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Flexural Behavior of Large-Diameter Composite PHC pile Using In-Filled Concrete
and Reinforcement

Jin-Wook Bang', Chan-Kyu Park’, Seong-Yeong Yang®, Yun-Yong Kim**

Abstract: A demand of high bearing capacity of piles to resist heavy static loads has been increased. For this reason, the utilization of large diameter
PHC piles including a range from 700 mm to 1,200 mm have been increased and applied to the construction sites in Korea recently. In this study,
in order to increase the flexural strength capacity of the PHC pile, the large diameter composite PHC pile reinforced by in-filled concrete and
reinforcement was developed and manufactured. All the specimens were tested under four-point bending setup and displacement control. From the
strain behavior of transverse bar, it was found that the presence of transverse bar was effective against crack propagation and controlling crack width
as well as prevented the web shear cracks. The flexural strength and mid-span deflection of LICPT specimens were increased by a maximum of 1.08
times and 1.19 times compared to the LICP specimens. This results indicated that the installed transverse bar is in an advantageous ductility performance
of the PHC piles. A conventional layered sectional analysis for the pile specimens was performed to investigate the flexural strength according to the
each used material. The calculated bending moment of conventional PHC pile and composite PHC pile, which was determined by P-M interaction
curve, showed a safety factor 1.13 and 1.16 compared to the test results.
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Fig. 1 Details of composite PHC pile

110 SIZPESFICHI X258 =2F] H20A M55 (2016. 9)

Table 1 Mechanical properties of reinforcement

Types Diameter Yielding strength Tensile strength
P (mm) (MPa) (MPa)
Prestressing 112 1,300 1,450
tendon
Transverse bar 15.9 400 515
Longitudinal 8.6 400 510
bar
Hoop bar 9.5 300 423

Table 2 Mechanical properties of concrete

Types Maximum coarse Compressive strength ~ Slump

aggregate(mm) (MPa) (mm)
Pile body
concrete 25 80 50
In-filled
concrete 13 2 150
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Photo 1 Fabrication of specimens
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Fig. 2 Set-up for bending test
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Photo 2 Failure mode of specimens
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Fig. 3 Strain deformation of top and bottom concrete layer and
transverse bars according to flexural load
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Fig. 4 Strain deformation of top concrete layer and longitudinal
bars according to flexural load
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Table 3 Flexural test results of each specimen

Initial state Ultimate state
Specimens Cracking load  Deflection Stiffness Maximum load Flexural strength* Deflection
(kN) (mm) (kKN/mm) (kKN) (KN-m) (mm)
LICP-1 807.5 4.12 196 2370.3 3011.4 41.2
LICP-2 836.3 4.00 208 2316.2 2943.7 42.6
LICPT-1 774.3 3.62 214 2543.9 3228.4 51.7
LICPT-2 841.5 3.59 233 2501.9 3175.9 48.4
* Calculation on the basis of Eq. (1)
200
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Fig. 6 Calculating process of axial compression(P) and bending
moment(M) interaction curve(Bang et. al., 2014)
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33 EZR=9| L= 7
4 PHCESS 4=
T g T/ s A
AZA AHGH A5 =
g0 2 Qlste] WA= = THE xﬂ A ES} X
e 27AYES vrgstath FAE Foll 57@ &
S5 ZAYE 33 HEES Este] s dEEA) 9
A2 ZATES] AEUFES 000302 7P A
SA 5o Ry 74 B Fig. 69 siA1H-2 7]EA T A}
A3] 2715 o] AtKBang, 2014(a); Bang, 2013(b)). Fig. 7-&
=213} T 5| A4S E3)] Al4FE LICPT A 8 7)) 9F 5 217 9]
714 PHCE 59| 453 wH E 43 942 Jehd Zo)
o} S-S AHEA B Ae] - P E WA A S vk
S Z AR NHY FTFoEN Ze|~Ed o] Zlei X w5
A 23 E9 Ze|~Ed A e, 183 ZY2EYAY Y
o] FFE A e SAE T ES}; S ZI—iiloﬂ oig
grolm e Ao FE A= FAISTE =
7 S KS F 430600141 AAE 5L 217 AZF< 7] 4] PHC
W50 S - JAE F44E s A 0 & vERo] Bl
o}‘iir% 2 AFdAE FE8E VM S AP ER

T ol s gehs FRNES AS3h o= IHIATE KS

N' oX oX _HH ﬂilo

= ;,—I_}\_]

J. Korea Inst. Struct. Maint. Insp. 113



Table 4 Flexural test results of each specimen

(a) Analytical values (b) Experimental values

Specimens Bending moment(kN-m b)/(a
P £ ( ) Flexural strength(kN-m) ®)/ (@

Pile concrete Tendons In-filled concrete Longitudinal bars  Total

LICP pile(This study) 2,086 134 73 299 2,592 3,011.4 1.16
PHC pile(This study) 1,098 108 - - 1,206 1,365.0 1.13
PHC pile(KS F 4306) - - - - 1,104 - 1.23

F 43069014 A A8 A3 Ao nis)] 2 A7te] S48} o S ES} ek W ek do® BAke i ol
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