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Objective of the Topic of this Seminar

1.Educational Value: Discussing PHC spun piles provides insights into new technologies and 
methodologies that attendees may not be familiar with, enhancing their technical knowledge.

2.Industry Application: Highlighting real-world applications and case studies can illustrate best 
practices and innovations in foundation engineering and construction.

3.Networking Opportunities: Many professionals in the construction industry may be interested in 
PHC technology, offering networking opportunities among specialists in this field.

4.Promoting Sustainable Practices: Given their efficient manufacturing processes and reduced 
environmental impact compared to traditional piling techniques, PHC piles symbolize advancements 
in sustainable construction practices.

Including PHC Spun Pile Manufacturing and its various applications in this seminar is not just 
appropriate but potentially vital for both educational and professional development within the 
construction and civil engineering community. It addresses current demands in infrastructure 
development and promotes up-to-date engineering practices.
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1.0 Overview of 
Pile Foundations



1.1 Overview of Pile Foundations

➢ The concept of pile foundations dates back to ancient times 
when timber piles were manually driven into the ground to 
create stable bases for structures near water bodies.

➢ Important developments in pile foundation technology began 
with notable innovations, such as Christoffoer Polhem's 
invention of pile-driving equipment in 1740.

➢ Steel piles have been used since 1800, and Concrete piles 
since about 1900.



1.2 Classification of Pile



1.3 Different Types of Pile Based on Material

Timber Pile Steel H-Pile Steel Pipe-Pile

Plastic Pile Precast / Pre-stressed Concrete  Pile PHC Spun Pile





1.4 Comparison of Precast Concrete and Prestressed
       Concrete Pile



1. Precast Concrete Piles

•Manufacturing Process:
• Cast in a controlled factory environment using reusable molds.
• Concrete is poured and cured under monitored conditions.
• Can be reinforced with conventional steel rebar.
• Shapes vary: circular, square, octagonal, tapered or uniform cross-section.
• Quality control is facilitated by inspection at all stages before shipment.

•Materials:
• Usually normal or high-strength concrete.
• Reinforcement consists of standard steel bars.
• Concrete mix designed for durability but without pre-stressing.

•Production Advantages:
• Controlled curing increases product uniformity.
• Readily available in various sizes.
• Cost-effective for many applications.

•Challenges:
• Heavier due to lack of pre-stressing—requires significant handling equipment.
• Risk of cracking during transportation and installation.
• Requires additional reinforcement to resist handling and driving stresses.



Precast Concrete Pile Production



2. Pre-stressed Concrete Piles

Manufacturing Process:
• Similar factory casting as precast but with pre-stressing tendons (high-strength steel strands 

or wires) tensioned before or during concrete placement.
• Tendons released after curing to induce compressive stress in concrete.
• Often steam cured or given special treatments to achieve high strength (up to ~10,000 psi / 70 

MPa or higher).
Materials:

• High-performance concrete with low permeability.
• High-tensile pre-stressing strands or cables embedded within.
• Reinforcement also placed for additional tensile strength.

Production Advantages:
• Superior crack control due to induced compressive stresses.
• Smaller cross sections possible with higher load capacities.
• Enhanced durability and resistance to corrosion, especially in marine or aggressive 

environments.
• Enables longer lengths and larger diameters; pre-stressing strands increase axial and flexural 

capacity.
Challenges:

• More complex manufacturing process requiring precise tensioning equipment.
• Higher material and production costs than conventional precast piles.
• Requires specialized knowledge for design and quality control.



Pre-stressed Concrete Pile Production



3. Spun (Pre-stressed Centrifugal) Concrete Piles
Manufacturing Process:

• Produced by centrifugal casting, spinning the concrete inside a rotating mold.
• This spinning compacts the concrete and removes excess water, creating very dense, 

high-strength concrete.
• Tendons or pre-stressing wires are tensioned and embedded during spinning.
• Curing often done by steam under controlled temperature and pressure.

Materials:
• High-strength concrete (around 50 to 75 MPa or more).
• Pre-stressing wires or strands arranged cylindrically.
• Often hollow tubular sections (closed-ended), reducing weight.

