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ABSTRACT

Qil sands, which are largely distributed in Canada and Venezuela, are a mixture of crude oil and sandy soils. In order to
extract crude oil from oil sands, construction of massive oil sand plants is required. Generally, the typically—used foundation
types of the oil sand plant are driven piles and cast—in—place piles. Most of the oil sand plants are located in cold and
remote regions. Installation of driven piles in frozen or organic surface soils is difficult due to high resistance and installation
equipment accessability, while the cast—in—place pile has concrete curing problem due to cold temperature. Helical pile can
be installed quickly and easily using rotation with a little help of vertical load. As the installation of helical pile is available
using a small and light—weight installation equipment, accessibility of installation equipment is improved. The helical pile
has an advantage of easy removal by rotation in reverse direction compared with that of installation. Furthermore, reuse
of removed helical piles is possible when the piles are structurally safe. In this study, the behavior of helical piles varying
helix pitch was analyzed based on the numerical analysis results. Numerical model was calibrated based on the results of
model helical pile tests in laboratory. The ultimate helical pile loads, the displacement of each helix attached to the shaft
of the helical pile, and the load sharing ratio of each helix were analyzed.
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Fig. 1. Schematic of a helical pile [modified after Carol and
Roy (2018)]
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Table 1. Estimation method of ultimate load of helical pile by researchers

Researchers Ultimate load
S = Qupr =L D
. P E,xA 120
Davisson ) ) i ) ) )
(1973) where Sp is the pile head settlement at ultimate load (7, L is the pile embedded length, £» is the
elastic modulus of pile, A is the effective cross sectional area of pile, and D is the lead helix plate
diameter,
O'Neill and Reese The ultimate failure limit as the load that produces a settlement equal to
(1999) 5 % of the diameter of the pile to e, Sp=0.05 X D
Livneh and EI Naggar Qupr =L
Sp=—7—""10.08<XD
(2008) r E,xA
Elkasabgy and El Naggar Qurr XL
Sp,=——"—"+0.035XD
(2014) P E,xA
Connection of
rotary penetration
device
Shaft
(Diameter = 50 mm,
Thickness = 1 mm)
Rotary .
penetration Helix plate
device and A (Diameter = 100 mm,
o 760 mm Thickness =2 mm
COl?TlOl]EI Pitch = 50 mm)
150 mm
g
I
5
Q
T

Soil outlet

Fig. 3. (a) Soil chamber and (b) helical pile and their dimensions used for laboratory model test
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Table 2, Physical properties of crushed sands used in this study (Lee et al., 2017)

Property Test Crushed sands
Classification of soil KS F2302 (2002) SP (Poorly graded sand)
Specific gravity G| KS F2308 (2016) 2.66
Friction angle ¢ KS F2343 (2007) 32.77°
Maximum density 7, max JIS A1224 (2009) 15.46 kN/m®
Minimum density 7, .. JS A1224 (2009 12,92 kN/m®
100 ———— —
90 .
)
Sand Supply 90 mm é | ______./ ]
2 80} / 1
150 mm “
. o - ]
Sieve #16 (1.19 mm) k> —
P s —— E—— E—— —— — 70k 4
L
>
L
. 150 mm =
Sieve #30 (0.595 mm) o 60f .
T- T T e —— m
I 'I
950 mm 50

(a)

100 200 300 400 500
Falling height of sands (mm)
(b)

Fig. 4. Sand pluviator; (a) Schematic of sand pluviator and (b) Relationship between relative density and falling height of sand

