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Seismic design for pier and foundation
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橋脚の水平耐力
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JACKET FOUNDATION WITH INCLINED PILES

Jacket 
structure

Pier

Steel pile

Stuff substratum

Soft soil layer

Offshore pile foundations for roads
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Jacket steel pile 
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AXIAL LOAD DISTRIBUTION(STATIC)
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PILE FOUNDATION AND CAISSON FOUNDATION

(Unit:m)
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RESPONSE FOR ACCELERATION AND DISPLACEMENT

-8.0

-4.0

0.0

4.0

8.0

0 2 4 6 8 10 12

Time (sec)

A
cc

el
er

at
io

n
 (

m
/s

2
) Pile foundation

Caisson foundation

-2.0

-1.0

0.0

1.0

2.0

0 2 4 6 8 10 12

Time (sec)

D
is

p
la

ce
m

en
t 

(m
) Pile foundation

Caisson foundation

-8.0

-4.0

0.0

4.0

8.0

0 2 4 6 8 10 12

Time (sec)

A
cc

el
er

at
io

n
 (

m
/s

2
)

Acceleration Displacement

-0.2

-0.1

0.0

0.1

0.2

0 2 4 6 8 10 12

Time (sec)

D
is

p
la

ce
m

en
t 

(m
)

Upper structure

Foundation

Upper structure

Foundation



K
Y

O

OT

UNIVER
S
IT

Y

F
O

U
N D E D 18

9
7

KYOTO JAPAN

K
Y

O

OT

UNIVER
S
IT

Y

F
O

U
N D E D 18

9
7

KYOTO JAPAN

Shaking table test and numerical 
simulation on seismic performance of 
a bridge column integrated by 
multiple steel pipes with directly-
connected piles

Koichi Isobe (Hokkaido University) 
H. Sugiyama, M. Shinohara, H. Kobayashi (Hanshin Expressway)

Y. Sawamura, Y. Mitsuyoshi, M. Kimura (Kyoto University)
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Development of “Integrated column by multiple steel pipes” (2004)

⚫ A bridge column integrated by 4 
steel pipes and multiple shear 
panels interconnecting the pipes 
has been proposed.

⚫ It is designed based on damage 
control concept, in which the 
vertical load is supported by the 
steel pipes and the lateral load is 
adjunctively supported by shear 
links.

⚫ Shear panels are made of low yield 
stress steel and have hysteretic 
energy dissipation properties.

⚫ It intends to lead seismic damage 
into shear panels and enables early 
recovery by replacing only panels.

Introduction

12

Steel pipe

Shear panel 

made of 

low yield 

steel

Shear link



K
Y

O

OT

UNIVER
S
IT

Y

F
O

U
N D E D 18

9
7

KYOTO JAPAN

K
Y

O

OT

UNIVER
S
IT

Y

F
O

U
N D E D 18

9
7

KYOTO JAPAN

Development of “Integrated column by multiple steel pipes” (2004)

⚫ Budget-pleasing prefabricated 
material (ready-made spiral steel 
pipes) are used.

⚫ Anchor frame is NOT necessary 
unlike a conventional steel pier 
structure.

⚫ Reduce 30% of construction cost

⚫ Reduce construction time

⚫ Rapid transportation open

Introduction

13

NO Anchor frame 



Cost analysis

Pile group Integrated column by 
multiple steel pipes

1.00 1.18 0.82 1.00 0.65
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Introduction
Proposal of “Steel pipe pile foundation” for integrated column

⚫ Each pipe of the column is 
supported by a directly connected 
steel pile without a footing

⚫ Maybe rational & reasonable 
foundation structure for “A 
bridge column integrated column 
by multiple steel pipes”

⚫ Not impair the ability of the 
integrated column structure

⚫ Reduce inertia force and sectional 
force at the connected area 
between piles and column

⚫ Reduce the cost of footing and 
the number of piles

⚫ Can employ the pile foundation in 
narrow construction conditions

Conventional
GP foundation
with Footing

Way-out
Directly connected

without Footing

Energy
dissipation

Footing

3 x 3
piles

2 x 2
piles
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Purpose of Study