Production Advantages:
• Produces very dense, crack-free concrete with high tensile strength.
• Hollow tubular form reduces weight, making transportation and handling easier.
• Superior durability and impermeability, especially suited for marine environments.
• Pre-stressing combined with centrifugal compaction enhances resistance to tensile 

cracking during transportation and pile driving.
• Allows welding of flange connections for pile splicing.

Challenges:
• Requires specialized centrifugal spinning equipment and skill.
• Typically limited to circular or cylindrical cross sections.
• Potential for brittle failure unless adequately confined, so external confinement or 

concrete infill may be required in seismic or high-load scenarios.
• Less suitable for very boulder-filled ground unless pre-boring is done.



2.0 Pre-stressed Concrete piles and Spun Pile



➢ Prestressed concrete piles are extensively employed throughout the world in marine 
structures and foundations.

➢ The advantages they offer are their strength in bearing and bending, their durability 
and their economy.

➢ In recent years, prestressed concrete piles have broken through into new fields of 
utilization. This is partly a result of their demonstrated economy in mass production, 
and partly because of their technical properties and performance.

2.1 Prestressed Concrete Piles









➢ Prestressed concrete piles have been extensively employed in both highly 

developed and less developed countries, and in a variety of environments 

including sub-arctic, tropical and desert.

➢ In Japan alone, there are 45 factories producing 1,000,000 tons of foundation piles 

annually, while in the USA more than 2,000,000 m (6,560,000 ft.) annual 

production is divided between marine and foundation construction. Prestressed 

concrete piles support major bridges and wharves in Australia, New Zealand, Peru, 

Ecuador, Venezuela, Netherlands, Kuwait, Norway, Spain, Italy, Singapore, 

Malaysia, Sweden, USSR, Canada, England and USA, to name but a few countries 

in order to illustrate the wide range of application in different economies and 

climates.

➢ Prestressed concrete piles have been constructed in the form of cylindrical piles up 

to 4 m (13.1 ft.) in diameter, as used on the Osterschelde Bridge in the 

Netherlands, and up to 70 m (230 ft.) long, as employed in off-shore platforms in 

the Gulf of Maracaibo, Venezuela.

➢ Prestressed piles have been driven in increments, spliced together during driving 

to form foundation piling up to 60 m (197 ft.) long to support multi- story 

buildings in Honolulu and New Orleans.



➢ Prestressed concrete piles are being increasingly used to resist uplift (tension), 

bending and dynamic loads. They are acting as fender piling to resist ship impact on 

harbor structures in Kuwait, Singapore and California and as protective fenders for 

major bridge piers. Prestressed sheet piles are widely employed as retaining 

structures for quay walls and bulkheads.

The Japanese National Report 

asserts the following advantages for 

prestressed piling:

• Crack-free under handling and 

driving

• Can be economically designed for 

given  loads and moment

• Uniform high quality, high strength 

concrete

• Readily spliced and connected

The USA report adds:

• High load-carrying capacity

• Durability

• Ease of handling, transportation

and pitching

• Ability to take hard driving

and penetrate hard material

• High column strength and ability to resist 

moment or combined moment and bearing

• Ability to take uplift

• Economy.



➢ In some parts of the United States, there has been a trend towards manufacturing

and driving prestressed foundation piling in single long lengths without splices, even for

buildings in crowded cities (see below Fig.). Thus piles 40 m (131 ft.) long have been 

installed for major buildings in San Francisco and Boston.

Long foundation pile (without splices) being 

used for construction in an American city

➢ High-capacity prestressed concrete piles are particularly advantageous for deep 

foundations with heavy loads in weak soils. They can be driven successfully through 

riprap and debris, or through hard strata such as coral, and can penetrate soft or partially 

decomposed rock.

➢ The design of prestressed concrete piles requires 

consideration of handling, transportation, pitching, 

driving, permanent loads (both axial and bending), and  

     transient bending loads. Each of these requires an

 propriate consideration of allowable stresses and, in

    certain cases, of allowable deflections.

➢ As a general rule, prestressed piles should be basically 

designed for the permanently installed condition and 

then checked for transient bending loads, e.g. seismic or 

wind. A certain minimum prestress and a certain 

minimum amount of spiral binding are required for 

successful installation.



2.2 History of Spun Pile

SPUN PILES have emerged as a significant innovation in 
foundation engineering, primarily as pre-stressed 
concrete piles developed for strong load-bearing 
capacity.

