
  

INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 
 

 

 

 

 

 

 

 

   

  
 
 
 
 
This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 
 
https://www.issmge.org/publications/online-library 
 
This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE 
and maintained by the Innovation and Development 
Committee of ISSMGE.   

 

 

 

The paper was published in the proceedings of the 25th 
European Young Geotechnical Engineers Conference and 
was edited by Ernest Olinic and Sanda Manea. The 
conference was held in Sibiu, Romania 21-24 June 2016.  
 
 

 

 



 

25th European Young Geotechnical Engineers Conference

21
st

 – 24
th

 of June 2016, Sibiu, Romania 

 

* presenting author 

 

 
 

Combined geotechnical and structural numerical analysis for 
cut slope stabilization 

Katerina LAKOČEVIĆ1, Mario STOJANOVSKI1*  

1 Civil Engineering Institute “Macedonia” JsC – Skopje, MACEDONIA 

ABSTRACT 

For providing stability of embankment formed for the purpose of obtaining geometry planned for 
the E-75 Highway, reinforced concrete retaining wall with counterforts with total height of 
H=13.20m has been designed. For the sections in side cut, slope stability analysis has been made 
and appropriate measures are designed.  

The static analysis of the retaining structure is made in the software GEO 5 – module Cantilever 
Wall, for calculation of the strengths of the active earth pressure and the external loads (vehicle 
and seismic load), maximal edge stresses, safety factors against sliding and overturning and in 
software Radimpex Tower 6.0 for dimensioning of the reinforced concrete cross sections, as well 
as control of the cracks at the structure elements, deflection and settlement on the structure.  

Slope stability analysis has been made using the software Roscience Slide according to 
Spencer’s Method. For achieving the necessary safety factors with and without seismic impact, 
decreasing of slope inclination is made and geocomposite for erosion control have been designed. 

As finial result of the dimensioned reinforced concrete retaining wall with counterforts and slope 
stability, technical drawings are made and next phase is construction of planned embankment and 
side cut implementing the designed measures for providing stability.  

Keywords: retaining wall, GEO 5 - module Cantilever Wall, Radimpex Tower 6.0, 
slope stability, Roscience Slide  

1. INTRODUCTION 

 On the new design Highway E-75 for a 
part of the subsection Caričina Dolina - 
tunnel Manajle embankment formed of 
reinforced soil and slope with high 
inclination grade are designed. The main 
problem has appeared after the start of 
the terrain construction work and 
examination of the prevalent material 
parameters. The terrain investigation and 
testing has shown the need of designing a 
new technical solution. Namely, the 

physical and mechanical characteristics of 
the excavated materials from this section 
on the highway are lower than the material 
parameter used in the made analysis for 
reinforced soil embankment. As a result of 
this they cannot be used for forming on 
the designed embankment as it was 
planned. Also the mechanical parameters 
on the material in cut and side cut are 
lower from the material parameter used in 
the made analysis, so redesigning of the 
slope for providing stability should be 
done. Bringing the material with necessary 
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parameters from other place make the 
embankment formed of reinforced soil 
more expensive, so the Investor and 
Constructor decided for comparison new 
technical solution to be designed. For 
redesigning on this subsection new 
geotechnical and structural numerical 
analyses are carried out for reinforced 
concrete wall with counterforts and slope 
stability provided with decrease on the 
slope grade. 

For the two designed solutions 
(reinforced soil and reinforced concrete 
retaining wall) bill of quantity was prepared 
and as a final decision on Investor and 
Constructor, the total cost for constructing 
on this part from the Highway E-75 will be 
taken into consideration.   

2. STRUCTURAL AND SLOPE 
STABILITY ANALYSIS 

For the purpose of preparing the new 
technical solution, as part of performed 
investigations made for construction on 
the highway in this section, appropriate 
geotechnical investigations and testing of 
locations have been performed, for needs 
of designing retaining structure for making 
of the planned embankment and cut slope 
stabilization. The results acquired from the 
geotechnical terrain investigations and 
laboratory tests have been presented in 
the Report prepared by the Civil 
Engineering Institute “Macedonia” which 
are using as input data for the analysis.  

