
design fundamentals of post tensioned concrete slabs

design fundamentals of post tensioned concrete slabs are essential knowledge for engineers and architects
involved in modern construction projects. Post tensioned concrete slabs offer significant advantages over
traditional reinforced concrete, including reduced slab thickness, longer spans, and enhanced durability.
Understanding the principles behind post tensioning technology, the materials used, and the design
considerations is crucial for safe and efficient structural performance. This article delves into the key aspects
of post tensioned slab design, including the types of post tensioning systems, the behavior of concrete under
prestressing, and the critical design parameters. Additionally, it reviews the applicable codes and standards,
construction practices, and common challenges faced during implementation. By exploring these topics, the
reader will gain a comprehensive understanding of the design fundamentals of post tensioned concrete
slabs, which are widely adopted in commercial, residential, and infrastructure projects.
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Overview of Post Tensioned Concrete Slabs
Post tensioned concrete slabs are structural elements that utilize high-strength steel tendons tensioned after
the concrete has hardened. This technique introduces compressive forces into the slab, counteracting tensile
stresses and improving load-carrying capacity. The design fundamentals of post tensioned concrete slabs
include understanding the interaction between concrete and prestressing steel, slab geometry, and support
conditions. These slabs are commonly used in applications where reduced slab thickness and longer spans
are desired, such as parking garages, commercial buildings, and bridges. The post tensioning process
enhances durability by minimizing cracking and deflection under service loads.



Types of Post Tensioning Systems
There are primarily two types of post tensioning systems: bonded and unbonded. Bonded systems involve
encasing the prestressing tendons in grout after tensioning, providing corrosion protection and composite
action with the concrete. Unbonded systems use greased and sheathed tendons that remain free to move
within the slab, typically used in slab-on-grade or lightweight applications. The choice between these
systems depends on design requirements, environmental exposure, and construction methods.

Advantages of Post Tensioned Slabs
Post tensioned slabs offer several benefits over conventional reinforced concrete slabs:

Reduction in slab thickness, leading to material savings

Longer clear spans without intermediate supports

Control of cracking and improved durability

Enhanced structural efficiency and load distribution

Reduced dead load, which benefits overall building design

Materials and Components
The design fundamentals of post tensioned concrete slabs rely heavily on the quality and properties of
materials used. The primary components include concrete, prestressing steel tendons, anchorage devices,
and ducting systems. Each component must meet strict specifications to ensure reliable performance under
service and ultimate loads.

Concrete Properties
Concrete used in post tensioned slabs must possess adequate compressive strength, typically ranging from
4,000 to 6,000 psi or higher. It also requires good workability and durability characteristics to accommodate
the placement of tendons and resist environmental factors. Proper curing is critical to achieve the desired
strength before tensioning the tendons.



Prestressing Steel Tendons
Tendons consist of high-strength steel strands or wires, commonly 0.5-inch diameter strands with tensile
strengths exceeding 270 ksi. These tendons are tensioned to impart compressive stress in the concrete,
offsetting tensile stresses induced by loads. The design must account for prestress losses due to friction,
anchorage set, and creep of concrete.

Anchorage and Ducts
Anchorage devices secure the prestressing tendons at slab edges, transferring the tension forces safely into
the concrete. Ducts or sheaths provide a pathway for the tendons, allowing for post tensioning after
concrete hardening. Proper detailing of ducts and anchorage is vital to prevent tendon damage and ensure
effective force transfer.

Structural Behavior and Load Considerations
Understanding the structural behavior of post tensioned concrete slabs under various loading conditions is a
cornerstone of effective design. The prestressing force induces compressive stresses that counteract tensile
stresses from applied loads, reducing cracking and deflection.

Load Types and Effects
Design must consider dead loads, live loads, environmental loads such as wind and seismic forces, and
construction loads. The interaction between these loads and prestressing forces determines the stress
distribution within the slab. Serviceability limits such as deflection and crack width control are critical in
addition to strength limits.

Prestress Losses
Losses in prestress force occur due to several factors, including:

Elastic shortening of concrete1.

Creep and shrinkage of concrete2.

Friction between tendons and ducts3.

Anchorage slip4.



Relaxation of steel tendons5.

Accurate estimation of these losses is essential to ensure the slab maintains the required prestress
throughout its service life.

Design Principles and Methods
The design fundamentals of post tensioned concrete slabs incorporate both strength and serviceability
requirements. Various design methods are employed to optimize slab thickness, tendon layout, and
prestress levels.

Load Balancing and Analysis
Initial design involves balancing prestressing forces against applied loads to minimize tensile stresses in the
concrete. Structural analysis techniques, such as finite element modeling, help predict stress distribution
and deflections under combined loads, guiding tendon profile and anchorage placement.

Tendon Layout and Profile
Tendons are strategically placed within the slab to induce beneficial moment and shear forces. The tendon
profile often follows a parabolic or draped shape to maximize efficiency. Design must ensure minimum
concrete cover over tendons to prevent corrosion and accommodate construction tolerances.

Serviceability Criteria
Limiting deflections and controlling crack widths are vital to slab performance. Design codes provide
allowable limits for these parameters, which influence tendon prestressing levels and slab thickness.
Durability considerations also affect detailing and concrete mix specifications.

Design Codes and Guidelines
Design follows established standards such as ACI 318, PTI guidelines, and local building codes. These
documents specify requirements for material properties, prestress losses, load factors, and safety margins to
ensure reliable slab performance.



Construction Techniques and Quality Control
Quality construction practices are integral to the successful implementation of post tensioned concrete slabs.
The design fundamentals extend beyond calculations to include proper execution and inspection.

