of handling damage.
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4. Standardization and repetition: Identity in detailing is a core tenet of prefabrication.
Using identical details across various components, even if it results in slight over-design,
reduces manufacturing errors and simplifies the assembly line. Similarly, utilizing
standard, off-the-shelf hardware ensures availability from multiple suppliers and
reduces costs.

5. Tolerance management: Rigid, non-standard dimensional tolerances are difficult to
maintain and often lead to rejection. Connections should be designed with inherent
provisions for adjustment to accommodate minor industry-standard variances.

] 1.17 LOGISTICAL AND TRANSPORTATION REQUIREMENTS

The transportation phase introduces dynamic stresses and physical constraints that differ
significantly from on-site service conditions. Any reinforcing bars or hardware sticking
out from the concrete must be shielded to prevent injury and withstand handling shocks.
Protruding rebar at the bottom of a wall panel may require expensive, unstable “build-ups”
on truck beds. A more efficient engineering solution is to use threaded inserts, allowing
the bars to be screwed in only once the element reaches the site. Protruding elements from
the top of a panel can increase the total height of the load beyond the clearance limits of
highway underpasses. Alternatively, features like corbels should be designed in a single
plane to allow columns to be stacked “top-to-bottom” for a more stable and high-capacity
truckload.

| 1.18 ERECTION STRATEGY AND FIELD CONNECTIONS

The primary benefit of prefabrication is speed. To realize this, field connections must be

kept simple and weather-resilient.

» Environmental sensitivity: Materials like wet grout, cast-in-place concrete infills, and
epoxies are sensitive to cold weather. If the erection sequence depends on these materials
curing, the entire project may face costly delays.

» Temporary stability: Designers must plan for the fewest and safest operations required
before a crane can unhook from a component. This involves calculating the stability
of the element (using props or braces) and the stability of the structure as a whole at
every incremental stage of erection.

 Standardized field tasks: By standardizing bolts, angles, and connection types, site
crews become more productive and are less likely to make errors. Reducing the number
of “skilled trades” required on-site—such as specialized welders—further enhances
project economy.

| 1.19 LATERAL STABILITY: SHEAR WALLS AND BRACING SYSTEMS

As buildings increase in height, pin-jointed precast frames become susceptible to horizontal
loads from wind or seismic activity. These forces can cause “second-order effects,” where
deflection leads to eccentricities that columns are not designed to resist.

Shear Walls

Shear walls are vertical structural elements designed to resist lateral forces directed along

the length of the wall.

» Composition: In residential precast, these are often solid panels or wood-frame stud
walls with plywood sheathing.

* Placement: For a “box structure” effect, shear walls should be placed symmetrically
on all four exterior walls. If the building length exceeds a 3:1 span-width ratio, interior
shear walls must be introduced.
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» Function: They provide both strength (to resist shear) and stiffness (to control sideways
drift), ensuring the building does not sway excessively.

Bracing Systems

When shear walls are not utilized, diagonal bracing systems transfer horizontal forces
through axial tension and compression paths. Some of the common bracing types are
precast concrete infill walls: solid panels placed between columns (most popular); precast
cantilever walls/cores: vertical units fixed at the base (often around lift shafts); cross
bracing: “X” or “K” shaped members made of steel or precast concrete.

Engineering Behavior under Cyclic Loads

Under wind or seismic events, the load path is dynamic. A diagonal member that is
in compression during one wind phase may shift into tension if the wind direction
reverses. Since concrete is inherently weak in tension, precast bracing must be detailed to
ensure stability during these alternating cycles. Steel cross-bracing is often preferred for
high-seismic zones because steel performs excellently in both tension and compression,
allowing the “tension leg” of an X-brace to carry the primary load effectively while the
other diagonal relaxes.

SHORT QUESTIONS AND ANSWERS

1. What is modular coordination?

Ans: Modular coordination (MC) is a dimensional system. It is a dimension and space
coordination concept in which building and components are placed at their designations
based on the unit.

2. How dimensional coordination is helpful in prefabricated structures?

Ans: Building production is the organization and management of the plans, equipment,
materials and labor involved in the construction of a building, while at the same time
complying with all codes, rules and contractual stipulations. The procedure should be
designed to run efficiently, to keep the costs low and to allow returns on the investment
to be realized as early as possible.

3. Explain the term basic module

Ans: Modular are terms that usually refer to upscale housing that can be any combination
of pre-engineered home parts that re delivered to the building site ready to be assembled
in a quick manner.

4. What are the factors to consider in transporting of prefabricated structures?

Ans: Transport device being movable from the input end to the output end of the
production line through a series of workstations, said building unit being fabricated on
an upper surface of said flatbed, said flatbed having an anti-friction surface on the upper
surface thereof for permitting sliding movement of said building unit relative to said
transport device.

5. What is meant by disuniting of prefabricated structures?

Ans: Disuniting of prefabricated structures refers to the separation or dismantling of
prefabricated building components that were earlier assembled to form a structure. In
prefabricated construction, elements like wall panels, beams, columns, slabs, and modular
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units are manufactured off-site and then joined together at the site. When these joints are
undone or separated, the process is called disuniting.