The designed highway on this section 
should be constructed on the existing 
terrain, present with non - coherent and 
poorly compacted materials consist of 
sandy silty debris (dilluvium-proluvium) 
and poorly compacted materials consist of 
sandy gravel (alluvium) that cover the 
basic rock presented with compact, very 
solid and fresh dacite (αq) (figure no.1).  

The parameters for prevalent material 
are presented in table no.1, they are 
according to the prepared Report and are 
using for the structural and slope analysis. 
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Figure no.1.  
Characteristic engineering-geological profiles 

in side cut and embankment 

Table No.1. Materials parameters 

Material kN/m3 ᵒ c [kPa]

Embankment  
(N) 

20.00 32.0 0.0 

Sandy silty 
debris (PPRDR) 

20.00 30.0 5.0 

Sandy gravel 
(PČ) 

21.00 35.0 0.0 

Compact dacite 
(αq) 

26.00 45.0 750.0 

For providing stability of embankment 
formed for the purpose of obtaining 
geometry planned for the E-75 Highway, a 
reinforced concrete retaining wall with 
counterforts found in sandy silty debris 
and/or sandy gravel is designed. 
Stabilization and arrangement of the slope 
formed in a layer of sandy silty debris at 
the side cut is necessary to be with slope 
grade of the berms 1:1 and 1:1.5 with 
8.0m high and 3.0m berms width. In the 
first technical solution, the inclination of 
the slope berms is 2.5:3.0. In this design 
the inclination of the upper berms are 
decreased, but the regulation line is taken 
into consideration.   

The new design reinforced concrete 
retaining wall with counterforts is with total 
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length (measured along the axis of the 
wall stem) of 203.08m and it is formed by 
22 sections with different height. The 
highest section is with total height of 
H=13.20m, the dimensions of foundations 
are B/d=7.20m/1.20m and the thickness of 
the reinforced concrete stem and 
counterforts amounts to 60cm. The total 
height of the other section that formed the 
retaining wall varies depending on the 
position of the sections and it amounts to 
h=7.0÷12.0m. Dimensions of the wall 
foundation slab and the height of the 
counterforts are also changeable 

appropriate with the total height of the 
section. The geometry of the retaining wall 
in its base follows the right edge of the 
highway and the crown of the retaining 
wall follows the longitudinal gradient of the 
road (figure no.2 and figure no.3). For 
optimal solution, different variants are 
made with changes on section lengths 
and disposition on the counterforts. This 
one has shown as optimal, taking into 
consideration the dimensions on 
constructive elements and amount of 
necessary reinforcement.   

 

 

Figure no.2. Layout on the retaining wall and the stabilized slope parts 

 
Figure no.3. Front view on the retaining wall and the stabilized slope parts 

Due to the big height of the retaining 
wall, counterforts positioned on the side of 
the embankment are planned. By 
designing reinforced concrete retaining 
wall with counterforts, the horizontal 
displacements of the reinforced concrete 
stem are decreases (Yp,max=2.5cm on the 
top of the wall stem, from permanent and 
variable loads), and in this case they are 
within allowed boundaries. Also the static 
system for the calculation of the structure 
is changing, thus it decreases the internal 
static forces, as well as the necessary 

reinforcement for reinforcing on the 
retaining wall structural elements. The 
design of a reinforced concrete retaining 
wall with counterforts for wall with such 
height makes this solution economical and 
provides the necessary stability. 