Shaking table test and Numerical simulation 

⚫ To compare the both seismic performance (footing type 
vs footing-less type) 
➢ Axial force acting at pile heads
➢ Lateral displacement at a pier top and pile heads
➢ Cross sectional force acting in a bridge column and 

piles
⚫ To confirm the yield order of the member for the 

proposed structure
⚫ To check the behavior of the proposed structure in 

liquefiable sand
⚫ To identify the structural issues of the proposed type
⚫ To cross-check analytical model by simulating the model 

tests
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Outline of Shaking table test
Shaking table and Large-scale rigid box with tempered glass 

⚫ Public Works Research Institute in Tsukuba
⚫ Large-scale 3-dimensional shaking table
⚫ Table size: 8m x 8m
⚫ Box size: 4m (W) x 1m (L) x 2m (H)
⚫ See the ground through the tempered glass 

4m 2m 

1m 
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Outline of Shaking table test
Detail of the model used in the tests
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Outline of Shaking table test

Footing type Footing-less type
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Results of Shaking table test   Dry sand

Response acceleration vs lateral displacement @ pier top

Lateral disp. @ pier top (mm)

Input wave acc.
(1) 0.5 m/s2

(2) 1.0 m/s2

(3) 1.5 m/s2

(4) 2.0 m/s2

(5) 2.5 m/s2

(6) 3.0 m/s2

(7) 3.5 m/s2

(8) 5.0 m/s2
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⚫ The stiffness of Case-1-F (D-F) is bigger than that of 
Case-1-S (D-S).

⚫ Case-1-F yields at earlier stage than Case-1-S.
⚫ Response acceleration and lateral displacement for Case-1-

F increase rapidly and brittle deformation is observed.
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Shaking direction

Shaking direction

Shaking direction

-3000 -2000 -1000 0 1000 2000 3000
-2

-1.5

-1

-0.5

0

0.5

1

1.5

H
e
ig

h
t 

[m
]

Strain (×10-6)

G.L.

Yield strain

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-3000 -2000 -1000 0 1000 2000 3000

H
e
ig

h
t 

[m
]

Strain (×10-6)

Shaking direction

Shaking direction

Shaking direction

G.L.

Yield strain
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Results of Shaking table test
Damage process of the member

22

⚫ The proposed substructure (Case-1-S) have advantages of strain 
reduction of column by strain descentralization at footing point.

⚫ It has high seismic performance and high toughness if the conditions 
are right in view of the fact that the main member (columns and piles) 
holds a large residual strength after yielding of the shear panels.

加振No. (最大入力加速度) 上段 中段 下段 柱 杭 上段 中段 下段 柱 杭

第1加振 (0.5 m/sec
2
)

第2加振 (1.0 m/sec
2
)

第3加振 (1.5 m/sec
2
)

第4加振 (2.0 m/sec
2
)

第5加振 (2.5 m/sec
2
)

第6加振 (3.0 m/sec2)

第7加振 (3.5 m/sec
2
)

第8加振 (5.0 m/sec2)

フーチングを有する杭基礎 (Case-1-F) 杭基礎一体型 (Case-1-S)

せん断パネル 鋼管 せん断パネル
地中梁

鋼管

塑性

面外変形

弾性 弾性

塑性

塑性の可能性
あり

せん断パネル 柱・杭 (鋼管)

(a)

(b)

(c)

(a)

(b)
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Summary for model tests

⚫ Based on the fact that the main members such 
as the columns and piles yield after the shear 
panels (secondary member) yield, the proposed 
structure has a damage control performance by 
energy absorption due to plastic deformation of 
the shear panels. 

⚫ In particular, S-type has high seismic 
performance because the main member (columns 
and piles) holds a large residual strength even 
after yielding of the shear panels. 

23
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My new pile foundations
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5.2 LNG receiving terminal and LNG tank
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5.3 Experimental condition
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5.3 Experimental conditions
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5.4 Prediction analysis condition
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Prediction analysis by 3 dimensional elasto-plastic FEM
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ＣＬ

The front of 

anchor piles

14 m
2 m = 5d (d : pile diameter)

2 m

9 × 7 group pileRemaining pile around
Ｘ

Ｙ

Loading direction

Pile group effect depend on  L/d

Only beam element model overestimate pile spacing L  

and pile group effect is misesteemed



5.5 Results  ~Load-displacement~
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Simulate accurately at initial phase but not after yield
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5.5 Results ~deformation of group pile~
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5.5 Results ~Load share of each pile~
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