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RESUMEN 

Una de las aplicaciones más interesantes de la tecnología de micropilotes es en la estabilización de taludes.
Esta aplicación de los micropilotes resulta muy conveniente en zonas de alta densidad de población en regio-
nes montañosas tal como Caracas y otras ciudades suramericanas, donde las pérdidas anuales, tanto económi-
cas como de vida humana, pueden ser significativas a causa de deslizamientos de tierras. La adopción de las 
más recientes técnicas de instalación de micropilotes en Venezuela y la experiencia ganada en los últimos 
cuatro años permite predecir la expansión natural de la tecnología en este país hacia la estabilización de talu-
des.   
 
Si bien esta aplicación de la tecnología de micropilotes es bien conocida en Europa y los Estados Unidos, no 
existe un procedimiento de diseño que sea universalmente aceptado. Además, el diseño de estos sistemas 
puede ser bastante complicado. Los autores han desarrollado un procedimiento de diseño que ha sido utilizado 
eficazmente en los Estados Unidos en varios proyectos de estabilización de taludes con micropilotes.  
 
Este artículo describe el procedimiento de diseño y presenta dos casos representativos de estabilización de ta-
ludes con micropilotes. El primer caso consiste en la estabilización de una ladera en un cementerio histórico
de Washington, D.C. El segundo caso fue la estabilización de una calle histórica sujeta a deformaciones signi-
ficativas.  
 

ABSTRACT 

One of the most interesting applications of micropiles is their use for slope stabilization. This application of 
micropile technology is advantageous in densely populated areas with steep terrain such as Caracas and other 
South American cities, where human and economic yearly losses caused by landslides can be significant. Fur-
thermore, the utilization of the most up-to-date techniques of micropile installation and the experience gained 
in the last four years in Venezuela suggest the natural expansion of this technology toward slope stabilization.  
 
Although this application of the micropile technology is well known in Europe and the United States, there is 
no universally accepted procedure for design. In addition, the design of these systems is complex. The authors 
have developed a design procedure that has been used effectively in several projects of slope stabilization
with micropiles in the United States.  
 
This paper describes the design procedure proposed by the authors and discusses two representative case his-
tories of slope stabilization with micropiles. The first case consists of the stabilization of a slope in an historic 
cemetery in Washington, D.C. The second case consists of the stabilization of an historic street that under-
went significant deformations. 
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1 INTRODUCTION 

There is a significant number of published case his-
tories where micropiles were successfully applied to 
slope stabilization. However, there is a lack of a rig-
orous and clear analysis approach for this technol-
ogy that can be used efficiently by practicing engi-
neers. This often results in designs that are too 

conservative and a lack of confidence in this tech-
nology by owners and engineers. 

 
Slope stabilization with micropiles consists of in-

stalling micropiles through an existing or potentially 
unstable soil or rock mass to an underlying stable 
stratum. Most commonly, two or more rows of 
closely spaced micropiles are installed with varying 



batter angles. The micropile heads are intercon-
nected with a cap beam that restrains the micropiles 
at the top, thus forming a structural frame. This sys-
tem is often referred to as an A-Wall. In this system, 
the micropiles are subjected to a combination of 
shear, bending, and axial stresses. The cap beam is 
principally subjected to torsion. 

 
The performance of an A-Wall is dictated by the 

structural properties of the frame and its interaction 
with the surrounding media.  

 
A design approach was published by the Federal 

Highway Administration (2000) for micropile A-
Walls. The design approach presented herein is 
based on the recommendations by the Federal 
Highway Administration and on the experience of 
the authors in the design of micropile A-Walls. To 
maintain the necessary simplicity for routine design, 
the procedure is based on the use of limit equilib-
rium analysis of the sliding mass. There is no con-
sideration for the lateral thrust-displacement re-
sponse of the soil mass. Typically, this will result in 
some conservatism. The design procedure may be 
conservative for micropile networks, where the den-
sity of micropiles throughout the unstable mass is 
significant. It is not applicable to those micropile 
networks where the micropiles are not intercon-
nected by tie beams or by a reinforced mat.  

2 DESIGN APPROACH 

The design of slope stabilization using A-walls can 
be divided into the following steps. 

2.1 Slope Stability Analysis 

First, the critical slip surface of the existing slope 
without the A-Wall is established through conven-
tional slope stability analyses. It is important to note 
that for slopes undergoing incipient failure or close 
to failure, the factor of safety from this initial analy-
sis should be close to a value of one. It is also impor-
tant to ensure that the critical slip surface matches 
field observations if available. The A-Wall is then 
modeled as a shear inclusion or as a force at a se-
lected location within the sliding mass. For the criti-
cal slip surface from the initial analysis, the required 
additional shear resistance or force for a suitable 
minimum factor of safety is determined. Finally, the 
factor of safety shall also be verified for other slip 
surfaces. The additional shear resistance or stabiliz-
ing force must then be adjusted as needed.  