The static analysis of the retaining 
structure i.e. the calculation of the 
strengths of the active earth pressure and 
the external loads (vehicle V600 load and 
seismic), the maximal edge stresses, as 
well as the safety factors against sliding 
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and overturning, are calculated by the 
software GEO 5, module – Cantilever 
Wall. The obtained static forces from the 
different load cases are used as input 
parameters in the software Radimpex 
Tower 6.0 for a loading on reinforcement 
concrete stem and foundation slab. With 
them, the dimensioning of the reinforced 
concrete cross sections are carried out, as 
well as control of the cracks at the 
structure elements, deflection and 
settlement on the structure have been 
made.  

The calculation of the allowable bearing 
capacity of the foundation sub-base has 
been made according to the Terzaghi’s 
theory for strip foundation and according 
to the Technical regulations for 
foundation. The following correlations are 
used for calculation: 

According to Terzaghi’s theory: 

qf   c Nc  1 Df Nq  0.5 2 B N

According to the Technical regulations for 
foundation: 

qa  ( B N s  i) /2  (cm  q  tgm)  

Nc sc dc  ic  q 

The allowed bearing given as an 
average value of the results obtained 
according the two methods is 600-750kPa, 
depending of the foundations strip width. 
As a result of the allowed settlements, all 
values are limited to 350kPa, which when 
the seismic influence is taken into 
consideration are increased for 50%.  

The forces that act on the retaining wall 
are calculated using GEO 5, module – 
Cantilever Wall, the horizontal (T) and the 
vertical (N) resultant components from 
different load types, its eccentricity, the 
maximal stresses of the sub-base, as well 
as the safety factors against sliding and 
overturning for safety control on the wall. 
The performed structural analysis of the 
retaining wall gives us the conclusion that 
the maximum edge stresses 
(σmax=505.97kPa) are lower than the 
allowable bearing capacity, taking the 
seismic influence into account. The safety 
factors against overturning and sliding are 
calculated using the following correlation: 

Fs,o = Mres /Movr > 1.50 – safety factor 

against overturning  

Fs,s = Hres /Hact > 1.30 – safety factor 

against sliding  

The calculated safety factors for the 
highest section are Fs,o=1.66 and 

Fs,s=1.36, and they are greater that the 

allowed ones in condition of earthquake 
influence. 

On the figure no.4 all forces that act on 
the reinforced concrete steam and 
foundation are shown. Presented forces 
are values obtained from: wall weight, 
earth wedge weigh, active pressure, 
vehicle, passive pressure and forces given 
from earthquake influence on construction 
and earthquake influence on earth as 
additional active pressure.  These forces 
presented as surface triangles or trapeze 
loads are used for loading on the 
reinforced concrete retaining wall and 
dimension on the structural elements. 

 

 
Figure no.4. Forces acting on construction 

As next step in the computer software 
Radimpex Tower 6 3D model on the 
highest section is made (figure no.5) and 
according to the output data for the 
necessary reinforcement, dimensioning of 
the retaining wall structural elements is 
carried out. 
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Figure no.5. 3D model of highest section 

Under influence of all loads (as input 
values from GEO 5) the necessary 
reinforcement in each element separately 
(foundation, stem and counterfort) is 
obtained. This information is used for 
reinforcing on RC stem - top and bottom 
zone, top and bottom zone of the 
foundation slab and counterforts with the 
ribbed reinforcement B500B that covers 
the needed reinforcement and the minimal 
percentage of reinforcement. All 
calculations are made with concrete 
parameter for MB30 (C25/30). 
Reinforcement used for reinforcing on the 
concrete structural elements is given in 
table no. 2. 

Table no.2. Max. necessary and dimensioned 
reinforcement  

Constructive 
element 

Apot   

[cm
2
] 

Adim   

[cm
2
] 

b. zone 48.81 Ø25/10 
foundation 

t. zone 14.89 Ø16/10 

b. zone 4.17 Ø12/15 

stem 
t. zone 31.07 

Ø16/20 
+ 

Ø25/20 

counterfort 
76.78  

(hidden pillar) 
16Ø25  

 3D model is also used for control on 
the maximal horizontal displacements (Yp) 
which appear at the top of the reinforced 
concrete retaining walls and the vertical 
settlements on the structure under the 
influence of the seismic action on the 

contact foundation - ground (s,tla). Output 
results for these parameters are lower 
than the allowed ones, so the ultimate limit 
state on the retaining wall is satisfied. With 
the dimensioned reinforcement, crack 
control is made (ak2/ak1(t∞)) and the 
cracks are lower than the allowed ones. 
With that the serviceability limit state is 
also satisfied. 