Tendon Installation and Tensioning
Precise placement of tendons within ducts, secure anchorage installation, and controlled tensioning
operations are critical. Tensioning is performed after concrete attains the required strength, and the force is
carefully monitored to achieve design values.

Grouting and Corrosion Protection
For bonded systems, grouting the ducts after tensioning protects tendons from corrosion and provides
composite action. The grout must be free of voids and properly cured. Unbonded systems rely on sheath
greasing and encapsulation for protection.

Inspection and Testing
Regular inspection of tendon placement, concrete strength, tensioning force, and grout quality ensures
compliance with design specifications. Non-destructive testing methods may be employed to verify tendon
integrity and bond quality.

Codes, Standards, and Safety Factors
Adherence to relevant codes and safety standards underpins the design fundamentals of post tensioned
concrete slabs. These regulations ensure structural safety, durability, and serviceability throughout the slab’s
lifespan.

Applicable Codes
Commonly referenced codes include the American Concrete Institute (ACI) 318, the Post-Tensioning
Institute (PTI) guidelines, and ASTM standards for materials. These documents provide comprehensive
requirements for design, materials, construction, and inspection.



Safety Factors and Load Combinations
Design incorporates safety factors to account for uncertainties in material properties, load estimations, and
construction quality. Load combinations defined by codes ensure the slab can withstand extreme conditions
without failure.

Durability and Fire Resistance
Design must address durability concerns such as corrosion protection and resistance to environmental
exposures. Fire resistance requirements influence concrete cover and material selection, ensuring slab
integrity under high temperatures.

Frequently Asked Questions

What are the key components of post-tensioned concrete slab design
fundamentals?
The key components include the concrete slab thickness, tendon layout and profile, prestressing force,
anchorage details, and reinforcement detailing to control cracking and deflections.

How does post-tensioning improve the performance of concrete slabs?
Post-tensioning applies a compressive force to the concrete, counteracting tensile stresses from loads, which
reduces cracking, increases load-carrying capacity, and allows for longer spans and thinner slabs compared
to conventional reinforced concrete.

What are the typical stages involved in designing a post-tensioned
concrete slab?
Typical stages include determining slab thickness, selecting tendon layout and profiles, calculating
prestressing forces, checking stresses for service and ultimate loads, detailing tendons and reinforcement,
and ensuring compliance with design codes.

How is tendon profile determined in the design of post-tensioned slabs?
Tendon profile is designed to counteract bending moments by placing tendons near tension zones. Parabolic
profiles are common, with higher eccentricity at mid-span to provide maximum moment resistance where
needed.



What role do design codes play in post-tensioned concrete slab design?
Design codes, such as ACI 318 or Eurocode 2, provide guidelines on material properties, stress limits, load
factors, detailing requirements, and safety factors to ensure structural performance and durability of post-
tensioned slabs.

Additional Resources
1. Post-Tensioned Concrete Fundamentals: Design and Applications
This book provides a comprehensive introduction to the principles and practices involved in the design of
post-tensioned concrete slabs. It covers material properties, load considerations, and detailed design
methodologies. The text is well-suited for both students and practicing engineers seeking to deepen their
understanding of post-tensioning systems.

2. Design of Post-Tensioned Concrete Slabs: Theory and Practice
Focusing on the theoretical underpinnings and practical applications, this book offers step-by-step guidance
on designing post-tensioned slabs. It includes case studies, design examples, and the latest code provisions.
The author emphasizes efficient design techniques and common challenges encountered in the field.

3. Post-Tensioned Concrete: Fundamentals and Design Procedures
This title explores the fundamental concepts of post-tensioned concrete and provides detailed design
procedures for slabs and other structural elements. It discusses tendon layout, prestressing losses, and
durability considerations. Engineers will find this book valuable for both academic learning and practical
reference.

4. Structural Design of Post-Tensioned Concrete Slabs
Offering an in-depth look at structural behavior, this book addresses load distribution, deflection control, and
crack management in post-tensioned concrete slabs. It integrates theory with real-world design challenges
and includes numerous illustrations and calculations. The focus is on achieving safe, economical, and
serviceable slab designs.

5. Post-Tensioning in Concrete Structures: Design Fundamentals and Practice
This book combines fundamental concepts with practical insights into the use of post-tensioning in concrete
slabs and other structural elements. It highlights the benefits of post-tensioning in terms of span length,
material savings, and structural performance. Readers will find detailed explanations of design codes and
construction techniques.

6. Concrete Slab Design with Post-Tensioning Systems
Specializing in slab design, this book presents the unique aspects of incorporating post-tensioning systems
into concrete slabs. It covers tendon placement, prestress calculations, and interaction with other structural
components. The book also includes troubleshooting tips and maintenance considerations for long-term
performance.



7. Post-Tensioned Concrete: Principles, Design, and Detailing
This comprehensive guide details the principles of post-tensioning, with a focus on design and detailing of
slabs. It explains how to optimize tendon layouts and anchorage systems while addressing serviceability and
safety requirements. Practical examples and design charts enhance the usability of the book for engineers.

8. Design and Analysis of Post-Tensioned Concrete Slabs and Beams
Covering both slabs and beams, this book delves into the structural analysis techniques necessary for post-
tensioned concrete elements. It discusses load effects, tendon profile design, and stress calculations under
various conditions. The text is supported by worked examples and design code commentary.

9. Post-Tensioned Concrete Slab Systems: Engineering Design Guide
This engineering guide focuses on the design of slab systems utilizing post-tensioning technology. It
presents system selection criteria, detailing practices, and construction considerations to ensure optimal
performance. The book is ideal for engineers involved in the design and implementation of post-tensioned
slab projects.
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