(modified after Lee et al., 2017)
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Table 3. Material properties used for numerical analysis
Material properties Sail Helical pile
Elastic and plastic )
Elast
Model (Mohr—Coulomb) astie
Sort Silica sand Stainless steel
Density (kN/m°) 13,91 78.00
_ Elastic modulus (MPa) 15 190,000
Elastic -
Poisson's ratio 0.25 0,27
Friction angle (°) 3277 -
Mohr—Co.u\omb Dilation angle (°) 277 -
plastic
Cohesion (kPa) 1.0 -
© Ak 350] SHolS AGks] I8 ANt S HES Load (kN)
. . _ - 0 2 4 6 8 10 12 14 16 18 20 2 24
displacement/rotationof| A U3=0°.2 443}, Z|HF =4 0 e
o Y ] o 19— O 23 2 =1l —s=— Laboratory model test
= BEE *‘E](H 9\’\7] Uﬂfoﬂ Ul=U2=0°% Exéo]""\ 5L —s— Numerical analysis
t}. (Step 2)Geostatic 2}-§~5o] HA| Kdlof -85}
Agkh A =g HE-S fEAE 4= Sk o] gt E 4 i
. - _ g
o) whEo] geostatic IFE FFE AN} LREL BE Z
‘ _ _ o 6F
Aat Aol s} ATk (Step 3315 ASl-UE TR E
MAS Aolstel 2 et} ZtaiRl e ekich & s
%, st sts2 W9l Aojol W ®vHeEE S8l AAtst
o ]S
M i L L A 'l A 'l i L L L
Fig. 6. Comparison of laboratory model test and numerical



— - -
—Co
J— 75 mm (1.5D) >
50 mm (1D)I C;d> L | &
- [25 mm (0.5D) —C:'d> - | - g
s = g z g
] —c— |_D100
= - D100 5 5 >
- D100 50 mm(p)] < 9 75 mm (1.5D) / 2)'(r
25 mm (0.5D)] Y > x [ or v
Ry - .
M —
W —
— =]
25 mm (0.5D) _CE'ﬁ) 50 mm (1D) C? 75 mm (1.5D) ﬁ>
=t = o o
w w; Wi

D50 x 1T
(a)

(b)

D50 x 1T
(c)

Fig. 7. Four different pitches of helical piles (units in mm): Helix pitch equal to (a) 25 mm (0.5D), (b) 50 mm (1D), and (c) 75

m (1.5D)

4. B MK| Wlo] GE
ofX

22 MY A5 4]

4.1 XM Case

W20 w2 uE dejZ
2ol W9 e 3 WYL AFREES sl 9
sfo] cheat 22 a4 Aol 2g ARRATHFig 7). 53
shjell ALgR ANt 2 WelZ srele] BAS Table 30
e e AMgsidth W malol FAEe 2
760mm, 273 50mm, ¥ Immo|u] Fof RAH Wej2x
= 27 100mm, £7] 2mm= quwal I =
Aero] RAYHLE FHF
DA gsch SR Hole] W
57 25mm(0.5D; D= We| A 7 FH5] %), 50
mm(1D), 75mm(1.5D)2 A5}t

sfale] F2H5ts, @

ZHl;],EO

42 WA WYL AT P IVNF Y

e o] YA 7] Halo| wE 2|54 A
+ Fig. 83} Atk Fig. 82 |4 Alo|~E sla-3st Al
A o] EA o WE Stk AHY A4S YERH, o<
ul2t AP E 2315152 Table 49 7ttt a2 ufdo]
el Table 19 UERH 47}4] o] Z(Davisson, 1973;

>
11k}
HTI
=2
ry
e
I'ﬂ
JE
[>-
=1

Load (kN)
0 5 10 15 20 25 30

>
T

—a—Pitch 75 mm (1.5D)
—e—Pitch 50 mm (1D)
—a—Pitch 25 mm (0.5D)
Davisson (1973)

——— 0" Neill and Reese (1999)
Livneh and El Naggar (2008)
— Elkasabgy and El Naggar (2014)

Settlement (mm)
= "

25

30 L I 1 1

Fig. 8. Load—settlement curves of helical piles with different
helix pitches and the ultimate loads by different
criteria

