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Example 10.10 The End Block Of A Post-tensioned Beam Is 80 Mm Wide And 160 Mm Deep. A
Prestressing Wire, presents a typical scenario encountered in the design and analysis of post-tensioned
concrete beams. This example illustrates the fundamental principles involved in the design of end blocks,
the behavior of prestressing wires, and the calculation of stresses within the prestressed concrete elements.
Understanding this example is essential for civil engineers and structural designers aiming to optimize the
performance and safety of post-tensioned concrete structures.

---

Introduction to Post-tensioned Beams and End Blocks

Post-tensioned beams are widely used in modern construction due to their ability to span longer distances,
reduce material usage, and improve overall structural efficiency. They involve the placement of high-
strength tendons or wires that are tensioned after the concrete has hardened, inducing a compressive force
that counteracts tensile stresses under load.

Role of End Blocks in Post-tensioned Beams
The end blocks of a post-tensioned beam are critical regions where the prestressing tendons are anchored
and where significant stresses develop. These blocks must be designed to:

Resist the high stresses generated during prestressing and loading

Prevent cracking and failure at the ends of the beam

Ensure transfer of prestressing force efficiently into the concrete

The dimensions of the end blocks significantly influence their capacity to handle these stresses. In Example
10.10, the end block measures 80 mm wide and 160 mm deep, providing a basis for calculating the stresses
in the prestressing wire and the resulting forces.



---

Details of the Example

Given Data
- End block width: 80 mm
- End block depth: 160 mm
- Prestressing wire: Specific characteristics (assumed or given in the problem, such as tension force and
properties)

The key goal is to determine the stress in the prestressing wire and assess whether the end block
dimensions are adequate for safe transfer of the prestressing force.

Assumptions and Parameters
For the purposes of this example, typical assumptions include:
- The prestressing wire is tensioned to a known force, say \( P \)
- The concrete and wire properties are known or specified
- The load and stress distribution are uniform within the cross-section

---

Calculation of Prestressing Force and Stresses

Determining the Prestressing Force in the Wire
The prestressing force \( P \) in the wire is often specified based on the design requirements, such as pre-
compression needs and service load considerations. For example, assume a tension force of 150 kN.

Calculating the Stress in the Prestressing Wire
The stress \( \sigma_{wire} \) in the wire can be calculated using the formula:

\[
\sigma_{wire} = \frac{P}{A_{wire}}
\]



where:
- \( P \) = prestressing force (e.g., 150 kN)
- \( A_{wire} \) = cross-sectional area of the wire

Suppose the wire has a diameter \( d \) of 7 mm, then:

\[
A_{wire} = \frac{\pi}{4} \times d^2 = \frac{\pi}{4} \times 7^2 \approx 38.48\, \text{mm}^2
\]

Thus,

\[
\sigma_{wire} = \frac{150,000\, \text{N}}{38.48\, \text{mm}^2} \approx 3899\, \text{N/mm}^2 \text{ or
MPa}
\]

This high tensile stress is typical in prestressing wires and must be checked against material limits.

Stress Transfer to the End Block
The force in the wire induces a reaction force at the end block, which must be transferred safely without
causing failure or excessive cracking. The maximum shear and bearing stresses are critical parameters.

---

Design Considerations for the End Block

Stress Analysis in the End Block
The end block experiences forces transmitted from the prestressing wire and the concrete's own weight
and external loads. The key stresses include:

Compressive stress at the interface between wire and concrete

Shear stress at the contact surfaces

Bearing stress on the concrete end block



The bearing stress \( \sigma_b \) can be estimated as:

\[
\sigma_b = \frac{P}{A_b}
\]

where:
- \( P \) = prestressing force (e.g., 150 kN)
- \( A_b \) = bearing area at the end block, which is the cross-sectional area

Given the dimensions:

\[
A_b = 80\, \text{mm} \times 160\, \text{mm} = 12,800\, \text{mm}^2
\]

Therefore,

\[
\sigma_b = \frac{150,000\, \text{N}}{12,800\, \text{mm}^2} \approx 11.72\, \text{MPa}
\]

This value must be within the concrete's allowable bearing capacity.

Design Checks and Reinforcement
To ensure safety, the following checks are essential:

Verify that the shear stress does not exceed concrete shear capacity

Ensure that the tensile stresses in the concrete are within cracking limits

Provide adequate reinforcement if necessary to handle excess stresses

The reinforcement may include stirrups, shear links, or additional steel to prevent cracking and failure.

---



Optimization of End Block Dimensions

Effect of Dimensions on Structural Performance
The size of the end block influences several aspects:

Load transfer efficiency

Crack control and durability

Overall stability of the prestressed beam

Larger end blocks can distribute stresses more evenly but may increase material costs. Conversely, smaller
blocks require careful analysis to ensure they can withstand the forces involved.

