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1.Outline of Steel Sheet Pipe Pile Foundation
Closed with Circular,Rectangular or Oval shape

Mortar injection inside joint to connect steel pipe sheet pile

Rigid connection between footing and top of the steel pipe well

Foundation of large horizontal 
resistance and large bearing 
capacity

Pipe-Pipe type interlocking joints





Steel Sheet Pipe Pile
Foundation

Thanh Tri Bridge
Project

Level at Flood

Normal Level 



History of Steel Sheet Pipe Pile Foundation



Foundation 
stability

Temporary 
cofferdam

Force Allowable
Deformation Allowable

Combined Permanent
Residual stress a

Check foundation stability

Not foundation yielding

Ordinary Overwhelmingly Wind Level 
1 Earthquake

Level 2 Earthquake

2.Design of Steel Pipe Sheet Pile Foundation

Allowable Design methods)

Elasto-plastic method





Beam Analysis Method
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Choice of stability calculation model
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Design concept of permanent main structure

L

D
D

L

kH

kSkV

υ∆
Shear deformation

Interlocking shear spring
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Assumption of plane form

Circular, Rectangle, Ellipse

Bridge 
pier form

Assumption of plane form

Circular

The optimal 
designCircular Rectangle
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Steel Sheet Pipe Pile of Outer Wall

Steel Sheet Pipe Pile of
Partitions Wall

Single Pile within
Foundation

Example of steel sheet pipe pile arrangement



Assumption of steel pipe sheet pile size
The diameter is around 1000 mm and t/D is less than 
about 1.4 percent.

22 ○ ○ ○ ○ ○ ○
21 ○ ○ ○ ○ ○ ○ ○
20 ○ ○ ○ ○ ○ ○ ○ ○
19 ○ ○ ○ ○ ○ ○ ○ ○
18 ○ ○ ○ ○ ○ ○ ○ ○
17 ○ ○ ○ ○ ○ ○ ○ ○
16 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
15 ○ ○ ○ ○ ○ ○ ○ ○ ○
14 ○ ○ ○ ○ ○ ○ ○ ○
13 ○ ○ ○ ○ ○ ○ ○
12 ○ ○ ○ ○ ○
11 ○ ○ ○ ○
10 ○ ○ ○
9 ○ ○
8 ○
7 ○
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Corrosion allowance

1/100 mm / year

A corrosion allowance may be 1mm.
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Temporary cofferdam calculation
1) A construction step is examined.
Underwater digging

Digging among the ground

Combined use of underwater digging and digging among the 
ground

2)Examination of timbering

ⒸNippon Steel Corporation
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The check of a calculation result
When displacement does not satisfy an acceptable value.
1) Board thickness is thickened.
2) A plane size is enlarged.
3) A diaphragm pile is adopted.

When stress intensity does not satisfy an acceptable value.
1) It changes into SKY490.
2) A plane size is enlarged. 

When bearing power does not satisfy an acceptable value.
1) Steel pipe sheet pile length is lengthened.
2) A inside single pile is adopted.

ⒸNippon Steel Corporation
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Plate and Bracket

Inserting Reinforcing Bar

Reinforcing Bar Stud



Underwater cut

Temporary cofferdam/foundation type 90 of total construction

Connector

Filling Concrete

Supporting 
beam

An Outline of Installation Methods



4. Projects in Japan









Comparison with Caisson

Soil Steel Pipe Sheet Pile Pneumatic Caisson

Period
Cost

6 months 9 months

ⒸNippon Steel Corporation
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Comparison with Cast-in-place Pile
Item Cast-in-place Concrete Steel Pipe Sheet Pile

Application to
Deep
Foundation

Excavation and concrete
placing inside the deep
holes is becom ing difficult

Possible up to 80m -long
piles

Application to
Deep-W ater

Tem porary cofferdam  is
needed

Used for both foundations
and tem porary cofferdam

Size of
Foundation Larger Sm aller because of

high rigidity

Quality Control
Careful control is needed
to spread concrete fully
inside the  pile holes

Bearing capacity can be
confirm ed while driving

Construction
Period

Longer
Tem porary cofferdam
and excavation

Shorter
Driven rapidly, Used also
as tem porary cofferdam

Construction
Cost

Depends on design and
site conditions.

M ore econom ic in case of
deep foundations
under deep water.

Environm ental
Influence

Disposal of waste water
and rem oved soil is m ore.

