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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.



Content
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2. Prestressed Concrete Piles and PHC Spun Piles
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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

[ - Based on Material ]

o Steel Piles, Concrete Piles, Timber Piles, Composite Piles.

o Based on Load Transfer

O |Erlwd Bearing Piles, Friction Piles, Combined End bearing and Friction
iles

o Based on Method of Installation

o Driven Piles, Driven Cast-in-situ Piles, Bored and Cast-in-situ Piles,
Screw Piles, Jacked Piles.

o Based on Use

- Load Bearing Piles, Compaction Piles, Sheet Piles, Fender Piles,
Anchor Piles.

o Based on Displacement of Soil
o Displacement Piles, Non-Displacement Piles.




1.3 Different Types of Pile Based on Material

Plastic Pile Precast / Pre-stressed Concrete Pile PHC Spun Pile
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1.4 Comparison of Precast Concrete and Prestressed
Concrete Pile

Manufacturing

Typical Concrete
Strength

Cross-section

Durability

Precast Concrete Piles

Poured and cured in
molds under controlled
conditions

Normal to high strength
(~30-50 MPa)

Various (rectangular,
square, octagonal,
circular)

Heavier, solid sections

Good, depending on mix
and curing

Prestressed Concrete Piles

Same, but with prestressing
tendons tensioned during

casting

High strength (50-70+ MPa)

Mostly rectangular or
circular

Reduced due to
prestressing, smaller
sections possible

Very high, low permeability,

crack resistant

Spun (Prestressed
Centrifugal) Concrete Piles

Cast by centrifugal spinning
in rotating molds with
prestressing

Very high strength (50-75+
MPa), highly dense

Circular hollow tubular
sections

Lighter due to hollow form
and compacted concrete

Excellent impermeability and
durability




1. Precast Concrete Piles

*Manufacturing Process:

« Castin 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.
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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
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2.1 Prestressed Concrete Piles

» 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.

1. Concentrically loaded short The Japanese on the other hand,
column use the following formula for the
a. Design load based on ultimate ultimate strength of piles prestressed

load N =N./§ with bars:

= (K}:_ 0.60f.) A./S Nn = (ff - fﬁ) (Ar: + nAs.)
where N = allowable bearing load where n =secant modular ratio,
N f‘ﬁ'_d(‘-stiglé S about 6.5 at ultimate
S — factor of safety, usually conditions.
2.5, 3 or 4 b. Design load based on allow-
K = coeflicient of uniformity, able stress in pile. Most codes spec-

assumed by some to be
0.85, especially for piles
cast vertically and up to

ify stress values ranging from 0.20f/
to 0.33f Based on recent studies

1.0 for piles cast hori- 7 eva'uation, the author recom-
zontally mends
f. = effective prestress after
losses
L4 -
A, = cross-sectional area of N= (0-30)(!, - 0‘123}(9-) A,
goncrete For the usual case, this reduces to

f, = 28-day strength (6 x 12-

in. cylinders)

N = 0275 A..







2. Coucentrically loaded long
column

a. Ultimate load. For long columns
where buckling may occur, Euler’s
formula may be used. For pin-ended
conditions, the effective length, L,
shall be the full length of the pile.
For piles fully fixed at one end and
hinged at the other, L can be taken
as 0.7 of the length between hinge
and point of fixity. For piles fully
fixed at both ends, assume L to be
0.5 of the length.

b. Design load. A safety factor of
2 is generally considered sufficient
for buckling load. Design loads
should be based on the short column
value up to L/r =60 and a straight-
line function used between L /r = 60
and L/r = 120. For L/r greater than
120, the pile should be investigated
for elastic stability, taking into ac-
count the effect of creep and deflec-
tion.

3. Moment-resisting capacity
a. Ultimate. This is approximately
given by these formulae (for the typ-
ical prestressed pile design and ma-
terials):
M, =037 dA,f for solid square
piles
M, = 0.32 dA.f’ for solid circular
and octagonal piles
M, — 0.38 dA.f, for hollow square
piles
M, — 0.32 dA.f. for hollow circular
and octagonal piles
where A, = total steel area of all

tendons
f.= ultimate strength of ten-
dons
d = diameter of pile
M, = ultimate moment capac-
ity

A safety factor of 2 should be ap-
plied for normal loading; for seismic
or wind loading, the factor is 1.5.

b. Elastic theory. Determine al-
lowable tension, f;, in the concrete.
This may be taken as 0, as 0.5 mod-
ulus of rupture, or as 0.8 modulus
of rupture, depending on frequency
of load, exposure, corrosive condi-
tions, etc.

M= (fo+f)Z
where M = allowable moment
Z = section modulus of pile




4. Combined moment and direct
load

The existence of direct load gen-
erally increases the moment capacity
within the elastic range, by adding
to the available compressive stress
(prestress plus stress due to direct
load) to resist tensile fiber stress. The
ultimate moment capacity of the pile
is reduced by direct load.