Design Recommendations
Based on the calculations and standard design practices:

The end block should be at least 80 mm wide and 160 mm deep, as in the example, to provide
sufficient bearing area.

Additional reinforcement may be necessary to handle shear and tensile stresses.

Surface treatment and proper anchoring of the prestressing wire are vital for performance.

---

Conclusion and Practical Implications

The example of an end block measuring 80 mm wide and 160 mm deep demonstrates the importance of
precise calculations in the design of post-tensioned concrete beams. Proper assessment of the stresses in the
prestressing wire and the concrete end block ensures structural safety, durability, and cost-effectiveness.



Designers must consider not only the dimensions but also material properties, load conditions, and
reinforcement strategies to optimize the performance of the structure. This example underscores the
significance of detailed analysis in achieving safe and efficient post-tensioned concrete constructions.

---
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This comprehensive discussion on Example 10.10 provides an in-depth understanding of the structural
considerations, calculations, and design principles involved in the end blocks of post-tensioned beams.
Proper application of these principles ensures the safety, durability, and efficiency of concrete structures
employing post-tensioning techniques.

Frequently Asked Questions

What are the typical dimensions of the end block in a post-tensioned
beam as described in Example 10.10?
The end block of the post-tensioned beam is 80 mm wide and 160 mm deep.

Why is the size of the end block important in post-tensioned beams?
The size of the end block is crucial for ensuring adequate transfer of prestressing forces and providing space
for anchorage devices, thus affecting the beam's structural integrity.



What role does the prestressing wire play in the post-tensioned beam
described in Example 10.10?
The prestressing wire is used to apply a tensile force to the concrete, inducing compression that enhances
the beam's load-carrying capacity and crack resistance.

How does the cross-sectional dimension of the end block influence the
design of post-tensioned beams?
The cross-sectional dimensions determine the capacity to accommodate anchoring devices and influence
stress distribution at the beam ends, impacting overall structural performance.

What considerations are taken into account when selecting the
dimensions of the end block in post-tensioned beams?
Factors include the size of anchorage systems, transfer of prestress forces, durability, constructability, and
compatibility with the overall beam design.

In Example 10.10, what is the significance of the 80 mm width of the end
block?
The 80 mm width provides sufficient space for anchorage devices and helps manage stress concentrations at
the beam's end.

How does the depth of 160 mm in the end block influence its
performance?
The 160 mm depth offers adequate thickness to resist stresses, support anchorage, and ensure proper load
transfer without excessive material use.

What are common materials used for end blocks in post-tensioned beams
like the one in Example 10.10?
Typically, high-strength concrete or reinforced concrete is used for end blocks to withstand high stresses
and facilitate anchorage placement.

What are the potential effects of improperly dimensioned end blocks in
post-tensioned beams?
Improperly sized end blocks can lead to stress concentrations, inadequate anchorage capacity, cracking, or



failure of the beam at its ends.

Additional Resources
Example 10.10 The End Block Of A Post-tensioned Beam Is 80 Mm Wide And 160 Mm Deep. A
Prestressing Wire,
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An In-Depth Examination of Post-tensioned Beam End Block Design and Prestressing Wire Application

Post-tensioned concrete structures have revolutionized modern construction, offering enhanced load-
carrying capacity, reduced material usage, and improved crack control. At the heart of these systems lies
the meticulous design of end blocks and the precise placement of prestressing tendons. In this
comprehensive review, we delve into the specifics of Example 10.10, where a post-tensioned beam's end
block measures 80 mm in width and 160 mm in depth, with a focus on the placement and role of a
prestressing wire within this context.

Our exploration aims to provide structural engineers, students, and industry professionals with an in-depth
understanding of the considerations involved in designing end blocks and selecting prestressing tendons,
especially in scenarios involving compact cross-sectional dimensions.

---

Overview of Post-tensioned Beams and End Block Significance

The Role of Post-tensioning in Structural Engineering

Post-tensioning involves the application of prestress forces to concrete members after casting, typically
through high-strength steel tendons or wires. This technique induces compressive stresses that counteract
tensile stresses resulting from service loads, improving structural performance and durability.

Importance of End Blocks in Post-tensioned Members

The end block of a post-tensioned beam functions as a critical zone where tendons exit the concrete
member and transfer prestress forces to adjacent structural elements or support systems. Proper design of
this region ensures:
- Effective transfer of prestress force
- Prevention of stress concentrations and cracking
- Adequate anchorage of tendons
- Preservation of structural integrity at supports and terminations



In the case of a small cross-section, such as an 80 mm by 160 mm end block, the challenges are magnified
due to the limited space for tendon anchorage and stressing.

