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ABSTRACT 
 
Bored piles with or without ground anchor systems are commonly used as a structural solution to 
remediate embankment slope failures in hilly terrain. The performance of such a structural system has 
been a subject of many previous publications. However, constraints such as high construction cost, 
road closure requirement and limited construction space on the downslope side are common reasons 
why this structural system is not favoured.    
 
An alternative remedial solution is the A-frame micropile system which is increasingly being used in 
the last decade for remediating slope failures. Micropiles are small structural elements of less than 
300mm in diameter. Micropiles can be constructed with limited space and are many times cheaper 
than bored piles. Currently there is no design code available in Australia/New Zealand for such a 
system. 
 
In this paper, numerical analyses were undertaken to compare the performance of the A-frame 
micropile system and the conventional bored pile system to stabilise a typical embankment slope 
failure along the road infrastructure in the Queensland hinterlands. Different subsurface conditions 
associated with strength of overburden materials and depths of bedrock of the typical section were 
studied to assess the performance of the A-frame micropiles system. 
 
The paper briefly discusses the geotechnical models and assumptions adopted for the study. 
Comparison of the technical performance of the two systems obtained from the numerical simulation is 
then discussed. Finally, an example of the design of A-frame micropile system is presented. 
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1 INTRODUCTION 
 
Slope failures associated with steep slopes and heavy rainfall events are quite common along the 
roads that traverse through the hilly terrains in the Queensland hinterlands. Most of the roads in the 
hinterlands were built along hillsides using cut and fill operations. Some of early roads were built 
without properly engineered earthwork. It is therefore not surprising to see frequent slope failures 
along some of these roads especially during periods of heavy rainfall.  
 
Over the last few years, there were heavy rainfall events that caused numerous slope failures in the 
Queensland hinterlands. Some of these failures have been systematically studied to find the causes 
that triggered the downhill movements of the landslides, design remediation works to reinstate the 
slopes and prevent future recurrence.  
 
Each slope failure is unique in terms of its size, geometry, subsurface geology, hydrogeology, failure 
mechanism and rate of movement. However, some of these failures have quite similar characteristics 
such as those that occurred at sidelong cut and fill section. This type of failure is mostly caused by 
overly steep embankment slope, poorly compacted embankment fill, and no proper benching and 
provision of subsurface drainage system for embankment fill over sloping existing ground.    
 
Consequently, rehabilitating slope failures require a large sum of money and may cause 
inconvenience to road users during construction works, as the roads have to be partially or totally 
closed during construction of the remediation works. It is therefore important that the remediation 



solution adopted for the slope failures should be cost effective and cause the least disruption to the 
road users.   
 
Bored pile walls with or without ground anchors are commonly used to remediate slope failures in hilly 
terrain. However, this solution is expensive and for most cases requires total road closure during 
construction. On the other hand, the A-frame micropile system has many advantages compared to the 
bored pile solution in terms of cost and ease of construction.   
 
A study was carried out to assess whether the A-frame micropile option is technically feasible to 
remedy failed slopes of various depths in a typical failed section. 
 
2 GROUND MODEL AND GEOTECHNICAL PARAMETERS 
 

A hypothetical failed section of the road embankments in the Queensland hinterlands was used for 
this study. The road embankment was constructed with a steep batter slope of 35 degrees from the 
horizontal and a height of 10m.  

The geology of the site comprised Tertiary age basalt overlain by Quaternary age colluvium. This 

section of the road was built on firm overburden clay and/or loose clayey sand of various thicknesses. 

Extremely weathered to highly weathered basalt of low to medium strength was found below the 

overburden soils. The basalt bedrock at the site was highly to moderately weathered. 

Table 1 presents the geotechnical model used to carry out the numerical analyses for this study.  