Typical load-moment interaction
diagrams are shown in Fig. 3. It can
be roughly estimated that, for a typ-
ical foundation pile carrying 60 per
cent of the allowable axial load, the

speclal moment pile (Japan}
o square pite o0 major axis (USA)
“ moment pilc (Japan)

equare pile on
diagosal axis (USA)

MOMENT

= foundation pits
(apan)

AXIAL LOAD

Fig. 3. Typical load-moment interac-
tion curves for prestressed concrete
piles

ultimate moment capacity is given
by M, = 0.29dAf. for solid square
piles and by M, = 0.25dAf, for
round piles. For hollow piles, the
lever arms are 0.30d and 0.26d, re-
spectively.,

At the pile head, where combined
moment and direct load may be crit-
ical, the favorable effect of transfer
length (i.e. prestress varying from
zero to full over the transfer length)
may be taken into account.

Permanent bending loads may be
imposed by:

® Dead weight of a raking pile

e Lateral load of soil

e FEccentricity of axial load

e Rigid frame action (i.e. struc-

tural bending moments im-

posed).
Transient bending moments may
be imposed by:
® Waves and currents
e Ice
® Lateral forces from ships or
barges

e Wind on structure

e Seismic forces.
For many of these transient loads,
allowable stresses may be increased
by one-third.




» 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 1illustrate 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 The USA report adds:
asserts the following advantages for  High load-carrying capacity
prestressed piling: * Durability
* Crack-free under handling and * Ease of handling, transportation
driving and pitching
* Can be economically designed for « Ability to take hard driving
given loads and moment and penetrate hard material
* Uniform high quality, high strength * High column strength and ability to resist
concrete moment or combined moment and bearing
 Readily spliced and connected * Ability to take uplift
e 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.

» 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
ot ' certain cases, of allowable deflections.

gt » 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.

Long foundation pile (without splices) being
used for construction in an American city



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.



The dimensions of spun pile

Outside diameter / Thickness /
mm mm
300 60
350 65
400 75
450 80
500 90
600 100
700 110
800 120
1000 140
1200 150

-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
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2.5 Code, Standard , Specification and Testing

ACI 543R-12 ' Is
JAPANESE
INDUSTRIAL
) . STANDARD
Guide to Design, Manufacture,

and Installation of Concrete Piles

Translated and Published by
Japanese Standards Association

Reported by ACI Committee 543 ]IS A 53 73 : 2010
(JPCC/JSA)

Precast prestressed concrete
products

UDC 624.156.113.012.46 : 666.982.4.033.17 :
666.982.4.033.4

American Concrete Institute®

JAPANESE INDUSTRIAL STANDARD

Pretensioned Spun Concrete Piles

@ JIS A 5335w




JIS 5335

1. Scope

=

This Japanese Industrial Standard specifies the prestressed concrete piles

manufactured by pretensioning and spinning process, hereinafter referred
to as the "PC Piles".

Remark:

2. Classification

In this Standard, the units and numerical values given in
{ } arein accordance with the International System of
Units (SI), and are given for reference only.

0

The PC piles shall be classified by the outside diameter into 300 mm,

350 mm, 400mm, 450 mm, 500 mm, 600 mm,

700 mm, 800 mm, 1000 mm and

1200 mm, and the piles of respective outside diameters shall further be

2 classified into Class A, Class B and Class C depending on the value of crack-
ing bending moment. d

3. Quality

3.1 Appearance The PC piles shall be free from defects such as detrimental
flaws or cracks.

3.2 Bending Strength

3.2.1 Main Body

The main body of the PC piles shall be subjected to the

bending s:treng'th test specified in 8.1, and shall withstand the cracking bending
moment given in Table 1 without showing any cracks.

‘The breaking bending moment shall be not less than 1.5 times the cracking
bending moment given in Table 1 for Class A, not less than 1.8 times for Class
B and not less than 2.0 times for Class C.

Table 1. Cracking Bending Moment
) Cracking bend- . Cracking bend-

2;;‘[:;?; Class ing moment gil;:r:?:r Class ing moment
e tfem{kN-m} e tf-m(kN-m}
A 2.5{ 24.5} A 7.5{ 73.6)

300 B 3.5( 34.3} 450 B 11.0{107.9}
(] 4.0( 39.2} C 12.5(122.6)

A 3.5( 34.3} A 10.5{103.0}

350 B 5.00 49.0} 500 B 15.0{147.1)
c 6.0{ 58.8} C 17.0{166.7)

A 5.5( 53.9} A 17.0(166.7)

400 B 7.5( 73.6} 600 B 25.0(245.2}
(&} 9.0{ 88.3) (s 29.0(284.4}

Applicable Standards and Reference Standard: See page 10.

P
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Table 1 (Continued)
i - i Cracking bend-

tside Cracking bend O_utsxde

El)i‘:m?;ter Closs | ing moment diameter| Class | ing moment

mm tfom (KN-m) | — ™™ ftem (kKN-m})
A 27.0( 264.8) A 75.0( 735.5)
700 B 38.00 372.7) 1000 B 105.0(1029.6 }
(¢ 45.0{ 441.31} c 120.0{1176.8}
.:\ 40.0( 392.3) A 120.0{1176.8)
800 B 55.00 539.4} 1200 B 170.0(1667.1)
c 65.00 637.41} C 200.0{1961.3}

i th of jointing end shall be
.2.2 Jointing End The bending streng
equa:: to or higher than the breaking bending strength selected from the

bending strengths specified in 3.2.1.

