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Shear Strength Enhancement of Hollow PHC Pile Reinforced with Infilled
Concrete and Shear Reinforcement
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ABSTRACT In order to improve the shear strength of conventional pre-tensioned spun high strength concrete
(PHC) pile, concrete-infilled composite PHC (ICP) pile, a PHC pile reinforced by means of shear reinforcement and
infilled concrete, is proposed. Two types of specimens were cast and tested according to KS (Korean Standards) to
verify the shear strength enhancement of ICP pile. Based on the test results, it was found that the KS method was
not suitable due to causing shear failure of ICP pile. However, shear strength enhancement was clearly verified. The
obtained shear strength of the ICP pile was more than twice that of conventional PHC pile. In addition, the shear
strength of ICP pile reinforced with longitudinal reinforcement was estimated to be more than 2.5 times greater than
that of conventional PHC pile. The allowable shear force of ICP pile, which was determined by the allowable stress
design process, indicated a large safety factor of more than 2.9 compared to the test results.
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Fig. 1 Conceptual image of ICP pile
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Fig. 2 Allowable shear force of PHC pile, compared with
design shear force applied on PHC pile supporting
abutment
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Table 1 Allowable shear force of PHC pile

Type Condition Allowable shear force (kN)
Normal design 51.3
#450-70¢ — -
Seismic design 68.2
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Table 2 Allowable shear force of infilled concrete

Specified compressive Condition Allowable shear
strength (MPa) force (kN)
Normal design 32.8
o Seismic design 43.7
Normal design 34.8
27 Seismic design 46.3
40 Normal design 42.4
Seismic design 56.4

Table 3 Allowable shear force of shear reinforcement

. Spacing .. Allowable shear
Diameter (mm) Condition force (kN)
Normal design 46.3
150
Seismic design 61.6
p1o N 1 desi 34.7
ormal desi .
200 =
Seismic design 46.2
Normal desi 82.1
130 Seismic d 'gn 109.2
eismic desi .
D13 =
Normal design 61.6
200
Seismic design 81.9

Table 4 Allowable stress design results
Infilled Shear

PHC pile . ICP pile
(kN) concrete | reinforcement (kN)
Type of &N) | (N
ICP pile
Normal | Normal Normal Normal| Seismic
design | design design design | design
#450-70t| 51.3 424 34.7 1284 | 170.8
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Table 5 Physical properties of PHC pile (¢450-70t)

C . | Effective |Transformed
Diameter| Thickness| P oo Ve prestress | sectional
strength
(mm) | (mm) (MPa) of concrete area
(MPa) (mm?)
PH!
.C 450 70 86.8 4.0 86.13
pile

Table 6 Physical properties of infilled concrete

Specified | Maximum size of [Specified concrete
slump (cm)|coarse aggregate (mm)| strength (MPa)

Concrete 12 20 40

Table 7 Physical properties of reinforcing bars

Nominal Nominal Tensile Yield
diameter |section area| strength strength
(mm) (mm?) (MPa) (MPa)
D10 9.53 71.33 618 505
D22 222 387.1 631 524
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Fig. 3 Sectional view of ICP pile reinforced with shear and
longitudinal reinforcements

74 | et=2E232| 85 =22 M243 M15 (2012)

(d) Spinning ICP pile

(c) Casting concrete

Fig. 4 Manufacturing process of ICP pile
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(a) Geometry of ICP specimen

(b) Test setup

Fig. 6 Specimen configuration and test setup
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Fig. 7 Crack patterns of ICP pile after shear test
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Table 8 Results of shear test

. FI.TSt . Midspan deflection
inclined | Maximum frer first inclined
crack load| load (kN) ate ll‘(Sz) cine
(kN) crack” (mm)
Expected max. load"” - 703.6 -
Conventional
PHC pile 213.9 361.0 -
A-1 447.0 749.0 13.7
Type A A-2 466.6 749.1 15.8
A-3 432.0 736.1 16.4
B-1 527.5 903.6" 10.0°
Type B| B-2 549.3 897.1° 10.8
B-3 560.5 950.8% -

PCalculation on the basis of eq.(6)
®Midspan deflection measured after first inclined crack
“Termination of loading before failure

76 | st=2232|E5t8] =2& M24d 1= (2012)
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Fig. 8 Load-midspan deflection curves plotted after first
inclined crack
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Table 9 Comparison of shear strength

Shear strength (kN)
Conventional First Crack(l) 107.0
PHC pile Maximum 180.5
First crack" 2243
Type A -
Test Maximum 372.4
(avg. value) e B First crack" 2729
e

P Maximum 458.6%
Allowable stress design® 128.4
Expected strength® 351.8

DFirst inclined crack strength
@Termination of loading before failure
“Calculation result based on eq. (1)
“Calculation result based on eq. (7)
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