6. Explain the role of shear connectors in prefabricated structures.

Ans: Shear connectors may be spaced uniformly between the sections of maximum and
zero moment. Shear connectors should have at least 1 in (25.4 mm) of concrete cover in
all directions; and unless studs are located directly over the web, stud diameters may not
exceed 2.5 times the beam-flange thickness. With heavy concentrated loads, the uniform
spacing of shear connectors may not be sufficient between a concentrated load and the
nearest point of zero moment

7. What are the special material properties in of prefabricated structures?
Ans:

e Quick to assemble

o Cost-effective

e Portable/movable

e Strong

» Water proof, moisture proof
e Fire resistant

8. What are the types of shear walls?
Ans:

e Vertical offset of shear walls
o Stiffness shear wall
¢ Steel shear wall

9. What is meant by deflection control?

Ans: Deflection control refers to the methods and design measures used to limit the vertical
or horizontal displacement (bending or sagging) of structural elements such as beams,
slabs, walls, and precast components when they are subjected to loads.

10. Mention some specific requirements in layout of prefabricated plants.

Ans: A prefabrication plant requires proper planning to ensure efficient production,
handling, curing, storage, and transportation of precast elements.

11. Write short notes on prefabrication

Ans: Prefabrication is the practice of assembling components of a structure in a factory
or other manufacturing site, and transporting complete assemblies or sub-assemblies to
the construction site where the structure is to be located prefabrication, in architectural
construction, a technique whereby large units of a building are produced in factories to be
assembled, ready-made, on the building site. The technique permits the speedy erection
of very large structures

12. What are general methods of manufacture in prefabrication?
Ans:

o Stationary (fixed) mould method
* Long-line method
 Flow-line/assembly line method
o Tilting table method

* Slip-forming method
 Factory-shed method

e Extrusion method
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13. Write any two advantages of prefabrication construction.

Ans:

¢ Self-supporting ready-made components are used, so the need for formwork, shuttering
and scaffolding is greatly reduced.

» Construction time is reduced and buildings are completed sooner, allowing an earlier
return of the capital invested.

14. Define the term module.

Ans:

e Basic module—the fundamental module used in modular coordination, the size of
which is selected for general application to building and its components.

¢ The value of the basic module has been chosen as 100 mm for the maximum flexibility
and convenience. The symbol for the basic module is M.

15. Write short notes on shear wall.

Ans: A shear wall is a wall which is designed to resist shear, the lateral force which causes
the bulk of damage in earthquakes.

16. What are the two main construction systems in prefabrication?
Ans:

» Open-prefabrication system

¢ Closed-prefabrication system.

17. Write any two prefabrication problem of materials.
Ans:

* Non-availability of materials

* Economy.

18. Write the types of derricks

Ans: A derrick is a lifting device composed of one mast or pole which is hinged freely
at the bottom. It is controlled by lines powered by some means such as man-hauling or
motors, so that the pole can move in all four directions.

o Hallen Derrick

e Velle Derrick

o Stiilcken Derrick

19. What are the advantages of prefabricated structures?

Ans:

* On-site construction and congestion is minimized.

¢ Quality control can be easier in a factory assembly line setting than a construction site
setting.

o Prefabrication can be located where skilled labour is more readily available and costs
of labour, power, materials, space and overheads are lower.

» Time spent in bad weather or hazardous environments at the construction site is
minimised.

20. What are the safety factors to be considered in designing?

Ans: Prefabricated buildings shall be designed with proper structural integrity to avoid

situations where damage to small areas of a structure or failure of single elements may
lead to collapse of major parts of the structure.
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All buildings should be capable of safely resisting the minimum horizontal load of 1.5%
of characteristic dead load applied at each floor or roof level simultaneously.

21. Explain about the location of shear wall.

Ans: Lateral forces caused by wind, earthquake, and uneven settlement loads, in addition
to the weight of structure and occupants; create powerful twisting (torsional) forces.
These forces can literally tear (shear) a building apart. Reinforcing a frame by attaching
or placing a rigid wall inside it maintains the shape of the frame and prevents rotation
at the joints. Shear walls are especially important in high-rise buildings subject to lateral
wind and seismic forces.

22. Briefly explain about the stages of loading.

Ans:

e Handling: Loads acting on the precast element during lifting, shifting, and rotating
inside the factory. Crane loads, lifting stresses, and impact forces are considered.

o Transportation: Loads applied while transporting the precast component from plant
to site. Includes vibrations, dynamic loads, stacking stresses, and road irregularities.

* Erection: Loads during placing, positioning, and temporary support at the site.
Temporary loads, wind loads during erection, and stability requirements are considered.

* Service load stage: Loads acting after the structure is completed and in use. Includes
dead load, live load, wind, seismic load, temperature effects, etc.

23. List out any four IS code specification for RCC design which includes precast
concrete design.

Ans:

* 1S 456—-Code of practice for plain and reinforced concrete

o IS 875-Design loads (parts 1-5)

o IS 1893-Earthquake resistant design of structures

¢ 1S 15916-Building design and erection using prefabricated concrete

LONG-ANSWER QUESTIONS

1. Explain briefly how the modular coordination is adopted for architectural treatments
and finishes.

2. Explain in detail the preferred dimension adopted for the precast structural elements

such as flooring, roofing, beams and columns.

Explain in detail the preferred dimension adopted for the precast structural elements?

Mention different points to be considered while planning a lay out for pre-fabricated

plant?

What is shear wall and types of shear wall—explain?

Explain specific requirements in layout of prefabricated plants.

Explain broadly the advantages and problems of prefabricated construction.

Explain the constructional structural systems in industrial building.

Explain the construction principle and manufacture of prefabricated component

10. Explain with neat sketch of the types of shear wall.
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