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A STUDY ON EFFECTS OF FILL IN HOLLOW PART OF SC PILES  
BASED ON SIMPLE BEAM BENDING TEST 

Study on improvement in deformation capacity of steel & concrete composite pile, Part1 
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Yujiro TANAKA, Toru SEKIGUCHI, Shin NAKAI and Shoichi NAKAI 

The objective of this study is to examine the concrete filled effect in the hollow part of SC pile in order to improve the deformation 
performance of pile. In the pile foundation structure, the improvement is prompted, assuming secondary seismic design. But, Study 
on the deformation capacity of precast concrete pile is not sufficiently advanced. This study focuses on SC pile in precast concrete pile. 
SC pile has an excellent bending strength and deformation performance. This study examined the effect of some parameters for 
deformation performance of SC pile by simple beam bending test. 
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単純梁方式曲げ試験による SC 杭の中空部に中詰めした効果の検討
SC 杭の変形性能向上に関する研究（1）

A STUDY ON EFFECTS OF FILL IN HOLLOW PART OF SC PILES  
BASED ON SIMPLE BEAM BENDING TEST

Study on improvement in deformation capacity of steel & concrete composite pile, Part1

田中 佑二郎＊，関 口   徹＊＊，中 井   伸＊＊＊，中 井 正 一＊＊＊＊

Yujiro TANAKA, Toru SEKIGUCHI, Shin NAKAI  
and Shoichi NAKAI

　　　＊　�ジャパンパイル㈱ 修士（工学）
　　＊＊　�千葉大学大学院工学研究科 准教授・博士（工学）
　＊＊＊　�千葉大学大学院工学研究科 大学院生
＊＊＊＊　�千葉大学 名誉教授・工博

JAPAN PILE Corporation, M. Eng.
Assoc. Prof., Graduate School of Engineering, Chiba University, Dr. Eng.
Grad. Student, Graduate School of Engineering, Chiba University
Prof. Emeritus, Chiba University, Dr. Eng.

本論文の一部は日本建築学会大会学術講演梗概集（2015 年）注 1）に発表した。

日本建築学会構造系論文集 第82巻 第736号，823-829， 2017年6月
J. Struct. Constr. Eng., AIJ, Vol. 82 No. 736, 823-829, Jun., 2017

DOI http://doi.org/10.3130/aijs.82.823
【カテゴリーⅡ】�

─ 823 ─

構造系　736号�



0kN 2800kN 4200kN 3

SC ( PHC

) 600 

mm SC PHC ( 600 mm 450 mm)

2800kN 4200kN 2800kN 0.17 0.18

4200kN 0.28

3

( )

1/5

1/12

SLS( ) SLC(

)

SC

SC

Fig.1 JIS A 537310)

2

11) 2 (

)

( )

PC

2

(=1000 mm) 500 mm 3

200 

mm 5

P- ( )

Fig.2

S001

Py

δy
( 105 N/mm2

40000 N/mm2 325 N/mm2

205000 N/mm2) Py

δy
3

─ 824 ─

構造系　736号�



Photo1 SL0, SLS, SLC

Photo1(a),(d),(g) Photo1(b),(e),(h)

Photo1(c),(f),(i)

(S001, 

S00, SL0, SL0t, SH0)

SLS, SLC SL0

SL0( )

(Photo1(a))

(Photo1(b),(c))

SLS( ) SL0

SL0

(Photo1(d))

SL0

(Photo1(e))

(Photo1(f))

SLC( )

(Photo1(g))

─ 825 ─

構造系　736号�



(Photo1(h))

(Photo1(i))

SLS, SLC

Fig.4 Fig.5

Fig.4

Table2 (

205000 N/mm2)

Table1 Table2

12,13)

( , , )

-

(=0.005) SLS, SLC

SC

(S001, S00, SL0, SL0t,  

SH0)

(SLS, SLC)

150 mmm( )

Fig.5

(S001, S00, SL0, SL0t, SH0)

SLS( )

SLC( )

Fig.6

(

)

Fig.6(a) S001( ) S00(

)

S001 S00

Fig.6(b) SL0t( 12 mm) 

SL0( 9 mm)

SL0t SL0

Fig.6(c) S00(

0kN) SL0( 2800kN) SH0(

4200kN) 

S00 SL0 SH0

Fig.5(b),(c),(e)

Fig.6(d) SL0( ) SLS(

) SLC( )

( ) SL0

SLS

SLC

SLC 0.064 (1/m)