 
Table 1: Geotechnical Model Adopted for the Analysis 

Geotechnical 
Unit 

Description Top of Layer        
(RL Level - metre) 

Depth below Road 
Surface (metre) 

1 Fill – Gravelly Sand 405.3 0.0 

2 Colluvium – Loose clayey SAND 404.8 0.5 

3A Basalt – Extremely weathered (EW), 
very low to low strength 

401.2 4.1 

3B Basalt – Moderately weathered (MW), 
medium strength 

398.2 7.1 

The regional ground water level was initially assumed at RL 402.0 m or 3.3 m below road level and 

rose to RL403.5 in response to a heavy rainfall event. This assumption is consistent with the 

geotechnical model adopted for the analyses.   

In the analyses, Soil Units 1 and 2 were combined and treated as overburden soils as shown on a 

typical geotechnical section in Figure 1. Table 2 presents the geotechnical properties adopted for this 

study. 

Table 2: Geotechnical Properties of the Subsurface Units 

Description Unit 
Weight 
(kN/m

3
) 

Elastic 
Modulus 
(MPa) 

Poisson’s 
Ratio 

Effective 
Cohesion  

(kPa) 

Effective 
Friction Angle 

(Degree) 

Units 1 & 2 – Fill/Colluvium 17 10 0.30 2 30 

Unit 3A – EW Basalt 21 100 0.25 20 30 

Unit 3B – MW Basalt 24 250 0.20 50 40 

 



 

Figure 1. Typical Geotechnical Cross Section 
 

3 BORED PILE AND A-FRAME MICROPILE SYSTEMS – ANALYTICAL COMPARISONS 
 

3.1 Structural Components 
 

Both the structural solutions, bored pile wall and A-frame micropiles, are connected at their pile heads 
by a reinforced concrete capping beam with structural joints provided at longitudinal spacing not less 
than 10m intervals.  For this study, the capping beam is assumed 1.5 m wide by 0.8 m thick with its 
underside at 2 m below the road surface. A row of gabion was placed on top of the pile cap to raise its 
level to the same level as the road surface.   
 
The bored piles are cast in place reinforced concrete piles socketed into moderately weathered basalt 
with their toe levels at RL 394.2 m. The piles are 750 mm in diameter and spaced longitudinally at 1.0 
m centre to centre. 
 
The A-frame micropile system comprises two rows of micropiles – the front row is vertical while the 
back row is raked at 30 degrees from the vertical. The top section of micropiles up to a depth of 
500mm into MW rock are provided with a steel casing to increase bending capacity and prevent 
buckling of the micropiles when resisting lateral forces due to earth and water pressures. The effective 
diameter of the micropiles is 220 mm and the longitudinal centre-to-centre spacing between the 
micropiles is 500 mm. 
 
The bored pile and A-frame micropile systems are presented in Figures 2 and 3 respectively while the 
properties of their structural elements are presented in Table 3. 
 
In order to simplify the analysis, this problem of this study is treated as a 2-D plane-strain problem. 
The stiffness of the structural elements (i.e. bored piles or micropiles) used in the 2D model is 
adjusted from their actual stiffness in 3D geometry by dividing with the spacing between the structural 
elements.  
 
 

 



 
 Figure 2. Anchored bored pile  

 

 
Figure 3. A-frame micropile 

 
Table 3: Structural Properties of Bored Piles and A-frame Micropiles 

Structural Description Bored Piles Micropiles 

Diameter (mm) 750 220 

Spacing (mm) 1000 500 

Type Uniform depth reinforced 
concrete structure and ground 

anchors, if used 

Combination of steel bar (32 
mm dia), concrete grout and 
steel casing within the upper 

weak materials 

Elastic Modulus of 
Concrete/grout (GPa) 

30 30 

Elastic Modulus of Steel (GPa) 200 200 

Ground Anchors 40mm bar, spacing = 2 m, 
Inclination angle = 20

o
,  

Free anchor length = 8 m 

NA 

Steel casing for micropiles NA 219.1 x 8 CHS (Grade 250) 

 
 

3.2 Study Cases 
 

As the main objective of the study is to compare the performance of the two structural systems to 
remediate slope failures, the focus of the authors is on the subsurface conditions of the cases 
analysed. The following two geotechnical factors are related to the subsurface conditions that could 
have significant influence on the responses of the structural elements: Strength of the overburden 
materials and depth below ground of the bedrock. 
 



