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ABSTRACT

A screw micropile consists of a smooth shaft segment, one or two threaded shaft segments and one or two threaded-
tapered shaft segments. Field test research is required to investigate the axial capacity and shaft resistance distribution of
the pile in sand. Axial compression and tension tests were performed on screw micropiles installed at a sand site near
Edmonton, Alberta. The diameters of the test piles were 76 mm, 89 mm and 114 mm and the length was 3 m. Selected
piles were instrumented with strain gauges to measure load distributions along the shaft. Three axial compression load
tests and three axial tension load tests were conducted for each pile type. From the load-displacement curves, the ultimate
capacities of the test screw micropiles were estimated at an axial load corresponding to an axial displacement equal to
10% of shaft diameter. From strain gauge readings, axial load and shaft resistance distributions were determined. A
comprehensive geotechnical site investigation was carried out to develop the soil profile and the soil parameters. Statistical
relationships were developed between shaft resistance distributions and standard penetration test N value distribution
using linear regression analysis. Regression coefficients were obtained for smooth, threaded, and threaded-tapered

segment separately. The coefficients were used to estimate the ultimate capacities of all other screw micropiles.

1 INTRODUCTION

Screw micropiles have been recently introduced to the
construction industry of North America. This pile type
consists of a smooth, one or two threaded and threaded-
tapered segment(s). Itis installed using a torque head fixed
on small construction equipment that is equipped to record
continuous installation torque. It is suitable for lightweight
structure including timber-frame construction, advertising
and traffic systems, garden and landscape construction,
fencing systems, and solar systems. The size, shape and
installation method of the screw micropiles are different
from conventional piles such as cast-in-place, driven-steel,
helical or other grouted micriopiles.

Research on the geotechnical behaviour of screw
micropiles is at an early stage. Guo and Deng (2018)
conducted full-scale load tests of the instrumented screw
micropiles in cohesive soil. The mean soil-pile adhesion
coefficient was measured to be less than 0.1 due to
development of an annular gap between the screw
micropile and the soil. The limit load distribution of the
threaded section was best represented by the cylindrical
shearing mode compared to individual bearing mode. It
was also found that the tapered shape increases the shaft
adhesion by 143%. Guo et al. (2018) performed axial cyclic
and monotonic load tests in a cohesive site (different site
than Guo and Deng 2018). It was reported the adhesion
coefficient of the smooth segment, threaded segment and
threaded-tapered segment were 0.075, 0.85, 0.85, and
1.44, respectively. Notably, however, there is no research
on the axial behavior of this new pile type in sand.

Standard Penetration Test (SPT) is very often used to
estimate the axial capacities of pile foundations. For
example, Shioi and Fukui (1982), Briaud et al. (1983),
Meyerhof (1956), Shariatmadari et al. (2008), Shioi and
Fukui (1982), Thornburn and MacVicar (1971), Aoki and
Velloso (1975), Brown (2001), Decourt (1982) and Decourt
(1995) performed statistical methods to develop correlation

between unit shaft resistance and SPT N values for various
piles.

In this paper, three types of screw micropiles were
axially loaded in a sand pit site. Eight test piles were
instrumented with strain gauges to measure the axial load
distribution. Geotechnical drilling with SPT was performed
to evaluate soil properties and profile. Unit shaft resistance
distributions were obtained from strain gauge readings.
Statistical relationships were developed to correlate the
shaft resistance distributions with the SPT N values along
the micropile shaft. Based on the developed empirical
correlations, the ultimate capacities of test micropiles
without strain gauges were estimated using the regression
coefficient, SPT-N distribution, micropile geometry and pile
penetration depth.

2 GEOTECHNICAL SITE INVESTIGATION

Field axial testing of screw micropiles were conducted at a
sand pit site (63.8765 N, -112.9290 W) near Edmonton,
AB. Before the pile tests, a geotechnical investigation
consisting of four boreholes were completed using a track-
mounted drill with a continuous-flight solid stem. The soil
deposit in the site was comprised of Pleistocene and
Holocene Aeolian sand deposit overlying lacustrine clay,
which includes well-graded fine to medium grained sand
(Bayrock 1958 and Fenton et al. 1983). The sand deposit
was formed by the transportation of drained glacial lake
beach deposits. It was generally massive to locally cross-
bedded or ripple laminated with both active and vegetated
dune and sand sheets. Particle size distribution were
obtained from the grab sample (GS) from drill auger and
split spoon (SS) sampler. Figure 1 shows the particle size
distributions of GS and SS along the depths of Borehole 1
at the test site. In total, four boreholes were drilled (auger
and SPT) on this sand site and a large number of sand
samples were obtained.
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Figure 1. Particle size distribution of Borehole 1 at the test
site (GS = grab samples, SS = split-spoon sample)