Disposal of waste water
and rem oved soil is less.

ⒸNippon Steel Corporation
All Rights Reserved



Example in Some Case
Foundation

Soil Cast-in-place Pile Steel Pipe Sheet Pile

Area

Occupied 

Cost 1.1 1.0

Excavation

Foundation + Cofferdam Foundation

ⒸNippon Steel Corporation
All Rights Reserved



Environmentally Friendly construction method

Driving
0

Inner 
Excavation 

auger 
30

Concrete
Pile
100

Caisson 
100

Soil Excavation of the pile volume



6. Technical Topics

1) Liquefaction
2) How to consider Corrosion
3) Comparison between Steel Sheet Pipe 

Piles Foundations and PC Well 



Special Topics: Liquefaction



1) Liquefaction
A) Saturated loose sandy soil tend to liquefy during an   

earthquake , causing to structure
- Loose sandy soil mainly located in shore line and river 
- High ground water level

B) Mechanics of Liquefaction 
Soil is composed of soil itself, water and air

a) Earthquake cause shear motion
b) Shear motion cause the over pore water pressure
c) Soil is like liquid 
d) Structure heavier than water may sunk
e) Structure lighter than water may float



Mechanism of Liquefaction 
Soil in Usual condition
Component of the soil touch each other and other space 
is full with water



Mechanism of Liquefaction
Soil Behavior in time of earthquake
Soil particle is floated in the ground water due to over 

water stress 



Mechanisms of Liquefaction 
Soil ground after Liquefaction
Each particle of the soil shall be sunk ,  Water flow up to the soil surface

Water contained of sand may flow up to the surface



Damages due to Liquefaction



Soil condition to consider the liquefaction

Ground water level is high (Within 10m from ground 
surface) and Saturated loose sandy subsoil lie within 
20m from ground surface

FC less than 35% or 
Ip is less than 15%(Even more than 35%)

D50( the grain size corresponding to 50%) is less than 
10mm and D10 is less than 1mm

In Sand of alluvable layer which has followings three 
conditions, liquefaction may occur 



Ratio of dynamic shear strength 
to shear stress

ＦＬ＝ Ｒ ／ Ｌ
where
ＦＬ：Resisting ratio to liquefaction
Ｒ ：Dynamic shear stress ratio

Ｒ ＝ τ1max／ σｖ’
Ｌ ：Shear stress ratio in time of earthquake

Ｌ ＝ τmax／ σｖ’
σｖ’：Effective stress
τ1max ：Repeated shear stress（Repeated 
number=20）
τmax：Maximum shear stress

When ＦＬ＜ １,  Liquefaction occur



How to use FL

ﾚ ﾍ ﾞ ﾙ1
地 震 時

ﾚ ﾍ ﾞ ﾙ2
地 震 時

ﾚ ﾍ ﾞ ﾙ1
地 震 時

ﾚ ﾍ ﾞ ﾙ2
地 震 時

 0≦ ｘ ≦10 1/6 0 1/3 1/6
10＜ ｘ ≦20 2/3 1/3 2/3 1/3
 0≦ ｘ ≦10 2/3 1/3 1 2/3
10＜ ｘ ≦20 1 2/3 1 2/3
 0≦ ｘ ≦10 1 2/3 1 1
10＜ ｘ ≦20 1 1 1 1

Ｒ ≦0.3 0.3＜ Ｒ
動 的 せ ん 断 強 度 比 Ｒ現 地盤 面

か ら の 深 度
ｘ (m)

FLの 範 囲

FL≦ 1/3

1/3＜ FL≦ 2/3

2/3＜ FL≦ 1

Design figure must be reduced based on FL and R



Example of prediction of liquefaction



Survey of the Nishinomiya Ohashi Bridge affected 
by the Great Hanshin Earthquake of1995



Soil Condition



Damage of the Bridge Pier



Examine the steel sheet pipe pile foundation



To check the occurrence of footing concrete 
cracking (Excavation survey)



To check the interlocking joints



To check the connecting methods between 
steel sheet pipe pile and footing conceret



Results of investigation
There is no damage on footing concrete, connection 
methods (Plate – Bracket methods) and in between. 