The performance of the two structural systems is evaluated by carrying out numerical analyses for the 
following three cases.  

- Case 1: The road pavement was constructed on a 4.1m thick overburden soils which was 
underlain by a 3 m thick extremely weathered (XW) low strength basalt which in turn was 
underlain by moderately weathered (MW) medium strength basalts as shown in Figure 1;  

- Case 2: Similar to Case 1 but thickness of XW basalt was only 1.5 m; and  
- Case 3:  Similar to Case 1 but there was no XW basalt layer. 

 
By reducing the thickness of XW basalt layer, the depth below ground of the bedrock is also reduced 
by the same thickness. It should be noted that for analyses of the A-frame micropile system for the 
three cases, the steel casing was installed to a depth of 500 mm into MW basalt. 
 
3.3 Assumptions 
 

The numerical analyses of the bored pile and A-frame micropile systems were carried out using the 
finite element software Plaxis2D. The following assumptions were made in the analyses: 

- Two dimensional finite element analysis; 
- Mohr-Coulomb failure criterion applied for soil and rock materials;  
- Initial ground water level at RL 402 m or 3.3 m below the road level and risen to 1.5 m below 

road level when it triggered the slope failure; and 
- Bored piles and micropiles modelled as plate elements while ground anchors modelled as a 

combination of an anchor and a geogrid element. 
 
The analyses were carried out in the following sequence.  

- Generate initial stresses in the subsurface materials; 
- Install the structural elements (i.e. micropiles or piles including the ground anchors); 
- Apply a uniform surcharge load of 20 kPa;  
- Raise the groundwater level to 1.5m below the road level; and 
- Remove the overburden soils in front of the structure(s) to simulate failure of the downhill 

slope.  
 

3.4 Results and Discussions 
 

The following cases were analyses using Plaxis2D so that the performance of the bored pile solution 
and the A-frame micropile system for the three different subsurface conditions as mentioned in section 
3.2 can be compared.    
 
Case 1: Anchored bored pile wall versus A-frame micropile system. Single level ground anchors were 

used due to the depth of overburden soils under the road and the presence of a thick XW 
basalt layer. 

Case 2: Cantilever bored pile wall versus A-frame micropile system. Ground anchors were not 
required as the overall stability of the bored piles is sufficient to retain the soils. 

Case 3: Similar to Case 2 but with no extremely weathered basalt layer. 
 
The results produced by Plaxis2D are summarised in Table 4 for the bored pile solution and Table 5 
for the A-frame micropile system. In addition to the internal load effects (wall bending moment, shear 
force and axial force) on each structural element, the results also include deformation of the structural 
systems and the factor of safety against global instabilities.  
 
Table 4: Results for the bored piles system for the three study cases 

Description Case 1 Case 2  Case 3 

Displacement (mm) 10 11 10 

Maximum Bending moment in bored piles 
(kN-m/m) 

219 406 179 

Maximum Shear force in bored piles (kN/m) 133 190 97 

Maximum Anchor load (kN/m) 185 NA NA 

Global Factor of Safety 1.8 1.6 1.7 
 
 
 



 

Table 5: Results for the A-frame micropile system for the three study cases 

Description Case 1 Case 2 Case 3 

Front Rear Front Rear Front Rear 

Displacement (mm) 53 61 10 11 2.3 2.6 

Maximum Bending moment in 
micropiles (kN-/m) 

92 97 42 43 17 19 

Maximum Shear force in micropiles 
(kN/m) 

118 93 62 33 35 22 

Maximum Axial load in micropiles 
(kN/m) 