The sand deposit was approximately 4.3 m thick and it
consisted of two distinctive sand sublayer with different
composition and compactness condition. The upper 2 m of
sand deposit included gravel, sand and fines with 0 to 21%,
77 to 98 %, and 0 to 5%, respectively. Grain size diameter
Deo ranged from 0.4 to 0.2 mm, with an average of 0.2 mm.
The coefficient of uniformity, Cu and coefficient of
curvature, Cc ranged from 1.9 to 4.8 and 0.5 to 1.7
respectively. The sand samples obtained from four
boreholes at depth above 2 m from four boreholes were
well-graded sand (SW), poorly-graded sand (SP) and well-
graded sand with gravel (SW-G).

The lower 2 m of sand deposit included gravel, sand,
and fines with 0 to 6.4%, 92 to 99%, and 0 to 1.6 %,
respectively. Grain size diameter Deo of all samples is 0.2
mm. The coefficient of uniformity, Cu and coefficient of
curvature, Cc ranged from 1.8 to 2.6 and 0.6 to 1.1
respectively. The sand samples obtained from four
boreholes at depth below 2 m were well-graded sand (SW)
and more predominantly poor-graded sand (SP).

The moisture content (MC) in the sand varied from dry
to wet with depth. The MC varied from dry to 10% in the
upper sand sublayer. The MC varied from 13 to 24% in the
lower sand sublayer. The groundwater table was
measured to be around 1.7 to 2 m. The presence of
groundwater table and pure sand contributed to greater MC
at depth below 2 m. The lower sand sublayer has greater
void ratio compared to the upper sand sublayer. The poor
gradation of the lower sand sublayer contributes to a
greater void ratio compare to the well gradation of sand
with gravel. Figure 2 shows the average MC and average
maximum and average minimum void ratios of sand
samples of four boreholes.

SPT’s were conducted at close depth interval to obtain
compactness condition of the soil strata. The SPT-N value
was corrected for the overburden stress. SPT N160 value
varies between 17 to 23 and 5 to 9 at the upper and lower
sand sublayer . Four SPT’s performed at four quadrants of
the sandy site were used to compile an average SPT N1,60

distribution, as shown in Figure 2. This distribution was
used in the statistical analysis.

The MC profile and void ratio profile for four boreholes
were consistent. The composition and compactness
condition of the sand deposit was reasonably
heterogeneous across the site. The coefficient of variations
of SPT N160 value of the sand deposit across the site at
three SPT depth intervals were 0.12, 0.064 and 0.068,
respectively.
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Figure 2. Profile of sand average properties of four
boreholes

3 TEST SETUP
3.1 Test Pile

The test pile consisted of three types of screw micropiles:
P1, P3, and P5. The test piles varied in length, diameter,
and shape as shown in Table 1. The screw micropiles
consisted of a smooth segment, one or two threaded
segment(s) and one or two threaded-tapered segment(s).
The width, thickness and spacing of the threads were 12
mm, 2 mm, and 50 mm, respectively. The Young’s modulus
and yield strength was calibrated by Guo and Deng (2018).
The Young’s modulus of the screw micropile material was
210 GPa and yield strength was 248 MPa.

Table 1. Dimensions of screw micropile

Pile Length (mm) | Threaded Shaft

Type | (£ 25mm) Length (mm) diameter
(£ 25mm) (mm)

P1 3075 2000 114.3

P3 3070 2000 88.9

P5 3078 1150 76.1

3.2 Load Test Configuration

The test setup is shown in Figure 3. The axial loading
equipment included a 4.2 m long W360X179 I-beam fixed
on top of the timber crippling and two sets of four 2.1 m
long screw pile as reaction pile group with tension rods and
bolts.



One of each pile types was instrumented with six strain
gauge stations with either a half-bridge or a quarter-bridge
Wheatstone circuit along its exterior shaft. The strain
gauges were sealed with a layer of epoxy, a layer of
aluminum foil, and a layer of blue clay and protected with a
steel sheet casing as shown in Figure 4. A layer of blue
clay, having very high permeability, was applied between
the aluminum foil and steel sheet casing to provide
waterproof for strain gauges below groundwater table. The
steel sheet was bolted to the wall. The strain gauge
measurement was used to calculate the axial internal load
along the pile shaft.

a b -
Figure 4. Strain gauge protection a) epoxy and aluminum
foil, b) steel sheet casing

3.3  Test Summary

The compression and tension tests were done in
accordance with ASTM standards D1143 (ASTM 2007a)
and D3689 (ASTM 2007b), respectively. The quick test
method or procedure A was followed. The capacities of the
screw micropiles were estimated from first pile load test.
The load steps were applied at 5% of the estimated
capacity and maintained for 5 min. After plunging failure or
excessive settlement had been reached, the load was
reduced to zero reading in four equal steps.

