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PERFORMANCE OF STEEL COMPOSITE CONCRETE PILE
WITH HIGH TOUGHNESS USING AN INNER STEEL TUBE

AW A I B T B RR RTS N ME E P, PR Bk
Yusuke HOMMA, Yoichi ASAI, Mami YAMA]I,
Shimpei KOUME and Koji SAKAGAMI

In this study, the steel composite concrete pile using an inner steel tube (hereafter referred to as “WSC pile”) is developed to improve the
ductility of steel composite concrete pile under the earthquake. The cyclic loading tests with constant axial load were carried out to investigate
the deformation performance of WSC pile. From the results on series of experiments, it is shown that WSC pile improves the ductility of pile
under the earthquake. This paper proposes the restoring force model on WSC pile.

Keywords : Steel composite concrete pile, Double steel tubes, Deformation capacity, Compression and bending, Cyclic loading
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Table1 Details of Specimens

Outer Steel Tube | Concrete | Grout| Inner Steel Tube | Axial | Axial | [Shear Span
series | No | Du . i " t D. t i Load | Force Ratio
(D.o/2) (D42)| N | ratio M
(mm) | (mm) | (%) (mm) (mm) | (mm) | (mm) | (%) | (kN) | N/N, QT«,
A-1| 400 | 6.0 3.00 84 - - - - 3000 | 0.27 3.13

A [A-2] 400 | 60 | 3.00 48 251 | 241.8| 62 | 513 | 3000 | 0.30 3.10
A-3| 400 | 4.5 2.25 53 9.5 267 2.3 1.72 2500 | 0.29 3.00
B-1| 400 | 4.5 2.25 76 119 | 2163 | 5.8 5.36 3800 | 0.32 3.10

b B2l ] 45 | 22 76 119 [2163] 58 | 536 | 4200 | 0.36 3.10
B-3| 400 | 4.5 2.25 77 109 | 2163 | 82 7.58 5500 | 0.43 3.13
B-4| 400 | 120 | 6.00 70 98 |2163] 58 | 536 | 4500 | 0.30 3.36
C-1| 400 | 6.0 3.00 59 26.9 | 2163 | 58 5.36 3450 | 0.30 3.16
c-2| 400 | 60 | 3.00 74 119 [2163] 45 | 416 | 3550 | 0.30 3.15

C C-3| 400 | 6.0 3.00 74 119 | 2163 | 4.5 4.16 -1150 | -0.31 3.15
c-4| 400 | 45 | 225 45 17.3 | 267.4 | 66 | 494 | 2750 | 0.30 3.04
C-5| 400 | 9.0 4.50 45 12.3 | 2674 | 5.8 4.34 3250 | 0.30 3.21

Dso,Dsi : Diameter  tso,te,tg,tsi : Thickness

Nu=Aso X Ko X OyotAc X 0ctAsi X Ki X Oyi

Aso : Sectional Area of Outer Steel Tube
Ay @ Sectional Area of Concrete
Asi : Sectional Area of Inner Steel Tube
(In the case of Tensile Force, 0c=0.0N/mm?)
Ko=0.8+2.5 X tso /(Dso/2), Ki=0.84+2.5 X tsi /(Dsi/2)  (k0,x1=1.0)
Table2 Material Properties of Steel
Outer Steel Tube Inner Steel Tube
Yield Tensile Elastic Yield Tensile Elastic
. Steel Steel
series | No Strength | Strength | Modulus Strength | Strength | Modulus
- Oyo Ouwo Eso Oyi Oui Esi
fype (N/mm®) | (N/mm®) | (W/mm?) Tope (N/mm®) | (N/mm®) | (N/mm®)
A-1|SKK490| 408 512 2.05%10° - - -

A |A-2|SKK490| 408 512 2.05%10° | STK400 | 384 466 |2.05%10°
A-3|SM490A | 397 544 2.05%10° | SM400A | 345 442 |2.05x10°
B-1|SM490A | 421 550 2.05%10° | STK490 | 441 536 | 2.05%x10°

B B-2|SM490A | 478 553 2.05%10° | STK490 | 478 544 | 2.05%x10°
B-3|SM490A | 478 553 2.05%10° | STK490 506 566 | 2.05%x10°
B-4| SKK490| 408 587 2.05%10° | STK490 | 478 544 | 2.05%x10°
C-1|SKK490| 438 567 2.05%10° | STK400 | 374 467 |2.05%10°
C-2| SKK490| 421 574 2.05%10° | STK400 | 372 471 [2.05%10°

C |C-3|SKK490| 421 574 2.05%10° | STK400 | 372 471 [2.05%10°
C-4|SM490A | 421 550 2.05%10° | STK400 | 336 451 [2.05%10°
C-5|SKK490| 407 546 2.05%10° | STK400 | 326 452 |2.05%10°

Table3 Material Properties of Concrete and Grout
Concrete Grout
. Design  |Compressive Elastic Compressive Elastic
series| No | g onoth F, | Strength oc | Modulus Ec | Strength o, | Modulus Eg
(N/mm”) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
A1 105 115 4.08x10" - -

A A2 105 111 4.06x10" 37 1.37x 10"

A-3 105 116 4,05%10" 32 1.17x10"

B-1 105 111 4.06%10" 32 0.93x10"

B B2 105 112 4.04x10* 34 1.29%10*

B-3 105 110 4.18%10" 30 0.86%10"

B-4 105 111 4,07x10" 30 0.86x10"

c-1 105 120 4.58%10" 33 0.92x 10"

C-2 105 110 4.06x10" 31 0.90x 10"

c |c3 105 110 4.10x10" 31 0.85x 10"

C-4 105 111 4.05x10" 32 1.02x 10"

C-5 105 112 4.06x10" 36 0.88x10"
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Photo12 Ultimate Condition of Specimen C-5
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Steel composite concrete pile was developed consisting of double steel tubes, with an inner steel tube installed on the
inside face of concrete of an SC pile (hereafter referred to as “WSC pile”) for enhancing deformation capacity. The inner
steel tube restricts peel-off of concrete in the steel tube during crushing, which is an issue with the SC pile, and
enhances the constraining effect of concrete thereby improving the deformation capacity of the WSC pile.

This paper reports a series of bending shear tests performed to study the deformation capacity of WSC pile under high
compressive load and axial tensile load. Bending shear tests were conducted in three series: “A series” tests for
confirming the effect of double steel tubes; “B series” tests for validating the effect on the deformation capacity of WSC
pile due to change in the axial force ratio; and “C series” tests to assess the restoring force model of WSC pipe
considering the results of the A series and B series tests. Findings from the test results of the different series were as

follows:

(1) In the SC pile, bearing capacity dropped steeply and toughness reduced with the peel-off of concrete from the
crushed internal surface. In the WSC pile using double steel tubes, the peel-off of internal surface of concrete was

prevented and bearing capacity did not drop steeply after it reached the peak due to the effect of the inner steel tube.

(2) In the range of axial force ratio of -0.31 to +0.32, the WSC pile had adequate deformation capacity with ductility
factor exceeding 6.0 and also exceeding the limit of deformation angle of 1/50 radians. To ensure adequate
deformation capacity, it was observed that inner steel tube with diameter to thickness ratio ti/ri =0.04 must be used

to restrict the buckling advance in the said tube.

(3) Assessment method using reliable bending moment .M. was proposed as the restoring force model of the WSC pile,

and the validity of this model was confirmed.

(2018 4% 11 H 8 HEAs=2HE, 2019 4F 2 H 19 HERMPUE)
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