2.2 Select Micropile Properties and A-wall 
Geometry 

Select a preliminary micropile section and materials 
to structurally withstand the stabilizing force from 

step 1, and perform lateral pile analyses to check the 
ultimate lateral load capacity, and potential for 
“plastic flow” around the micropiles.  
 

Figures 1 and 2 could be used as preliminary 
checks of the ultimate lateral load capacity, and po-
tential for “plastic flow” around the micropiles. It is 
important to note that these figures were developed 
for micropiles perpendicular to the slip surface. 
Thus, these charts are conservative for battered piles, 
because battering the piles with respect to the slip 
surface tends to mobilize the axial capacity of the 
micropiles. 

 

Figure 1. Preliminary design chart for ultimate horizontal resis-

tance of piles (Pearlman et al. 1992). 

 

 

Figure 2. Ultimate stress transfer from soil to pile vs shear 
strength of soil (Pearlman et al. 1992). 

 
The micropile spacing is then preliminarily se-

lected by comparing of the micropile lateral capacity 
with the required stabilizing force. 

2.3 Check of A-wall as a Structural Frame 

 



Analyze the A-Wall as a structural frame subjected 
to the lateral thrust obtained in step 1 (figure 3a). 
The lateral thrust must be distributed between the 
micropiles and the cap beam as illustrated in Figure 
3b. This analysis can be performed using suitable 
structural design software such as SAP 2000.  

 

Figure 3. Structural Frame Model and Design Iterations. 

 
The analysis of this structure must necessarily in-

clude a number of iterations. For the first iteration 
(Figure 3b), the base of the “legs” of the A-frame 
may be assumed fixed at the elevation of the poten-
tial slip surface. From this first iteration, the forces 
and moments on the micropiles are obtained and 
checked against the structural capacity of the ele-
ment. It is at this stage that adjustments to the A-
Wall design are introduced as needed. These ad-
justments will include degree of micropile batter, 
micropile spacing, and micropile structural design. 
 

The axial and lateral forces and bending moments 
at the base of the A-frame legs are then used for a 
separate analysis of lateral loading on the piles. For 
this separate analysis, software such as LPile, 
AllPile, COM624, etc. can be used. The loads at the 
base of A-frame legs are applied to the portion of the 
micropiles embedded below the potential slip sur-
face under analysis. The ground surface is thus as-
sumed to be the slip surface. The analysis must con-
sider the pile batter and include the beneficial effect 

of the weight of the sliding mass on the lateral stiff-
ness of the soil below the slip surface. 
 

The results of the lateral load analysis will allow 
the estimation of the point of fixity of the piles be-
low the slip surface, which can then be fed back into 
the structural analysis (Figure 3c). Usually, one it-
eration is enough to complete this process. Often, 
the point of fixity is found to be about 3 to 4 ft be-
low the potential slip surface location. It is important 
to be somewhat conservative during the initial 
analysis because lowering the point of fixity will in-
crease the stresses in the piles. The final step in the 
structural analysis is the design of the tie or cap 
beam. The tie beam will be primarily subjected to 
torsion and bending. Most often, the cross-section of 
the grade beam is determined by the geometry of the 
piles and their batter. A typical cross section is 3- by 
3-ft, which is generally sufficient to withstand bend-
ing and torsion with reasonable longitudinal and 
transverse steel and accommodate the micropiles 
through it. 

3 CASE HISTORY 1 – OAK HILL CEMETERY 

The Oak Hill Cemetery is located along Rock Creek 
in Washington DC. The cemetery was established in 
1849 and is the final resting place of many important 
figures of United States’ history. 

 
The cemetery was built on a steep slope over-

looking the creek, and showed various signs of dis-
tress product of soil mass movements. See Figure 4. 

 

 

Figure 4. Oak Hill Cemetery paths and tombstones showing 
signs of distress. 

 
The renovation plan for the cemetery called for 

stabilization of the slope. However, difficult access 
through narrow walkways and between tombstones, 
as well as the steepness of the slope prevented the 
utilization of large excavation equipment, pile driv-
ers, and other conventional equipment routinely used 
for slope stabilization. The solution consisted of the 
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installation of two A-Walls directly on the slope, see 
Figure 5.  

 
Two inclinometers were installed to monitor the 

slope movement prior to and after the stabilization 
took place. The inclinometer readings allowed estab-
lishing the thickness of the unstable mass. The soil 
strength properties were estimated by back analysis. 