Development of Spun Piles: Spun piles, a specific type of 
prestressed concrete pile with a hollow circular section, 
became prominent in construction from the 1950s 
onwards. It is introduced in 1950 by the Raymond Concrete 
Pile Company. 



Overview of Spun Piles



2.3 Overview of Spun Piles

•Definition: PHC piles are Hollow, Precast, Prestressed Concrete piles 
        with circular hollow sections, originally developed in Japan in 

       the 1970s to provide strong foundations in earthquake-prone 
       regions.

•Manufacture:   Produced by prestressing steel strands within cylindrical 
  molds, followed by spinning centrifugal casting and 
  steam curing to achieve dense, high-strength concrete 
  (concrete strengths around 80–100 MPa typical).

•Dimensions:   Typically range from 300 mm to 1200 mm in outside 
  diameter, adhering often to Japan Industrial Standard 
  (JIS) 5335:2010.



•Applications:  Commonly used as deep foundations for high-rise 
 buildings, bridges, petroleum tanks, marine structures, 
 and infrastructure requiring high load capacity and 
 durability.

•Advantages: High tensile and bending strength, excellent durability 
           (high resistance to cracking, chemical attack, and 

            corrosion), lightweight relative to their strength, fast 
           installation, and economical over lifespan.



2.4 Foundation Construction Coverage



2.5 Code , Standard , Specification and Testing 



JIS 5335







About PC Products by JIS 5373JIS 5373



HOLLOW SPUN PILES



E.3.1   Performance of body of piles

The performance of body of piles shall conform to the provisions of table E.3.

In addition, the performance items of Group II shall be subjected to the agreement between the parties 

concerned with delivery.

E.3.2   Performance of joint part

The performance of joint part shall be as follows.

a) Bending strength of joint part : The joint part shall not break when it is sub jected to the 

break bending moment of the end stage performance for the body specified in E.3.1.

b) Connectivity (squareness of joint end face) : The joint end face shall be at right angles with the 

pile axis line within the deviation of 1mm per 300 mm.









E.6 Test Method

6.1. Compressive Strength Test

6.2. Bending Strength Test

6.3. Axial Tension Bending Strength Test

6.4. Shear Strength Test

E 6.2. Bending Strength Test



E 6.3. Axial Tension Bending Strength Test

E 6.4. Shear Strength Test



E.6.4. Shear Strength Test









Specification 1



Formula for 

calculating Working  

Load

Rma = (Fc/Sm - σe) × Ae

Rma: Working Load (kN)

Fc: Concrete Strength(Mpa) Ae=Ac+As(Es/Ec-1)

Sm: Safety factor ・・・ 【3.5】 Ec=37,000N/mm2(70N)

σe: Effective Prestress(Mpa) Ec=38,000N/mm2(80N)

Ae: Conversion Cross-sectional area(mm2) Es=200,000N/mm2

Specification 2

Bending



Spun Pile Drawing (Sample)



Compressive Strength Test Condition of PHC Cylindar Pile
 (Spun Result)
 1. Take sample (Spun Type)
 2. Measure the dimensions,- concrete thickness at four points and    
calculate average thickness of these sample- height of these sample
 3. calculate the crossectional area
 4. Test these sample with compression test machine
 5. Take data ,applied load ,at crack point
 6. Calculate the compressive strength (Mpa

Compressive Strength Test



Slump Test



Bending Strength Test







3.0 Seismic Performance and 
Improvement of PHC Pile



3.1 Structural and Material Characteristics Relevant to
       Earthquake Loads

Prestressing:  PHC piles are prestressed with high-strength steel strands, 
            applying compressive stress to concrete, which enhances 
            resistance to tensile forces induced by bending during 

             seismic activity.

Concrete Quality: Centrifugal casting and steam curing produce very dense, 
     low-permeability concrete resistant to deterioration over 
     time.

Reinforcement:   Use of spiral wire or steel bars as confinement helps resist 
   shear and flexural stresses.

Joint and Tip Durability: Pile tips may be reinforced with steel shoes or 
     additional spiral reinforcement to prevent damage 

    during driving and under seismic forces.



Primary Seismic Concern: Earthquakes impose significant lateral 
          (horizontal) loads, causing bending moments 

          and tensile stresses in piles.