4, Construction

The construction of the end portion of

4.1 Construction of End Portion he load safely to the foundation

PC piles shall be such that it can transmit t
soil.

. A truction of the head portion
. onstruction of Head Portion The cons r
ot'chzz picles shall be such that it does not provide any hindrance in the piling

operation.
5. Shape and Dimensions

p i in body of hollow
he PC pile shall be composed of the main v .
cy?i.nldr?;‘at; sehage eas shgwn in Fig. 1, and shall have the suitable end, jointing

end or head, as necessary. The outside diameter and wall thickness of

main body shall be uniform at any.cross section over the whole length.
Fig. 1
Length
w
@
55
4 ©9 Main body
G? L
& nd
\"\a:t‘é- Lllcud or jointing end End or jointing e
N

Lengths of the end, jointing end and head are included in
the total length.

*fitti the fabrication
length of an endfitting attached after
- g\tpfhe P% pile shall not be included in the length thereof.

Remarks 1.

3. There are various types of ends, e.g., closed type, open
type, etc. N .

4, An upper or intermediate'pile may be utilized as a lower pile
by providing an end portion.



5.2 Dimensions

and the dimensional

The dimensions of the PC piles shall conform td Table 2,
tolerances to Table 3.

Table 3. Dimensional Tolerances

Table 2. Dimensions
Outside |Thickness| § Length m
dismeter Class *
mm mm 7 8 11
A
300 60 B (@] (o] o]
c
A
350 65 B O (o] (o]
c
A
400 75 B (e} (o] o
c
A
450 80 B (0] o] o}
c
A
500 90 B (e} (o] O
c
A
600 100 B Q (o] O
c
A
700 110 B O O O
c
A
800 120 B (e} O
c
A
1000 140 B (o] O
c
2 )
A
1200 150 B QO o
c
Remark: Subject to the agreement between the parties concerned,

the lengths of 5 m and 6 m can be applied.

Unit: mm
Item . Outside
Outside ; Length dlametar Wall lﬁickness
diameter
+ 5
300 to 600 5
+0.3 (%) of the % VU spesiBea
length of PC pile 7
700 to 1000 G

Remarks 1. The outside diameter of PC pile is defined as the average of
two measurements taken along the axis at right angle to
each other in a cross section.

2. The wall thickness of PC pile is defined as the average of]
four measurements taken along the axis at right angle to
each other in a cross section.

3. The tolerance of the outside diameter of the jointing end
portion shall be * 0.5 mm with respect to the outside diameter

=3
of PC pile specified in Table 2.

8. Bending Strength Test

8.1 The bending sfreng‘th test of main bod
! ¥ shall be made by the applicati
of vertical lead P to the centre of the span, on the PC pile laidyan twopgu;;tolr?tns
which has a span equal to 3/5'f its length, as shown in Fig. 2.

Any countermeasure may be taken to prevent the occurrence of local

fractures at th i i i .
bending. e loading or supporting points before the PG pile breaks by

™ The bending moment shall be calculated from the following equation:
1
Mﬁﬁh mL+§(%;L—- 1 )
where Af: bending moment (tf-m){kN-m}
g~ ¢ 8cceleration due to gravity (1 t£/t)(9.81 m/sz}

m: mass of PC pile (t) (see Reference Table)
L+ length of PC pile (m)
P load (tf) {kN}

Fig. 2. Loading Method

P
Loud




& A 5335-1987

8
A 5335-1987

Reference: The f i . as
9.2 Appearance, Shape and Dimensions The inspection on appearance and axial ?OI:IOdWlnngerex ence Table shows the long term acceptable
shape shall be made for all products and the inspection for dimensions shall be ds and the masses of the PC piles for the reference
made for the piles sampled from a set of PC piles, and when the requirements of practical use.
of 3.1 and 5. are satisfied, this set shall be acceptable as a whole. Number of 2 The m £ : ,
PC piles included in set and number of PC piles to be sampled are decided in ass of PC piles have been_calculated from the following.
accordance with the agreement between the purties concerned in delivery. equation, on-the assumption that the mass for unit volume
of PC pile is 2.6 t/m? and == 3.14, and rounded off to the