 
Stability analyses using Slope/W, showed that 

two A-walls were required to stabilize the entire 
slope from the access road to the creek. The A-walls 
had to be located only along two walkways due to 
the high density of graves on the slope and their sen-
sitivity to disturbance and damage.  

 

Figure 5. Oak Hill Cemeyery- Adopted soil profile.  

 
Figure 6 shows the slope stability analysis with 

two A-walls each modeled, as one shear element. 
For this particular case, the use of a shear element or 
a force applied to the sliding mass yielded similar 
results.  

 
From the slope stability analyses and pile-soil in-

teraction charts, such as the charts presented in 
Figures 1 and 2, the micropile ultimate horizontal re-
sistance was 18 kip, for a 6-in diameter micropile. 
The micropile reinforcement was a 4-in diameter 
casing with wall thickness of 0.375 in, and Fy=80 
ksi. Thus for a required shear of 6 kip/ft, the mi-
cropile spacing was selected as 3 ft center-to center. 

 
Following the design steps described above, the 

A-wall was modeled as a structural frame to check 
the stresses on the elements, and their capacities. 
Figure 7 shows some of the results of the structural 
frame model analysis using SAP 2000.  

 
The structural frame model analyses confirmed 

that the micropile section and spacing were adequate 
to resist the lateral thrust product of the sliding mass, 
and also permitted the design of the tie beam, which 
was subjected mainly to torsional stresses. 

 

 

Figure 6. Slope stability analysis with A-wall modeled as a 
structural element. 

 

 

Figure 7. SAP 2000 structural frame analysis results. 

 
 
Figures 8 and 9 are images during construction of 

the A-wall. Monitoring of the slope continued after 
construction and showed no significant additional 
movement of the slope.  

• FS = 1.321 

• Shear = 6,000 LB/FT 

Disintegrated Rock 

Structural Element providing  

6,000 lb/ft 

Fill 

Disintegrated  

Rock 

 

Walkways 

Fill 

Residual 

Access Road 

6 

1



4 CASE HISTORY 2 – PORT DEPOSIT, HIGH 
STREET WALL REHABILITATION 

Port Deposit is a small historic town in the state of 
Maryland, located on the Susquehanna River banks. 
Once, Port Deposit was a hub of trade between New 
York State and Washington D.C., and well-known 
for its granite quarries.  

 

Figure 8. Laying out the reinforcement of the cap beam at Oak 
Hill Cemetery. 

Figure 9. Drilling micropiles though existing tie beam at Oak 
Hill Cemetery. 

 
Port Deposit’s High Street is located on a steep 

granite slope covered with residual soil and fill of 
varying thickness. The soils were retained by tiered 
stone walls presenting signs of distress. One of the 
walls had partially collapsed, shutting down access 
to several houses. (Figure 10) 

 
A significant portion of the street not supported 

by these walls showed deformations of the pave-
ment. While the sections with walls were to be re-
paired using conventional tiebacks, but the slope 
portion required a different approach to reduce costs, 
maintain access during construction, and avoid dam-
age to houses below. Inclinometer and tiltmeter 
readings along this section indicated that the fill was 
sliding on top of the granite bedrock slope. Figure 
11 shows a cross section of the slope. 

 
Following the design steps lay out on the previ-

ous sections; slope stability analyses were performed 
to determine the soil thrust and the required A-wall 
resistance to increase the factor of safety. 

 
The A-wall was constructed and the stability of 

the street was monitored using the inclinometer and 
tiltmeter installed prior to construction. To date, no 
significant movement of the street and/or slope 
above the A-wall have been observed. Figures 12 
through 14 illustrate the construction process used. 

Figure 10. Port Deposit stone wall distress.  

5 CONCLUSIONS 

Micropile A-Walls are ideally suited for slope stabi-
lization in areas of difficult access for conventional 
equipment or where the integrity of sensitive struc-
tures or historical items must be maintained. They 
typically consist of micropiles installed in rows with 
variable inclinations, connected by tie beams at the 
top. The A-Wall acts upon incipient movement of 
the slope by providing resistance to movement 
mainly through compression and tension in the mi-
cropiles. The cap beam is an important element pro-
viding restraint and limiting stresses and deflections 
of the A-Wall.  
 

The approach presented in this paper is the result 
of the experience of the authors in the application of 
micropiles to slope stabilization and represents a 



step forward from the original guidelines published 
by the Federal Highway Administration. 
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Figure 12. The tie beam reinforcement cage assembled and 
ready for placement into trench. 
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Figure 13. Drilling micropiles through tie beam. Note reserva-
tions to allow micropile drilling.  

 

Figure 14. The finished system is entirely below ground. 
 