Failure Modes:    Common failure patterns observed in earthquakes is 
     bending damage, often due to tensile fracture of 
     prestressed tendons.

Ductility: PHC piles show varying ductility depending on reinforcement 
      type; those reinforced with steel bars and strands exhibit better 

     load stability and energy dissipation after cracking compared to 
     those with only steel reinforcement.

Stiffness Degradation:   Repeated seismic cycles increase cracks and 
   plastic deformation, reducing stiffness; coatings 

  like BFRP can help maintain stiffness and elastic 
  behavior.

Earthquake Load Considerations and Seismic Performance



Energy Dissipation: Enhanced by ductility and reinforcement detailing, 
          improving pile resilience to cyclic seismic loads.

Experimental Findings: Low-cycle loading tests indicate that PHC piles 
            wrapped with BFRP or reinforced with steel 
            strands and bars show superior bearing capacity, 

           better hysteretic behavior, and slower stiffness 
            degradation compared to conventional steel 
             reinforced piles.



1. Overview of PHC Pile Foundations in Seismic Context
PHC (Prestressed High-Strength Concrete) piles are widely used deep 
  foundation elements owing to their high bearing capacity, 

 quality control, and efficiency in construction. They are 
  especially prevalent in bridge piers, viaducts, and soft soil 

 areas.

Seismic design of PHC piles is critical because, despite their strength, PHC 
  piles exhibit limited ductility and tend to behave in 
  a brittle manner under seismic excitations. The main 
  damage mode is often bending failure due to seismic 
  lateral forces, and tendons inside the pile can fracture 
  under cyclic loads.

2. Seismic Behavior and Failure Mechanisms of PHC Piles
Past earthquake observations (e.g., Kobe 1995) demonstrate that PHC piles fail 

  predominantly by bending damage at regions of 
  maximum moment, especially at the pile head and at 
  soil layer transitions.

Damage modes include   fracture of prestressing tendons, concrete crushing, 
  buckling of reinforcement, and cracks in the pile 
  shaft.

•Due to the limited energy dissipation capacity and stiffness degradation under 
  cyclic loading, PHC piles must be designed 

   considering their vulnerability to brittle 
   failures during major seismic events.



3. Design Considerations for PHC Piles in Seismic Zones
a) Seismic Load Estimation and Soil Profile Analysis

•Seismic load effects on PHC piles depend on:
• Seismic zone classification indicating regional seismic hazard.
• Soil conditions, especially liquefiable vs. non-liquefiable soils that 

influence lateral load and pile response.
• Groundwater table and soil layering affect liquefaction potential and thus 

pile bending demands.
•Codes of practice such as IS 1893 (India), Eurocode 8, NEHRP,ASCE and 
Japanese codes and Local code provide guidelines on seismic load determination, 
including consideration of base shear, bending moments from soil-structure 
interaction, and liquefaction potential.

b) Fundamental Failure Mechanisms Under Seismic Loading
 PHC pile design must consider multiple mechanisms:

1.Inertial Bending (due to superstructure seismic inertia forces)
2.Kinematic Bending (due to soil motion/wave propagation)
3.Lateral Spreading Bending (especially with liquefaction)
4.Buckling Instability (in long slender piles, especially with loss of lateral soil 
support)
5.Settlement and End Bearing Failure
6.Dynamic Failure (changes in stiffness/frequency under seismic loading)



4. Experimental and Numerical Findings
•Low-cycle cyclic loading tests show:

• PHC piles reinforced with steel strands and steel bars demonstrate 
improved seismic performance compared to traditional reinforced PHC 
piles.

• Application of BFRP/CFRP wrapping significantly enhances bearing 
capacity and ductility by limiting crack propagation and stiffness 
degradation.

• Stiffness degradation and energy dissipation characteristics vary 
markedly depending on reinforcement type and detailing.

•Finite element models incorporating soil-pile interaction (via p-y springs or 
more advanced CDP models) capture nonlinear seismic response and help 
design safe and economical PHC pile foundations.

5. Practical Design Recommendations
•Conduct site-specific seismic hazard and detailed geotechnical 
investigations, including liquefaction potential assessment using methods 
like Idriss & Boulanger.