9.3 Bending Strength of Main Body and Jointing End second decimal place in accordance with JIS Z 8401

9.3.1 The cracking inspection for main body shall be made by making the .
cracking test in accordance with 8.1 for the two PC piles sampled from a lot of m=26xt(D—t)L
PC piles, and the whole lot shall be decided as acceptable, if both two meet
the requirements of 3.2, In the case where either of the two fails to meet where m: mass (t)
the requirements of 3.2, additional four piles sampled from the lot shall be
subjected to cracking test, and the whole lot shall be decided as acceptable, D : outside diam
if all the four meet the requirements. The size of lot shall be determined eter (m)
¢+ wall thickness (m)

upon agreement between the parties concerned.
9.3.2 In the destructive inspection of main body, either of the initial L : length (m)
two samples shall be tested in accordance with 8.2, and the whole lot shall

be decided as acceptable, if they meet the requirements of 3.2. ,(..
/gl Reference Table
The destructive inspection may be omitted, subject to an agreement : Tength
between the parties concerned. ) Outsiden m Mass ¢t Long term allowable axial oad (f {KN ]
dlameter
i 9.3.3 The jointing end shall be inspected similarly to the main body. mm 7 8 9 10 1 12 13 | 14 15 Class A Class B Closa C
-« This inspection, however, may be omitted, subject to an agreement between
the parties concerned. 300 0.82 0.94 1.06 118 1.29 1.41 1. 53 50 { 490) <45 ( 441) 40 [ 392)
9.4 Arrangement of PC Steels and Reinforcement The inspection on arrange-
ment of the PC steels and reinforcement shall be made for the PC pile which . p
has been subjected to the destructive inspection in accordance with 9.3.2, .ot 350 Loy L2 138 L5If 166 181 197 212 2,27 60 ( 588) 55 ( 539) 55 { 539)
and the arrangement shall be decided as acceptable, if it meets the require-
ments of 7.1. _
On that occasion, the wall thickness of the broken part in the PC pile 400 139 159 1L.79 1.99 2.19 2 39* 2.59 2.79 2.9 80 { 785) 75 { 736) 70 { 686)
shall also be inspected.
10. Designation 450 169 1.93 2.17] 2.42 2 66* 2.90/ 3.14/ 3.38 3.62 100 { 981) 90 { 883) 85 ( 834)
The PC piles shall be designated in the order of the symbol PC indicating Y >
pretensioned spun concrete pile, classification, outside diameter (mm) and
Terigth (n) 500 200 241 271 3.01 3.31) 3,62) 3.92 4.22) 4.52 125 {1226) 115 (1128) 105 {1030)
Example: PC-A 500-11 ((h -
600 2.86) 3.27| 3.67] 4.08 4.
St MEHRR 4.49 4.900 5.31f 5.71F 6.12] 170 {1667) 155 {1520} 145 {1422)
The PC piles shall be marked with the following particulars: 700
; 3.70) 4.24 4.77) 5.30 5.83 6.36 6.8 220 (2158)
i 3 200 (1961) 190 {1863)
(1) Designation
800 4. 5.33 6.00/ 6.6 280 (2 746) 250 {2452) 235 {2305)

(2) Manufacturer's name or its abbreviation

0 {5296) 490 (4 805) 465 {4 560)

(4) Date of forming
10. 24 : 5

(3) Name or abbreviation of manufacturing works
1000 6&6’ 7. 8.85 9.8% 415 (4070} 370 {3629) 350 (3432)




JIS 5373 About PC Products by JIS 5373

3.1 Groupl

PC products whose conformity with the stated performance is confirmed by actual
results, which are manufactured based on such specification, and whose recommended
specifications are indicated in Annexes

3.2 GrouplIl

PC products whose performance and specifications are defined by the agreement be-
tween the parties concerned with delivery and which are manufactured based on such
specifications

4 Classification
PC products shall be classified as specified in table 1 by the application.

Products shall be classified into Group I and Group II according to the determina-
tion method of performance and specifications.

Table 1 Classification of PC products

Classification Applicable clause in Annex
Poles See A.2.
Bridges See B.2.
Retaining walls See C.2.
Covered conduits See D.2.
Piles See E.2.
Other products Shall be subjected to the agreement between
Example: Disaster prevention facilities the parties concerned with delivery.
NOTE : Group! is listed in the recommended specifications of Annexes; however,
Group II has no recommended specifications.




HOLLOW SPUN PILES

E.1 Outline

This Annex specifies Group I and Group II of piles which are used mainly for the

Annex E (normative)
Piles

foundation piles among the PC products specified in this Standard.

E.2 Classification

The classification of piles shall be as specified in table E.1.
In addition, Group I shall be as specified in table E.2.

Table E.1 Classification of piles

Major division

Minor division

Prestressed concrete pile (PC pile, ST pile, knot pile)

Piles

Prestressed reinforced concrete pile (PRC pile, PRC knot pile)

Others

Table E.2 Classification of Group I of piles

Division by external Division by effective
Classification diameter prestress Detail
mm N/mm*
Prestressed concrete pile See recommended
(PC pile, ST pile, knot pile) 000/l 200 4010 10.0 specification E-1.

— The effective prestress shall be obtained by calculation. The calculated value shall be
in the range of =5 % of each value.

— The PC pile has the same cross section over the entire length. The ST pile is a PC pile
having the cross section which enlarges toward on one end. The knot pile is a PC pile

of which the body is provided with knots.
NOTE : The piles of external diameter exceeding 1 200 mm may be adopted. In this case,
performance values shall be according subject to the agreement between the par-

ties concerned with delivery.




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.

