Chapter 27: Special Concrete and Concreting
Methods — Precast Construction Methods

Introduction

Precast concrete construction has emerged as a modern, efficient, and high-quality
alternative to traditional cast-in-situ methods. It involves casting concrete
members in a controlled environment (typically a factory or a precast yard)
and then transporting them to the construction site for erection. This method
enhances quality control, minimizes construction time, and ensures superior
performance, especially for repetitive and modular structures.

This chapter discusses precast concrete construction in depth, including its types,
manufacturing techniques, advantages, limitations, connections, and testing
protocols.

1. Overview of Precast Concrete Construction
1.1 Definition

Precast concrete is a construction product produced by casting concrete in
a reusable mold or "form" which is then cured in a controlled environment,
transported to the construction site, and lifted into place.

1.2 Key Concepts

¢ Factory-Made Components: Elements are manufactured off-site.

¢ Modularization: Design and production follow standardized modules.

¢ Fast-Track Construction: Site work and component production occur
simultaneously.

2. Types of Precast Concrete Elements

Precast concrete elements are categorized based on their function and placement
in a structure:

2.1 Structural Elements

o Beams (RCC, prestressed)

o Columns

o Slabs (solid slabs, hollow core slabs)
e Staircases



2.2 Architectural Elements

¢ Cladding panels
¢ Sunshades (chajjas)
¢ Window and door surrounds

2.3 Infrastructure Components

e Precast concrete walls
¢« Precast pavements
e Drainage pipes, manholes, culverts

3. Manufacturing Process of Precast Concrete
3.1 Mould Preparation

o Steel, timber, or fiberglass molds are used.
e C(Cleaned and oiled for easy demolding.
e Can be fixed or adjustable.

3.2 Reinforcement Placement

o Prefabricated rebar cages are placed inside the molds.
e Spacer blocks ensure cover thickness.
o Post-tensioning ducts are added for prestressed components.

3.3 Concreting

o Use of high-performance concrete (HPC) or self-compacting concrete
(SCC).

o Concrete is poured and vibrated (or allowed to flow in case of SCC).

e Admixtures are used to control setting time and workability.

3.4 Curing

o Accelerated curing through steam or hot water methods.
o Ensures early strength gain.
o Typically carried out for 8-24 hours under controlled conditions.

3.5 Demoulding and Finishing

¢ Elements are removed after reaching sufficient strength.
o Surface finishing: smooth, textured, acid-etched, or painted.



3.6 Storage and Transport

e Stored on racks or supports to avoid deflection.
o Transported using trailers, cranes, and lifting frames with embedded lifting
hooks.

4. Erection Techniques at Site
4.1 Lifting and Handling
e Proper rigging and lifting devices used.
¢ Load-balancing and center-of-gravity considerations.
4.2 Installation and Alignment
o Placed over foundations, base slabs, or previously erected elements.
o Laser instruments and plumb lines used for precise alignment.
4.3 Jointing and Grouting

¢ Joints filled with high-strength grout or epoxy.
e Dry joints may be used with rubber gaskets or sealants.

5. Types of Joints and Connections
5.1 Wet Connections

¢ Involve cast-in-situ concrete or grout to bond precast elements.
¢ Provide monolithic behavior.
e Common in frames and load-bearing systems.

5.2 Dry Connections

¢ Bolted, dowelled, or keyed joints.
o Fast and removable.
e Common in modular or temporary structures.

5.3 Semi-Dry Connections

e Combine mechanical fasteners and small grout fillings.
e Used in hybrid precast-cast-in-situ systems.




6. Advantages of Precast Construction

Quality Control: Superior workmanship in factory-controlled environ-
ment.

Speed of Construction: Reduced site work and faster erection.
Durability: Better curing and compaction lead to long-lasting compo-
nents.

Reduced Wastage: Efficient material use and recycling possibilities.
Workforce Safety: Less labor-intensive at the site; minimal scaffolding.
Weather Independence: Most of the work is done indoors.
Repetition and Standardization: Ideal for mass housing, commercial
buildings, and infrastructure.

7. Limitations of Precast Concrete

High Initial Investment: Costs for molds, equipment, and transporta-
tion.

Transportation Constraints: Size and weight limit based on logistics.
Design Restrictions: Less flexibility in making design changes post-
production.

Skilled Workforce: Requires trained personnel for fabrication and erec-
tion.

Joint Vulnerabilities: Improper joint design or execution can cause
leakage or structural failure.

8. Applications of Precast Concrete in India and Worldwide

8.1 Residential Buildings

Mass housing schemes (e.g., Pradhan Mantri Awas Yojana)
Apartment blocks and villas using modular systems

8.2 Commercial Complexes

o Office buildings, shopping malls, warehouses

8.3 Infrastructure

o Bridges (precast girders, box culverts)

o Metro rail systems (segments, U-girders)
¢ Flyovers and underpasses

o Stadiums and auditoriums



8.4 Specialized Structures

e Nuclear and thermal power plants (prefabricated containment units)
e Airports and terminals

9. Testing and Quality Control for Precast Concrete
9.1 Raw Material Testing

e Cement: Fineness, setting time, compressive strength

o Aggregates: Gradation, specific gravity, impact and abrasion values
o Water: Potability and pH

¢ Admixtures: Compatibility and dosage effectiveness

9.2 In-Process Testing

o Workability (Slump or flow table test)
e Temperature control during curing
o Dimensional checks on molds and reinforcement

9.3 Finished Product Testing

o Compressive strength (cube/cylinder)

e Surface finish and dimensional accuracy

o Load testing (static/dynamic)

o Non-destructive testing (ultrasonic pulse velocity, rebound hammer)

10. Recent Advances and Innovations

10.1 3D Precast Printing
¢ Additive manufacturing in large-scale precast elements.
¢ Enables complex architectural forms.

