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Model tests of micropile networks applied to slope stabilization
Essais sur réseaux de micropieux modèles en vue de l’amélioration de la stabilité des pentes

C. L. Ho - University of Massachusetts, Amherst, Mass., USA
A.G.Coyne - Washington State University, USA 
J.Canou - CERMES, ENPC, Noisy-le-Grand, France

SYNOPSIS: A series o f direct shear tests were conducted on Fontainebleau (France) sand to evaluate the influence o f thin wire inclusions 
on shear strength and load-deformation behavior. The purpose for the series o f tests was to assess the potential o f improving slope stability 
using micropiles and micropile networks (micropiles connected at the top). The inclusions improved the shear strength and load-deformation 
characteristics, with the greatest improvements provided by the networks.

1 INTRODUCTION

Micropiles are small diameter (less than 300 mm) cast-in place or 

driven inclusions typically made of reinforced concrete or grouted 

sleel sections. Micropiles have been widely used in Europe for 

many years and have gradually come into use in the United States 

(US) during the last fifteen years. In the past micropiles have 
been used for foundation support and underpinning.

A new application that is being considered for micropiles is in 

slope remediation. The slender and flexible nature of the piles 
would likely not be able to resist the enormous shear forces that 
are developed as the slope moves if  they were placed singly 

across a slope. Instead a micropile network (grouped and 
connected at the top) across a slope may provide a quick and 

feasible method to enhance a slope's stability. The network would 

consist of micropiles at different orientations with groups of 

micropiles connected at the top. The micropile network may then 

act in a truss-like fashion to provide support to the unstable slope.
The purpose of the experimental study associated with this 

work is to determine if  the presence of micropile network will 
enhance the properties o f a soil mass by providing sufficient 
shear resistance in slope remediation applications. Specifically a 

series of direct shear tests were performed with using wire 

inclusions in a variety of orientations and numbers. These tests 
were intended as a qualitative study o f the improvement and not a 
true scaled model o f actual micropile network behavior.

2 BACKGROUND

Applications for micropiles have primarily been in foundation 

support and underpinning. These applications relied on the 

micropiles to carry their loads axially and to transfer them to the 

soil through skin friction. Their cost effectiveness is derived 

mainly from the reduced materials and equipment requirements, 
and the speed of installation.

Micropiles have been used widely in Europe for many years 

and are only recently finding use in the United States. Bruce’s 
(1992) paper on micropile case studies demonstrated the 

feasibility of this technology in the U.S. by showing high axial 
load capacities were attainable using micropiles. Massad, 
Niyama, and Rocha (1981) examined the performance of axially 

loaded micropiles. Considerable research has been performed in 

formulating design and analysis methods of slender flexible 

inclusions such as soil nails and soil reinforcement namely by 

Bang, Kroetch and Shen, 1992; Juran and Chen, 1989; Juran,

Baudrand, Farrag and Elias, 1990; Juran, and Elias, 1991; 
Heymann, Rohde, Schwartz and Friedlaender, 1992; Hryciw, 

1991; Lizzi, 1992; Petrasovits, 1981; Gassier and Gudehus, 1981. 
The authors Ho and Coyne (1996) performed the series o f direct 
shear tests modeling a micropile network that is described here.

3 PURPOSE OF EXPERIMENTAL STUDY

The purpose of this research study is to determine qualitatively if 

the presence of micropiles will enhance the properties of a soil 
mass by providing sufficient shear resistance in slope remediation 

applications. The experimental study examines how the presence 

of micropiles enhances the properties o f a soil mass. 
Specifically, the research investigated how the transfer of shear 

occurred from the micropile to the soil.
There are substantial differences in the behavior o f micropiles 

used in slope remediation applications and in foundation support 
applications, primarily in the way that the loads are transferred. 
In foundation support applications forces are transferred through 

axial forces imposed by the foundation and superstructure. 
Movement of the micropiles is resisted by the skin friction that is 
developed at the soil/micropile interface.