In total, 22 full-scale load tests were performed on three
types of screw micropiles. At least three compression tests
and three tension tests were conducted on each pile type.
The micropile identification, P1-C1* corresponds to the first
compression test conducted on a screw micropile type P1
and the * symbol means that the test micropile was
instrumented with strain gauge stations.

3.4 Linear Regression-Standard Penetration Method

Statistical relationships were derived between shaft
resistance distributions and standard penetration value
distributions using linear regression analysis. Regression
coefficients were obtained for smooth, threaded and
threaded-tapered segment separately. A linear
relationship was defined where the mean value of unit shaft
resistance (gsi) depended on a given value of SPT N1e0as
follows:

E(q;|Nyg= Ng)=a+ N 4=0+pN 4 1]

where a is the intercept, B is the slope of the linear line, E
is the mean value of the unit shaft resistance and Ni¢o is
the SPT Ni60 value. Given that shaft resistance of a pile
segment would be zero in a soil with SPT N160 value of
zero, the intercept was assumed to be zero (i.e. a=0). The
best linear relationship was obtained by minimizing the
squared least cumulative error between the linear line and
the measured data as follows:

A’ =34, =4, =2(q, = BN’ 2l
OA* 2

5 = El_ 2N, g, (qs, - ﬂNl,sO() =0 [3]
0= ‘Zf_ ﬂm [4]

where A is the least cumulative error. Once the slope of the
linear line was obtained, the ultimate capacities of the test
piles were estimated using actual SPT Nieo0 value
distribution, micropile geometry and micropile penetration.

4 RESULTS AND DISCUSSION
4.1 Load-Displacement Curves

The load-displacement curves of 22 test micropiles were
processed as shown in Figures 5 to 7. The ultimate
capacities of the screw test micropiles were calculated at
the axial loads corresponding to an axial displacement
equal to 10% of the shaft diameter. The average measured
ultimate capacities (Qu.ave) the number of tests and the
coefficient of variations (8) of the test micropiles are
summarized in Table 2.

As shown in Figures 5 to 7, the load-displacement
curves of compression tests were ductile, whereas the
load-displacement curves of tension tests were brittle. The
ductile nature of compression test implies that mobilization
of threaded-tapered capacity requires extensive tip
displacement. The brittle nature of tension test curves
implies the soil-pile slippage during the pullout. The load-
displacement curves of compression tests continued with a
modest rise at high axial displacements. The load
displacement curves of tension tests declined after
achieving a peak load at an axial displacement less than
20 percent of pile diameter. Therefore at the limit state, the
compression capacities were greater than the tension
capacities.



At the ultimate state, the compression and tension
ultimate capacities were similar, where end bearing was
not significantly mobilized. This similarity also implies that
at the ultimate state, the majority of capacity may be
sourced from the shaft resistance.

The variation of ultimate capacities and the load-
displacement curves were affected by the variation of SPT
N160 value and soil disturbance due to variation in pile
installation.

Table 2. Mean and coefficient of variations of the ultimate
state capacity of test piles

Pile Test Type | Quave (KN) | No. of | §
Type tests

P1 C 92 3 0.21
P3 C 57 5 0.25
P5 C 37 5 0.13
P1 T 85 3 0.14
P3 T 59 3 0.02
P5 T 43 3 0.04
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Figure 5. Load-displacement curves of pile P1 subjected to

axial compression and tension. The start (*) symbol means

instrumented piles.
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Figure 6. Load-displacement curve of pile P3 subjected to
axial compression and tension
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Figure 7. Load-displacement curve of pile P5 subjected to
axial compression and tension

4.2 Unit Shaft Resistance

The instrumented pile test provides an opportunity to
evaluate the unit shaft resistance of each micropile
segment. The strain gauges were installed in such a
manner to separate smooth segment, threaded segment,
and threaded-tapered segment. The unit shaft resistances
at the ultimate state, gqs, were then calculated as the
differential load between gauges divided by the outer shaft
area. In total, eight test micropiles were instrumented.
Micropile P1 had one smooth, two threaded and two
threaded-tapered instrumented segments. Micropile P3
had one smooth, three threaded, and one threaded tapered
instrumented segment. Micropile P5 had two smooth, two
threaded and one threaded-tapered instrumented
segment. However, at some case, a pile segment was
divided into two instrumented segment to obtain high
resolution of unit shaft resistance. In total, there were
eleven smooth, eleven threaded and ten threaded-tapered
instrumented segments. The distributions of gs along eight
instrumented micropiles depth are shown in Figure 8.