•Estimate seismic loads on super-structure per relevant codes; model load 
transfer to piles considering both inertial and kinematic interactions.

•Design PHC piles with appropriate reinforcement types, consider steel 
strands or BFRP/CFRP wrapping to improve seismic ductility and strength.



5. Practical Design Recommendations

•Avoid brittle failure by providing adequate transverse reinforcement and 
considering plastic hinge formation locations.

•For liquefiable soils, ignore shaft friction within liquefied layers, increase 
pile embedment or length accordingly, and design piles as columns 
subjected to bending and buckling under reduced lateral soil support.

•Implement structural mitigation systems (e.g., steel bracing, shear panel 
dampers) in pile-supported superstructures, especially viaducts, to reduce 
seismic damage and drift.

Summary
PHC piles require careful seismic design to mitigate their innate brittleness, 
focusing on soil-pile interaction, liquefaction effects, and advanced reinforcement 
techniques. International best practices emphasize conservative treatment of soil 
capacity under seismic load, detailed failure mechanism consideration, and 
enhanced ductility measures (e.g., steel strands, BFRP/CFRP polymer wrapping, 
and seismic dampers).



Design Recommendations and Standards

❑ Reinforcement Modification: To improve seismic resilience, longitudinal 
reinforcement and confinement (e.g., spiral reinforcement pitch, use of hybrid 
fibers) can be increased or optimized.

❑ Axial Load and Bending Moments: Design should account for combined axial 
compression and cyclic horizontal loads; PHC piles typically have greater bending 
moment capacity than bored or precast piles.

❑ Material Choice: Use of appropriate cement types (Type II, III, or V depending on 
sulfate/chloride exposure), blended cements with supplementary cementitious 
materials for enhanced durability.

❑ Installation and Handling: PHC piles must be designed to withstand tensile 
stresses and impacts during transportation and driving.

❑ Codes and Specifications: Compliance with relevant standards such as JIS A 
5335, MS 1214, BS 8004, and ACI 543R, considering seismic detailing provisions 
where applicable.



Summary of Practical Benefits of PHC Piles in Seismic Areas

❖ High strength concrete and prestressed steel provide excellent resistance 
to bending, tensile, and shear forces induced by earthquakes.

❖ Dense concrete and prestressing reduce cracking, enhancing durability 
under seismic and environmental loads.

❖ Ability to modify reinforcement details (e.g., use of BFRP/CFRP wrap, 
hybrid bars) improves ductility, energy dissipation, and overall seismic 
performance.

❖ Proven track record in Japan and other seismic regions for over 40 years 
as safe and economical foundation solutions.

❖ In conclusion, PHC piles represent an advanced, durable, and seismic-
resistant foundation technology. Their prestressed high-strength concrete 
composition and optimized reinforcement schemes provide improved 
performance against earthquake-induced bending and lateral loads, 
supporting structural safety in seismic regions.



Failure Mode of PHC Piles



Seismic Performance of PHC pile and Pile Cap Connection

➢ The flexural and shear performance on the mixed-reinforced PHC piles and 
found that the flexural performance of the PHC  pile was improved, but non-
prestressed tendons reduced the deformation of the pile under shear. 
Extensive laboratory component tests of PHC and PRC piles were conducted. 
These results indicated that axial load, longitudinal reinforcement ratio, and 
prestressed reinforcement ratio significantly role increased the bearing 
capacity and seismic performance of PHC piles

➢ That the addition of non-prestressed reinforcement could significantly improve 
the seismic performance and deformation capacity of PHC piles.



The connection Between Pile and Pile Cap PHC Pile Section

PRC Pile Section

1. Prestressed 
bar

2. CFRP 
3. Anchor bar
4. Stirrups



Experimental Method

Finite Element Analysis



Comparison Between Experimental and Finite Element Analysis results.

3. Anchor bar1. Prestressed bar 2. CFRP 4. Stirrups



13 Stories Building Failure in Shanghai









4.0 PHC Spun Pile Manufacturing



4.1 Quality Control Process



4.2 Manufacturing Process
Flow Chart



A

5

5

4



A



Manufacturing Process (Factory Floor Plan)

1

2

3

4 5 6 7 8

9

10

11
14 13 12



Materials Specifications

Cement : SCG Cement / Double Rhino Cement

Coarse Aggregates  : Chippings under-20mm or under-15mm fresh granite

Fine Aggregates      : Sand

Prestressing steel    : High frequency induction heat-treated bars 

Wire                         : Spring wire

Concrete Strength

Minimum concrete strength = 70~80N/mm 2 

Pile Connection Joint

Three type of joint . There are – Welding joint , Steel plate screw joint , Hydraulic press  joint.