There is no drawback on the interlocking
Welding on spirals steel pipe piles and on site connecting 
welding is very good after earthquake 

There is no drawback on welding portion of plates on to the 
steel pipe sheet piles

Steel Pipe sheet pile foundation has 
high seismic resistance



Establishment of Corrosion-
protection Design Methods

for Steel Structure and Future 
Development in Japan

JISF
Southeast Asia Steel Structure Seminar 2005

Hiromasa NAKANO
Suitomo Metal Industries



Outline of Presentation

• Current state of corrosion protection
– Port and harbor steel structure

• Mechanisms in seawater environment 
• Corrosion protection method
• Research

– Substructure
• Mechanisms in underground environment
• Corrosion protection method
• Research

• Future of corrosion protection



Mechanisms of Corrosion
• Schematic diagram of local cell
Corrosion     
current

Fe+

e-

Fe+

e-

02

2H20＋02＋e-→40H-

Corrosion 
current



Mechanisms of Corrosion
• Chemical equilibrium phase*

E (V)

Corrosion
No corrosion

Seawater

Concrete re-
inforcement（sound）

Contact Zn in 
seawater

Corrosion Area

pH
* Kozai Kurabu



Mechanisms of Corrosion
• Corrosion types

– General Corrosion
• Nearly uniform corrosion loss

– Local Corrosion
• Corrosion in which deep corrosion occurs in 

specified sections



Mechanisms of Corrosion
• Underground corrosion of steel pipe piles

– Environment 
• Not uniform contrast to atmosphere and seawater 

local cell 
– Characteristic

• Difficult to occur local corrosion  
Driven in vertically without disturbing the soil

• Corrosion rate tend to decrease as time lapses 
Corrosion products remain attached 



Corrosion Protection Methods
• Steel pipe pile

Bridge substructure, Building foundation
– Usual environment

• Anticipate corrosion
1mm Based on long-term survey

• Not necessary for inner surface

– Unusual environment
ex. Seawater Repeat dry and wet, etc.

• Countermeasure must be taken



15m

10cm

Red painting

1962～66 installed        
10 site                         

126 total        
2nd,5th,10th 
withdrawn

Research of Corrosion

• Research by Dr. OSAKI *
Prominent among surveys that constitute the basis 

of anticipate corrosion

Welding
Measurement  

zone

Test pile ：L-100×100

* Kozai Kurabu



Research of Corrosion

• Research by Dr. OSAKI *

Annual 
corrosion     

rate       
mm/year

Lapse of years0 10 15 20

0.02

0.04

0.06

0.08

0.10

Average rate

Maximum rate

Corrosion rate tend to 
decrease as time lapses 

* Kozai Kurabu



Research of Corrosion
• Statistical examination based on  

subsequent survey

6233Total
3010L
1414Sheet pile
189Pipe pile

datasite



Research of Corrosion
• Result of statistical examination

 

Average 
corrosion     

loss    
(mm)

Year
10 100

0.1

1

10

Regression line    
Y=0.0165 X 0.671

σ2σ
3σ



PC Well 

• Diameter from 1.6m to 8.0m
• Construction:

An open-end cylindrical structure made of concrete is produced on the 
ground and gradually sunk by eliminating earth out of the cylinder 
interior , until it reaches a specified bearing layer.

Standard of PC Well Unit :
Diameter : from 1.6m to 4.0m

Features:
Mostly applied to the construction very adjacent to the 

existing structure



Construction Procedure



Construction Procedure(2)



Construction Procedure(3)



Construction Procedure(4)



Comparison between Steel Sheet Pipe Pile Foundation 
and PC Well

PC WellSteel Sheet Pipe Pile Foundation

50m

50
m

16
.9

m

48.7m

PC Well 4.0m 

Steel Sheet Pipe Pile 1.2m 



Comments about PC Well Foundation

• PC Well is mainly used for T 
type of Bridge single pier.

• Based on the comparison 
study, in case of PC Well, top 
concrete footing is a little bit 
larger than Steel Sheet Pipe 
Pile foundation

• There is some difficulties for 
large diameter and deep 
foundations



7.Subjects of applying the Steel Pipe 
Sheet Pile Well in Vietnam

1. To transfer and develop the design 
methods

2. This foundation is required  of the 
construction experience

- Construction Procedure
- Materials of Steel Sheet Pipe Pile



Advantage of Steel Pipe Wells Foundation

Large depth of water and soft ground

Construction time and cost reducible 
without temporary cofferdam

Small area required during work   because
the foundation body is compact

Rational and economical design using  
best fit of diameter and wall thickness of 
steel pipe well

Applicable to deep bearing stratum with 
High safety

High reliability of large seismic 