Table E.3 Performance of body of piles

Performance item Performance Performance check method
. Shall be safe to the regular load assumed at the
Service stage . . .
time of use, and crack width shall be less than the See design document or E.6.
performance -
permissible value.
End stage Shall not break due to the load assumed at the time .
2 See design document or E.6.
performance of end stage.
Durability™ Durability shall be secured against deterioration See design document or
assumed. actual results.
- Workability for transportation, installation, See design document or
Workability
assembly, ete. shall be secured. actual results

Notes @ Confirmation of the end stage performance shall be made when requested by the pur-
chaser.

b' Durability may be confirmed by the actual results of such similar products as are equiva-
lent in terms of water-cement ratio and/or covering of reinforcing bar, etc.

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 Imm per 300 mm.
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E.4 Shape, dimensions and dimensional tolerances

The shape, dimensions and dimensional tolerances of piles shall be as follows. As
to Group I, if the design concept is not different, and if the performance (quality) and
the performance (quality) check method are the same, the reference dimension may
be changed within +10 % in response to the purchaser’s demand, provided that the nec-
essary performance (quality) is satisfied.

a) Shape An example of shapes of piles is shown in figure E.1.

A PC pile and a PRC pile have a hollow cylinder body, having a suitable tip, a
joint or a head, if needed. An ST pile has a diameter enlarged part at its end.
The maximum length of the diameter enlarged part shall be twice the external di-
ameter of the diameter enlarged part. Also, an ST pile may be provided with a
suitable tip, a joint or a head, if needed. Moreover, a knot pile is a PC pile of which
the body is provided with knots. The outside diameter of the knot part shall be
in the range in which the performance of the body is not compromised. Also, the
knot pile may be provided with a suitable tip, a joint or a head, if needed.

b) Dimensions and dimensional tolerances The dimensions and dimensional tol-
erances of the products classified into Group I shall be as specified in table E.4.
The dimensions and dimensional tolerances of the products classified into Group II
shall be subjected to the agreement between the parties concerned with delivery.



Table E.4 Dimensions and dimensional tolerances of piles

. ) External diameter Thickness Length
Classification
mm mm m
, Dimensions | 30021688 [ 704 151 900 [ 60 to 230 4t0 15
Prestressed concrete piles than 700
(PC piles, ST piles, knot piles) Tol 5 7 +Not specified 0.3 (%)
etanees -2 4 ) of length

— The length of a pile shall be designated in increments of 1 m.

— The outside diameter of a pile shall be the average of two values measured along the axis
perpendicular to a cross section of the body.

— The thickness of a pile shall be the average of four values measured along the axis perpen-
dicular to a cross section of end face of the body.

E.5 Bar arrangement (position of prestressing tendon and reinforcing bar)

The bar arrangement shall be as specified in JIS A 5364 and a design document.
However, according to the agreement between the parties concerned with delivery, the
bar arrangement other than that of the recommended specification may be adopted in
the range in which the product performance (including the provisions of E.3) is not
compromised. For the bar arrangement of the piles, the manufacturer shall define the
bar arrangement so as to satisfy E.3 for each product.



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.6.1 Compressive strength test

The compressive strength test shall be as specified in JIS A 1132 and JIS A 1108,

or JIS A 1136.

E 6.2. Bending Strength Test

B B
2

Span B=3/5L
L

Figure E.2 Loading method of bending strength test

F

where,

_8M-mg(2B-1)

2(B-4)

F: loading force (kN)

M : bending moment (kN -+m)

m: mass of pile (t)

g: standard acceleration of gravity (9.81 m/s?)
B: span (m)

L : length of pile (m)

A: bending span (m) A=1.0



E 6.3. Axial Tension Bending Strength Test

Positive
force F
i; S N
Axial- ‘ $
tension N 2 | 05m)" 4 0.5m
iy |
\\& C == 3 -
B ‘ Negative B
2 force F "
-
Span B
3 L
fe "

Axial-
tension N

Figure E.3 Loading method of axial-tension bending strength test

E 6.4. Shear Strength Test

Fore
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b

b

e

b\
o

L

b : bending span (loading span) (m)

a : shearing span (m) «a=1.0D

D: external diameter (m)

Figure E.4 Loading method of shear strength test (loading by

simple beam form)

b=1.0

In the case of a positive force,
£ SM-mg(2B- L) 84V
2(B-A)
In the case of a negative force,

-8M —mg (24 - L) + 8aV

! 2(8-4) "

where, F: loading force (kN)
M : bending moment (kN -m)
m : mass of pile (see values in of recommended speci-

fication E-1 table 5) (t)

g: standard acceleration of gravity (9.81 m/s?*)
L: length of pile (m)
B: span(m) B=7.0
&: relative deflection of centre part (m)
N: axial-tension (kN)
A: bending span (m) A=1.0

F=20

where, F: loading force (kN)

@ : shear strength (kN)



E.6.4. Shear Strength Test

Force F

loading force (kN)
shear strength (kN)

distance between loading point and outside fulcrum
(m)

: shearing span (m) a=D-1/2

: thickness (m)

V _ 0(2a+b)

RO NN NN AN NN NNN NN NN NN NN NN N NN N NN NNNNRN N Fe b
A where, F:
Qv I 0:
T b:

7] ” 7} ”

a a a

b 2a ~ b !