In slope remediation applications there are two primary load 

transfer mechanisms. The first mechanism is developed by the 
skin friction at the soil/micropile interface as the soil mass is 
mobilized. The micropiles resist the movement by the 

development of skin friction along the length of the micropile. 
This skin friction at the soil/micropile interface can cause tensile 

or compressive stresses in the micropiles depending on the 

micropile’s orientation on the slope.
The second load transfer mechanism is passive bearing 

pressure. As the soil mass is mobilized along the failure surface, 
the portion of the micropile in the mobilized soil mass will tend 
to move with the soil mass and the portion of the micropile in the 

stable soil will tend to stay at its original location. In slope 
failures, there is a finite distance on both sides o f the failure 

surface that is referred to as the shear zone. Deformation and 
bending in the micropile will occur in the shear zone. It is at this 

location that the passive bearing pressure is developed by the 

deformed portion of the micropile bearing upon the downslope 

soil mass.
This study shows how the presence o f the micropiles arranged 

in groups and in a network will enhance shear resistance of a soil 
mass. In order to accomplish this goal a series o f direct shear 

tests were performed.
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4 EXPERIMENTAL METHODS

The method used to evaluate the behavior o f the micropiles in soil 
was to model the piles as inclusions in a direct simple shear test. 
The inclusions were placed in the shear box in a variety of 

orientations and numbers. Forty-one tests divided into six specific 

cases were examined (Table 1 and Figure 1). Case 1 used no 

inclusions. Cases 2 through 4 used a single row of seven 

inclusions in one of three orientations: Cases 5 and 6 used three 

rows o f seven with each row at a different orientation; one +15° 

from the vertical, one -15° from the vertical and one vertical. 
Case 6 was identical to Case 5 except each group o f three 

inclusions were connected to each other, most closely modeling a 
micropile network.

The applied vertical stress and the number and orientation of 

inclusions were the only parameters that were varied from test to 

test. Vertical stresses o f 71.0, 110.2, 149.5, 188.7, and 227.9 kPa 

were applied. Some 110.2 and 188.7 kPa tests were repeated to 

check the reproducivility o f the test method (Figures 2, 3, 4, and

7).

Table 1. Description o f tests and cases examined.

CASE TEST
NO.

DESCRIPTION

1 1 - 9 No Inclusions

2 10- 16 1 row of 7 Vertical Inclusions

3 17-23 1 row o f 7 Inclusions +15° from 
Vertical

4 2 4 - 2 8 1 row of 7 Inclusions -15° from 

Vertical

5 2 9 - 3 3 3 rows of 7 Inclusions — Unconnected

6 34- 41 3 rows of 7 Inclusions -  Connected

The micropiles were modeled in the direct shear test with a 
light gage, vinyl coated 1018 stainless steel wire. The shear box 
dimensions were 10 cm x 10 cm x 10 cm. The soil used was a 

Fontainebleau sand, y, = 26.7 kN / m1 (Dupla and Canou, 1994) 
The sand was placed in the shear box by air pluviation withoui 
any additional compaction to a relative density (D,) o f 50%. The 
inclusions were placed in the box with the aid o f a jig to ensure 
proper orientation while the sand was poured in.

5 RESULTS

This study investigated the macroscopic behavior of a soil mass 
with thin inclusions together. Accordingly, the improvement to 
the shear strength resulting from the presence of the inclusions is 
quantified as apparent soil cohesion (ca') and apparent angle of 

internal friction ( The term "apparent" reflects the increase 

in shear strength o f the overall mass and inclusions without truly 
altering the shear strength o f the soil. The failure envelope may 
in fact curve concave downward to intersect the origin. The tests 
were performed under dry (drained) conditions. Therefore, ca' 

and <t>a' are effective shear strength parameters.

Vector curves for each test were grouped by case and plotted 

(Figures 2 through 7). ca' and <j>a' values were determined for 

each case. A summary o f the results is presented in Table 2. It is 
important to note that <t>a' does not vary much throughout the 

entire suite o f tests remaining between 30-34. In contrast, ca' 

varied significantly depending upon the orientation, number and 
fixity of the inclusions.