-155 141 -102 80 -65 37 

Global Factor of Safety 1.3 1.8 2.1 
 

The findings of the numerical study are summarised as follows: 
 
1) For case 1 where the moderately weathered rock is deep (7.1 m below the road level), the bored 

pile wall with single level ground anchors is required to satisfy the overall stability requirements. 
However, A-frame micropile system appears not a feasible solution for such a subsurface 
condition. The analysis results show that failure of overburden soils in front of the A-frame micropile 
system could result in large displacements in the front and rear micropiles, and large bending 
moments and shear forces in both the micropiles. These micropiles may not have the structural 
capacities to resist these large load effects. 
  

2) For case 2 where the moderately weathered rocks is at 5.6 m below the road level, ground anchors 
are not required to restrain the bored pile wall. Although the load effects (bending moment and 
shear force) in the bored piles are much higher than those calculated in Case 1, they are still within 
the structural capacities of the bored piles and the system appears capable of stabilising the slope 
failure. The analysis results also show that A-frame micropile system may be feasible for this case. 
The calculated maximum bending moment and shear force in the micropiles are smaller than those 
calculated for Case 1. The calculated maximum displacements are in the same order of magnitude 
as the displacements calculated for the bored pile solution. Section 5 will discuss the design of the 
micropiles and check whether A-frame micropile system is feasible for this case.   

 
3) The use of bored pile system for case 3 is considered overly conservative. On the other hand, A-

frame micropile system appears a feasible solution for this case. The displacements calculated is 
less than 5mm and also the load effects on the piles are relatively small and should be within the 
structural capacities of the micropiles (refer Section 4). 
 

 

4 DESIGN FOR A-FRAME MICROPILES SYSTEM 
 

The use of A-frame micropile system for remediating slope failures in Australia has gradually 
increased in the last decade.  However the availability of research, training, guideline and codes or 
standards of practice is limited.  
 
In Europe and North America, however, research on application of micropiles for slope remediation 
work has been ongoing for the last thirty years. The most comprehensive document that provides 
guidelines for design and construction of micropiles is FHWA (2000). Cadden and Gomez (2002) 
discuss buckling of micropiles based on historic research. Bruce et.al. (2005) provides practical advice 
for foundation design using micropiles (2005). Loehr and Brown (2008) propose a method to predict 
the mobilised forces in the micropiles for stabilising slopes.  
 
In this section, the authors briefly discuss the design of A-frame micropiles. The design adopted the 
procedures suggested by Bruce et al. (2005) and was carried out in accordance with AS2159. The 
procedures adopted for the design are outlined below. 
 
a) Evaluate the feasibility of A-frame micropile system for the study case. (discussed in Section 3.4); 
b) Investigate the geology, hydrogeology and groundwater regime of the site, the engineering 

properties of the subsurface materials and all possible failure mechanisms of the slope (discussed 
in Section 2); 



c) Specify both temporary and permanent surcharge loads including traffic and equipment loads; 
d) Specify dimensions of the micropile system such as the pile size and length, casing dimensions, 

steel reinforcement and number of piles in a group (discussed in Section 3.1); 
e) Define a method to calculate mobilised loads in the micropiles (refer Section 4.1); 
f) Check the  geotechnical strength criteria (refer Section 4.2); 
g) Check the structural strength criteria (refer Section 4.3); and 
h) Check the serviceability limits (discussed in Section 3.4).  
 
4.1 Method to calculate mobilised loads in the micropiles 
 
There are various methods that can be used to calculate the mobilised loads in the micropiles such as 
linear elastic structural analysis method using Winkler’s spring, limit equilibrium method using software 
packages such as Slope/W or Slide, semi-analytical methods such as p-y and t-z methods (e.g. L-
Pile), and sophisticated numerical methods using finite element or finite different methods (e.g. FLAC, 
STRAND7, Plaxis). It is understood that all these techniques have advantages and disadvantages and 
the selection of a particular method should depend on the previous experience of the users and the 
problem to be analysed. Numerical methods have advantages in terms of its robustness in modelling 
the geometry and behaviour of geotechnical materials. However, modelling and computing time is one 
of the limitations of the numerical methods.  
 