7 D

b : bending span (loading span) (m) b=1.0
a : shearing span (m) a=1.0D

D : external diameter (m)

Figure E.5 Loading method of shear strength test (loading by
overhang beam form)

E.6.5 Measuring method of squareness of joint end face

. external diameter (m)

For the measurement of squareness of the joint end face, a square shall be set as
it in line with the axis of external diameter of a pile, and the amount of inclinations

about the external diameter of a pile shall be measured.



E.7 Quality of concrete

E.7.1 Material and production method

The material for concrete and the production method shall be as specified in JIS
A 5364.

E.7.2 Compressive strength

The compressive strength of concrete shall be verified by the compressive strength
of the sample which has been processed by the same curing as the product or the com-
pressive strength which has been controlled properly. When the predetermined ma-
terial aging is finished, the strength shall be 80 N/mm? or more for the effective prestress
of 4.0 N/mm?, and the strength shall be 85 N/mm? or more for the effective prestress
of over 4.0 N/mm?. Moreover, the compressive strength at the time of prestress intro-
duction shall be 40 N/mm? or more.

In addition, products of Group II shall be subjected to the agreement between the
parties concerned with delivery and the compressive strength of concrete may be as
specified in Annex A of JIS A 5364.



E.8 Inspections
Inspections shall be as specified in JIS A 5365 and the following.

a) Final inspection The final inspection of piles shall be conducted for the appear-
ance, performance, shape and dimensions, and shall be as follows.

1) Appearance For the appearance, it shall be a 100 % inspection or a sampling
inspection in consideration of the characteristics of product, manufacturing
method, production quantity, etc.

2) Performance, shape and dimensions For the performance, shape and di-
mensions, the inspection shall be a sampling inspection.

When the performance is inspected by a sample as alternative characteris-
tics, the correlation between the sample and the product shall be established.

3) Size of inspection lot The size of inspection lot shall be determined by the
manufacturer in consideration of the characteristics of product, manufacturing
method, production quantity, production period, ordered quantity, etc.

Any product in the inspection lot shall have the same characteristics, and shall
be manufactured using the same materials, conerete mix proportion and manu-
facturing process, etc.

b) Delivery inspection The delivery inspection of piles shall be conducted for the
appearance, shape and dimensions. The size of inspection lot and the sampling
method shall be subjected to the agreement between the parties concerned with
delivery, and shall be specified by the purchaser. The delivery inspection may be
omitted subjected to the agreement between the parties concerned with delivery.



E.9 Marking

The marking items on piles shall be the following as specified in JIS A 5361. More-
over, the PC pile, ST pile and knot pile among the piles manufactured by centrifugal
force compaction shall be marked as PHC.

a) Classification or its abbreviation
b) Manufacturer’s name or its abbreviation

¢) Date of manufacture or its abbreviation

E.10 Others (recommended specification)
Group I of covered conduits is shown in table E.5.

Table E.5 Recommended specification

Structure-specific product group standard Recommended specification

Recommended specification E-1

JIS A 5373 | Annex E Piles )
Prestressed concrete piles




Specification 1

Specificatio

Conversion| .| Conversion 2 Standard bearing
. Cross Geometric .| Conversion Standard bending capacity
Pile . : Geometric = 4 < - :
. Concrete : Pile [sectional : moment of section | Amount of moment Shearing T'ensile
diameter Type [Thickness : : S moment of : e > =
Strength Diameter| weight inertia coefficient | prestress Safety factor: 3.5 Strength | Strength

of cage 2 x10* nlelr(;:a x10°

PC steel bar

Diameter | Number

Cracking | Breaking | Long-term | Short-term

(Mpa) (mm) |(ton/m)| (mm?) | (mm?) (mm?) (mm?) (Mpa) (kN*m) (kN*m) (kN) ) ) (kN)
Fe Ao Ae Ie J oce