10.2 Hybrid Precast Systems

e Combination of precast and in-situ elements for seismic resistance.

10.3 Smart Precast Panels

e Embedded sensors for structural health monitoring.
e Precast walls with built-in electrical and plumbing systems.



10.4

Green and Sustainable Practices

Recycled aggregates and fly ash-based concrete.
Energy-efficient curing methods.
Use of carbon capture technologies in precast production.

11. Design Considerations in Precast Construction

Precast construction is not merely a method of assembly but a unique design
philosophy. It requires thoughtful integration of structural design, transportation
logistics, manufacturing constraints, and construction tolerances.

11.1

11.2

11.3

Structural Design Aspects

Load Path Continuity: Ensure proper force transfer through joints and
connections.

Lateral Stability: Provision for bracings or shear walls to resist seismic
and wind forces.

Fire Resistance: Precast elements must be designed to resist spalling
and maintain strength under elevated temperatures.

Shrinkage and Creep: Consider time-dependent deformation in design,
especially in prestressed components.

Connection Detailing

Joints must account for tolerance, differential movements, and ease of
assembly.

Use of sleeves, dowels, inserts, and connectors like splice sleeves and bearing
plates.

Modular Coordination

Dimensions of elements should adhere to modular planning principles (e.g.,
100 mm modules).
Simplifies manufacturing and erection, reduces material wastage.

12. Handling, Transportation, and Erection Challenges

Though precast construction has many benefits, its effectiveness relies on efficient
logistics and erection planning.

12.1

Handling

Use lifting anchors, clutch systems, or embedded loops.



e Avoid stress concentrations during lifting—apply lifting loads at designed
points only.

12.2 Transportation

e Transport on flatbed trailers with cushioning pads.
o Restrictions due to road width, overhead clearances, turning radius, and
local regulations.

12.3 On-Site Storage

e Store elements on firm, level ground.
e Stacking should be minimized; otherwise, use separators and support
blocks.

12.4 Assembly Sequence

e Follow erection drawings with lifting plans and temporary bracing.
e Sequence matters in multi-storey structures (e.g., columns before beams,
floor slabs after frames).

13. Durability and Service Life

Precast elements often exhibit superior durability, but this depends on materials,
manufacturing, and exposure conditions.

13.1 Durability Factors

¢ Concrete Quality: Higher-grade concrete (M40-M60) with low w/c ratio.

e Cover to Reinforcement: Greater than in-situ elements, typically 40-75
mim.

¢ Curing Techniques: Steam curing for denser and more impermeable
concrete.

13.2 Exposure Classifications (as per IS 456:2000)

o Mild, moderate, severe, very severe, and extreme.
o For example, precast marine structures require sulphate-resistant cement
and protective coatings.

14. Earthquake-Resistant Precast Construction

Precast structures must be designed to withstand seismic loads, especially in
Zone III, TV, and V regions in India.



14.1 Seismic Design Principles

¢ Ductile Connections: Allow energy dissipation without brittle failure.

¢ Moment-Resistant Frames: Hybrid systems combining precast and
in-situ joints.

« Base Isolation: Use of elastomeric bearings under columns or load-bearing
walls.

e Progressive Collapse Prevention: Tie reinforcement through floor
levels and connect systems integrally.

14.2 Indian Practices and Codes

o Follow IS 1893 and IS 13920 guidelines for precast seismic design.
e Use of IS 15916:2010 — “Building Design and Erection Using Prefabricated
Concrete.”

15. Quality Assurance and Inspection Protocols

Rigorous quality control is vital in precast construction to ensure performance
and longevity.

15.1 Factory Quality Checks

e Pre-pour: Mould geometry, cleanliness, reinforcement fixing.
e During pour: Slump, temperature, compaction adequacy.
¢ Post-pour: Surface finish, cracks, dimensions, strength tests.

15.2 Site Quality Checks

o Visual inspection for cracks, honeycombing, or spalls.
o Verification of lifting insert integrity.
e Alignment, plumbness, and level tolerance after placement.

15.3 Non-Destructive Testing (NDT)

o Ultrasonic Pulse Velocity (UPV): Detects internal flaws.
¢ Rebound Hammer Test: Measures surface hardness.
¢ Covermeter Testing: Measures concrete cover over reinforcement.

16. Case Studies and Real-Life Applications
16.1 DMRC — Delhi Metro Rail Corporation

o Extensive use of precast U-girders, pier caps, and segments.
o Factory-manufactured components enabled faster, safer elevated corridors.



16.2 BKC Connector, Mumbai

Precast tunnel box sections for minimal traffic disruption.
Modular assembly led to completion ahead of schedule.

16.3 Mass Housing in Tamil Nadu

Use of precast load-bearing walls and slab systems under PMAY.
Faster possession for thousands of economically weaker section (EWS)
families.

17. Future Trends in Precast Concrete
17.1 Digital Fabrication

Use of BIM (Building Information Modeling) for clash detection and design
integration.

CAM (Computer-Aided Manufacturing) linked directly to mold-cutting
and assembly robots.

17.2 Carbon-Neutral Concrete

Use of carbon-cured concrete (e.g., CarbonCure).
Precast components as carbon sinks in net-zero buildings.

17.3 Modular Precast Towers

High-rise buildings assembled with floor-wise precast modules.

o Widely adopted in Singapore and Japan, now being piloted in India.

17.4 ToT-Enabled Smart Components

Embedded RFID tags, sensors for load and stress monitoring.
Enables predictive maintenance and lifecycle tracking.
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