In this paper, the authors chose to use the software package, Plaxis2D to calculate the mobilised load 
in the micropiles. Plaxis2D is efficient in modelling geotechnical problems and also allows calculation 
of the factor of safety of the problems. However, the analysis results should be calibrated with full 
scale instrumented results or model test results to assess their reliability.  
 
The summary results of the Plaxis 2D analyses have been presented in Section 3.4. The actual 
mobilised loads in individual micropiles are obtained by multiplying the results of Plaxis analysis with 
the spacing between the micropiles. 
 
4.2 Geotechnical Strength Criteria 
 

The geotechnical capacity of the micropiles was designed in accordance with AS2159.  The 
geotechnical reduction factor adopted was 0.4 assuming there is no pile load test. The grout to ground 
bond strength of the micropile section socketed into moderately weathered basalt was assumed to be 
800 kPa. Based on this, a minimum socket length of 5m into MW rock is required.  
 
This calculation results suggest that A-frame micropile system is feasible for both Cases 2 and 3. 
 
4.3 Structural Strength Criteria 
 

The structural strength criteria used for the design are mostly adopted from Bruce et al. (2005) and are 
summarised in Table 6 below. 
 
Table 6: Structural strength criteria for micropile design 

Description Equation 

(1) Axial compression capacity of the cased length 3  

(2) Axial compression capacity of the uncased length 0.4 0.47	  

(3) Axial tension capacity of the cased length 0.55  

(4) Axial tension capacity of the uncased length 0.55   

(5) Flexural and shear strength of steel casing In accordance with AS5100.6 

(6) Buckling of steel casing 
 

 
Where,    
Pc  = Ultimate compression force (kN) 
Fys  = Yield stress of steel casing (kPa) 
Acasing  = Cross sectional area of casing (m

2
) 

fg′ = Compressive strength of grout (kPa) 
Ag  = Cross sectional area of grout (m

2
) 



Fyb = Yield stress of steel bar (kPa) 
Ab = Cross sectional area of steel bar (m

2
) 

Pt   = Ultimate tension force (kN) 
E = Modulus of elasticity of steel casing (kPa) 
I = Moment of intertia of steel casing (m

4
) 

L = unsupported length of micropile (m) 
 
For the axial compression capacity, only the steel pipe section was considered to support all 
compression loads. This is more conservative than that suggested by Bruce et al (2005) where some 
axial compression loads are taken by the grout and steel bar.  
 
For the axial tension capacity, cross sectional area of steel bar was not considered. 
 
For the buckling capacity, Cadden and Gomez (2002) shows that the confining stresses of the subsoil 
would prevent buckling of the micropiles when being subjected to axial compression load. However, if 
the slope in front of the system failed, the top section of the micropiles up to the depth of the basal 
failure surface would have no lateral restraint. Thus, the buckling of the micropiles in such situation is 
assumed to be resisted by the steel casing only. 
 
The authors calculated the structural capacities of the micropiles by using the above equations and 
the results suggest that A-frame micropile system is technically feasible for both Cases 2 and 3. The 
design also satisfies the serviceability criteria.  
 

5 CONCLUSIONS 
 
The paper presents comparisons of the use of conventional bored piles with or without ground 
anchors and A-frame micropile system to remediate steep embankment slope failures. The results of 
analyses show that the feasibility of using A-frame micropile system depends to a large extent on the 
geological conditions at the landslide sites. Numerical analysis results suggest that A-frame micropile 
system could be a feasible solution for cases where medium strength or better rock is at shallow 
depths (say less than 5.5 m below the road level). However, if the medium strength rock is at greater 
depths than 5.5 m, conventional anchored or non-anchored bored piles may be a feasible solution.  
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