Photo1 SLS

SLC SL0 (

)

─ 826 ─

構造系　736号�



(M
N
) (M

N
m
)

(M
N
)

(M
N
)

(M
N
)

(M
N
)

(M
N
)

(M
N
)

(M
N

m
)

(M
N

m
)

(M
N
m
)

(M
N
m
)

─ 827 ─

構造系　736号�



SC

1)

2) (

)

3)

4)

1)

21 47 pp.95-98 2015.2 
2) SC

pp.435-436 2015.2 
3)

1
pp.757-758 2016.8 

4)
2 pp.759-760 2016.8 

5)
3 pp.761-762 2016.8 

6)
4 pp.763-754 2016.8 

7)
(SC PRC )

1 2
pp.731-74 2016.8 

8)
PC PC

1
376 pp.71-80 1987.6 

9)
PC

PC 2
390 pp.134-141 1988.8 

10) JIS A 5373 2016
11)  pp.39-40 1997.11 
12) -

( )  2009.5 
13) (1990)

pp.136-150 1990.10 

1)
 SC  M- (  1) ( 2)

pp.429-432 2015.9 

─ 828 ─

構造系　736号�



A STUDY ON EFFECTS OF FILL IN HOLLOW PART OF SC PILES  
BASED ON SIMPLE BEAM BENDING TEST 

Study on improvement in deformation capacity of steel & concrete composite pile, Part1 

Yujiro TANAKA*, Toru SEKIGUCHI**, Shin NAKAI*** and Shoichi NAKAI****

* JAPAN PILE Corporation, M. Eng. 

** Assoc. Prof., Graduate School of Engineering, Chiba University, Dr. Eng. 

*** Grad. Stud., Graduate School of Engineering, Chiba University 

**** Prof. Emeritus., Chiba University, Dr. Eng. 

The objective of this study is to examine the concrete filled effect in the hollow part of SC pile in order to improve 
the deformation performance of pile. In the pile foundation structure, the improvement is prompted, assuming 
secondary seismic design. But, Study on the deformation capacity of precast concrete pile is not sufficiently advanced. 
The bending tests of plie are carried out on a daily basis for performance assessment. The purposes of the test is the 
confirmation of the flexural strength. Therefore, the test data accumulation is not enough to discuss the deformation 
performance of pile. 

This study focuses on the SC pile in precast concrete pile. The SC pile is a cylindrically shaped member 
manufactured by centrifugal casting with concrete placed in the hollow section of a steel pipe. The SC pile is a 
composite pile that utilizes the merits of concrete with good resistance against compressive forces and steel shell with 
good resistance to tensile forces. Concrete prevents local buckling of the steel pipe, while the steel pipe constrains 
concrete; therefore, the SC pile has excellent flexural bearing capacity and deformation capacity. 

This study examined effects of some parameters for deformation performance of the SC pile by the simple beam 
bending test. Four parameters are set for the test. The parameters are 1) Loading method, 2) Steel pipe thickness, 3) 
Axial force, 4) Infilled material. We observed the failure conditions, relations between the load and the displacement, 
and relations between the bending moment and the curvature. 

The knowledge obtained from this study are shown below. 

1) Reinforced by infilling the hollow part of the pile with material, the following effects can be expected: prevention 
of depression of the steel pipe, prevention of flaking or crush of the pile body concrete, and improvement of the 
bending deformation performance of the pile. It is more effective to use infilled material with high Compressive 
strength and high Elastic modulus. 

2) The results of bending tests of piles, maximum flexural strength and maximum curvature, are influenced by 
loading method. The results obtained by the one-way cyclic loading are greater than those obtained by the 
peak-to-peak alternate cyclic loading. Test value obtained by the one-way cyclic loading is on dangerous side as 
the evaluation of the deformation performance of the pile. Therefore, it is desirable to adopt the peak-to-peak 
alternate cyclic loading for appropriate evaluation of the deformation performance of the pile. 

3) It is effective to increase the thickness of the steel pipe for the improvement of the flexural strength of the pile. 
But, it is not effective to increase the thickness of the steel pipe for the improvement of the deformation 
performance of the pile. 

4) With respect to the maximum value of curvature, the test value of the standard specimens is not more than the 
analysis value. The test value of the test specimen that was reinforced with soil cement is about equivalent to 
the analysis value. The test value of the test specimen that was reinforced with concrete is greater than or equal 
to the analysis value. 
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