            In current time we are using welding joint only.



PHC Pile size production in Factory

                                            Basic Concrete Thickness

 
Basic

Diameter (mm)

Weight per 1m

     (t/m)

Thickness

 (mm)

300

350

0.119t

0.142t 

60

60

400 0.179t 65

500 0.274t 80

600 0.374t 90

Basic

Diameter (mm)

Weight per 1m

     (t/m)

Thickness

 (mm)

300

350

0.132t

0.160t

70

70

400 0.209t 80

500 0.324t 100

600 0.436t 110

Special concrete thickness



High Bending Moment and Crack Resistance.

A reinforced PHC pile is highly resistance to earthquakes.

70~80  N/mm 2 concrete strength. 

Prestressed .( Pre- Tension )

 

  

Spun Pile 



Before starting the work inspection will check the material and equipment such as 
Cement , Fine aggregate , Coarse aggregate ,Water , Chemical, PC steel Bar , Steel 
Wire ,Mould ,  Safety equipment of worker and crane lifting wire etc.

PPE (Personal Protective Equipment) inspection , occupational accidental prevent.

Check aggregate surface moisture and  must be inspected material situation.

Material inspection , can control the quality of product.

PC Steel checking 

PPE inspection



PC steel bar is used for prestressed and placed into the PHC pile. 

PC Bar Cutting machine

PC requirements of the lengths, diameters and can 

control the machine by manual. 

Heading machine

To connect the end plate 

and prestress. 

After heading processed finish



The following machine with a PC steel bar which together Spring wire automatic 
welding machine.

Automatic welding machine Connected the steel bar with both end 



Before connection with end plate, tie with spring wire and PC steel bar by automatic 
rebar tying machine. Setting the end plate both end of pile steel cage.

Rebar tying

End plate and PC cage connect



The concrete residues and dirty thing removed on the mould.

Used by mould oil for cleaning.

Upper mould and lower mould must clean inside.

Used machine to turn back and clean the upper mould.

mould Oil spray Upper mould turn back machine



After finished the mould cleaning, steel cage set into the mould.

Ready to cast the concrete.

Setting the steel cage in the mould



Mixer operator check and control the concrete mixing and measure the material.

Once mixing sets concrete with soft or hard touch looks trial.

Check the CCTV with concrete mixing in the mixer.

Control by manual for mixing.

Check concrete by CCTV Control the mixing Measure the cement



Need to control man powers

The worker must to do ensure the concrete not to remained on the lower mould.

Concrete casting in the mould Remove the concrete on the lower mould

Concrete situated



Before Tension ,upper and lower formwork fitting.

After mould fitting finished , pre-tensions the PC

Fitting the formwork

Prestressed machine

Tension force will be different depend on dimension and types of Pile.



Pile Spinning

PHC pile in the middle of the hollow are due to centrifugal rotating.

Centrifugal machine can spin four step of rotation speed.

Rotation can control clockwise and anti-clockwise both for.

Covers of centrifugal    

machine

Centrifugal machine Rotation the pile



After finish the centrifugal rotation, Concrete to dry by steam curing.

Place the pile in the concrete tank and cover.

Curing time in 8 hours.

Curing tank Distillation the pile Steam curing control machine



After the curing finished, take the pile extraction in the form.

Lift the pile with vacuum crane from the formwork.

Vacuum crane



Inspect and repair the pile body. 

Label on the pile and  QC pass symbol on the pile body.

Inspect the end plate deviation.

 

Pile label End plate deviation check 
            ( check both end)



Compression test 

Test concrete strength of casting in pile. Take the concrete from mixer by weight.

Test target concrete strength . Result for concrete strength data.

Distillation with steam curing system.

Compression test machine 

and cylinder type

Mould and spinning machine 



After demolding placing the pile in the factory.

Type -1

Type-2







COFFEE BREAK
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