The statistical information including the number of
samples (#), average shaft resistance E(qs), the minimum
value of shaft resistance (Qsmin), the maximum shaft
resistance (gsmax), standard deviation (o) and coefficient of
variation (3) of each instrumented pile segments are shown
in Table 3.

Table 3. Statistical information of measured unit shaft

resistance of instrumented pile segment
Shaft # E(gs) | Qsmin | Qs max o 1)
Segment (kPa) | (kPa) | (kPa) | (kPa)
Smooth 11 | 61 15 101 23 0.38
Threaded | 11 | 49 47 105 32 0.66
Threaded- | 10 | 149 146 | 339 113 0.76
tapered




The SPT N160 value of the sand, segment type, soil
disturbance due to pile installation and instrumentation had
a contribution to the measured gs. The SPT N1,60 value of
sand deposit across the site at three depth intervals had a
mean and coefficient of variations of 25 and 0.12, 18 and
1.155, and 8.5 and 0.577 at three SPT locations,
respectively. Therefore, the measured gs had a greater
mean and coefficient of variation at higher elevations. And
more generally, the measured Qssmooth and measured
Osthreaded Were greater in the upper sand sublayer
compared to the lower sand sublayer. Generally at the soil
with the same compactness and SPT N160, the measured
(s.threaded Was greater than measured Qssmooth and the
Os.threaded-tapered Was greater than (s.threaded. The mean
measured (Qs.threaded-tapered Was 304% greater than the
measured (s.threaded- At SOMe instance, the contribution of
the sand SPT Ni1eo value masks the contribution of the
segment type to the gs. Some of the variations of gs at the
higher elevation could be due to the soil disturbance during
pile installation.
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Figure 8. a) Distribution of unit shaft resistance gs at the
ultimate state b) Screw micropile (Guo and Deng 2018)

4.3 Linear Regression-Standard Penetration Method

The measured gs and the corresponding SPT N1 60 value of
smooth, threaded and threaded-tapered instrumented
segments are shown in Figures 9, 10 and 11, respectively.
The statistical information including mean (E(N1,s0)),
standard deviation (c(Nie60)), coefficient of variation (3),
coefficient of correlation (p), linear regression coefficient
(B) and standard deviation (o)) of two correlated random
variable gs and SPT N1 60 value are shown in Table 4. The

estimated gs and one standard deviation margins based on
linear regression method are also shown in the figures.

Table 4. Statistical relationship of unit shaft friction and

SPT Na60.
Smooth Threaded Threaded-
tapered
E(N1,60) 20.4 16 9
5(N1,60) 0.24 3.873 0.49
p 0.58 0.497 0.25
B (kPa) 2.99 3.36 19.22
o (kPa) 24.27 27.75 113.24
Note: o = 0 for the linear regression (refer to Equation 1)
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Figure 9. Correlation of measured smooth unit shaft
resistance and SPT N0 value
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Figure 10. Correlation of measured threaded unit shaft
resistance and SPT N160 value
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Figure 11. Correlation of measured threaded-tapered unit
shaft resistance and SPT N1,60value

Given that denser sand exhibit greater gs and SPT-N1,60
value, the gs and SPT N160 vaiue distribution generally both
decrease with depth as the sand compactness condition
changes from compact to loose. Linear regression method
was used to correlate the measured gs and SPT N0
values for smooth, threaded and threaded-tapered
segment separately. Eight instrumented micropiles,
consisted of P1, P3 and P5, were instrumented with strain
gauges to obtain the gs distribution along the micropile
length.