A 7.1 6 462 35336 | 2355 4.0 259 39.0 872 1,744 101 231 6~12
300 B 60 90 8 20 | 0119 | 452 | 474 | 34607 | 36160 | 2411 80 36.1 70.4 704 1,408 128 474
c 9.0 10 479 36560 | 2437 100 414 82.1 616 1,232 139 599 o
A 7.1 7 558 61,167 | 3,95 40 384 55.0 1,053 2,106 121 279 6~12
350 B 60 9.0 10 200 | 0142 | 546 | 573 59925 | 62,776 | 3,587 80 538 105.3 852 1,704 152 573
c 9.0 12 579 6336 | 35619 100 615 1202 744 1,488 166 723 il
A 7.1 10 700 101,944 | 5007 40 56.0 87.9 1,321 2,642 151 350
Normal | 400 80 B 65 9.0 12 335 | 0179 | e84 | 716 | 99576 | 104142 | 5207 80 78.1 148.4 1,064 2,128 190 716 6~13
C 107 | 1 726 105492 | 5274 100 896 177.7 933 1,866 207 907
A 9.0 9 1,079 26581 | 9,863 40 108.4 161.8 2,036 4,072 232 539
500 B 80 107 | 14 420 | 0274 | 1055 | 1,109 | 241,198 | 253032 | 10121 8.0 151.8 300.0 1,648 3,296 293 1109 | 6~15
c 107 | 17 1,120 255,568 | 10,222 100 1737 3443 1,440 2,880 319 1,400
A 9.0 12 1,474 494,008 | 16466 40 181.1 263.2 2,780 5,560 317 737
600 B 90 107 | 18 510 | 0374 | 1441 | 1,510 | 483427 | sosg61 | 16862 8.0 252.9 479.2 2,244 4,488 400 1510 | 6~15
¢ 107 | 23 1,530 512,093 | 17,069 10.0 290.1 570.1 1,967 3,934 435 1,912
A 7.1 10 821 111,745 | 5587 35 58.9 88.2 1,585 3,170 174 364
400 B 80 90 12 335 | 0209 | 804 | 836 | 109377 | 113943 | 5697 7.0 799 149.1 1324 2,649 217 735 6~15
G 107 | 1 846 115293 | 5764 8.8 91.1 180.0 1,189 2,379 235 931
A 9.0 9 1,281 212417 | 10,896 34 1143 162.2 2,480 4,960 270 559
Special | go0 80 B 100 107 14 420 | 0324 | 1,256 | 1,310 | 267,035 | 278869 | 11,154 6.9 155.8 302.2 2,081 4,163 338 1,141 6~15
c 107 | 17 1,321 281405 | 11,256 8.7 1769 349.2 1.868 3,736 367 1,441
A 90 12 1,725 544399 | 18,146 35 191.2 263.7 3333 6,667 363 763
600 B 10 | 107 | 18 510 | 0436 | 1,693 [ 1,762 | 533818 | 556252 | 18,541 7.0 260.3 4823 2,787 5,574 453 1551 | 6~15
c 107 | 23 1,781 562484 | 18.749 8.8 296.7 578.2 2,499 4,998 493 1,966




Specification 2

Formula for
calculating Working
Load

Rma = (Fe/Sm - ge) X 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)
oe: Effective Prestress(Mpa) Ec=38,000N/mm2(80N)
Ae: Conversion Cross-sectional area(mm?) Es=200,000N/mm2

The Standard of JIS A 5373

Standard Bending capacity ( Long-term )
N={{Fc/S—oce) X Ae}/ 100
S : Safety factor ( 3.5)

Standard bending moment ( Cracking )
M={le/ro X (7 +oce)}/ 100
ro:D/2



Spun Pile Drawing (Sample)

COMCRETE SPUN PILE V-PHC=A & 400mm
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Compressive Strength Test

Compressive Strength Test Condition of PHC Cylindar Pile
(Spun Result)

Test Specification ............ JIS A 1136
Strength = Load /crossectional area *1000 = 1555.8/19016.34*1000
Test result = 81.81 Mpa

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

Test piece Test piece

Compressive strength test Test result



Slump Test




Bending Strength Test L Projectnformation

Project = Development of Container Terminal Project,
Ahlone Port, Yangon, Myanmar

Employer = Adani Yangon International Terminal Co., Ltd

EPC Contractor = ITD Cementation India Limited

Pile Contractor = Myanmar V-Pile Co., Ltd

2. Test pile details

Pile type = Prestress spun pile (PHC pile)
Pile Dia & Type = 500mm, B

Compressive strenght = 80 N/mm2

Length = 12m

Bendin g S tren gth Test Rep Ort Test location = VP factory, Thilawa

3. Testing Diagram
for

Spun Pile (D500mm , Type B)

TS B/2=3.6m B/2=3.6m =

F=151.8kN

v

SpanB=3/5L=72m

L=12m

4. Calculating of Cracking Load of Dia 500mm, B PHC Pile,, L = 12m

The loading force F shall be calculated from the bending moment according to the
following formula:

F= f_;D.M;gmL = 151.8 kN (Cracking standard value)

2(3L—54)
F = loading force (kIN) L = length of pile (m)
M = bending moment (kN.m) A = bending span

m = mass of pile (ton) g = gravity acceleration



5. Load Calculation Table
1.Specifiction of the test body VJP.Co, Itd
Diameter| Type |Length| Span | Weight| Product Test Age |Predue Pactory Mpnager| Quality GL staff
(mm) Lm) | 1 (m)| m(t) | date date (date) | No. P 4 —[1,
500 | B [12m|72m| 3288 |27May20)169un20| 20 | 1006 g ‘
G
2.The outward appearance and size test result of the test body Unit:(mm)
Inspection item | Standard valus| A permissible difference Actual valuo Fe—
d appe There is not a harmful wound Cmn_h not & w * There is a wound
+6mm, -2
Diameter| 500 ‘%";": 1;: Circuference | 1881 | Diameter 5032 Qi)
Size +0.3% -
12,000 NG
Length 11964 ~ 12036 s
Thickness| 80 +There is norule -Omn |1 91 2 89 3 90 4 | 91 Ave 9025