O’Neill and Reese, 1999; Livneh and El Naggar, 2008;
Elkasabgy and El Naggar, 2014)& wgitc}.
Wel2 ko] a5t BN o.2mo] 4
AL Eols) 31zo] 285t AL 2)5lEFo| Al A
7] o) ¢ Lo Ialel(A|X|F)S ATk &
ch a4 Aok S5t 8] 2] e e
of w3 wsto] ujet F3telEe] Hsprh o R
GoiEe WA WA} S1Ees 401 T 4
AJ2o] Z7}al Aol Uk}, 2t olg4lo] g Fat
515 AP ZAdto] w2 Davisson’s criterion(Davisson,

> %o & 1l

2

Xl 2 2| o] fx[shMY HSEM 35



Table 4. Ultimate loads and the corresponding settlements for different helix pitches

Davisson O'Neill and Reese Livneh and EI Naggar Elkasabgy and El Naggar
bitch (1973) (1999) (2008) (2014)
itc
Ultimate load Settlement Ultimate load Settlement Ultimate load Settlement Ultimate load Settlement
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)
25
o g]D”; 227 0.84 9.96 5 1355 8,03 7.82 3,51
50 mm
(1.0D) 2.40 0.84 10,34 5 1412 8.03 813 352
75 mm
(1.5D) 2.58 0.84 10,90 5 14 81 8.03 857 352
Load (kN) Load (kN)
00 10 15 20 25 30 00 10 15 20 25 30
T T — FTNCE " i ] R —— STy
\ S e —=— Pitch of helix =25 mm (0.5D) \ S Pitch of helix = 50 mm (1D)
5F e 1 St ."“' Transition region
o Linear region \'\. Transition region . Linear region 1'1‘
E i / ] E | ~'ll‘l /J
g10 =10 -.
ot = -
SISt ] Sist
: :
2207 1 §J 00N
[ 2 T S Sl . . .
Final linear region Final linear region
25t L ] 25t !
1
30 N L f N 30 L L L L ! L
(a) (b)
Load (kN)
00 5 10 15 20 25 30
———=shey ____ —s—Pich of helix = 75 mm (1.5D)
NS
= r Linear reginn\.\"\.\. Transition region 1
g
g10r S .
S5t )
g
2 "
% 20+ , i
bl Final linear region \
25t ¢ AW
1
1
30 1 L L L !

Fig. 9. Linear, transition, and final linear regions from load—settlement curves varying helix pitches: helix pitch of (a) 25 mm

(0.5D), (b) 50 mm (1D), and (c) 75 mm (1.5D)
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Table 5. Loads and corresponding settlements of turning points from linear to transition regions and those from transition to
final linear regions

Point separating between the linear Point separating between the transition
bitch region and the transition region region and final linear region
itc
Load Settlement Load Settlement
(kN) (mm) (kN) (mm)
25 mm (0.5D) 4,06 1.43 21.53 22.19
50 mm (1.0D) 433 1.54 2292 2225
75 mm (1.5D) 426 1.36 2550 2368
Load at pile head (kN) Load at pile head (kN)
00 5 10 15 20 25 30 00 5 10 15 20 25 30
”g “aq Ultimate load 21,531 Tg‘ %aq, Ultimate load =22.921
3 1
S S !
= = . 1
< 10 < 10} Is ! 1
2 5 :
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Fig. 10. Displacement of each helix with load at pile head; pitch of helix is (a) 25 mm (0.5D), (b) 50 mm (1D) and (c) 75 mm (1.5D)
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Table 6. Average displacement of each helix when the equivalent load is applied

Average displacement of each helix with pitch of helix
Helix location 25 mm 50 mm 75 mm
(0.5D) (1.0D) (1.5D)
Top 19.4 mm 16.8 mm 14.0 mm
Middle 19.4 mm 16.7 mm 13.8 mm
Bottom 18.8 mm 16.0 mm 13.0 mm
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Fig. 11. Load sharing ratio with pitch of helix
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