The slope of the linear relationship between the
Qs.smooth, s.threaded, @Nd (s threaded-tapered @nd corresponding
SPT N160 were 2.99, 3.36 and 19.22, respectively. The
regression coefficient obtained for smooth and threaded
segments were comparable to values reported in literature
by Briaud et al. (1983), Meyerhof (1956), Shariatmadari et
al. (2008), Shioi and Fukui (1982), Thornburn and
MacVicar (1971), Aoki and Velloso (1975), Brown (2001),
Decourt (1982) and Decourt (1995). The difference
between the regression coefficient values obtained in this
research and the values posted in the literature may be due
to the difference in micropile geometry and installation
method. The regression coefficient value corresponding to
the smooth and threaded segments of screw micropiles
were closer to that obtained for driven piles by Decourt
(1982). The lateral pressure on the screw micropile may be
similar to a driven pile. Perhaps, the radial expansion of soil
due to the screw micropile installation would result in high
displacement similar to driven pile. Also, it was observed
that the regression coefficient of the threaded segment is
112.5% greater than the smooth segment. This was due to
the failure of soil along the threaded segment being further
away from micropile shaft. The regression coefficient of
the threaded-tapered was 643% greater than the smooth
segment. This may be due to the increase capacity of
tapered pile reported in Guo and Deng (2018).

44 Estimation of Ultimate Pile Capacity

The ultimate capacity of the screw micropile was estimated
using derived regression coefficients, micropile geometry,
pile penetration depth, and SPT N1,60 value distribution as
follows:

10°L1 10°L2 L3410
QM = ( Z ﬁm. + Z ﬁth. + Z ﬂmp.le,()O, 4, [5]
=)

i=10*L1 i=L2*10

10*L1 10¥L2 L3*10 10*L4 L5*10

R DI WD IS WD N PV

i=10*L1 i=L2*10 i=10*L3 i=L4*10

where Qu is the estimated ultimate capacity, N1,60 is the
measured SPT N1o0value, Bsm., Bth., Ptap. are the regression
coefficients for the smooth, threaded and tapered
segments respectively (refer to Table 4), and A is the outer
area of pile segment. The ultimate capacities of 22 test
micropiles were estimated as shown in Figure 11.
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Figure 12. Measured and estimated ultimate capacities of
screw micropiles tested for the present study

The correlation coefficient between estimated and
measured Qu was 0.83, which seems to indicate that the
accuracy of the estimation. The constant standard
deviation of estimated ultimate capacities from the one-to-
one ratio line of the estimated and measured ultimate
capacities was 16 kN. The one-to-one ratio line and one
constant standard deviation margins are also shown in
Figure 12.

5  CONCLUSIONS

Twenty-two full-scale load tests were conducted on three
types of screw micropile. Three screw micropiles were
instrumented to obtain the distributions of unit shaft



resistance. The ultimate capacities were obtained from the
load-displacement curve. The geotechnical site
investigation showed that the surficial soil was composed
of Aeolian sand. The compactness condition profile of the
sand sublayer generally changes from compact to loose.
And, the sand contains up to 20% gravel in the upper sand
sublayer.

The load-displacement curves of compression tests
were ductile and tension tests were brittle. The ductile
nature of load-displacement curves of compression tests
was due to the mobilization of the end bearing capacity.
And the brittle nature of load-displacement curves of
tension tests was due to the soil-pile slippage. At ultimate
state, the compression and tension ultimate capacities
were similar, where end bearing was not significantly
mobilized. The majority of capacity of screw micropile
comes from shaft resistance at ultimate state.

The measured unit shaft resistance had a greater mean
and coefficient of variation at higher elevations. More
generally, the measured smooth unit shaft resistance and
measured threaded unit shaft resistance were greater in
the upper sand sublayer compared to the lower sand
sublayer. The measured threaded unit shaft resistance was
greater than measured smooth unit shaft resistance and
the threaded-tapered unit shaft resistance was greater than
measured threaded unit shaft resistance. The mean
measured threaded-tapered unit shaft resistance was
304% greater than the measured threaded unit shaft
resistance. During pile installation, the micropiles were
wobbled and the compact sand properties could have been
altered to a state between the peak and the constant
volume state. Better construction control can mitigate this.

Statistical relationships were developed between the
shaft resistance distributions and SPT N values using
linear regression analysis. Unit shaft resistance can be
estimated using the equation: gs= o + § N1,60, where o was
set to zero and  for smooth, threaded, and threaded and
threaded-tapered segments were found to be 2.99, 3.36
and 19.22. The increase of linear regression coefficient in
the threaded segment was due to the failure of soil along
the threaded segment was further away from the pile shaft.
The increase in the threaded-tapered segment was due to
the mobilization of the end-bearing capacity.

Using the developed linear correlations between gs and
N160, the ultimate capacities of all test piles were
estimated. The estimated values are comparable to the
measured ultimate capacities, which suggests the
feasibility of the developed correlations.
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