Estimation of load transfer directionality using textured CPT cone shaft
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The transmission of loads across the
soil-structure mobilizes direction-dependent shear
resistance, which can be selectively used to design
geo-structures. Recently, bio-inspired systems
have gained significant attention due to their ability
to mobilize higher shear resistance in one direction
of loading relative to another. The characteristics
of snake skin-inspired surface, which produce
lower frictional resistance during the forward
movement (caudal shearing), and higher frictional
resistance during backward movement (cranial
shearing), have been of particular interest.
Previous studies have analyzed how the interface
scale geometry affects the interface shear
response and frictional anisotropy in small-scale
direct shear tests. However, there is a need to
understand the similarities between small- and
full-scale behavior for bioinspired textures.

This study develops CPT apparatus to explore
the effect of frictional anisotropy of bioinspired
surfaces on monotonic pile load tests using 1g
model tests. The inner dimensions of the
apparatus are 70 cm in width, 70 cm in length, and
70 cm in height. The spacing between piles is at
least 13 times the pile diameter. The pile has a
diameter of 14 mm and length of 495 mm without
internal instrumentation. Two different pile types,
smooth and bioinspired pile with a constant scale
of length (L = 20 mm) and height (H = 0.5 mm), are
used to understand direction-dependent interface
friction anisotropy.

All piles are first installed up to 300 mm,
followed by a 25mm monotonic pullout test at an
effective stress of 100 kPa. The installation and
pullout rate of 10 mm/sec are controlled using a
servo-actuator. The target initial relative density is
72%. The jumunjin sand specimens are
compacted using a 3.6 kg circular steel hammer in
10 cm thick layers, with seven layers within the
chamber.

Fig. 1 presents the measured force of piles with
textured surface. Compared to the smooth pile, the
textured pile produces larger the installation forces.
The difference of installation force between smooth
and bioinspired pile gradually increased after a
penetration depth of 75 mm. In addition, the shear
stress of each depth normalized by initial vertical

effective stress. As expected, the case of
bioinspired pile exhibited a stiffer initial response
than the smooth pile.

@ Force [kN]
-10 0 10 20 30

0 ,
e L=20mm, H=0.5mm
50 - o Smooth
17
-100 - 17
,g LH = 0.5mm
£ ‘ ‘L=20mm
E -150 A
=%
Q D =14mm
0 200 1 3
s T z
-250 12 5
E | =
2,
=}
-300 -
() 17 o L=20mm, H=0.5mm
— o Smooth
— 08 A Pullout
s _ R o
-
°
2 06 - °
g
»
] o o © °
L
E o
S _
> 0.2
0 T T T T T T T T T |
0 5 10 15 20 25

Displacement[mm]

Fig. 1. Comparison of bioinspired pile with smooth pile
during installation and pullout: (a) depth vs force; (b)
normalized stress vs displacement.
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