3.Bending proof stress test result

Test method [ Test is based on JIS A 5373 | Judgment of the result | C Good) NG
l;—ﬂh%
0.6m 05m |
1.0m
4[—\‘ 1 | v T
[ ! ]
L
. . p—_8M-mg(21-L) 36
Calculation formula of Loading force F 2(1-b) B i 00
Earth gravity acceleration g : 9.81(m/s")
Crack inspection Final inspection
Moment Mer(kN * m) Force Fer (kN) Moment Mu (kN'm) Force Fu (kN)
Desing value 151.8 91.7 300.0 187.3
Actual value 1654 940
Actual valuoDesing valoe 1.02 e
Force Moment
k

(kN) (KN-m) Rewahs

0.00 9.7

26.50 50.8

52.00 90.3

76.00 127.5

91.70 151.8 Crack Standard value (no crack)

4.0 155.4 There is no crack . Pass the test

6. Comparison of Force and Moment result

BENDING TEST RECORD AT SPUN PILE FACTORY, SEZ THILAWA ZONE A, THANLYIN TOWNSHIP

D 500B -12m Date : 16.6.2020
Moment Inspection Action ;
Load Cell | Test Pile
b fores KN.m Crack / Break Jackup !
1 0 9.7 Jackup
2 26.6 50.9 Jackup
3 52 90.3 Jackup
4 76.1 127.6 Jackup
Standard Crack Value
S 91.7 151.9 Jack
(No Crack) it
No Crack
A it Jacki
2 943 168 Pass The Test Aesup




7. Reference testing photos

The reference photo of testing can be seen as per below photos:

ST

‘v":{r. ‘\\“ /

(LT (R



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.



Earthquake Load Considerations and Seismic Performance

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.



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 falil
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).



Desigh Recommendations and Standards

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

O 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.

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

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

O 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

Stage lll

Axial
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: Liquefied Sand
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(c) Shear and
compressive failure

- 1™

(b) Shear failure

’
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<3

-

(d) flexure failure




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.
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Reasons for concrete pile foundation failure?
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4.0 PHC Spun Pile Manufacturing



4.1 Quality Control Process

Quality control process associated with the manufacturing process
-

3concrete mixing
management

4 concrete management O

Siconcrete placing

cement

I

1lmold assemly management
mold assembly




4.2 Manufacturing Process

Flow Chart

Slump Test &
Compressive

CEMENT Strength Test

CbMpressive

Strength Test

AGGREGATES

Automated MIXING Concrete Prestressing Compaction
Batching Placing by Tensioning by Spinning

Incoming raw material check

ADDITIVES

Measurement by weight' &

Mould

Rediive Demoulding

Deformed Cutting and
Prestressing Bars Head Forming

High Tensile
Spiral Reinforcement

Derioulding and Prestress
Indticement
Cage
Assembling

Inspection
and
Bending Test X
L 3

i Inspectioftand Bending Test



[ (1) Materials acceptance ]

@ Cutting & Processing of
PC steel bars

(@) PC steel bars cage

b, A

[ (5 Batching Plant

@ Setting of end plate

' "

(6) Setting of mold
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(7) Concrete placing
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r (9) Centrifugal casting
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(0 Steam curing

-
(i) Product inspection after
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p
(3 Compressive strength
check
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[ (4 Shipment




Manufacturing Process (Factory Floor Plan)




GENERAL SPECIFICATION

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.

2> In current time we are using welding joint only.



PHC Pile production work process

PHC Pile size production in Factory

[ Basic Concrete Thickness
Basic Weight per 1m Thickness
Diameter (mm) (t/m) (mm)
300 0.119t 60
350 0.142t 60
400 0.179t 65
\—_—_—/ 500 0.274t 80
600 0.374t 90

Special concrete thickness

Basic Weight per 1m Thickness
Diameter (mm) (t/m) (mm)
300 0.132t 70
350 0.160t 70
400 0.209t 80

¥’/ 500 0.324t 100

600 0.436t 110




FEATURES Of PHC Pile

High Bending Moment and Crack Resistance.
A reinforced PHC pile 1s highly resistance to earthquakes.
70~80 N/mm? concrete strength.

Prestressed .( Pre- Tension )




Material and equipment checking

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.

o

™ PC Steel checking @

HEAD PROTECTION
MUST BE WORN
IN THIS AREA

Wear ear
protectors

PPE inspection




PC steel bar cutting and Heading

PC steel bar 1s used for prestressed and placed into the PHC pile.

%;Q Lo i | PC requirements of the lengths, diameters and can
<. | | control the machine by manual.

T
" To connect the end plate
and prestress.

After heading processed finish

Heading machine




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




Set end plate and steel cage

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.

e, ¥ e

End plate and PC cage connect

Rebar tying



Mould Cleaning

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 machme to turn back and clean the upper mould.
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mould Oil spray Upper mould turn back machine



Setting the steel cage 1in the form

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

Ready to cast the concrete.
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Mixer control operator room

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.

Measure the cement



Concrete castin

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



Pre-Tension

Before Tension ,upper and lower formwork fitting.

After mould fitting finished , pre-tensions the PC

. _A *

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
8 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



Pile inspection

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.

S r, 3
2] Y

Compression test machine Mould and spinning machine
and cylinder type




Place the Pile |

After demolding placing the pile in the factory.




Shipment Inspection and Shipping
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