Case 1 was a control case to compare experimentally obtained 
values with known shear strength parameters o f the soil and to 
use as a reference to judge improvement of the other cases with 

inclusions. Since there are no inclusions in this case, the shear

NO INCLUSIONS VERTICAL INCLUSIONS

+  15‘ INCLUSIONS 3 INCLUSIONS -  UNTIED

-  15'  INCLUSIONS

3 INCLUSIONS -  TIED

Figure 1. Cutaw ay view  o f  soil sample.
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Figure 2. Vector curves for case 1, no inclusions.
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unconnected.
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Figure 3. Vector curves for case 2 ,1  row of 7 vertical inclusions.
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Figure 4. Vector curves for case 3, 1 row of 7 inclusions +15° 
from vertical
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Figure 5. Vector curves for case 4, 1 row of 7 inclusions -15° 
from vertical
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Figure 7. Vector curves for case 6, 3 rows of 7 inclusions -

Table 2. Summary of observed apparent soil cohesions and angles 

of internal friction.

Case Description c,’
(kPa) (degree

s)
Case 1 - No inclusions * 0 34

Case 2 - 1 row of 7 vertical inclusions 22 30

Case 3 - 1  row of 7 +15° inclusions 14 30

Case 4 - 1 row of 7 -15° inclusions 15 31

Case 5 - 3  rows of 7 unconnected inclusions 30 30

Case 6 - 3 rows of 7 connected inclusions 33 30

* - These are actual and not apparent values

strength parameters can be considered simply as drained shear 

strength parameters and not apparent shear strength parameters. 
Note that c' and <(►' are 0 kPa and 34° respectively. This 
corresponds with published values (Dupla and Canou, 1994) for 

Fontainebleau sand, where f  = 38°.The difference may result 
from a slight curvature of the failure envelope.

Cases 2, 3 and 4 all had one row o f seven inclusions. Case 2, 
with vertical inclusions, ca' increased to 22 kPa. Note that Cases

3 and 4 (both with inclined inclusions) yielded ca' s 

approximately two-thirds that o f Case 2. This could be a result of 
a reduction of transverse shear across the inclusion and an 

increase in translational surface shear along the length of the 
inclusion.

The two cases with groups in inclusions (Cases 5 and 6) 
produced ca' s equal to 30 and 33 kPa respectively. The grouped
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inclusions indicated that a denser network of inclusions yield 

increased apparent shear strength. These results are consistent 
with Arenicz’s (1992) studies on direct shear box modeling of 

reinforced earth. One important factor to note is that the 

improvement for the group is not the sum of the improvements of 

the individual rows. It is likewise significant that Case 6 with the 

inclusions connected at the top yielded 10% higher ca' than Case

5 with the inclusions free at the top. Because o f scaling and the 

size of the model, the higher ca' value may or may not be a direct 

result o f the connectivity. This should be at a with closer scale.

6 CONCLUSIONS

The tests conducted on Fontainebleau sand with various 

arrangements o f inclusions indicated that there is a qualitative 

improvement to shear resistance. The inclination o f the 

inclusions is important in the improvement, with inclusions 

perpendicular to the shear plane providing the greatest 
improvement. When several rows of inclusions are placed in the 

soil, the shear resistance improves, although not as a sum of the 

individual parts. If the groups are connected at the top, additional 
improvement results.

It is important to note that the tests conducted on the 

Fontainebleau sand and the wire inclusions were done to illustrate 
qualitative improvements that may result from the use of 

micropiles and micropile networks. Scaling problems and 

mechanical modeling differences prevent the meaningful 
interpretation of the apparent shear strength parameters beyond 

comparison purposes. Although increases in ca' were quantified, 

one should not extend the improvements to actual micropile 

systems without rigorous analysis based on larger scale 

performance.
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