The construction on the retaining wall 

needs to be in sections (two at the most), 

starting from the section no.1 which has 

deepest foundation. All sections are 

interchangeably dilated with expansion 

joints, made of Styrofoam with 2cm 

thickness and bitumen bands on the inner 

side. 

Behind the foundations of the retaining 
wall, a drainage system has been 
designed for the purpose of reception and 
draining the infiltrated ground waters, i.e. 
on the side toward the embankment. For 
the drainage, PVC drainage pipe with 
diameter Ø250mm is designed that should 
be perforated. In order to protect the 
granular material from getting sludgy, the 
perforated openings should be wrapped 
with non-woven geotextile. In the retaining 
wall, stem weepholes made of PVC pipes 
with diameter Ø80mm have been planned. 

For the purpose of achieving slope 
stabilization on sections in side cut, a 
decrease of the slope grade and 
geocomposite net for landslide protection 
is designed. Stability analysis has been 
performed using the software Roscience 
Slide according to Spencer’s Method. 
Circular-cylindrical sliding plains with a 
minimal security factor have been 
obtained using this software. Geotechnical 
models that were analyzed are in fact 
modelled using terrain lithology with 
strength parameters of the existent 
formations according prepared 
Geotechnical Report. 

A stability analysis has been carried out 
on the cross sections with slope grade 1:1 
on the first slope platform and 1:1.5 on the 
remaining two platforms, whereas the 
height of the platforms amounts to 8.0m 
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and berms width being 3.0m. The stability 
analysis of the slopes have been made for 
two cases, with and without seismic 
impact, and security factors bigger than 
the allowed ones have been obtained 
(Fs>1.3 without seismic impact and 
Fs>1.1 taking in consideration the seismic 
impact). On figure no.6 the slope stability 
analysis is shown for the characteristic 
section on the designed subsection 
without seismic impact. The lowest safety 
factors are Fs=1.522 without seismic and 
Fs=1.158 with earthquake influence. That 
means that the necessary slope stability 
with these inclinations is secured.   

 
Figure no.6. Slope stability model 

For erosion control on the slopes, a 
geocomposite formed of double turned 
galvanized wire mesh and plastic 
polypropylene mash for erosion protection 
have been planned. A geocomposite 
mesh should be well fastened and 
anchored on the top of the slope using 
steel anchors. A geocomposite mesh 
should be anchored to the base along the 
entire area using galvanized steel fixing 
pins defined by the geocomposite mesh 
manufacturer. Before the process of 
setting the geocomposite mesh starts, 
cleaning of the slope surface should be 
performed and all unstable parts to be 
removed.  

3. CONCLUSIONS 

For achieving optimal retaining wall with 
such height (13.20m), the positioning and 
thickness on the counterforts is very 
important in order to obtain minimal 
dimensions on constructive elements and 

minimal amount of reinforcement that 
satisfy needed parameter for stability and 
serviceability on the wall.     

For achieving optimal stably slope, 
berms with different inclination grade are 
analyzed and stabilized slope with the 
lowest amount of excavated material is 
chosen.  

As finial result of the dimensioned 
reinforced concrete retaining wall with 
counterforts and slope stability, technical 
drawings are made and bill of quantity is 
prepared. With comparison on the new 
technical solution cost and the technical 
solution from the main design 
(embankment formed of reinforced soil), it 
is decided that their costs are almost 
equal. So, as final decision, a new 
designed technical solution is chosen and 
next phase is construction of planned 
embankment and side cut slope 
implementing the designed measures for 
provided stability.  
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