---

Analyzing the Dimensions: 80 mm Wide and 160 mm Deep End Block

Significance of the Dimensions

The specified dimensions—80 mm in width and 160 mm in depth—are relatively small, indicative of a
prefabricated or precast element, or a specialized structural component. These constraints influence:
- The size and type of prestressing tendons/wires that can be employed
- The anchorage details
- The concrete cover and reinforcement layout

Structural Implications

- Limited space for anchorage: Small cross-section restricts the size and number of tendons that can be
accommodated.
- Potential for stress concentrations: Sharp corners and limited volume can lead to localized stress risers.
- Requirement for specialized anchorage devices: To ensure reliable force transfer within confined space.

Material Considerations

- Concrete strength and ductility
- Tendon material strength (high-strength steel or wire)
- Bonding characteristics between tendons and concrete

---

The Prestressing Wire: Characteristics and Placement

Type of Prestressing Tendon: Wire vs. Strand

In this context, the focus is on a prestressing wire, which typically refers to high-tensile steel wire used
individually or in small groups, as opposed to strands composed of multiple wires.

- Advantages of using wire tendons:
- Smaller diameter, suitable for tight spaces
- Easier to handle during stressing
- Precise placement control

- Limitations:



- Lower prestressing force capacity per wire compared to strands
- Requires multiple wires for higher prestress levels

Prestressing Force and Number of Wires

The selection of the number of wires depends on:
- Required prestress force (typically expressed as a percentage of ultimate tensile strength)
- Space constraints within the end block
- Tendon anchorage system

For example, a single high-strength wire (e.g., 7 mm diameter with a tensile strength of approximately
1860 MPa) can provide a certain prestress force, but multiple wires may be necessary to achieve the
desired prestress level.

---

Placement Strategy of the Prestressing Wire

Positioning within the Cross-Section

- Near the bottom fiber: To counteract tension caused by bending moments
- Close to the neutral axis: To minimize the development of bending stresses
- Within the confines of the end block: Ensuring that anchorage devices are embedded properly

Anchorage and Grouting

- Use of mechanical anchors or wedge systems suited for wire tendons
- Grouting to protect against corrosion and ensure bond integrity
- Proper detailing to prevent stress concentrations and facilitate force transfer

---

Design Considerations for the End Block with a Prestressing Wire

Structural Analysis and Load Transfer

- Conducting detailed stress analysis to verify that the end block can withstand the combined effects of:
- Prestress force
- Service loads
- Support reactions

- Ensuring that the prestress force effectively reduces tensile stresses in the critical zone near the support
or free end.



Reinforcement Detailing

- Supplementing prestressing tendons with conventional reinforcement, especially in small sections, to
control cracking and local stresses
- Detailing minimum reinforcement ratios as per code requirements

Anchorage and Force Transfer Efficiency

- Selecting appropriate anchorage devices designed for wire tendons
- Ensuring proper embedment length and anchorage zones to prevent slip or failure
- Verifying that the end block dimensions accommodate these devices without compromising structural
performance

Durability and Serviceability

- Proper grouting and corrosion protection measures
- Control of stress concentrations at the corners and edges
- Adequate concrete cover in tight confines

---

Practical Applications and Case Studies

Precast Element Design

Small end blocks with embedded prestressing wires are common in precast bridge supports, wall panels,
and façade elements, where space restrictions are critical.

Challenges and Solutions

- Challenge: Limited space for tendon anchorage and stressing operations
- Solution: Use of high-strength steel wires with compact anchorage systems, combined with meticulous
detailing

Case Study: Small-Scale Post-tensioned Support Beam

An example involves a precast support beam with an 80 mm wide and 160 mm deep end block, where a
single 7 mm diameter wire is tensioned and anchored within the end block. The design ensures:
- Adequate prestress force
- Proper force transfer to the main beam
- Structural stability and durability

---



Advances in Technology and Future Trends

Innovative Anchorage Systems

Development of miniature anchorage devices tailored for small sections enhances force transfer and ease of
installation.

High-Performance Materials

Use of ultra-high-strength wires and corrosion-resistant coatings extends lifespan and allows for smaller,
more efficient end blocks.

Computational Design Tools

Finite element modeling enables precise analysis of stress distributions and optimization of tendon
placement within constrained spaces.

---

Concluding Remarks

Designing the end block of a post-tensioned beam, especially with dimensions as small as 80 mm by 160
mm, requires careful consideration of multiple factors—from material selection and tendon placement to
anchorage and durability. The use of a prestressing wire in such a scenario exemplifies the precision
engineering needed to optimize structural performance while respecting spatial constraints.

In Example 10.10, the focus on the specific dimensions and the application of a prestressing wire
underscores the importance of detailed design procedures and innovative solutions in modern post-
tensioned construction. As technology advances, engineers are better equipped to address these challenges,
ensuring safer, more durable, and efficient structures.

---
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This detailed review aims to serve as a comprehensive resource for understanding the complexities



involved in designing small end blocks with prestressing wires in post-tensioned beams, inspiring future
innovations and meticulous engineering practices.
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